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Preface

The second joint meeting of the Japanese Association for Animal Cell
Technology (JAACT) and the European Society for Animal Cell Technology (ESACT)
was held in Kyoto, Japan, July 26-30, 1998. This meeting focused on important and
exciting recent developments in the field of animal cell technolgy from basic and applied
aspects.

The first joint meeting was held at Veldhoven, The Netherlands, in 1994.
Thanks to ESACT, the first joint meeting was quite successful and participants from all
over the world had the most exciting and enjoyable discussions. The Proceedings of
this first meeting were published (Animal Cell Technology edited by E. C. Beuvery, J. B.
Griffiths and W. P. Zeijlemaker, 1995, Kluwer Academic Publishers). As we expected,
the 1998 second joint meeting was even more successful than the first meeting, because
of a number of revolutionary new discoveries in life sciences were made and many of
these were presented in the meeting.

This volume of Proceedings contains the reflection of this vast amount of new
information. There is not doubt that animal cell technology plays far more important
roles in the improvement of the quality of life in the 21st century and therefore this

volume should greatly contribute to find the important, urgent and rewarding targets to be
challenged.

The Kyoto joint meeting was divided into thirteen sessions:
I.  Asian Biotechnology in Future
II  Cell Culture and Engineering
III  Production of Biologicals
IV. Functional Cell Lines
V. Glycoengineering
VI.  Immunologicals, Monoclonal Antibodies and Vaccines
VII. Transplantation and Artificial Organs
VIII. Gene Therapy
IX. Transgenic Animals
X.  Safety and Regulations
XI.  Cell Regulatory Factors and Signal Transduction
XII. Functional Substances in Food and Natural Sources
XIII. Animal Cells for in vitro Assay

All presentation (oral and poster) have been brought together according to these themes.

Finally we dedicate these Proceedings to the late Professor Hiroki Murakami.
He founded JAACT, acted the first president of JAACT and promoted the joint meeting
with great enthusiasm.

The Editors

Xiii
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THE ROLE OF HONG KONG SAR IN THE DEVELOPMENT OF
BIOTECHNOLOGY INDUSTRY IN CHINA

Albert Yen Chang

Hong Kong Institute of Biotechnology, Ltd., CUHK, Shatin, N.T. Hong Kong SAR

The biotechnology industry is one of the fastest growing industries in China and, with a
market size of 1.2 billion consumers, the potential for its growth is enormous. With a vast
network of state-supported academic and research institutions and a large number of scientists
trained in topnotch universities worldwide, China also has a superior R&D infrastructure to
support the discovery of biotechnology products. Nevertheless, for China’s biotechnology
industry to be globally competitive, it needs to upgrade its product development processes for
the purpose of enabling its products to obtain registration approvals worldwide and be more
cost-effective. Specifically, issues such as quality assurance, compliance to regulatory
requirements, cost of goods and effective management must be addressed and resolved. In
this regard, the Hong Kong Special Administrative Region (HKSAR) is poised to play a
significant role in the development of biotechnology industry in China.

An effective work force is mandatory for any industrial sector to gain a competitive edge in
the global marketplace. HKSAR has much to offer in this respect, including 7 tertiary
institutions, 2 technical colleges, 7 technical institutes and 24 industry training centres, all
publicly funded, to educate as well as to offer on-the-job training for its 6.3 million residents
to produce a bilingual work force with a global mindset. ~ On 1965, the government
established the University Grants Committee (UGC) for the development and funding of
higher education and to administer public grants to these schools. A few years later, the
government set up a Research Grant Council within the UGC to advise it and monitor the use
of public research grants in these institutions. In 1997-98, the RGC disbursed HK$423
million in grants for academic research, a portion of which supported upstream biotechnology
projects!.

In addition to the 7 tertiary institutions that carry out upstream research, HKSAR also has a
downstream development laboratory, Hong Kong Institute of Biotechnology, Ltd. (HKIB),
which was established in 1989 with a one-time donation of HK$170 million from the Hong
Kong Jockey Club Charities Trust with a mission to provide the catalyst and essential
infrastructure for the emergence of a successful biotechnology industry in Hong Kong.
Currently, HKIB has the following programmes.

Human Therapeutics

At the present, human therapeutics remain the most profitable products in the global
biotechnology industry. In 1994, HKIB established a multi-purpose Bioprocessing Unit
to develop manufacturing processes of biopharmaceuticals and it was upgraded to a GMP
Manufacturing Technology Centre(GMP-MTC). GMP-MTC is fully equipped to develop
and produce clinical-grade biomaterials under Good Manufacturing Practice (GMP)
guidelines for Phase I and II clinical trials of innovative products in human subjects.

HKB’s GMP-MTC has a molecular biology laboratory to carry out its own
bioengineering projects as well as to provide contract gene cloning services to global
clients. The Centre’s process development laboratory has the capability to develop
manufacturing processes using microbial, plant, insect and mammalian cell cultures. Its

1



pilot plant has a fermentation and hioprocessing capicity of 100 to 350 litres The
Centre’s Class 10,000 clean room accommodates its purification suite to process clinical
grade protein or DNA products under GMP conditions. Its Quality Control (QC)
Laboratories and Quality Assurance (QA) Office ensure that its own manufacturinig
operations meet the World Health Organization’s (WHO) and Food and Drug
Administration’s (FDA) GMP guidelines.

Since 1994, HKD has actively searched for worthwhile protects to utilize its pilot plant.
Malaria remains one of the world’s major health problems and up to 500 million people
may be infected with the parasite, resulting in approximately two million deaths annually.
There is an urgent need to develop an effective vaccine to prevent the spread of malarial.
Therefore, in 1996, HKB applied for and was subsequently awarded, via a competitive
process, an R&D Partnership Grant in malaria vaccine development by the UNDP/World
Bank/WHO Special Programme for Research Training in Tropical Diseases. The R&D
Partnership Grant was used to train research personnel in HKL.B’s GMP-MTC to scale up
production of a transmission-blocking malaria vaccine candidate developed by Dr. David
Kaslow, head of the Malaria Vaccine Section of the National Institutes of Allergy and
Infectious Diseases (NIAID) at the National Institute of Health (NIH) in the US. The
vaccine candidate is based on Pfs25, the predominant surface protein of Plasmodium
falciparum zygotes. The antigen TBV25H (Transmission-Blocking Vaccine based on
Pfs25 with a Histidine tag) is expressed in yeast and its purification process uses a nickel-
NTA agarose column.? HKIB signed a Cooperative Research and Development
Agreement (CRADA) with NIAID, NIH in January 1998.

HKIB filed a Drug Master File (Type I) on its Phase I microbial fermentation facility
with the FDA in May 1998. The Facility was also inspected by the Therapeutic Goods
Administration (TGA) of the Australian Government and a GMP Certification on the
Facility was issued by the TGA in October 1998. NIAID and HKIB will jointly file
Investigational New Drug (IND) applications with the FDA and HKSAR’s Department of
Health to carry out Phase I clinical trials of the TBV25H vaccine in Hong Kong and the

U.S. simultaneously. HKIB will manufacture the bulk clinical trial materials for the
Phase I human studies.

HKIB also plans to use its GMP facility to develop vaccines and biopharmaceuticals for
other life-threatening diseases such as AIDS, schistosomiasis, Dengue fever, etc. A
collaboration between HKIB and the Institute for International Vaccine Development in
the U.S. to develop HIV vaccines is currently under discussion. HKB is also actively
seeking opportunities to offer its facilities and services in the development of human
therapeutics to global pharamaceutical companies in the expansion of their businesses in
China and Southeast Asia.

Plant Micropropagation Programme

As agriculture remains one of the top-priority industries in China, it is imperative for the
HKSAR to develop and maintain a judicious amount of agriculture R&D, although the
HKSAR per se lacks sufficient arable land to sustain an agriculture industry. Therefore,
HKIB established a plant micropropagation programme with the following objectives:

« To develop mass propagationprotocols of high value-added ornamental and
medicinal plants.



* Todevelop plant cell culture technologies in a bioreactor culture system on a two-
to-20-itre scale.

To investigate morphogenesis events involved in the development of propagation
protocols in order to better understand micropropagation processes and to optimise
conditions.

HKIB has successfully produced cell culture-based micropropagation protocols for the
following oramental herbaccous plants : Ananas, Anoectochilus formosanus Cordyline
terminalis, Drosera burmanii, Gladiolus spp., Jovibharba, Kalanchoe blossfeldiana,
Lilium spp., Oxalis friutiguluris, Platycerium bifurcatum, Saintpaulia ionantha
Scindapus aureus and Spathoglottis plicata. In collaboration with a group of local
businessmen, desk-top ornaments containing these live herbaceous plants are being
produced for the mass consumer market. Under the persuasion of its business partners,
HKIB has also embarked on the development of the micropropagation processes of the
following woody plants: Bauhinia purpurea, Armeniaca, Cerasus spp., Carmellia and
Coffea arabica for the same purpose. In addition, HRIB will transfer the developed
protocols and processes to companies that are interested in large-scale production of these
plants in the open field.

HKIB is also developing manufacturing processes for ginseng cells in liquid cultures. A
fast-growing strain has been isolated and successfully cultured in two-litre bioreactors. Its
ginsenosides content has also been verified. The process will be transferred to food-and-
beverage companies to provide the active ingredients in ginseng-based drinks and foods.

The Incubation Programme

The development of biotechnology products is time-consuming and capital-intensive.
For HKSAR to develop a biotechnology industry, the region must provide low-cost
laboratory facilities for entrepreneurs to develop their technologies into products. It is for
this purpose that HKIB furnished a16,000-square-foot, second-floor space in its five-
story R&D building into an Incubator Facility. The Facility provides furnished
laboratories, offices, shared common-use equipment, technical and management services,
for companies to start their R&D activities in Hong Kong SAR. Such facilities and
services enable companies to minimise up-front investment during the initial product- or
service-development stages. Companies can rent space at a flat monthly charge or sign up
for a back-loading scheme that allows HKIB to share profits with the entrepreneurs.
There are eight labs, each of which can accommodate four to six persons. Presently, the
Facility has the following local start-up biotechnology companies:

« HKIB/Techpool Research Laboratory Ltd.

This is a joint venture company between HKIB and Hong Kong Techpool Ltd.
with the business goal of adding value to human urine-derived biopharmaceuticals
manufactured by Techpool in Guangdong Province.

* Leadergene Ltd.

The Company was founded to utilize a unique expression vector in bacteria that
facilitates the secretion of cloned gene products. Its initial products focus on
generic biopharmaceuticals.



¢ Cell Therapy technologies Centre Ltd.

The Companyfocuses on utlilizing cell therapy technologies such as autologous
cord blood banking, etc., in medical applications.

Consultation Services

On August 30, 1995, the Pharmacy and Poisons Board of the Hong Kong Government
Department ofHealth issued a schedule for implementing GMP guidelines in Hong
Kong’s pharmaceutical industry The implementation schedule was divided into three
phases. The target completion dates for Phase 1, 2 and 3 were December 31, 1996, 1998
and 2000, respectively. HKIB has a unit to provide consultation on GMP implementation
to the local pharmaceutical industry. It assisted two local companies in implementing
Phase 1 GMP guidelines for its manufacturing operation in 1996. Another local company
which had been selling its products in Australia sought help from the Unit in responding
to deficiencies cited by the Australian Government’s regulatory agency, TGA, after an
inspection in 1996. The Unit successfully provided consultation services for the Company
to upgrade its manufacturing operation to meet the requirements. Furthermore: the Unit
has supplied a wide range of consultation services to a number of local companies in their
attempts to meet Phase 1 GMP requirements.

The success of bringing a biotechnology innovation to the marketplace also requires effective
and efficient management of the R&D process which is extremely complex for biotechnology
products. HKSAR has an abundance of management talents with global experience. Being
one of the major financial centres in the world, HKSAR is also well-positioned to offer
financial senices to China’s biotechnology industry in search for venture capitals.

In conclusion, Hong Kong SAR’s future role in the development of China’s biotechnology
and pharmaceutical industries will focus on product development, i.e. manufacturing
processes, formulation, supplying clinical trial materials tinder GMP standards, clinical trial
monitoring and data management under GCP, and product marketing. With its strengths in
technology supply, human resources, Hong Kong SAR is poised to play a significant role in
the development of China’s biotechnology and pharmaceutical industries.

L.

Kong Kong— A New Era. Published by Hong Kong Government Information Services
Department, 1998.

Kaslow, D.C. and Shirock J. "Production, Purification and Immunogenicity of a Malaria
Transmission-blocking Vaccine Candidatc: TBV25H Expressed in Yeast and Purified Using
Nickel-NTA Agarose.”” Bio/Technology Vol. 12,494-399 (1994).
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1. Introduction

The endoplasmic reticulumn (ER) 1is the site where not only the secretory
and lysosomal proteins, resident luminal ER proteins, Golgi and lysosomal
membrane proteins are synthesized, but most extensive folding and
oligomeric assembly take place (Gething and Sambrook, 1992; Hurtley and
Helenius, 1989).The ER is also a major intracellular reservoir of Ca?" and
serves as a major intracellular site of Ca?" sequestration and is thought to
function prominently in maintenance of Ca?" homeostasis. The sequestered
Ca?" may function to maintain various proteins processing events within
the ER. Although the exact concentration of Ca?>" in the ER is not known
with certainty, measurements using electron probe X-ray microanalysis
indicates that in different cells it can be between 1.8 and 5.4mM.
Meanwhile, the concentration of free(unbound) Ca?*" can be two or three
orders of magnitude greater than the 1 u M or lower concentration in the
cytosol (Galina et al, 1993).

Ca?" has been demonstrated to be required for optimal processing of
glycoproteins by the ER. Ca?" stored by the organelle is subject to rapid
release by hormoness that generate inositol trisphosphate, by unsaturated
fatty acids by Ca?" ionophore such as ionomycin (Albert and Tashjian,
1984) and by agents such as thapsigargin (Thastup, 1990) that blocks
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active transport of Ca?>" into the ER. But Ca? can be rapidly stored by
ryanodine (Pfeffer and Rothman, 1987) that enhances on Ca** of ER.

In this work, hybridoma cells (5F12AD3) were treated with A23187,
ryanodine, and thapsigargin, respectively. Intracellular Ca?*" levels of the
treated cells were qualitatively observed by using confocal microscope and
the changes in hybridoma cell growth and monoclonal antibody production
were examined.

2. Experiments

1. Measurement of intracellular Ca*"

The hybridoma cell line, 5FI2AD3 was used. Intracellular Ca?"
concentrations of hybridoma cells were measured by wusing confocal
microscope (ZEISS) at 488nm(Williams et al, 1990). Intracellular Ca?
indicator used was Fura-2/AM (sigma chemical company, st. Louis,
U.S.A). The 5x10° cells were attached at 37°C on surface of slide on
petri dish containing 1mL medium. After 2hr incubation, the medium
was discarded and the fresh medium of 10-12mL was fed on petri dish.
After 2 day incubation, the medium was discarded and the cells on slide
was treated with 7uM  A23187, 10uM ryanodine, and 0.5uM
thapsigargin.  After treatment, cells were washed with medium and
equilibrated for 1 hr. Then the cells were washed twice with S-CES
buffer and loading 2uM Fura-2/AM with S-CES containing ImM CaCl,
and incubated for 30 minutes at 37°C. The cells were rewashed with
S-CES buffer. Intracellular Ca?* of cells were measured by using
confocal microscope.

2. Measurements of cell growth and MAb concentration
Hybridoma cells (5F12AD3) were grown at 10mL working volume in 25
cm’ tissue culture flask (T-flask). Cells were cultured at IMDM
containing 1.49mM CaCl,. After cells were cultured for 3 days, the cells
were treated at various concentrations of A23187, ryanodine, and
thapsigargin at about 1x10° cells/mL and incubated at 37°C for 30
minutes. The treated cells were recultivated in spent IMDM. The -cells
were inoculated in IMDM containing 10%(v/v) horse serum at cell
density of 5x10* cells/mL. Total and viable cells were counted with a
haemocytometer using the tryphan blue method.
Quantitative =~ MAb  concentrations were measured by using ELISA
methods at 405nm and the specific MAb production rate can be



estimated for each sampling time 1) (¢ I,t) as follows:
~ 3. 4Py 1
»={"4¢ %,

where x, is the average value of the two concentration sample.

P is the MADb concentration at a given time.

3. Results and discussion

Figure 1 shows the intracellular Ca** of hybridoma cells treated with
A23187, ryanodine and thapsigargin. Ca?" ionophore, A23187, treatment
caused Ca?>* to flood into the cytoplasm both from the extracellular
medium and from the ER. A specific inhibitor of the ER Ca®*
ATPase(SERCApump), thapsigargin, rapidly caused depletion of ER
stores of calcium. Meanwhile, Ca™ release channel blocker, ryanodine,
caused increase of Ca® influx to ER. It should be noted that the Ca™ was
more localized within the ER in case of 10uM ryanodine treatment(Fig. 1
C).

Figure 2 shows the typical profiles of hybridoma cell growth and MADb
production when the cells were treated with Ca*-mobilizing agents. The
treatments, in all cases, caused inhibition of cell growth even though the
5 u M ryanodine treatment enhanced maximum cell concentration up to 2.6
x10° cells/mL(data not shown). The ryanodine treated cells also showed
maximum MAb concentration compared to control and other treatments,
indicating that the increase in Ca?" influx to ER can enhance the
hybridoma cell growth and MADb production. Interestingly, as shown in
Figure 3, A23187 and ryanodine treatments caused remarkable increases in
specific MADb productivities. This is mainly due to the increase in
inti-acellular calcium concentration as shown in Figure 1. Since A23187
depletes Ca?" from the ER, it is possible that unfolded or unassembled
heavy and light chains of immunoglobulin could be rapidly secreted. In
contrast, a rise in ER Ca?> by ryanodine treatment seems to be very
effective for the proper folding and assembly of secretory proteins, and
also slight increase in cytosolic Ca’* would be helpful for stimulating the
exocytosic by enhancing the fusing of regulated secretory vesicles within
the plasma membrane(Lodish and Kong, 1990).
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(C) Ryanodine (D)) Thapsigargin
Figure 1. Confocal microscopic images of Fura-2/AM loaded cells. (A) control.
Treatment with (B) 7 4 M A234187, (C) 10 4 M ryanodine, and (D)

0.5 M thapsigargin.
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ABSTRACT: The specific antibody production rate is closely related to
the specific ATP production rate. In order to increase the specific
antibody production rate by increasing the specific ATP production rate,
the effects of oxygen concentration reinforcement (4.7, 6.9 and 10.3
mgl-lor metabolic intermediate addition (pyruvate, malate and citrate)
on ATP production were investigated under glutamine-limited
continuous cultivation with a constant specific growth rate. As a result,
the  specific  ATP  production rate decreased under high oxygen
concentration cultivation. However, the metabolic fluxes related to ATP
production were increased and higher specific ATP and antibody
production rates were achieved by addition of metabolic intermediates.

1. Introduction

Generally, mammalian cells utilize glucose and glutamine as primary
energy sources. The ATP produced is used for cell growth and antibody
production. In a previous study, we found that an increase in the specific
ATP  production rate caused specific antibody production rates to
increase [7]. Antibody production was enhanced by increasing the fluxes
of the metabolic pathway related to ATP production. In this study, we try
to increase the specific ATP production rate by increasing the
concentration of dissolved oxygen or by addition of intermediates to the
medium.
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2. Materials and Methods

The cell line employed in the experiments was the mouse-mouse
hybridoma 3A21, which produces an anti-RNase A monoclonal antibody
(IgG) [1]. The serum-free medium RDF-ITES with bovine serum
albumin (BSA) [2-5] was wused for cultivation. In the glutamine-limited
continuous cultivation, the feed glutamine concentration was 0.16 gf .
The cell, glucose, lactate, glutamine, ammonia, and antibody
concentrations were analyzed as described previously [2-5]. The specific
oxygen consumption rate was also calculated as described previously [3].
The cell volume was measured by a Coulter counter (Coulter model ZM).
The average dry cell weight was estimated from the average cell volume,
because the cell density was constant under various specific growth rates.
Amino acid concentrations were analyzed using an amino acid analysis
system (Waters, Pico Tag system). The kinetic parameters (specific
growth rate; glucose, glutamine and amino acid consumption rates; and
specific antibody, lactate, and ammonia production rates) were calculated
according to the procedure previously outlined [2-5] The metabolic
fluxes were calculated based on the pathway proposed by Zupke and
Stephanopoulos. [6,7].

3. Results and Discussion

3.1 EFFECT OF DISSOLVED OXYGEN CONCENTRATION ON
THE SPECIFIC ATP AND ANTIBODY PRODUCTION RATES

Yano and Nishizawa reported that at  higher dissolved oxygen
concentrations than the air-saturated value of 6.86 mgf", the specific
antibody production rate increased [8]. We carried out continuous
cultivations at dissolved oxygen concentrations of 4.7, 6.9, and 10.3
mg!"‘ At concentrations greater than 10.3 mgf’“]ﬁwe could not obtain
steady-state conditions.

The flux pathways and analysis of fluxes are shown in Table 1 and
Figure 1, respectively. The values of r, to r, which are related to
glycolysis, for the 10.3 mgﬂ"' cultivation were greater than those for the
47 and 6.9 mg/' cultivations. However, the fluxes related to the TCA
cycle were lower in the 10.3 mgf" cultivation than in the 4.7 and 6.9
mgf"' cultivations, as was the specific ATP production rate, flux r; We
consider that this decrease in ATP production and increase in glycolysis,
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were due to decreased ATP production in the TCA cycle. Consequently,
the specific antibody production rate also decreased with the decrease in
the specific ATP production rate (Figure 2). Therefore, the increase in
DO concentration was not effective for increase of ATP production.

Table. 1 Metabolic  pathways  for  calculation of the
metabolic fluxes. rs  represents the flux of ATP
consumption for cell growth and antibody production.
e R iy COeE e R e

r:Gluc +2ATP —» 2GTP +2ADP
ry GAP + ADP + NAD ~» PEP + ATP + NADH
1 PEP + ADP - Pyr + ATP
by Pyr+ NADH = Lac + NAD
r:044 + Pyr + NAD = Cit + NADH + CO,
r:Cit + NAD — aKG + NADH +CO,
#:Cit + ATP > OAA+ ADP
[aKG + FAD + NAD +GDP — Mal + FADH, + NADH +CO, +GTP
’*‘{GTP +ADP — ATP +GDP
ry: Mal + NAD — OAA + NADH +2C0,
ot Pyr+ NADPH +CO, — Mal + NADP
1iy:OAA+ ATP = PEP + ADP +CO,
iy Gin — Glu + NH,
5y Glu+ Pyr — kG + Ala
 [2NADH +6ADP +0, — 2NAD + 6 ATP
w {FADHZ +24DP+10, - FAD +2ATP + H,0

k- ATP = ADP

1h')

i

ce

flux (10mol g-

rl 2 3 4 5 6 7 8 19 rl10 rl1l rl12 rl13 rl4 rl5

Figure 1 Effect of DO concentration on metabolic fluxes
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32 EFFECT OF ADDITION OF INTERMEDIATES ON THE
SPECIFIC ATP AND ANTIBODY PRODUCTION RATE

In order to increase the specific ATP production rate, the effects of
metabolic intermediate addition (pyruvate, malate and citrate) on ATP
production were investigated under glutamine-limited continuous

cultivations with constant specific growth rate (u) The results are shown
in Figure 3.
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Figure 3 Comparison between specific oxygen consumption, ATP
production and antibody production rates (u:  0.03 12-0.0360 (h-1))
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These specific rates were relative values based normal glutamine-limited
continuous cultivation. By the addition of these intermediates, the
specific production rates could be increased. In the case of the addition
L-malate and citrate, intermediates directly incorporated into only the
TCA cycle, TCA cycle fluxes were changed markedly (data not shown).
However, in the case of the addition of pyruvate, not only TCA cycle
flux, but also the bypass pathway flux from TCA to glycolysis are
increased. Consequently, pyruvate was the most effective intermediate
for enhancement of the specific antibody production rate.
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1. Abstract

For the controlled production of recombinant proteins in mammalian cells by using
transient transfection methods, it may be desirable not only to manipulate, but also to
early diagnose success and extent of expression. Here, we applied laser scanning
confocal microscopy to on-line monitor second messenger Ca?* signaling in Chinese
hamster ovary (CHO-K1) cells during and after transfection. The calcium phosphate /
DNA coprecipitation technique was our method of choice, because it is easily
applicable for both mini and large scale transfection. In CHO cells we observed a strong
Ca?' response already a few minutes after addition of the transfecting solution. Virtually
all CHO cells exhibited asynchronous cytosolic Ca*" oscillations 3 hours after
transfection onset. Somewhat surprisingly, we observed that the glycerol shock
commonly used to enhance the productivity in CHO host cells at the same time
“soothed” their Ca’" signaling, reducing the oscillations. Time lapse studies revealed
shock induced morphological changes in the endoplasmic reticulum of CHO cells. Our
finding points to intracellular Ca** signaling as a possible early indicator of the transient
transfection fate of CHO-K1 cells.

2. Introduction

Chinese hamster ovary (CHO-K1) cells are commonly used for heterologous gene
expression (Geisse et al, 1996). On the basis of an improved version of the calcium
phosphate transfection technique (Jordan et al., 1996), we generally obtain a
transfection rate of 50% of the cells, using the green fluorescent protein (GFP) as a
reporter gene. With other adherently grown cells, for example human embryonic kidney
(HEK) 293 cells, we even reach up to 90 % transfectants. Recent results indicate that
the calcium phosphate approach can also be applied for cell suspension based systems
(Jordan et al., 1998). For controling the transfection rate in CHO-K1 cells, we feel that a
product independent early diagnosis within hours would well meet the flexible and very
fast approach of the calcium phosphate based transient transfection method and its
upscale application for suspension systems.

We report, for the first time, the use of laser scanning confocal microscopy for on-line
monitoring of the intracellular Ca”*fluctuations during the transfection process in CHO-
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K1 cells. We show that the glycerol shock treatment usually required for the
enhancement of transfection efficiency (Slaedel et al.. 1994) strongly affects their Ca**
signaling. Moreover, these signal changes are accompanied by substantial
morphological changes ofthe major intracellular Ca* store.

This report about monitoring intracellular Ca?" signaling in translected CHO cells
maybe the first step towards a product-independent diagnostic tool of the transfection
rate for biotechnological processing.

3. Materials and Methods
3.1 CELL CULTURE

Our studies were performed on adherent Chinese hamster ovary (CHO-KI) and human
embryonic kidney (HEK 293)cell lines. The cultures were kept in DMEM/F12 medium
supplemented with 2.2 % fetal calf serum in an incubator with humidified air (5%CO.,
37°C). Best growth conditions were maintained by splitting the cultures 2-3 times per
week atratios between 1:4to 1:6.

3.2PLASMID CONSTRUCTS AND TRANSIENTTRANSFECTION

Cells were transfected with calcium phosphate-precipitated DNA according to Jordan et
al. (1996). Twenty hours before transfection, exponentially growing cells were seeded
(2-4x10° cells/ml) into multiwell plates or Labtek chambered cover glass (Nune,
Denmark). As reporter for gene expression, we used the green fluorescent protein
encoding vector(Clontech, USA).

3.3 ON-LINEMONITORING OF INTRACELLULAR SIGNALING

Fluorescence and transmission time lapse studies were performed with a laser scanning
confocal microscope (Zeiss LSM 510). Intracellular Ca®* signaling was recorded using
488 nm as excitation wavelength. The laser power was kept below 0.3mW. The frame
size was 512x5 12 pixels.

Imaging of cytosolic Ca** changes was performed on cells incubated for 70 min
with a 10 pM solution of the cell-permeant acetoxyrnethyl (AM) ester of Ca?* indicator
stain fluo-3 (Molecular Probes, USA). After the loading procedure, cells were
thoroughly washed in fresh medium and monitored at room temperature.

All fluorescence data were background corrected. A false color code was used for
comparison of relative Ca?*" changes. For visualization of the endoplasmic reticulum,
cells were loaded with the indicator dye DiOC; (Molecular Probes, USA) according to
the instructions of manufacturer. DiOCs is a cell permeant dye, which stains intracellular
endoplasmic reticulum membranes emitting a fluorescein-like fluorescence.
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4. Results and Discussion

Cytosolic Ca’'responses were recorded in sixteen fluo-3 loaded CHO cells both
before and after administration of the transfecting reaction mixture (Fig 1).

Figure I. False color micrographs indicating the relative cytosolic Ca2+changes in 16 CHO-KI cells
before (A), during exposure to the calcium phosphate / DNA transfection mixture (B — G). and 5 minutes
after glycerol shock (H). Details see text.

Addition of the transfection mixture elicited a marked and immediate cellular
response, which could not be mimicked by addition of an equivolume of cell
medium. The initial Ca*" increase was followed by declining Ca*" levels with

isolated fluctuations (240s after transfection onset, Fig IB). After three hours, the
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cells exhibited a high Ca®" concentration, accompanied by marked, more or less
sinoidal oscillations.

The periods are in the range of around 20 s (Fig. ID-G, images taken with 9 min
intervaly. Although the use of a calcium phosphate based transfection method seams to
imply that the observed signal increases might stern from ion influx into the cells, such
sinoidal cytosolic Ca?" oscillations have been known to result, at least in part. from
repetitive release from intracellular stores (Kraus et al., 1996, Thomas et al., 1996;
Scheenen et al., 1996). A temporary, or longer lasting. decline of store luminal Ca?*
concentration. has been found to have significant impact on cellular protein synthesis
(Greber and Gerace, 1995: Rosen etal., 1995; Wei and Hendershot, 1996; Bading etal.,
1997; Dolmetsch et al., 1998; Lee et al., 1998; Obermoeller et al., 1998). The question
whether or not the transfection-induced Ca?* oscillations is related to internal store
release is investigated by the effect of store-depleting drugs on the transfection
efficiency in CHO cells. Preliminary studies on HEK cells showed significantly lower
signal increases and oscillations (manuscript in preparation).

The strong down regulation of the Ca?" response after the glycerol shock (10% in
DMEM medium for 2.5 min, and 4 h after transfection) was accompanied by marked
morphological changes in both shape and position of the DiO; stained endoplasmic
reticulum (Fig 2). These changes appeared to persist for the time of observation (I hour)
and after reperfusion with glycerol free cell medium (Fig 2 D, 30 min after end of
shock).

Figure 2. CHO-K I cells before (A, B), during (C) and I min after (D) glycerol shock Size bars arc 10 pm.

5. Conclusion

Our work points to a possible key function of intracellular Ca®** signaling for
heterologous, recombinant protein production. This function appears to complement its
known regulatory role for cellular protein synthesis. The on-line observation of Ca*
signaling in CHO cells may have several advantages. Firstly. the development of
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product-independenl diagnostic tools for the early assessment of the transfection rate in
small cell samples. Secondly, improving the transfection efficiency of the calcium
phosphate method by manipulating the store luminal Ca** content. Thirdly, optimizing
the transfection enhancing property of the glycerol shock treatment.
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AN ON-LINE FEEDING STRATEGY FOR FED-BATCH AND
DIALYSIS CULTURES OF HYBRIDOMA CELLS

J. 0. SCHWABE, R. PORTNER, H. MARKL
Technische Universitdt Hamburg-Harburg, BioprozeJ- und
Bioverfahrentechnik, D-21071 Hamburg, Germany

1. Abstract

An on-line feeding strategy based on oxygen uptake rate (OUR) was used to minimise
the formation of inhibiting metabolites and to increase the yield of monoclonal
antibodies in fed-batch cultures of hybridoma cells by a balanced supply of substrates.

Concentrated feed was supplied according to the off-line estimated stoichiometric ratio
between oxygen and glucose consumption (GC). The antibody concentration in fed-
batch increased three-fold compared to the conventional batch culture by applying this
strategy. Metabolites such as lactate and ammonia accumulated during fed-batch
cultivation and it was not possible to avoid inhibition by ammonia. Fed-batch was
efficiently improved by using the concept of dialysis and ‘nutrient-split’ feeding. where
concentrated medium is fed directly io the cells and toxic metabolites are Temoved over

a dialysis membrane into a buffer solution. This resulted in a ten-fold increase of the

antibody concentration compared to the batch. Amino acid concentrations were analysed
to identify limiting conditions during the cultivation and to analyse the performance of
the nutrient supply in the fed-batch and dialysis fed-batch. The potential of the dialysis
fed-batch with ‘nutrient-split’ feeding is discussed with respect to substrate loss,
efficiency and process stability in comparison to the conventional fed-batch.

2. Cell Line and Culture Conditions

The hybridoma cell line IV F 19.23 was cultivated in a 1: 1 mixture of Iscove’s MDM

and Ham’s F12 supplemented with 2 mmol 1™ glutamine, 2.5 g 17 NaHCO03, 0.01 % (w/v)
PEG and 50 mmol 17! ethanolamine. The medium was completed with 1% (viw) of a
protein-free, iron-rich supplement [Franek and Dolnikova, 1991]. For the fed-batch phase
and the ‘nutrient-split’ feeding a 10-fold concentrated, salt-free medium

(BIOCONCEPT, D) containing amino acids, vitamins and 50 mmol I glucose and a
concentrated glutamine solution (200 mmol 17, Life Technologies, D) were supplied

separately.
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3. On-Line Feeding Strategy

The feeding strategy used in fed-batch and dialysis fed-batch cultures first described by
Zhou et al. (1995) is based on the stoichiometric ratio o of glucose consumption
(equ. 1), determined by off-line analysis, and cumulative oxygen consumption COC
(time intervall: tj-,tj), calculated from on-line oxygen uptake rate OUR. The feeding
rates (F) for glucose (Glc) and glutamine (Gln) containing feed is calculated according
to the equations 2a/b:

-
fOUR-vidr

_ =
(ZJ. = "f (])
egre(tj)-Viltj)=egiel i1 3 Vilt 1 )—egr [Fgr dt
Ly
f:’
JOUR V.t
- . CGle F i
Fgpe(t; )=—= Fm(ti )= Fie(ti )»———" famgte (2a/b)
I'ZJ “CGle F (f,-'_,f T f:‘ J CGnF

The ratio of glucose to glutamine uptake Bgp . = 0.25 was obtained from previous
suspension cultures (Portner and Schifer. 1996).

4. Dialysis and ‘Nutrient-Split’-Feeding
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Figure 1 shows the concept of dialysis and ‘nutrient-split’-feeding in a reactor which is
separated into two chambers by a dialysis membrane (CuprophaneR, 10 kDa), a culture
chamber containing the cells and a dialysis chamber. During fed-batch phase
concentrated nutrients are fed directly to the culture chamber. Low molecular
metabolites permeate through the membrane according to the concentration gradient
from culture to dialysis chamber. During dialysis phase a buffer is used to exchange the
medium in the dialysis chamber to maintain the gradient in metabolite concentration
and to remove inhibiting metabolites. This concept is realised in the Membrane Dialysis
Reactor (Bioengineering, CH) shown in figure 2.

P F

w e

Figure 2: Membrane Dialysis Reactor

5. Results

The fed-batch with the on-line feeding strategy resulted in an increase of 1.5-fold in
viable cell concentration X, (Fig. 3) and 3-fold in antibody concentration Cy. (Fig. 4b)
compared to the conventional batch. The strategy was not able to avoid the
accumulation of metabolites such as ammonia after 80 h of cultivation and culture
growth was inhibited.
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The dialysis fed-batch combines the on-line feeding strategy with the concept of
‘nutrient-split’ feeding to supply essential substrate directly to the culture and reduce the
effect of inhibiting metabolites by dialysis. Viable cell concentration X, increased 5-fold
(Fig. 3) and the monoclonal antibody concentration Cy;,,, 10-fold respectively (Fig. 4b)
compared to the conventional batch. Nutrient supply was sufficient to maintain a high
cell concentration of 9.10° cell ml™" for about 60 h. Oxygen transfer was insufficient at
high cell concentration, which caused problem with the on-line feeding algorithm based
on OUR.
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Figure 3: Comparison of viable cell concentration in batch, fed-batch and dialysis fed-batch

The concentration of ammonia was significantly lower in dialysis fed-batch and was
effectively reduced by the exchange of dialysing buffer (Fig. 4a). The essential amino
acids (determined by HPLC), which showed notable uptake in batch culture, were
compared in fed-batch and dialysis fed-batch (Fig. 5). In fed-batch the significant amino
acids accumulated in fed-batch phase (47 h - 217 h) whereas in dialysis fed-batch a
stable level of amino acids was maintained during ’nutrient-split’ feeding (dialysis:
124h- 211 h, feeding: 141 h - 211 h). Media components were efficiently used due to
the controlled feeding of concentrated nutrients. Tryptophane showed high relative
uptake in both fed-batch and dialysis fed-batch.
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Figure 4: Comparison of a) ammonia concentration CAmm and b) armbody concentration CMab in
batch, fed-batch and dialysis fed-batch
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Figure 5: Significant essential amino acids compared in fed-batch and dialysis fed-batch at
different cultivation stages
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EFFECTS OF SERUM AND OTHER MEDIUM COMPONENTS

ON

SUSPENSION CULTURE OF CHO CELLS PRODUCING TISSUE

PLASMINOGEN ACTIVATOR

M. TAKAGI, H.C. HIA, J.H. JANG and T. YOSHIDA
International Center for Biotechnology, Osaka University, 2-1, Yamada-oka,

Suita, Osaka 565, Japan

Effects of the concentrations of serum and other medium components on cell
metabolism in a suspension culture, in a spinner bottle, of CHO 1-15500 cells (ATCC
CRL-9606) producing tissue plasminogen activator(tPA) were investigated in order to
formulate an appropriate medium composition for perfusion culture. Ham's F-12
medium supplemented with 500 nM of methotrexate and 0-10% newborn-calf serum
was employed. Cell and tPA concentrations were assayed using trypan blue and ELISA,
respectively. Concentrations of glucose, lactate, glutamine and glutamic acid were
determined enzymatically, and those of ammonia using a colorimetric method. The
culture period could be separated into two phases: the cell growth phase, and the cell
maintenance phase during which a high cell density was maintained. The specific
growth rate during the cell growth phase increased (Fig. 1), and cell decreasing rate
during the cell maintenance phase decreased (Fig. 2) with increase in the concentration
of serum in the medium, while the specific glucose consumption rate and the
conversion rate of glucose to lactate did not vary in both phases. The ratio of ammonia
production to glutamine consumption during the cell growth phase increased as the

concentration of serum in the medium increased although the specific glutamine
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consumption rate decreased. It is suggested that the metabolic flux to amino acid
synthesis became dominant in the culture at low serum concentrations. Increase of
specific tPA production rate was observed in both culture phases at reduced serum
concentrations (Fig. 3). The effects of the concentrations of other medium components
including glucose, glutamine, lactate and ammonia on metabolism and tPA production
were also investigated. There was negative correlation between specific growth rate
and specific tPA production rate and the effect of serum concentration was markedly

larger than the effect of concentration of other 4 components (Fig. 4).
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Fig. 1 Effect of serum concentration on growth of CHO cells during cell growth
phase.

Fig. 2 Effect of serum concentration on concentration of CHO cells during cell

%m-_ time.

maintenance phase.
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relative value of specific rates against those for the culture using standard medium were

employed in each culture experiments.
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EFFECTS OF OSMOTIC PRESSURE ON METABOLISM OF CHO CELLS
PRODUCING TISSUE PLASMINOGEN ACTIVATOR IN ADHESION
CULTURE COMPARED WITH THAT IN SUSPENSION CULTURE

M. TAKAGI, H. HAYASHI and T. YOSHIDA
International Center for Biotechnology, Osaka University, 2-1, Yamada-oka,

Suita, Osaka 565, Japan

The effects of osmotic pressure, of between 300 and 500 mOsm/kg, on the
metabolism of Chinese Hamster Ovary (CHO) cells producing tissue plasminogen
activator (tPA) were compared in adhesion and suspension cultures. In both suspension
and adhesion cultures, the specific rates of glucose consumption (vg) lactate
production (q;) and tPA production (q,p,) increased as osmotic pressure increased up to
certain critical levels, above which all of the rates decreased (Fig. 1). However,
specific growth rate (1) decreased with increase in osmotic pressure over the range
examined, and this slope grew steeper in the range of osmotic pressures higher than the
critical level. The decrease in (#) was steeper in the adhesion culture than in the
suspension culture. The critical osmotic pressure for adhesion culture (400 mOsm/kg)
was lower than that for suspension culture (450 mOsm/kg), indicating that adhesion
cultures were more sensitive to increase in osmotic pressure than suspension cultures.
However, the specific rates obtained in adhesion cultures were generally 1.5- to 3-fold
higher than those obtained in suspension cultures. Cell volume increased with increase
in osmotic pressure in both suspension and adhesion cultures (Fig. 2) but no

morphological change was noted in the suspension culture, in contrast, cell height
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decreased and cell adhesion area markedly increased with increase in osmotic pressure in
the adhesion culture (Figs. 2, 3). This morphological change in adhesion cultures could
be one explanation for the higher sensitivity of adherent cells to increase of osmotic

pressure than suspended cells.
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Fig. 1 Comparison of the effects of osmotic pressure on the specific rates between

adhesion and suspension cultures of CHO cells.
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CULTIVATION OF CHO CELLS ON NOVEL MICROCARRIERS

A.Y. HU, Z. ZHANG & M. AL-RUBEAI

Centre for Bioprocess Engineering, School of Chemical Engineering,
University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
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1.Abstract

CHO cells were successfully cultured on a novel type of microcarriers (ImmobaSil FS)
in the bioreactors. Various factors influencing cell attachment, including serum
concentration, cell to microcarrier ratio, agitation speed and agitation profile were
investigated and the results were compared with those obtained using CultiSpher-G,
and glass beads. It was found that the optimum serum concentration, cell-to- carrier
ratio and agitation speed for the batch reactor with a working volume of 400 ml during
the initial attachment period were 10% (vh), 12x10%1 and 60 rpm, respectively.
Intermittent stirring/non-stirring regimen of 20/40 minutes resulted in an optimum rate
ofcell attachment (0.27 h'). However, intermittent and continuous stirring schemes
had no significant effect on the total number ofattached cells. ImmobaSil FS carriers
performed better than CultiSpher-G and glass beads in term of the rate of cell
attachment.

2. Introduction

Immobilisation of cells on porous microcarriers provides several advantages over free
suspension culture for large-scale mammalian cell process including high cell density
and concentration of secreted products (Fleischaker, 1987; Griffiths and Thornton,
1982; Griffiths, 1988). However, there are still problems associated with the various
stages ofcell culture, such as cell inoculation, attachment and growth (Clark et al.,
1980; Forestell etal., 1992). The severity ofthese problems varies with different
microcarriers, cell lines and culture systems used. Consequently, the conditions that
affect cell attachment, distribution on the surface of microcarriers and growth rate need
to be determined for a particular system. Although porous microcarriers provide a
large surface area and protective environment for cells, the occurrence of oxygen
diffusion resistance inside the beads often results in a non-uniform distribution ofthe
cells immobilised within the matrix (Preissmann etal., 1997). In this study, CHO cells
producing B-galactosidase were cultured on a novel type ofmicrocarriers (ImmobaSil
FS) in the bioreactors. The ImmobaSil FS microcarriers, which are silicone-based
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material have a potential to provide a large surface area for cell growth and allow the
diffusion of oxygen across the matrix structure of the carriers. Therefore, an
investigation was made to determine the effect of inoculum concentration, media
composition and stirring conditions on the level ofcell attachment.

3, Materials and methods

Recombinant CHO cells producing B-galactosidase kindly provided by Dr. Steve
Gorfien (Life Technologies Inc., USA) were used in these experiments. The cells were
amplified with dihydrofolate reductase by adding 0.8 uM methotrexate (Sigma, UK)
and were maintained in spinner flasks at 37°C and 5% carbon dioxide. Culture
medium used was RPMI 1640 (Sigma, UK) supplemented with 5% foetal bovine serum
(GibcoBRL, Scotland). ImmobaSil FS carriers were supplied by Ashby Scientific Ltd.
(UK). ImmobaSil FS, CultiSpher-G (Percell, Sweden) and glass beads (Sigma, USA)
were washed with phosphate-buffered saline solution and autoclaved. All glass vessels
were siliconised before use. Cell attachment experiments were carried out in the 400
ml working volume SIXFORS bioreactors (Infors, UK). For the study ofinitial cell
inoculum cell density ranged from 2.0x105 to 10.0x10° cells ml-, RPMI 1640
supplemented with 5% FBS and 60 rpm ofagitation were used. For the study ofthe
effect of serum on cell attachment serum-free medium CHO SFM-II (Sigma, UK),
RPMI 1640 supplemented with 0% to 10% (v/v) serum, initial cell concentration of
8.0x105 cells ml'and 60 rpm ofagitation were used. For the study ofthe effect of
agitation initial cell concentration of8.0x105 cells mlt, RPMT 1640 supplemented with
10% FBS and different agitation speeds ranged from 20 to 120 rpm were used. For the
effect of stirring mode RPMI 1640 supplemented with 10% FBS, initial cell
concentration 0f8.0x105 cells ml-1 and 60 rpm ofagitation were used. The variation of
the number of cells attaching on ImmobaSil FS microcarriers was quantified by the
MTT method. 40 carriers were transferred into a 96-well plate. Each well contained a
single microcarrier, in which 100 ul MTT solution (5mg ml™) was added. The optical
intensity ofeach sample was measured by a spectrophotometer (Pharmacia, Sweden).
The number of attached cells on microcarriers was measured by counting the number
of cells which remained freely suspended in a microcarrier-free supernatant at various
times up to 7 hours and at different conditions after inoculation. The method is based
on the assumption that there was no significant cell growth and death during the
experiment.

4. Results and discussion

Table 1 shows the effect ofinitial cell-to-carrier ratio on cell attachment for ImmobaSil
FS microcarriers. The optimal ratio of cell-to-carrier for the cell attachment was
12x10%1, at which 64.3% ofthe cells had attached on the microcarriers at the
incubation time of 7 hour. This result is also consistent with the previous work showing

that a minimum number of cells per carrier was required for normal cell growth to
occur (Huetal.,, 1985).



TABLE 1. The effect of inoculation level on CHO cell attachment for ImmobaSil FS microcarrier cultures
(7 hours incubation).

Inoculum (cell-to-bead) Inoculum (cells ml”" medium) Final density (cells ml” carrier)

15x%10%1 10.0x10° 96x10°
12x10%1 8.0x10° 104x10°
6x10%1 4.0x10° 66x10°
3Ixl10%1 2.0x10° 31x10°

The effect of serum concentration on the rate of cell attachment is shown in Table
2. Clearly, 10% FBS in RPMI 1640 produced the fastest cell attachment among the
selected conditions, and only 30% of cells remained unattached at the time of 7 hours.
The presence of serum might have promoted the interaction between cells and the
substratum of the microcarriers. The attachment fraction in the serum-free medium
(CHO SFM-II) supplemented with 10% serum was much lower than that in RPMI 1640
supplemented with 10% serum. This may be due to the presence of non-adhesive
factors in the serum-free medium, which allow cells to be adapted to suspension
cultures.

TABLE 2. Cell attachment on microcarriers at different serum concentrations.

Medium composition Inoculum (cells mi”’ medium) Unattached cell fraction
RMMI 1640 + 0% FBS 8.0x10° 0.54
RMMI 1640 + 5%FBS 8.0x10° 0.40
RMMI 1640 + 10% FBS 8.0x10° 0.30
RMMI 1640 + 15% FBS 8.0x10° 0.35
CHO SFM-II + 0%FBS 8.0x10° 0.63
CHO SFM-II + 10% FBS 8.0x10° 0.51

Table 3 shows the effect of agitation speed on the rate of cell attachment. The
lower the agitation speeds, the lower the concentration of the unattached cells at the
incubation time of 7 hours. However, it was observed that the agitation speeds lower
than 60 rpm were not efficient enough to keep all the microcarriers fully suspended. It
is therefore considered that 60 rpm to be the optimal agitation speed which gives a
reasonably high cell attachment rate and allows the carriers to be fully suspended. The
lower rate of cell attachment generated by the higher agitation speeds might have
resulted from the increased hydrodynamic forces acting on the cells and microcarriers
against the van der Waals interactions (Gerson, 1981).

TABLE 3. Cell attachment on microcarriers at different agitation speeds.

Agitation speed Inoculum (cells mI”! medium) Unattached cell fraction
20 RPM 8.0x10° 0.13
40 RPM 8.0x10° 0.19
60 RPM 8.0x10° 0.31
80 RPM 2.0x10° 0.48
100 RPM 8.0x10° 0.63
120 RPM 8.0x10° 0.68

Table 4 shows the effect of stirring mode on cell attachment. The stirring scheme
had no significant effect on the total number of attached cells at 7 hr of incubation.



42

Continuous stirring gave the lowest rate of cell attachment, but an intermittent

stirrin/non-stirring regimen of 20/40 minutes resulted in a maximum rate of ce
attachment (results not shown).

TABLE 4. The effect ofdifferent stirring modes on cell attachment.

Stirnng mode Inoculum (cells ml-! medivm)  Unattached cell fraction
Continuous stirring 8. 0107 0.320
10 min stirning 150 min nen-stimng 8.0x10° 0,315
15 min stirring /15 min non-stirnng 8.0z 10¢ 0.314
20 min stirring /40 min non-stimng 8.0 10° 0.310

The variation in number ofattached cells on single microcarrier is shown in Table
5. The MTT absorbance figures in the table represent the mean and standard error of
the optical density ofreleased formazan resulted from the reduction of MTT by viable
cells obtained using the MTT method. The similarity between mean values indicates
that the stirring modes had no significant effect on the number of attached cells.
However, the large difference between the standard error values indicates that the
distribution ofcells on microcarriers was affected by the stirring modes.

TABLE 5 Variation in cell attachment between carriers using different stirring modes
(6 hours incubation)

Stirmng mode IITT absorbance
Continuos stirring 0.0221 £0.0062
10 min stirfng /50 min non-stimng 0.0223 +£0.0140
15 min stirming /I5 min non-stimng 0.02381+0.0076
20 min stirring /40 min non-stirnng 0.02514).0115

The comparison ofthe rate of cell attachment between the ImmobaSil FS carriers,
CultiSpher-G (porous microcarriers) and glass beads (solid microcarriers) is shown in
Table 6. The unattached cell fraction ofthe ImmobaSil FS was reduced to 0.32 at 7 hr
of incubation in comparison to 0.61 and 0.53 for Glass beads and CultiSpher-G,

respectively. This indicates that the ImmobaSil FS microcarriers had a higher loading
capacity ofcells compared to the others.

TABLE 6 Cell attachment onvarious microcarrriers at aninitial cell concentration of8x10' cells ml-'

Microcarrier type Inoculum (cells ml-! medivm)  Unattached cell fraction
CultiSpher-Gmicrocartiers 8.0x10° 0.53
Immobalil F3 microcarmers 8.0x10° 0.32
(Glass beads 8.0x10° 061
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5. Conclusions

In this study the optimal conditions for the anchorage-dependent CHO cells to attach
on ImmobaSil FS microcarriers were identified. High inoculum cell-to-carrier ratio,
high serum concentration, low agitation speed and intermittent stirring were the
conditions required for optimal attachment rate. ImmobaSil FS microcarriers were
found to be superior to other microcarriers in term of the number of attached cells.
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BLEEDING STRATEGY FOR THE LONG-TERM PERFUSION
CULTURE OF HYBRIDOMA
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CHUN!2 W.G. BANG?,T.H. BYUN'!, AND S.Y. PARK!

'Biological Production Unit; Central Research Center, Korea Green
Cross Corpration, 22 7 Kaigal-Xi, Kiheung-Eup, Yongin-Si, Kyunggi-Do,
449-900, Korea

’DepartmentofAgricultural Chemistry, Korea University, Seoul 136-701,

Korea

We cultivated the hybridoma producing vWF antibody in a 10L bioreactor in order
to investigate the characteristics oftwo different cultures, intermittent and continuous
bleeding. To compare with bleeding culture non-bleeding culture was also performed.
Non-bleeding culture achieved a cell density of 2.1 x 107 cells/ml at 16th day with 110
mg/l of vwF mAb titer. However, the culture was stopped after the 18 days, due to
membrane clogging. Intermittent and continuous bleeding cultures were maintained the
cell density around 1 x10” cell/ml. The vWF mAb titer was 45mg/I and 53mg/l for
intermittent and continuous bleeding culture. As for volumetric productivity, the
continuous bleeding culture was higher than intermittent bleeding culture by 4 1%. For
glucose consumption rate (GCR), lactate production rate (LPR), glutamine consumption
rate (GnCR), and ammoniaproduction rate (APR), continuous bleeding culture showed
28%, 70%, 31% and 40% higher than intermittent bleeding culture. These results
suggest that physiological activity ofthe continuous bleeding culture was higher than
that of intermittent bleeding culture.

1. Introduction

Many industrial cultures of hybridoma are performed in either batch or fed-batch
system. In those systems, the reactor size must be very large to produce lots ofprotein.
Perfusion culture has the advantages of high volumetric productivity and efficient
medium usage. But the process control and long-term operation ofperfusion culture are
difficult because of complicate operation system. Recently, many researches have been
carried out in the field ofprocess control, and it is possible to cultivate the hybridoma at
high density with perfusion. Bleeding the cells is useful strategy to keep a high
viability ofthe cell and to prevent from clogging ofthe membrane. The strategy of
bleeding is complicate because it is influenced by growth rate, death rate, concentration
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ofcell debris, perfusion rate, product titer and so on. In this study, we cultivated the
hybridoma producing vWF antibody in a 10L bioreactor with two different bleeding
modes, intermittent and continuous bleeding. None bleeding culture is also performed
in orderto compare with bleeding culture. Both the bleeding cultures are maintained the
cell density around 107cells/mL in serum-free media. To investigate the physiological
state ofeach culture, we measured metabolite profiles and calculated the metabolite
kinetics. Finally, we evaluate productivity at the unit cell and volume base in each
culture.

2. Materials and Method
2.1 CELL LINE AND CULTURE MEDIA

The mouse-mouse hybridoma cell line vR8 was obtained by fusion using the technique
described by Kohler and Milstein(Kohler, 1975). The cell line produces class 1gGl
monoclonal antibody against human von Willebrand Factor(vWF). The culture media
was a 1:1 :I mixture of DMEM, F12, and RPMI 1640 which contains 15mM HEPES,
2gL NaHCO,, 4.5g/L glucose, 5SmM glutamine and 31.5 ug/mL of total protein.

2.2 BIOREACTOR OPERATION

Two 10L Biostat ED (B.BRAUN) reactors were used to conduct high cell density
perfusion culture. The perfusion and bleeding rate were controlled by using the
peristaltic pump. The cell density was maintained at around 107cells/mL while the
perfusion rate was 34 v/v/d. Intermittent bleeding was carried out by draining the
culture broth through the sampling device.

2.3 ANALYTICALMETHODS

The cell concentration was counted on hemocytometer by trypan blue dye exclusion
method. Glucose. glutamine, and lactate were measured using Biochemistry Analyzer
(Model 2700, YSI). The vWF antibody concentration was determinedby enzyme-linked
immunosorbent assay (ELISA). The metabolite kinetics was calculated by using the
equationbelow.

Specific metabolite consumption rate =

48 (Cy-C)(tyt 1+2[Cy-C+C,)/ 2] x Rp
(x,+x,)/10%

Which, C, is initial chemical concentration offresh media
C, is concentration ofchemical at time t,
C, is concentration ofchemical at time t,

X, 1is viable cell concentration at time t,
X, viable cell concentration at timet,

Rp average perfusionrate fromt, tot,
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3. Results and Discussion

1. Perfusion culture without bleeding achieved a cell density of 2.1 E7/ml during 18 days
culturing. However, the culture was stopped after the 18days, due to membrane

clogging. Both intermittent and continuous bleeding cultures maintained a similar
profile of cell density and metabolite concentration. But intermittent bleeding

procedure is not easy in operation, compared to the continuous bleeding because of
possible introduction ofcontamination into the culture.

2. For all cultures, lactate concentrations were similar. But ammonia concentration was

slightly high (7 mM) in none and intermittent bleeding cultures, compared to the

continuousbleeding culture (4-5 mM).

3. For GCR, LPR, GnCR and APR, continuous bleeding culture showed 21%, 12%,

3 1% and 17%higherthan none bleeding culture, while itwas 28%, 70%, 3 1%, and 40%

higher than intermittent culture. The results suggest that physiological activity ofthe

cultures is high in the order of continuous bleeding culture>none bleeding culture

>intermittentbleeding culture.

4. YLac/Glc and YAmm/GIn decrease in the order ofnone bleeding culture, continuous

bleeding culture and intermittent bleeding culture. ~ On the other hand, OUR increases

in the same order ofthe culture, suggesting that higher bleeding in culture enhances

metabolicefficiency.

5. While vWF mAb titer increases continuously up to 110 mg/L during culturing, it
decreases to 45 mg/L and 53 mg/L for interinittent and continuous bleeding cultures. As

for volumetric productivity, the none bleeding culture was higher than the intermittent

bleeding culture and continuous bleeding culture by 110% and 50%, respectively.

6. None bleeding culture produces high cell density in culture, but is prone to clog the

membrane surface with the 20 days old culture. Therefore, it is very difficult to

maintain the culture over 20days. Intermittent bleeding was not efficient in removing

by-product, thereby its productivity was not as effective as the continuous culture. The

continuous bleeding culture exhibited 40% higher in volumetric productivity than

intermittent bleeding culture. For continuous bleeding culture, perfusion rate and
bleeding rate mustbe optimal in orderto maintain high cell density forup to 50 days.
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Table 1. Comparison of metabolic parameters in different bleeding modes

Bleeding modes

Parameters
Without Intermittent Continuous

Glucose Consumption Rate(mM/10%/h) 0.102 0.096 0.123
Lactate Production Rate(mM/109/h) 0.158 0.104 0.177
Glutamine Consumption Rate( u M/10"/h) 3528 3536 46.3
Ammonia Production Rate( i M/10%/h) 56.35 47.14 66
OxygenUptakeRate(mM/1109/h) 0.156 0.199 0.161
Lactate Pl.'miuclmn _Ralcf 155 1.08 1.44
Glucose Consumption Rate
Ammonia Production Rate/

: 7 L.60 1.33 1.43
Glutamine Consumption Rate
Oxygen Uptake Ra.le.-’ 153 207 131
Glucose Consumption Rate
Product Titer(mg/L) 78.81 44.82 52.54
specific Productivity(u g/10%/d) 2287 13.12 1823
Volumetric Productivity(mg/L/d) 294.8 138.3 195

*Each parameters are average value acquired after 100hrs ofculture period.
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METABOLIC FLUX DISTRIBUTIONS IN HYBRIDOMA CELLS AT
DIFFERENT METABOLIC STATES

Peng-Cheng Fu, AnnaEuropa, Anshu Gambhir and Wei-Shou Hu
Department of Chemical Engineering & Materials Science,
University of Minnesota, Minneapolis, MN 55455 USA

ABSTRACT

The metabolic state, specifically the conversion ofnutrients to lactate and other
metabolites, of hybridomacells can be manipulated in afed-batch culture by controlling
the level ofglucose. When cultivated in continuous cultures, these different metabolic
states result in multiple steady states marked by different cell, residual nutrient and
metabolite concentrations. Most notably, the ratio oflactate produced to glucose
consumed was markedly different. To better understand the underlying mechanisms of
these metabolic states, metabolic flux analysis was performed. The intracellular fluxes
are greatly different in the glycolytic pathway and amino acid catabolism among these
steady states. The fluxes in the high lactate producing state were much greater than in
the "efficient" state. The comparative analysis ofintracellular fluxes lends credence to
the idea ofmetabolic overflow in the excessive production ofthe metabolic by products:
lactate and ammonia

INTRODUCTION

Animal cells in culture typically convert most ofthe glucose they consume into lactate.
The accumulation oflactate, however, is commonly cited as one ofthe factors that
inhibit cell growth and limit the maximum cell concentration that can be achieved in
culture. The production oflactate and the amount ofglucose converted to lactate can be
reduced when cells are grown in afed-batch culture in which the residual glucose
concentration is maintained at low levels.(Zhou, Rehm et al. 1995; Zhou, Rehm et al.
1997) Such a fed-batch culture was used to grow and adapt hybridoma cells into a low-
lactate producing state before changing into continuous culture. The cells reached and
maintained a high viable cell concentration at steady state. In asimilar manner. cells
that were initially grown in batch culture and a glucose-rich environment reached a
steady state with a cell concentration that is much lower. We have performed dozens of
such experiments at dilution rates ranging from 0.028-0.833hr™! in the past year.
Starting from abatch culture, the resulting steady states were always in the high lactate
producing metabolic state. While starting from a fed-batch culture by controlling the
residual glucose at a low level of -0.05 g/1, the resulting steady states fall into two
categories: one with nearly no lactate production, the other with drastically reduced hut
still appreciable lactate production. The feed composition rates for all these cultures
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were the same. Many of the cultures were operated at the same dilution rate, suggesting
steady state multiplicity. From aprocessing perspective, the desired steady state among
those is the one with the least metabolite production. At such steady state nutrient
concentration in the feed can be further increased to increase cell and product
concentrations without causing the metabolite inhibitory effect typically seen in acell
culture. Controlling cell metabolism in acontinuous culture to reduce or eliminate waste
metabolite production may significantly improve the productivity ofmammalian cell
cultureprocesses.

To better understand the underlying mechanism governing these different metabolic
states associated with different steady states, we performed material balances on the key
intermediate involved in the energy metabolism ofglucose and amino acids. Such
metabolic flux analysis is a powerful tool to elucidate cellular metabolism; however, its
application is often obscured by the inability to account formaterial balance of medium
components and biomass. Since our continuous cultures were carried out in a defined
medium and the elemental composition ofthe biomass and products were known, ahigh
degree ofconfidence can be attained with our experimental results. This paper presents
the results ofour metabolic flux analysis.

METABOLIC REACTIONS AND CALCULATION

The metabolic reactions considered are shown in Table I. A simplified presentation is
shown in Figure 1. Three sets of steady state data associated with three different
metabolic states with a molar stoichiometric ratio of lactate to glucose (L/G) of 1.40,
0.12 and 0.03 respectively were used (Table 2). Each set ofdata includes the
experimentally derived specific consumption or production rates ofglucose, lactate,
seventeen amino acids, ammonia and biomass. The organic medium components which
are not included in the analysis are insulin, transferrin, ethanolamine, vitamins, linoleic
acid, thymidine and the three amino acids (cystine, tryptophan and proline) not measured
in our HPLC analysis. The consumption rates ofthese compounds were relatively small.
Their exclusion from the analysis does not affect the results. The biomass formulawas
derived from elemental analysis of C, N, H, 0. The stoichiometric coefficients ofamino
acids (except glutamine) shown on the left hand side ofthe equation (Eq. 12 in Table 1)
were obtained by first plotting theirrespective specific consumption rates from all
cultures vs. their corresponding specific lactate production rates and then extrapolating
to zero lactate production. In our analysis, only carbon and nitrogen balances are
considered. In other words, energy balance (NAD, NADP, ATP, etc.) is not considered.
A general matrix representation ofcellular metabolism is shown as follows:

AX(t) =r(t) (M

where A represents the stoichiometric coefficients, x(t) the intracellular fluxes, and r(t)
the vector for the accumulation rate ofeach metabolite in the network. With apseudo-
steady state assumption, the value for all intracellular compounds in r(t) becomes nil,
while those that are present in the medium have the values ofthe corresponding specific
consumption or production rates. The standard deviation ofeach measured specific rate
was also included in the analysis. The algorithm also allows the solution to be
constrained as follows:
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TABLE 1. Biochemical reactions in hybridoma cells

A Glycolysis:
1) GLC — 2 PYR
2) PYR — LAC
B TCA cycle
3) PYR — AcCoA + CO;
4) AcCoA + OAA — oKG + CO;
5)aKG ‘& NAD —SUCCOA+ CO;
6) SucCoA — FUM
7) FUM — MAL
) MAL—0AA
C Glutaminolysis:
9) GLN — GLU+ NH;
10) GLU — oKG + NH3
11) OAA = PYR + CO;
D Biomass Synthesis:
12)0.1016 GLC +0.031 GLN +0.008 ARG +0.0003 ASN +0.001 GLU +0.0038 GLY + 0.0028
HIS -+ 0.0071 ILE + 0.008 LEU + 0.0043 LYS + 0.001 MET + 0.0152 THR + 0.0051 VAL —
CHy,075No, 1401 Op 480
E Amino Acid Metabolism
13) PYR + GLU — ALA+ aKG
14) SER — PYR + NHj3
15) GLY — SER
16) CYS — PYR + NHy
17) ASP + aKG — OAA + GLU
18) ASN — ASP +NH;y
19) HIS — GLU -+ NH;4
20) ARG + «KG — 2 GLU
21) PRO — GLU
22) ILE + ¢KG — SUCCoA + AcCoA + GLU
23} VAL + aKG — GLU + CO; + SUCCoA
24) MET — SUCCoA
25) THR — SUCCoA + NH;
26) PHE — TYR
2T TYR + oKG — GLU + FUM + 2 AcCoA
28)LYS + 2 aKG — 2 GLU + 2 CO; + 2 AcCoA
29) LEU 4+ aKG — GLU + 3 AcCoA

AcCOA: Acetyl coenzyme A; aKG: a-ketoglutarate: ALA: Alanine; ARG: Arginine; ASN: Asparagine; ASP:
Aspartate; BIOMAS: Biomass; CYS: Cysteine; C02: Carbon dioxide; FUM: Fumarate; GLC: Glucose; GLN:
Glutamine; GLU: Glutamate; GLY: Glycine; HIS: Histidine; ILE: Isoleucine; LAC: Lactate; LEU: Leucine;
LYS: Lysine; MAL: Malate; MET: Methionine; NH2: Ammonia; O,:0xygen; OAA: Oxaloacetate; PHE:
Phenylalanine; PRO: Proline; PYR: Pyruvate; SER: Serine; SUCCOA: Succinate coenzyme A; THR:
Theonine; TYR: Tyrosine; VAL: Valine

TABLE 2. Values of key variables associated with the three different steady states

I 4 i
Cell concentration (106¢ells/mL) (.88 4.30 5.24
Residual glucose (mM) 0.40 0.22 0.16
Residual glutamine (mM) 0.10 0002 0.04
Lactate (mM) 7.19 1.43 0.13
Ammonium (Mm) 1.27 2.59 3.22
Lactate production/glucose consumption (mole/mole) 1.40 0.12 0.02
Specific glucose consumption rate (mmole/cell-hr) 0.18 0.04 0.03

Specific glutamine consumption rate (mmole/cell-hr) 0.10 0.03 0.02
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Cx<b ?)
where C is the constraint matrix that specifies the reactions to be constrained to be
greater than or equal to b. b is usually taken as the zero vector. Once a nonsingular,
well-conditioned stoichiometry matrix A is constructed, and the constraint (2) is
determined, the flux estimates, X, can be calculated from the measurements r via least
squaresmethod:

x(t) = (AT y! A)I AITKPJ r(t) (3)

where WV is the measurement noise variance matrix associated with r.

INTRACELLULAR FLUXES

The carbon flows for the three metabolic states analyzed are shown in Figure 1. The
metabolic flux analysis show thatunder conditions of the same feed and the same
dilution rates, multiple steady states exist. At the high lactate-producing state (L/G 1.4),
the carbon flux is the highest in almost all the intracellular reactions. In addition to a
higher diversion ofpyruvate to lactate, the fluxes through the TCA cycle are also higher.
In the intermediate state in which less lactate is produced, the flux through most reaction
steps is lower than that in the high lactate producing state. Note that one ofthe
exceptions is the flux from pyruvate to acetyl CoA: the flux in the intermediate state is
greater than that in the glycolytic state. Inthe metabolic state associated with the lowest
L/G, avery large fraction of the carbons from glucose is directed to the biomass
formation, and the fluxes through the central metabolic pathways are significantly lower
than the other two metabolic states. It is therefore a most “efficient” metabolic state for
thecells.

The results ofthese metabolic flux analyses reveal that cells at the least “efficient”
metabolic state have higher fluxes inboth glycolysis and TCA cycles. This is
paradoxical as it implies a higher energy production associated with this high lactate
producing metabolic state. In our analysis, energy balance was not considered. Itwas
felt that much biological phenomena (sustaining membrane potential, osmotic balance,
and various transport, etc.) involving energy are unaccounted for in this metabolic flux
analysis, thus a meaningful energy balance is elusive. However, if the results ofour
metabolic flux are correct, it implies that energetic aspects ofcellular process are an
important variable associated with different metabolic states.
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ON-LINE DETECTION OF METABOLIC DEMAND AND CHANGES TO IT:
HEAT FLUX IN CONTINUOUS CULTURES OF ANIMAL CELLS

Y.H. GUAN and RB. KEMP
Institute of Biological Sciences, The U University of Wales
Penglais, Aherystwyth, SY-23 3DA, Wales, UK

Abstract Heat flow rate was used on-line and in real time to monitor continuous
cultures of CHO320 cells for achievement of steady state conditions. The metabolic
demand for the key substrates. glucose and glutamine, was shown by the link between
metabolic activity (heat flow rate in this work) and the stoichiometry ofthe growth
reaction. By relating these findings to those for batch culture. it was deduced that cell
metabolism for most ofthe time in the latter is close to steady state. It was also shown
in the continuous cultures that metabolic activity was a reflection of mitochondrial
membrane potential.

1. Introduction

For many mechanistic studies ofcell metabolism in relation to growth and for precise
investigations relying on a strict thermodynamic esplanation, it is necessay to achieve
a specific steady stale. For cells in vitro the classical way to set such a state is to
arrange a continous culture at a particular dilution rate [1]. Information that this state
has indeed been accomplished is traditionally furnished by off-line assays of cell
numbers and the concentrations of major metabolites. These are important individual
facets ofthe overall growth reaction but. ofcourse, growth is an explicitly dynamic
process and is described most properly by its rate. This requires two interrelated
conditions: (i) the measurement should be on-line and (ii) an instantaneous rate should
be found rather than an average relative rate. A clue to serving these demands can be
ascertained when it is considered that the growth reaction is in fact a description of
cellular metabolic activity. In terms of non-equilibrium thermodynamics (NET), this is
characterised as the Gibbs energy ofthe substrates being dissipated largely as heat with
a small fraction ofit dissipated as entropy in the formation ofbiomass [2]. So, by
definition, the rate of heat flow must be a function of metabolic activity and is
measured as the instantaneous rate by heat conduction calorimetry [3]. For cell cultures
in suspension, it has been found possible to monitor heat flow rate on-line and in real
the [4]. The first aim ofthis study is to demonstrate that such a measurement can
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show the steady state of cells in culture. using CHO320 cells producing interferon-y as
the example.
From our earlier results with batch cultures. it proved possible to construct a
simplified growth reaction which was validated by the enthalpy balance method [5].
14, CH O, (Glc) +1y C.H, N,0,(Gln) + 1,0, = CH, O,N (cell) + 11 C,H0O,(Lac) +1,.CO,

+ 15, NH, + 14, 1,0 + '.'_‘[J’: J,,_.d.'J 1)

Calculations from experimental data, when applied to such an equation can show.
the actual cellular demand for substrates as opposed lo the amount of them simply
provided in the medium For the medium originally used in our studies [6]. the ratio
for the demand for glucose and glutaminc was 3: 1. in contrast to the 5 : 1 ratio supplied
in it. The required proportion was incorporated into the recipe for an improved
medium. which also had increased concentrations of amino acids and some other
ingredients [7]. This was used in the present study It was recognised however that the
demand for substrates by cells in steady state may well be markedly different from that
of cells in batch culture where there arc constantly changing conditions. The second
aim is. therefore. to calculate the stoichiometric coefficients for cells in continuous
culture and compare them with those previously obtained forbatch cultures.

With increased metabolic activity owing to the use of optimised media comes the
possibility that mitochondrial capacity may limit energy provision for cellular growth
and maintenance Earlier inv estigations on these cells growing in batch culture in the
original medium had shown 40%, spare capacity [8] and 20% in the improved medium
[7]. It seemed likely however that the greater metabolic activity induced by faster
dilution rates would be a reflection of increased mitochondrial membrane potential.
The third aim was to show the relationship between the glucose consumption at
different dilution rates arid mitochondrial activityby flow cytometry.

2. Experimental

In order to achieve the relatively high cell density required for continuous cultures.
CHO0320 cells [6] were grown initially as a batch culture in a controlled bioreactor [4]
(AppliconLtd., Tewksbury. Glous . UK) using an improved. RPMI-based medium with
24 mM bicarbonate buffer at pH 7.25 +0.02 and a dissolved oxygen concentration of
55%,[7] Once the chosen cell density was achieved the continuous culture was set up
by constantly drawing fresh medium at a given (dilution) rate into the culture using
one of the pumps in the Applicon controller. while maintaining an unchanging bulk
volume Heat flow rate was measured on-line and ex situ [9] using a TAM
microcalorimeter (Thermometric. AB  Jarfalla. Sweden) with a flow module optimised

foruse with animal cells in suspension 110] Off-line measarements were made of cell
density and the concentrations of major metabolites as described previously [4]

Oxygen uptake rate was estimated using a Paar Oroboros high resolution respirometer
[4.1 1] and mitochondrial membrane potential was shown by staining cells with
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rhodamine-123 and measuring its intensity by flow cytometry [12] using an Argus 100
instrument (Skatron Ltd., Newmarket, UK).

3. Results and Discussion

When the batch cul- 50
ture of CHO320
cells had reached a
high density (ca.
1 x 10¢ cm? the first
of three sequentially
lower dilution rates
was set up at 0.020
h! (see Figure 1).
The results showed
that heat flow rate
and oxygen uptake
rate both increased R s P oy B SEs
with the additional Timgh)

supply of substrates
afforded by higher
dilution rates. From an understandmg of NET. the thermal data mean the metabolic
activity was at least partly a
function of substrate avai
lability. though the exact
form or the relationship and
its connection to cellular
demand will require further
careful experimentation.
Measurements ofthe concen-
trations of the two major
substrates. glucose and gluta-
mine. indicated that the latter i :

was the rate-limiting meta- g 2T & 80 :
bolite (Figure 2). This is not 100 150 200 250 300 350
surprising since it is the Time (h)

substance which effectively Figure 2 Variations ip the concentrations of glucose gl}ltamin;, '
has the greatest control over o e lramine b the miting subsrate o
the growth of cells in batch cellgrowth.

culture [4]. The amount of

ammonia in the culture also remained constant over the different dilution rates.
suggesting that the proportions of ammonia utilisation between the transamination.
glutaminolysis and mucleic acid synthesis remained the same at the three steady states.
There was, however, some indications that the production of lactate may not be the
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same throughout the 250
range of continuous cul-
tures and this raised the
need for further esperi-
mentation to determine
the fate ofglucose in ca-
tabolismby these cells.

As  stated earlier
[2.4.5.7.9]. the stoichio-
metric coefficients ob-
tained from  growth
reactions can provide 50 100 150 200 250
important  information Log (fluorescence intensity)

about the demands of  Figure 3. The cells growing at different dilution rates were stained by

cells for substrates (see thodamine 123 to reveal the change in mitochondrial membrane
the simplified equation, polarization with specific cell growth rate.

counts

Eq. (I)). This methodology was applied to the present data for continuous cultures and
the batch cultures preliminary to them (see Table I) It is clear that the values for the

TABLE 1. Stoichiometric coefficients and heat Mux obtained from continuous and batch culture

Culture 4 vy v, v v, ¥, 1, Heat flux
b 2 T

condition (Gle) (Gln) (0,) (Lac) (CO,) (NIL,) (H,0) pe(i!":\\ll)

Continuous

;'_[";‘;e;;h_] 0.842 0307  1.881 1.233 132 0.69 0.50 358

Continuous

g’“{;‘:}“l*:] - 0682 0240 1762 1190 1011 0513 0.498 285
=L i

Continuous

g”‘é‘m;‘l - 0.54 0.20 1.48 0.91 0.87 0.47 0.39 219
=15 1

Batch culture

atave. 0.55 0.17 0.51 0.87 0.60 0.43 0.32 21.8

p=0.018h"

heat flow rate reflect the different demand for key substrates. Since all the sets of
stoichiometric coefficients arc similar and those for the continuous cultures are at
steady- state conditions. this means that batch cultures of CHO320 cells. at least under
the typical conditions in this laboratory. were close to a steady state at any one
particular time.

Since glucose flux cannot be determined easily from the concentration data. a set of
flow cytometric experiments were arranged to determine the intensity of mitochondrial
membrane potential at different dilution rates. The results arc depicted in Figure 3,
Although the relationship between the curve for fluorescence intensity by rhodamine-
123 and mitochondrial membrane potential is complex. a simple approximation may
be obtained from the position ofthe peak values It canbe seen from Figure 3 that the
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higher rate ofglucose consumption with increasing dilution rates was. in part at least.

due to the greater mitochondrial activity. It is not possible to state from these results if
total mitochondrial capacity has been reached at the highest dilution rate applied in

these experiments but care will be needed for future studies of this type

4. Conclusions

The results show that the heat flow rate is an early and sensitive indicator ofthe
changing metabolic state of cells in continuous as well as in batch culture. Since it has
been shown in previous results that production of'the target protein deteriorates with
decreasing metabolism [4], in an industrial sense action must be taken to maintain
productivity. Since data from continuous cultures prove the relationship between the
stoichiometric coefficients and heat flow rate. the way to improve cells growth and the
quality production of target protein is to feed the cells continuously at a rate
determined by the specific heat flow rate (flux) and dependent on the fluxes ofthe
major substrates in their correct molar ratio.
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Abstract. The effects of phosphatidic acid (PA) and lysophosphatidic acid (LPA)
on the growth of Chinese hamster ovary (CHO) cells in serum-free media were
evaluated by MTT assay. Supplementing PA or LPA to a protein-free basal
synthetic medium or a serum-free medium containing insulin and transferrin
markedly stimulated the growth of CHO cells, suggesting that PA and LPA are
promising growth-promoting supplements for use in constituting a low-protein
serum-free medium.

1., Introduction

For effective mass production of clinically and diagnostically important proteins,
serum-free culture of animal cells is increasingly desired since it can facilitate the
purification of cellular products and thereby reduce production costs. For serum-
free culture, a serum-free medium is generally prepared by supplementing a basal
synthetic medium with various hormones and growth factors, large amounts of
serum proteins, and other substances. However, addition of such proteins,
especially those from animal sources, should as far as possible be reduced for
effective purification of cellular products and to minimize potential contamination
by viruses, mycoplasmas, and or other infectious agents.

In this connection, exogenous phospholipids like phosphatidic acid (PA) and
lysophosphatidic acid (LPA) have been reported to act as mediators in signal
transduction, leading to the stimulation of DNA synthesis in fibroblast cells (van
Corven et al,, 1989; Moolenaar, 1994). In this study, we examine the efficacy of
PA and LPA as possible growth-promoting supplements for use in developing a
low-protein serum-free medium for Chinese hamster ovary (CHO) cells.
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2. Materials and Methods

2.1. CELL LINE AND ROUTINE MAINTENANCE

The anchorage-dependent CHO DXB11 cell line, a dihydrofolate reductase-
deficient mutant (Urlaub and Chasin, 1980), was used. The cells were maintained
in a-MEM with nucleosides (Life Technologies, Grand Island, NY, USA)
supplemented with 5% fetal bovine serum (FBS; Life Technologies) in T-flasks
kept in a CO, incubator (37°C, 5% CO2).

2.2.  SERUM-FREE MEDIA

To examine effects of the phospholipids on the growth of the CHO cells, two kinds
of basal synthetic medium, «MEM and UC212 (Nissui Pharmaceutical, Tokyo,
Japan), were used as protein-free media. UC212 is a modification of :MEM
formulated for growing CHO cells under serum-free conditions and for the
production of recombinant protein (Mizuguchi et al., 1993). The supplementation
of these media with ITES (10 mg/l insulin, 5.5 mg/l transferrin, 2 mg/l
ethanolamine, and 6.7 pg/l sodium selenite; Murakami et al., 1982) was also
examined.

2.3.  PHOSPHOLIPIDS

PA from egg yolk lecithin, dimyristoyl-PA (C14:0), dipalmitoyl-PA (C16:0),
diolcoyl-PA (C18:1, [cis]/-9), distcaroyl-PA (C18:0), and 1-olcoyl-LPA (C18:1,
[cis]-9) were purchased from Sigma, St. Louis, MO, USA. Each phospholipid was
suspended at 0.4-1g/lin HEPES buffered saline (15 mM HEPES and 8 g// NaCl,
pH 7.4) by sonication with a probe sonicator and was added to the serum-free
medium to give the final concentrations indicated.
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Figure 1. Relationship between number of viable CHO DXBI1 cells cultured in serum-
containing or serum-free medium and production of MTT formazan in MTT assay.
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2.4. ASSAYFOREVALUATING CELL GROWTH

Cells were allowed to grow in a-MEM supplemented with 5% FBS before the
medium was replaced with protein-free a-MEM. After serum starvation of the
protein-free a-MEM for 2 d, cells were inoculated at the same cell density in 12-
well plates containing the serum-free medium to be tested.  After 3-d incubation in
the serum-free medium, the number of viable cells in each well was evaluated by
MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay
(Mosmann, 1983; Yamaji and Fukuda, 1992).

3. Results and Discussion

Figure 1 shows the relationship between number of viable CHO DXBII cells in a
monolayer culture using serum-containing or serum-free medium and production of
MTT formazan in the MTT assay. The MTT formazan produced increased
linearly with the number of cells, suggesting that the specific activity of MTT
reduction by the cells was almost constant irrespective of the medium. The
number of viable cells after 3-d incubation in the serum-free medium being tested
was then quantified spectrophotometrically by MTT assay.

Figure 2 (a) shows the effect of PA from egg yolk lecithin on the growth of CHO
DXB 11 cells in protein-free a-MEM. The optical density on the ordinate reflects
the number of viable cells in one well of a 12-well plate after 3-d incubation in the
tested medium as described above. As shown in the figure, supplementing PA
from egg yolk lecithin to protein-free a-MEM markedly promoted the growth of
CHO DXBI11 cells. A PA dose-dependent increase in number of the cells was
observed in the range 1-40mg/l. Figure 2 (b) shows the effect of PA on the
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Figure 2. Effect of PA from egg yolk lecithin on growth of CHO DXBIl cells in (a) protein-free

o-MEM and (b) a-MEM supplemented with ITES. ODsem, —optical density at 560 - 700 nm in
MTT assay, Each bar represents the mean of values from duplicate wells in 12-well plates.
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Figure 3. Effect of PA from egg yolk lecithin on growth of CHO cells in (a) protein-free UC212
and (b) UC212 supplemented with ITES.
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Figure 4. Effect of l-oleoyl-LPA on growth of CHO cells in (a) protein-free UC212 and (b)
UC212 supplemented with ITES.

growth of CHO cells in a-MEM supplemented with ITES. While supplementation
of protein-free o-MEM with ITES was effective for cell growth, addition of PA to
the ITES-supplemented o-MEM enhanced cell growth even further. This suggests
that ITES and PA had a synergistic effect on cell growth.

When UC212 was used as a basal synthetic medium, PA from egg yolk lecithin
also stimulated the growth of CHO cells (Figure 3). The number of viable cells in
UC212 supplemented with ITES and 10 mg/l PA reached over 70% of that in a-
MEM supplemented with 5% FBS. Supplementation of serum-free UC212 with
l-oleoyl-LPA also accelerated the growth of CHO cells (Figure 4). The results
shown in Figures 2-4thus suggest that both PA and LPA are promising as a
growth-promoting supplements for use in the serum-free culture of CHO cells.
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Figure 5. Effect of PA analogues with different acyl chains in protein-free a-MEM.
Concentration of dimyristoyl-PA (C14:0), dipalmitoyl-PA (C16:0), distearoyl-PA (C18:0), and
dioleoyl-PA (CI8:1), 15 uM. Concentration of PA from egg yolk lecithin, 10 mg/l.

To determine how the nature and length ofthe PA acyl chain affects cell growth,
we tested various PA analogues with different acyl chains. Of the analogues
examined, only dioleoyl-PA (C18:1, [cis]-9) was potent in stimulating the growth of
CHO cells (Figure 5). In this study, the phospholipids were suspended directly in
the serum-free medium. Since PAs with unsaturated acyl chains, like dioleoyl-PA,
are more water-soluble than those with saturated acyl chains, the above result may
indicate that the availability to the cells of the former type is superior to that of the
latter. Hence, a suitable PA analogue should be selected depending on the method
employed for adding the PA to the medium.
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Abstract

Growth profiles of the batch and fed-batch culture of hybridoma cells producing
monoclonal antibody were simulated using a structured model previously developed.
The model describes the production of cellular macromolecules and monoclonal
antibody, the metabolism ofglucose and glutamine with the production oflactate and
ammonia, and the profiles ofcell growth in batch and fed-batch culture. Equations
describing the cells arrested in G1 phase (Linardos et al., 1992; Suzuki et al., 1989)
was included in this model to describe the increase of the specific antibody
productivity in the near-zero specific growth rate, which was observed in the recent
experiments in fed-batch cultures ofa previous study. This model well predicted the
increase ofspecific antibody production rate and the decline ofthe specific production
rate ofcellular macromolecules such as DNA, RNA, protein, and polysaccharide with
lower specific growth rate in the fed-batch culture.

1.Introduction

Antibody production by hybridoma cells requires all the cellular machinery for protein
synthesis including transcription, translation, posttranslational modification, and
secretion because antibodies are proteins or glycoproteins. On the other hand, antibody
is not an essential product for hybridoma cell growth, thus its production is expected
to be less favored by fast growing cells when compared to the production of cellular
proteins. Therefore antibody productivity is expected to increase by limiting cell
growth in batch, fed-batch, or continuous culture. It has been reported that the specific
antibody production rate is higher in the G1 phase ofcell cycle or in the cells arrested
in Gl phase (Garatun-Tjeldsto et al., 1976; Linardos et al., 1992). It has been
suggested that the fraction of GI-arrested cells increase as decreasing the dilution rate
in the cell cycle model of Suzuki et al. (1989).

Mathematical models are useful in predicting the behavior of animal cell culture and
in optimizing culture condition. A structured and compartmented model including
most detailed biochemical pathways of important metabolites in the hybridoma cell
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metabolism has been developed by our group (Sanderson et al., 1995; Sanderson,
1996). In this study, the model has been upgraded to include growth kinetics in terms
of macromolecules and antibody production from G l-arrested cells. The model
simulation was compared with the experimental results from a batch culture and a set
offed-batch culture ofa murine hybridoma cell line, AFP-27.

2. Model development

The model consists of 5 basic compartments: feed, harvest, medium, cytoplasm, and
mitochondria. All cells are represented as cytoplasm which are divided into 3 cell
population: viable cycling, GO (viable cells arrested in G1 phase), and dead cells.
Specific antibody production rate was assumed to be higher in GO cells than in normal
cycling cells. Glucose metabolism, amino acid metabolism, TCA cycle. and antibody
production were included within cytoplasm or mitochondria (Figure 1).
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Figure 1. Simplified diagram ofthe compartmented structure in the model.

The equations for the cell growth and cellular metabolism were based on Michaelis-
Menten equation with multi-limitation and multi-inhibition terms. For example,
specific cell growth rate (u) is determined in cytoplasm as a function of limiting
substrates ([S.]) and inhibitors ([I]).
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where K, and K, represent limitation and inhibition constant, respectively.

Production of cellular macromolecules was assumed to occur in cytoplasm, in which
the production rate is limited by availability of resources for building blocks. DNA
and RNA were assumed to be required as a template for the synthesis of RNA and
protein, respectively. All the cellular macromolecules were assumed to be degraded
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with first-order kinetics. The degradation rate of cellular RNA was assumed to be
different between stable and unstable species.

Maximum specific antibody production rate (}J* ’bm] was described as a function of GO
fraction (fg,),which was assumed to be determined by specific death rate in cytoplasm,

Vp:hz Vmi 0 —f60)+ szfco

3. Results and discussions

Batch and fed-batch cultures of hybridoma cells producing monoclonal antibodes
were simulated using the structured model in dynamic mode.
Simulated data ofbatch culture was relatively well fitted to the experimental data with
25 mM initial glucose and 4 mM initial glutamine (Figure 2). The synthesis of cellular
DNA, RNA, and protein are clearly shown to be interrelated each other in the
simulation as expected from the flow of genetic information.
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Figure. 2. Comparison of simulation and experimental data of(a) viable cells (open square) and total cells
(filled square), (b) antibodies, (c) cellular DNA (open square), RNA (tilled square), and protein (filled circle).
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(d) cellular lipid (open square) and total carbohydrate (filled square) in the batch culture ofAFP-27 producing
monoclonalantibodies.

The result of simulation with specific growth rate 0.01hr" are presented in Figure 3,
though several set of specific growth rate were tried in the simulation ofthe model in
fed-batch mode (data not shown for other specific growth rates). By including the
feature of cell arrest in G1 phase, it was possible to predict increasing total cell
concentration and nearly constant viable cell concentration as well as continuing
production of monoclonal antibodes during pseudo-steady state.
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Figure. 3. Comparison ofsimulation and experimental data of(a) viable cells (open square) and total cells
(filled square). (b) antibodies, (c) cellular DNA (open square). RNA (filled square). and protein (filled circle),

(d) cellular lipid (open square) and total Carbohydrate (filled square) in the fed-hatch culture of AFP-27
producing monoclonal antibodies at specific growth rate of 0.01 hr!

During the pseudo-steady state in the fed-batch culture of the hybridoma cells with
near-zero specific growth rate. cell growth was strictly limited in terms of cellular
DNA, RNA and proteins, while antibody production was continued during that period
as shown in experiment and simulation results. This might imply that more resources
for protein synthesis were diverted from cellular proteins to antibodies. Increased
fraction of GO cells in the fed-batch culture ofnear-zero specific growth rate might be
partly responsible for low viability and high specific antibody productivity in the
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culture of near-zero specific growth rate as proposed by Suzuki et al. (1989) and
Linardos et al. (1992).

4. Conclusions

A structured, compartmented model of hybridoma cell culture including
macromolecular metabolism has been developed by our group. Hybridoma cells in
culture were supposed to have GO phase cells (arrested in G1phase) which might have
higher antibody production rate.

Simulated results of hybridoma cell growth, MAb production, and macromolecular
profiles fitted well with experimental data in batch mode, while those in red-batch
mode of low specific growth rate (0.01 hr' showed more deviation from experimental
data.

Cellular metabolism in fed-batch culture of low specific growth rate (0.01hr™ might
be concluded to be much different from that of batch case. Therefore more

sophisticated modelling approaches are needed to sitnulate fed-batch with low
specific growth rate.
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Abstract Yl ale

A set offed-batch cultures feeding concentrated nutrients was carried out to find out
the optimal feeding policy to give higher antibody productivity in the fed-batch
culture. From the experiments, it was found that there were two different trends in the
relationship between the antibody productivity and the specific growth rate. The
specific antibody productivity (g/gCel/hr) was found to significantly increase (327 %
over the average of other growth rates) when the apparent specific growth rate was
lowered to 0.01 hr™' This might be caused by the increased fraction of Gl-arrested
cells in this low specific growth rate in the fed-batch culture as proposed by Linardos
et al.(1992) and Suzuki el al.(1989) in their cell cycle model. On the other hand, there
was little difference in the specific antibody productivity beyond this specific growth
rate. The final antibody titer was higher in the higher specific growth rates beyond
0.01 hr' (150 % higher at 0.04 than at 0.0175 hr' possibly due to the higher
viable cell density. Therefore, to get higher antibody productivity, it might be better to
start with or grow to the higher viable cell density and then the specific growth rate
should be maintained in the near-zero (0.01 hr™ in this study) to get highest
concentration of Gl-arrested cells as possible. In this paper, fed-batch data at near-

zero specific growth rate are compared with data of batch culture and fed-batch
culture at high growth rate.

1. Introduction

Antibodies have two important features to be considered for large-scale production.
Since they are proteins, their production requires all the cellular machinery for protein
synthesis including transcription, translation, posttranslational modification, and
secretion. Since they are not essential products for cell growth, their production is
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expected to compete with the production of cellular proteins. Therefore, to achieve

mass production of antibodes, the relationship between cell growth in terms of
macromolecules and antibody production should be elucidated.

A specific antibody production rate has been reported to be not growth associated and
to be higher in lower specific growth rate in many cases (Ray et al., 1989; Miller et
al., 1988: Bibilaetal., 1991; Hayteret al., 1992)., In this study, therefore, a fed-batch
cultures of murine hybridoma cell at near-zero specific growth rate was performed and
compared with those with different specific growth rates. The metabolic

characteristics of near-zero specific growth rate including antibody productivity were

also compared with those ofother rates and possible implications ofthe results were

discussed.

2. Materials and Methods

The cell line used in this study is a murine hybridoma AFT-27, producing an IgGl

antibody that reacts with human o-fetoprotein The medium used in this study was

based on DR medium (1 :1 mixture of DMEM and RPMI) or eDR medium (DR with
additional amino acids) with various concentration ofglucose and glutamine. For the

inoculum offed-batch culture, subculture volume was doubled daily from 20 ml up to

1 liter with eDR medium with 5 mM glucose and 2 mM glutamine (cDR5/2) to

inoculate 1.5 liter offresh eDR5/2 medium. 60 mM glucose and 20 mM glutamine in
eDR medium was used for feed in fed-batch cultures. Fetal calfserum (2 %, v/v) was

added to the main culture medium and feed medium.

The fed-batch culture was performed in a stirred tank reactor in which pH and
temperature were automatically controlled to 7.1 and 37°C respectively. DO was

controlled automatically to be maintained between 10 and 50 % by direct sparging of
compressed air. Feed rate (F, liter/hr) was calculated from target specific growth rate

(1) cell density (X, cell/liter), running volume (V, liter), cell yield from glucose

consumed Yxs, cell/mmole glucose), and glucose concentration in feed medium (Fy,

mM) according to following equation:

XV
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Feed rate was recalculated after every sampling with updated cell numbers and
running volume. Sample ofabout 100 ml was with drawn from the culture every 12
hours for assay.

Glucose, lactate, and ammonia were assayed using an enzymatic technique. Total
amount of antibody was measured using enzyme-linked immunosorbent assay
(ELISA). Pre-column derivatization technique using FDNDEA (N.N, dethyl-2,4-
dinitro-5-fluoro-aniline, Fluka, Buchs, Switzerland) was used to assay the
concentration ofamino acids in the cell culture supernatant (Fermo etal., 1988).
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3. Results and Discussion

Culture profiles in fed-batch culture at near-zero specific growth rate are shown in
Figure 1(a). In the figure, viable cell concentration was maintained at nearly constant
value during a pseudo-steady state, while total cell concentration increased during that
period. This result agrees with previous reports by others (Miller et al., 1988; Ray et
al., 1989) that viability decreases as specific growth rate decreases. No increase in the
viable cell concentration means that the rate ofcell death is equal to the rate ofviable
cell growth to give net near-zero growth. In normal batch culture, when the cell start
to die by certain reasons such as nutrient exhaustion or inhibitory product
accumulation, the concentration of viable cells decreases as that of dead cells
increases to give constant total cell concentration. Therefore, in the fed-batch culture
at near-zero growth rate, the specific death rate might not be directly related to the
specific growth rate ofviable cell, but other mechanism could be involved. One ofthe
possible explanations could be an increased fraction ofnon-cycling viable cells (GO
cells in hybridoma cells) in near-zero growth, as proposed by Linardos et al. (1992)
and Suzuki et al, (1989). In such case, some portion ofcells that are not stained with
trypan blue could be the fraction of GO cells. GO cells may not contribute to
multiplying the viable cells, while they may die with certain specific death rate, giving
increase only in the concentration of dead and total cells, but not in that ofviable
cells. Therefore, the increase oftotal cell concentration without increase in viable cell
concentration might imply that there could be some portion ofnon-cycling viable (GO)
cells.

As shown in Figure 1(b), lactate concentration was maintained at nearly constant level
while ammonia level increased progressively during the pseudo-steady state of the fed-
batch culture with near-zero growth. On the other hand, the concentrations ofglucose
and glutamine were maintained at minimum level during the period, indicating both
nutrients were limiting to the cell growth. Since feed solution was supplied
continuously, minimum levels ofglucose and glutamine during the pseudo-steady state
might imply that most ofglucose and glutamine were consumed as they were supplied,
which could be the criteria ofnutrient limitation and control ofspecific growth rate as
targeted.

Final Mab titer and Mab per cell mass were 2.5 and 4.5 fold higher, respectively in
near-zero specific growth rate(Figure 2). As the cells with near-zero specific growth
rate utilised glucose and glutamine more efficiently than those with higher specific
growth rate, the level ofalanine and proline as well as lactate showed net consumption
as a whole rather than accumulation. This might be due to reduction ofpyruvate pool
and more effective utilisation ofglutamine and glutamate in the cell.

Since fed-batch culture with near-zero specific growth rate limits cell growth so
strictly that more resources ofprotein synthesis might be available for the synthesis of
monoclonal antibodies. In addition, many charactristics of fast growing hybridoma
cells such as high consumption rate of glucose and gluatmine with concomitant
massive production oflactate and ammonia might be greatly reduced or turned off.
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4. Conclusions

Fed-batch culture ofnear-zero specific growth rate was performed to increase antibody
productivity. The specific production rate and maximum titer of monoclonal
antibodies in the fed-batch culture was found to be more than 5 fold of batch case,
while the maximum viable cell density was similar to batch case. From the average
data ofthe quasi-steady state, some conclusions could be drawn.

(1) Antibody productivity could be significantly enhanced by maintaining near-
zero specific growth rate in fed-batch culture with exponential feeding of
concentrated feed medium.

2) Specific consumption rates of glutamine and glucose could be significantly
decreased by lowering the specific growth rate in the Fed-batch culture.

3) Specific production rate of ammonia and lactate also could be significantly
decreased by slow feeding ofglutamine and glucose, respectively.

&) Patterns of some amino acid metabolism might be changed at the near-zero

specific growth rate in the fed-batch culture.

In conclusion, this study suggests that high antibody productivity could be obtained by
controlling the specific growth rate in fed-batch culture of hybridoma cells. It may
also be suggested from this study that fed-batch culture could be a useful strategy for
the production ofmonoclonal antibodies in large scale.
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LONG-TERM CULTURE OF CHO CELLS ON POROUS
MICROCARRIERS IN A STIRRED TANK EQUIPPED WITH A
MODIFIED CELL RETENTION SYSTEM

XTANWEN HU, CHENGZU XIAO, ZICATHUANG&ZHIXIA GUO

Department of Cell Enginering, Institute of Biotechology,
20 Dongdujie, Fengtui, Beijing, 100071 , P.R. China

Abstract A recombinant DNA CHO cell line secreting urokinase-type plasminogen activitor (uPA) was cultivated
with Cytopore cellulose porous microcarriers in a 20L Biostat UC20 stirred tank reactor The reactor was equipped
with bubble-free silicone tubing oxygenator, and a modified perfusion system which can be washed-out backward was
substitute for spin-filter to prevent filter clogging During 100 days culture with 0 1% fetal bovine serum (FBS)

medium the maximal cell density was over 107/ml, the maximal uPA activity in supernatant reached 6250 IU/ml,

and 1604L supernatant contained about 51guPA (about70%was single chain form) was harvested. Recombinant
CHO cells can move from seed porous microcarriers occupied by rCHO cells to vacant microcarriers spontaneously
without trypsinization andcontinue to grow until all the microcarriers contained rCHO cells It shows that Cytopore
porous miaocarriers is very useful and convenient for enlarging cell culture scale step by step

Keywords: cell culture porous microcarriers prourokinase

1. Introduction

Cytopore is one of excellentporous microcarriers made of cellulose for animal cell culture ,
which almost possesses all of characteristics of an ideal cell culture support described by
Griffiths(1). It can be used for both anchorage dependent and suspension cells, is capable of long-
term continuous operation with low-serum/serum-free media, has good mechanical stability and
considerable volumetric scale-up potential (2). In the previous study, we reported that a rCHO
cell line which express prourokinase was cultivated on Cytopore porous microcarriers in a 20L
Biostat UC stirred tank reactor with spin-filter to retain cells, the cell density could reach

1.33x 107/ml. the maximal uPA activity was over 7000IU/ml, butthe spln—ﬁlter was completely
fouled by cells and microcarriers after21days culture, and hadto stop running the reactor (3). So
we developed anew cell retention system to overcome this problem, and continuously cultured
rCHO cells over 100 days without serious clogging.

2, Materials and Methods

2.1. CELL LINE AND MEDIA AND MICROCARRIERS

GL- 1IG is anewgenetically-engineered CHO cell line secreting prourokinase. Thegrowth
medium was DMEM(low glucose):F12 (1: 1), supplemented with 0.1% FBS, 4.5gL glucose,
0.5g/Lglutamine. 1.8g/LHepes , Ig/Lpeptone, 20KIU/ml aprotinin, and plus a low-serum
medium supplement-BIGBEF-3(4).

The porous microcarriers, Cytopore, were hydrated in 0. IM phosphate-buffered saline(PBS),
preewashed and autoclaved for 30 min at 121 °C according to manufacturers recommendation.
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2.2. BIOREACTOR AND CELL CULTURE

A20L (workingvolume) Biostat UC stirredtank reactor (B.Braun, German) , was equipped
with bubble-free silicone tubing oxygenat or. The modified cell retention system composed of
pumps, stainless steel filter and a time controller. In orderto prevent filter fouling, the filter with
200 mesh openings stainless steel screen could be washed-out backward once a time controlled by
time-controller .(Figure 1).
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Fig. I Schematic diagram ofa 20L Biostat UC reactor equipped with a modified cell retention system

The modified cell retention system could work intwo mode:

Mode 1: Semi-continuous culture, harvest pump and time-controller is unnecessary, when harvesting
supernatant, close valve 1 and 3, open valve 2, and keep pressure ofreactor headspace at 0.2bar~0.3bar,
supernatant flows into container 1 automatically. Ifreplenishing medium rate is over 50% working volume
per day, the medium can be replaced twice orthree times a day. The fresh medium equivalentto removed
supernatant is added to keep constant working volume in the reactor. When washing-out filter backward,
open valve 1 and 3, close valve 2, owingto overpressure, the liquid in the container 2 flows into the filter
to prevent filter clogging.

Mode 2: Perfusion culture, close valve 1 and 3, open valve2, in a cycle of harvesting and washing-out
controlled by time controller, the harvest pump runs forwardly for 10 min to harvest supernatant, and runs
in reverse for Imin to wash-out the filter.

The agitate rate was 70rpm.Temperature was maintained at 37+0.2°C. ThepH was keptat7.1 +
0.1 by automatic addtion of 1M NaOH solution Dissolved oxygen (DO) was maintained at 40+
5% ofair saturation. The concentration of microcarriers was 2g/L..The seed microcarriers with
GL-11Gecells obtained from 1000ml spinnerflasks culture were transferred directly to the Biostat
UC reactor via tube without trypsinization. The frequency and extent of medium replenishment
depended on the residual glucose concentration. The apparent specific growth rate (u,,,) is
determined by linear regression ofthe exponential increase of cell concentration, C, by plotting
the natural log of Cvs. time, t (7).

2.3.ASSAYS

Cells were enumerated by counting nuclei stained with 0.1% crystal violet(w/v) in 0.1M critic
acid solution. The cell adherent ratio of microcarriers was determined by dyeing with MTT.
Viable cell counts were performed with exclusion trypan blue method after trypsinization.
Glucose concentration was measured using a clinical glucose analyzer. For distinguishing the
proportion of single-cham and two-cham uPA in supernatant, the samples were analyzed both in
non-reducing and reducing condition with western blot analysis (5).

2. Result
2.1. CELL GROWTH AND REPLENISHMENT OF MEDIUM

GL-11IG cells had been successfully cultivated on Cytopore cellulose porous microcarriers in a
20L BiostatUC stirred tank reactorfor 100 days. The culture process could be divided into five
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stages (Figure 2). The seed cells were cultivated on Cytopore porous microcarriers ina 1000ml
Spinner Flasks, and directly transferred into the 20L reactor without trypsinization, the scale-up
rate was 1 :20, the initial cell density was 2.0x 10°/ml After anexpanded lag time of3 days. the
cells began to proliferate and move spontaneously to vacant microcarriers.
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Fig2  Growth curve and u-PA activity of GL-11G cells cultivated on Cytopore porous
microcarriers in a 20L Biostat UC bioreactor with a modified cell retention system

stage I : semi-continuous culture with 0.1% FBS growth medium at initial cell density of 2.0x10%/ml
(0day-22day);

stage II : semi-continuous culture with 0.1% FBS growth medium at initial cell density 0f9.8x105/ml
after electricity broke down (24day-39day);

stagelll: perfusion culture at stationary phase (40day-54day);

stagelV: semi-continuous culture afterthe clogging filterwas completely washed-out(55day-90day);

stageV : cell decline phase, the pH in the reactorwas not properly controlled(91day-100day);

During stage I, the Mapp was 0.112d-1, and  cell density increased up to 2.38x10%ml after 20
days culture. In our previous study (3), the p,, was 0.182d-' at the initial cell density of
3.5x 10°/ml when 1% FBS culture medium was used. The expanded lag phase and retively lower
specific growth rate were due to (1) the inoculated cell density was low; (2) 0.1%FBS growth
medium was not vely suitable at the beginning of cell subculture, especially at low inoculated cell
density. The replenishing medium rate was about 7L~12L/day to maintain glucose concentration
at 3.0~3.3g/L, whichdepended on the residual glucose concentration in the reactor. .

The culture process of stage I started from the viable cell density of 9.8x10%/ml, and the cell
density reached 101x10”/ml after another 15 days culture. The p, o at stagell was 0.153d- ,
higher than that of stagel. It indicated that higher inoculated cell density was beneficial to shorten
lagphase and speedup cell proliferation. The replenishing medium rate increasedgadually from
7L/day to 23L/day. and the residual glucose concentration oscillated around 2.0g/L.

During stage III cell growth was at stationary phase, and perfusion culture mode was adopted.
The cell density was around 9.0x10¢ml, 20-23liters medium was replaced per day to keep
glucose concentration at a level around 2.0g/L. After 15 days perfusion culture, the filter was
clogged seriously, and the replacing medium rate was only 12L/d, the residual glucose
concentration decreased down to 1.2g/L, the culture medium couldn't supply enough nutrient to
support cell growth and a large number of cells died due to undernourishment.

In order to wash-out the filter completely, the working mode 1 ofcell retention system was
adopted. During the early period of stage IV, the ., was 0.172d-' at the initial cell density of
4.0x 10s/ml, showing that ,,, increased with inoculation density Table 1). Comparing to the Hap,
0f0.182d™ in 1% FBS culture medium low-serum growth medium seemed to have a little effect
on cell growth at relatively high inoculation density. The replacing medium rate maintained 20L/d
~ 221./d to keep residual glucose concentration at the range of 2.3~2.7g/L. The sample ofthe 87
day was enumerated with exclusion trypan blue method after trypsinization, the cell viability was
about 70%. It seemed to indicate that the cells in the center of microcarriers may encounter mass
transfer limitation, especially under the circumstance which the cells in the porous microcarriers
were very dense after long term culture.
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2.2.  BIOREACTOR PRODUCTIVITY AND PRODUCT QUALITY

The uPA activity curve was shown in Figure 2. The uPA activity reached its vertex of 6250 TU/ml
in stage II and reduced to 4500 7 5500UJ/ml during perfusion culture process. During stagelV,
cell density and expressing was inrelatively stead state, theuP ~ activity fluctuated about
2800IU/ml~36001U/ml In decline phase, the uPA activity decreased from 2500IU/ml to

500IU/ml as a result ofccell death
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Fig. 3 Bioreactor productivity and cell specific productivity

The bioreactor productivity and cell specific productivity was given in Figure 3 and Table 1. The
maximum  bioreactor productivity could reach 1.375 x 1 108IU/day. about 1.32guPA/day calculated
according to uPA specific activity=10400 IU/mg, and the uPA yield of 100 days culture added up
to 51g more or less. Cell specific productivity in stage I and II was around 600—7301U/10° cells +d.,
a little higher than that in stage II(640-540[UT/106cells *d). It appears that comparing to
perfusion culture, batch replenishing medium culture has some advantages in utilizing culture
medium and cell expressing product. This may be attributed to that the environment after
replenishing medium was more suitable for cell growth like fresh medium while some fresh
medium would flow out of reactor without utilizing and the environment always keep at not very
perfect state in perfusion culture. In stage IV, cell specific productivity maintained in the range of
400440 1UN0rcellsed, the relatively low value was due to cell degeneration after long term
culture and not taking dead cells into account when calculating cell specific productivity

Table 1 rCHO cells cultivated on porous microcarrier for 100 days

stagel stagell stagelll stagel'V’ stageV
Cell density (x10%ml) 2.0~238 9.8~101.2 100~90 40~93 ~45
Happ (4 0.112 0.153 - 0.172 -
Replenishing medium rate (L/d) 7~12 7~22 20~23 20-~22 22
UPA activity (IU/ml) 1000~2980  2000~6500  4000~5500 2500~-3700  2000~500
ScuPA ratio >90% ~85% 80%~30% 70%~80% ~70%
Cell specific productivity 620-730 640~730 540~660 400~440 -
(IU/10%ell « d)
Bioreactor productivity (g uPA/d) 0.05~023 0.118~1.32 ~1.0 0.54~0.75 0.1~0.42
Total productivity (g uPA) 2.73 10.82 12.42 22.12 2.8

Single chain urokinase-type plasminogen activator(scuPA, i.e. prourokinase)is a potential
thrombolytic drug with fewer side effect than two cham urokinase-type plasminogen
activator(tcupA, i.e. urokinase) (8). so the qualityof uPA product depends on the ratio of scuPA.
ScuPA is easily activatedby plasmin, trypsin and plasmakallekre in, resultinginthe conversionof
single cham prourokinase into two cham urokinase.(9). The main problem in prourokinase
productionby cell culture is how to keep unsteady prourokanise in single cham form. In stage I
and II 85%~90% ofuPA was maintained in single cham form in the harvested supernatant.
During perfusion culture, scuPA ratio decreased from about 80% to 60% gradually along with
culture process, and even dropped to 30%40% when large number ofcells died due to filter
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clogging. In stage IV and V, the ratio of scuPA got back to 70%-80%/after batch replenishing
culture adopted,. This suggested that cell death in large quantities would release some protease to
convert scuPA into two chain form, and semi-continuous culture could harvest supernatant with
relatively high ratio of scuPA due to the short residence time ofthe product after secretion.

3. Discussion

A modified cell retention system was developed to prevent clogging in long-term and large-scale
continuous cell culture. After 100 days culture, the filterworked excellent and 16041 supernatant
containing 5 1 guPA was harvested

Batch replenishing medium culture has advantages of batch culture and perfusion culture when
replacing medium rate was about 1—2working volume per day, like batch culture, it couldutilize
medium more efficient and obtain supematant with datively high concentration product. On the
other hand it reduced accumulation oftoxic metabolites and operation expenses to raise utilizing
efficiency of equipment. Moreover, when the product was unsteady in 37°C environment such as
prourokinase, batch replenishing medium culture will be a ideal choose for product quality
assurance.

Cytopore porous microcarrier was very useful for long-term cell culture with low-serum medium,
and subculture method was simple and safe, there is no fear for contamination during inoculation
process because cells can move from seed microcarriers to want ones automatically without
trypsinization(6), this was convenient forpreparing seed cells and enlarging culture scale. It can
reduce serum concentration in culture medium that can’t result in cells detaching from
microcarries. Low-serum culture medium seemed to have no significant effect on cell growth and
product secreting. The p,. in 0.1%FBS culturemedium was alittle lowerthanthat in 1%FBS
culture medium, while the cell specific productivity in 0.1% FBS medium was 600—700
IU/(10°¢cells » d), a little higher than 450—500 TU/( 10%cells » d) m 1% FBS growth medium(3).
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The extracellular domain of human parathyroid Ca®™ receptor was
needed for structural and clinical studies. The desired protein was
produced by immobilizing the transformed HEK 293 cells in a packed
bed configuration using a 2.2 liter bioreactor equipped with a vertical
mixing impeller assembly and an internal basket. The production was
done in two stages: a propagation stage followed by a production stage.
In the first stage, which lasted approximately 140 hours, the bed was
perfused with seruni-containing medium, allowing the cells to grow at
a constant growth rate. When the total cell population reached ap-
proximately 3x10', the second stage was begun. Serum-free medium
replaced the serum containing medium, and the perfusion process was
continued for an additional 400 hours. During this time, the medium
was pumped through the packed bed at a rate of 4-6 liters per day,
keeping the residual glucose concentration at 1 gl

1. Introduction

The packed bed bioreactor is an efficient and convenient system for the
production of extracellular biomolecules from trapped or immobilized
microorganisms. In the last few years, this arrangement has gained
popularity for the production of proteins from anchorage-dependent as
well as from suspension mammalian cells. The development of various
packed bed supports, such as porous ceramic beads; glass fibers, porous
glass beads, cylinder-shaped sintered glass carriers and polyester disks
(Racher et al, 1995) , together with a bioreactor configuration suitable
for the fragile cells, is the main reasons for the increasing interests in
this production system. Cell concentrations between 107 and 5x10% per
milliliter of bed have been obtained during the production of proteins
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such as insulin, y-interferon, IL 6 and monoclonal antibodies from AtT-
20, CHO, BHK and hybridoma cells.

Packed bed bioreactors are easy to use, and they allow high cell den-
sities due to the large surface area and the easy perfusion operation. On
the other hand, compared with fluidized bed or stirred tank reactors,
the packed bed is inhomogeneous and sampling of cells is not possible.
In the present work, we report the use of a packed bed of polyester disks
for the production of human parathyroid Ca't receptor from human
embryonic kidney (HEK 293) cells.

2. Materials and Methods
2.1. CELL LINES AND MEDIA

Human embryonic kidney cells (HEK 293) , were stably transformed
to produce the extracellular domain of the human parathyroid Ca++
receptor. Growth medium consisted of DMEN supplemented with 10%
fetal bovine serum, 200 U/ml Hygromicin B and 0.1% Pluronic F-
68 (Gibco, USA). Production medium consisted of DMEM without
phenol red (Biofluids) containing 293 Serum-Free Supplement (Kemp
Biotechnologies, USA) (Shiloach et al, 1996), 2 mM glutamine, 200
U/ml Hygromicin B and 0.1% Pluronic F-68.

2.2. REACTOR SYSTEM AND CULTIVATION
CONDITIONS

2.2.1.  Perfusion Process

Cells grown on tissue culture flasks  were transferred to a 2.2 liter biore-
actor (1.6 liter working volume) equipped with an internal retention
device (basket), containing 60 grams of Fibra-Cel™ disks made of
polyester non-woven fabric laminated to a polypropylene screen and
treated and pre-coated with poly-D-lysine, and a wvertical mixing sys-
tem. The dissolved oxygen concentration was kept above 30% satu-
ration through sparging with oxygen. The pH was kept at 7.0 using
a four gas mixing system (air, nitrogen, oxygen and carbon dioxide)
and NaHCO03. The agitation was kept at 60 RPM and the temperature
at 37°C . Initially, the reactor was operated in batch mode until the
glucose concentration reached 1.0 gl™', at which point growth medium
was perfused to keep the glucose level at 1.0 gl™'. Spent medium was
collected into an intermediate reservoir from where it was pumped into
an ion-exchange column. The overall production scheme is shown in
Figure 1.
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Figure 1. Overall production scheme for a perfused packed bed process.

3. Results

3.0.2.  Perfusion Process

The results from a fermentation using continuous perfusion are pre-
sented in Figures 2 and 3. The 2.2 liter reactor was inoculated with
7x10% cells. During the first stage, which lasted approximately 140
hours, the bed was perfused with serum-containing medium arid the
cells grew at a constant growth rate of 0.0126 hr-' (Figure 2), as
estimated from the glucose consumption rate and a constant specific
glucose consumption rate of 25 ug/10° cells/hr. When the total cell
number reached 3x10', the second stage was started and serum-fee
medium replaced serum-containing medium. During this stage, which
lasted approximately 400 hours, the cell number declined linearly at a
rate of 2.8x10" cells/ir to 2x10" cells (Figure 2). Figure 3 shows the
residual glucose concentration and the amount of medium used.

4. Discussion and Conclusions

Extracellular recombinant proteins can be produced from anchorage-
dependent mammalian cells in several configurations. Among these are
microcarriers in stirred tank reactors, macroporous microcarriers flu-
idized bed reactors, various adsorbent materials in packed bed reactors,
hollow fiber reactors and flat surface arrangements. As was pointed
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Figure 2. Glucose consumption rate and estimated cell number for a perfused packed

bed process; arrow indicates change from the propagation stage to the production
stage.

5 T LR l‘l L I L LI L] I L LI L l L] L | I‘ll L] T ]0(')
3 .
4 - 80 o
- 5 3
~ " : E
) 3 ~1 60 &
= : 1z
o # p
= 2 L - 40 5
© £ i 5
» - (]
o 4 35 &
0 ool S N AT U TR N N NNNY W WY TN N TN T T T N Y TN WY W N B 1 il 0
0 100 200 300 400 500 600

Time (h)

Figure 3. Glucose concentration and cumulative volume for a perfused packed bed
process.



91

out in previous work (Shiloach et al, 1996), the packed bed bioreactor
is a very convenient arrangement for producing extracellular proteins
from both anchorage-dependent’ and from suspension cells. It provides
a large surface area in a relatively small volume, and it allows for easy
medium replacement and continuous perfusion. The aeration and pH
are controlled by direct aeration of the vertical mixing bioreactor, an
arrangement that is less complicated than continuous flow across flat
surfaces or the hollow fiber layout. Because the cells are immobilized on
the paced bed, it is much easier to replace the media than in a stirred
tank reactor containing inicrocarriers

Extracellular proteins are preferably produced from mammalian cells
in serum-free medium to simplify the recovery and purification, and
to insure the consistent quality of the product. In a two-stage oper-
ation, after achieving the proper biomass concentration using serum-
containing medium, the medium is replaced with serum-free medium.
This medium cannot support cell growth and, as a result, the cell num-
ber declines. In the described experiment, approximately, 30% of the
cells were lost in 400 hours, indicating that serum-containing medium
is needed periodically to restore the viability of the adherent cells.

The continuous mode operation is preferred to the repeated batch
mode because it, keeps the cells in a homeostatic environment like that
experienced in vivo. In addition, processing the perfused medium by
pumping it directly in an ion-exchange column simplifies the recovery
process and improves the product stability. The observed decline in
cell number can be eliminated by devising a strategy that, incorporates
periodic changes Dbetween serum-free medium and serum-containing
medium, or by developing of a better serum-free medium.
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RECOMBINANT BOVINE LACTOPEROXIDASE
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Abstract

A full length cDNA coding for bovine lactoperoxidase (bLPO) was amplified by RT-
PCR from mRNA extracted from mammary gland cells. The recombinant DNA was
introduced into Chinese Hamster Ovary (CHO) cells by the electroporation method.
The recombinant bovine lactoperoxidase (rbLPO) expressed in a large- scale produc-
tion system was purified by a combination of anion- exchange chromatography and
cation- exchange chromatography. The purified rbLPO was then characterized in
terms of molecular weight, N- terminal amino acid sequence, carbohydrate structure,
peroxidase activity, and spectroscopic properties.

The data showed that tbLPO is secreted as a single chain molecule, as two major
forms differinginglycosylation. The N- terminal amino acid of tbLPO was Aspl01,
starting 19 residues upstream from the N- terminus of natural bovine lactoperoxidase
(nbLPO). The rbLPO is enzymatically active and its specific absorption spectrum at
413 nm appears to be identical to that of LPO. This indicates that heme is integrated
into the recombinant protein. The properties of tbLPO are discussed as compared to
the nbLPO expressed in CHO cells obtained previously.

1. Introduction

Lactoperoxidase (LPO) is one of the mammalian peroxidases present in milk,
saliva and tears. Quantitatively, LPO is one of the prominent enzymes in bovine milk.
LPO has the ability to catalyze the oxidation of halides and pseudohalides such as
thiocyanate in a reaction involving hydrogen peroxide to form potent oxidants and
bactericidal agents. LPO contributes lo the antibacterial and bactericidal activities in
mammalian exocrine gland secretions which help to protect a variety of mucosal sur-
faces. LPO consists of a single polypeptide chain of 612 amino acid residues (Cals,
1991) and its molecular mass is approximately 78 kDa. Carbohydrate moieties
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comprise 10 % of its mass (Carlstrom, 1969). LPO, my eloperoxidase (MPO), eosino-
phil peroxidase (EPO), and thyroid peroxidase (TPO) are heme- containing enzymes
which share 50- 70% identical residues. A high level of homology can be found
among the active site- related residues. The structure of the catalytic center of
mammalian peroxidases was found to be protoporphyrin IX (Sievers, 1979; Fenna.
1995). The covalent linkages between heme and the protein have been discussed on
the basis of the results of spectroscopic studies, chemical studies, and site- directed
mutagenesis. Investigation of the heme environment has been conducted focusing on
that in MPO since the X-ray crystal structure has been established (Zeng, 1992;
Fenna, 1995) , however, there are no such data available concerning LPO.

To study the heme groupcovalently linked to the protein by site- directed
mutagenesis, we obtained and characterized the recombinant protein.

2. Materials and Methods

2.1. CLONING, EXPRESSION, LARGE-SCALE PRODUCTION, AND PURIFICA-
TION OF rbLPO

A bovine LPO cDNA was subcloned into pcDNA3, an expression plasmid vector
for use in mammalian cell systems(5.4 kb, Invitrogen). The LPO cDNA fragment
was inserted between the Apal and EcoRI (Gibco/BKL) sites in the vector.

Recombinant LPO DNA was introduced into CHO DG44 dhfr- cells by the
electroporation method. The cells were maintained in aMEM+ supplemented with 5%
fetal calf serum (FCS), 2 mM L-glutamine, 1% penicillin/streptomycin and
nucleotides. Neomycin (geneticin 418) resistant clones were then selected. The
expression of rbLPO was detected by ELISA and by measurement of peroxidase
activity using O- phenylenediamine dihydrochloride as a chromogen. After
subcloning by limiting dilution, large- scale cell culture was conducted in a 6,000 cm?
cell factory unit (Nunc). The cells were cultured in the presence of 3% FCS. Samples
of culture supernatant were collected at 3- to 4- day intervals, 8 times in total, over a
period of 28 days. Purification of rbLPO was performed using a Q- Sepharose fast-
flow column and a CM- Sepharose fast- flow column, each equilibrated with 20 mM
potassium phosphate, pH 7.5 as described by Moguilevsky et al: (1991). The rbLPO
was eluted with a linear gradient of NaCl (0-450 mM) in the same buffer.

2.2. CHARACTERIZATION OF rbLPO

Protein concentration was measured b) the method of Lowry et al. (Lowry, 1951),
with some modifications. The absorption spectrum between 700 nm arid 240 nm was
measured with a Cary 1E spectrophotometer. The distinct absorbance ratio A3/
Ajgonm Was then calculated to assess the purity ofthe LPO.

SDS- PAGE was performed by the method of Laemmli (1970). The rbLPO
expressed was analyzed by ELISA and Western- blotting using anti- bLPO mono-
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clonal antibody (mAb) prepared in this study. The monoclonal antibody 1C3- A2 and
the anti- mouse IgG (H&L) alkaline phosphatase (AP) conjugate were each diluted
5,000- fold for the ELISA, while 1C3- A2 was diluted 10,000- fold and anti- mouse
IgG (H&L) Ap conjugate was diluted 7,500-fold for Western-blotting.

The ABTS assay was performed in 0.1 M acetate buffer containing 1.0 mM ABTS
and 0.1 mM hydrogen peroxide (Venezie, 1991; Shindler, 1076) and the product con-
centration was estimated based on the extinction coefficient of 3.24x102 pM™ cm™ .

The N- glycans of nbLPO and rbLPO were removed enzymatically using N-
glycopeptidase F (recombinant, Boehringer) and the high- mannose sugar chains of
both were removed using endoglycosidase H (recornbinant, Boehringer).

Automated Edman degradation of recombinant LPO was performed in a Perkin
Elmer 492 Protein Sequencer. Samples were prepared by clectroblotting on a PVDF
membrane (MILLIPORE) from an SDS- PAGE gel. After electroblotting, the mem-
brane was stained with Ponceau S to detect the transferred proleins. The bands of
interest were cut out of the membrane.

Natural bLPO purified as described by Morrison (1963) was kindly provided by
Dr. S. Nakamura, University of Hirosaki, Japan, and commercially available bLPO
was obtained from Sigma.

3. Results

rbLPO was successfully expressed in the CHO cell line employed. Sixteen liters
of culture supernatant was collected after large- scale cell culture and 13 mg of tbLPO
was obtained. Fractions containing a major peak (FI) and two minor peaks (FII) were
pooled and concentrated. After concentration of these fractions, the purified rbhLPO
was green in color. The absorption spectra of nbLPO and rbLP0O were identical, with
the Soret peak at 413 nm. The enzymatic activity of rbLPO (FI) measured using
ABTS as the substrate was weaker than that of nbLPO (184 U/mg vs 337 Umg) and
the purity index was lower, 0.54 vs 0.88, respectively. The rbLPO (FII) showed lower
activity arid lower purity than tbLPO (FI). The SDS- PAGE profiles of rbLPO (FI,
FII) arid nbLPO showed two main bands in each instance, 88 kDa and 82 kDa for FI,
80 kDa and 74 kDa for nbLPO. FII contained mainly the component corresponding to
the lower band in FI. They were all immunoreactive with anti- bLPO mAb. The
partial N- terminal amino acid sequence of the constituents of the FI and FII fractions
was DTTLT and that in the case of nbLPO was EVGCG.

The 88 kDa and 82 kDa constituents of rbLPO (FI) when treated with N- glycosi-
dase F shifted in size to 73 kDa and 69.5 kDa, respectively, while the 80 kDa and 74
kDa constituents of nbLPO both shifted in size to 71 kDa. The molecular weight of
nbLPO as indicated by its mobility displayed a significant change after treatment with
endoglycosidase H and the difference was about 7 kDa, whereas rtbLPO decreased
only 4 kDa in size. The N- terminal amino acid sequence of the constituents of tbLPO
corresponding to the two bands obtained after deglysyla tion with N- glycosidase F
showed the same result, ie., the sequence started with the residue Asp101.
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4, Discussion

The major difference between nbLPO and rbLPO was in the carbohydrate moiety
and its structure (Table 1). Analysis by SDS- PAGE after removal of the N- glycans
showed that the carbohydrate moiety of rbLPO (FI) and nbLPO comprises approxi-
mately 17% and 11%, respectively, of the total molecular weight. Furthermore, the
mannose content in the case of nbLPO is higher and reaches 78%, whereas in rbLP0O
(FI) mannose structure represents only 22% of the total amount of N- glycans. From
the results of N- terminal amino acid sequence and carbohydrate analysis, it was
evident that the difference in the electrophoretic mobility between rbLPO (FI) and
rbLPO (FII), and the two distinct bands obtained in the case of rbLPO, were due to
differences in the carbohydrate moiety. The heterogeneity of nbLPO has been
reported by Calstrom (1969), too. Although two bands were observed after digestion
of rbLPO with N-glycosidase F, the N-terminal amino acid sequence of the
constituent corresponding to the 73 kDa and 69.5 kDa bands showed the same signal
peptide cleavage site. The molecular mass of nbLPO and rbLPO should be different,
theoretically, by about 2 kDa, because rbLPO is cleaved 19 residues upstream from
the cleavage site of nbLPO. Therefore we presume that both nbLPO and rbLPO also
contain O- glycans. The cleavage of tbLPO occurs between Argl00 and Aspl01, and
cleavage of nbLPO occurs between Trpl19 and Glul20 as shown in Figure 1.
Moreover, we also found that cleavage occurs between Thr115 and Alal 16 in the case
of a commercial preparation of nLPO. This inconsistency with respect to the N-
terminal amino acid residue of nbLPO has been found by other researchers, such as
Aspl01 and Ser118 reported by Cals et al. (1991), Leul29 reported by Sievers (1980).
The signal peptide cleavage site in bLPO may be AsplOl and the reason for this
inconsistency could be the deletion of some amino acid sequences as assumed by Cals
etal. (1991).

LPO and MPO are 51% homologous in terms of primary structure. The cleavage
site of hMPO expressed in CHO cell lines was between Gly22 and Ala23 and it was
found to consist of a single polypeptide chain, whereas natural human MPO is a
tetramer composed of two dimers of light and heavy chains. The light chain of natural
MPO starts at Thr140 and the heavy chain starts at Val253 (the position number is
counted from Met 1 in thMPO (Moguilevsky, 1991)).

The ratio of distinct absorption (&13nm/A280nm) was 0.54 for the recombinant
LPO. This was lower than that of purified natural LPO (0.88). This lower value could
be the result of a noncovalent state of the prosthetic heme in recombinant LPO, as was
previously shown for the rLPO produced in insect cells (DePillis, 1997).
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Table 1. Physico-chemical characteristics of bovine lactoperoxidase

natural LPO recombinant LPO reported values*
molecular weight 80kDa 82,88 kDa 78 kDa
number of amino acid 594,597 612 612
residues
half-Cys 15 15 15
carbohydrate content approx.1 1% approx.17% 10%
(80 kDa) (88 kDa)
peroxidase activity 337 (U/mg) 184 (U/mg)
A412nm/A280nm 0.54

* From De Wit and Van Hooydonk (1996)

rbLPO (FI, FII) bLPO (A) bLPO (B)
) ) )
RR DTTLTNVTDPSLDLT ALSW EVGCGAPVPLV
101 116 120

Figure 1. N-terminal amino acid sequence of bovine lactoperoxidase

The N-terminal amino acid sequence of purified recombinant LPO and that of natural bLPO were determined
by the automated Edman degradation method. The position was counted from Met 1 reported by Dull etal.
(1990). The cleavage site in nbLPO from Sigma (A), and in another nbLPO (B).
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ABSTRACT We have constructed a c-myc tagged off heterodimeric soluble type of T
cell receptor (sTCR). The sTCR has a ‘leucine zipper’ structure composed of basic and
acidic peptides connected to the o- and B- chain constant region, respectively, via a
cleavable flexible linker. SV40-based expression plasmids for either sSTCR o~ or - chain
were constructed, and COS-7 cells co-transfected with these two plasmids transiently
expressed the sSTCR. The sTCR was efficiently secreted with the expected molecular size
as estimated by SDS-PAGE analysis. It is anticipated that structural and physico-chemical
analyses of the sSTCR will help to clarify the detailed molecular mechanism ofthe T cell
response.

1. Introduction

The primary event in the cellular immune response is recognition of antigens by T cells.
T cells recognize antigens that are presented in the context of major histocompatibility
complex (MHC) molecules through the T cell receptor (TCR), and exhibit various
responses such as proliferation, cytokine production, help for antibody production, etc..
Although various examples of altered T cell responses caused by antigen analogs have
been reported [1] and the three-dimensional structure of TCR has been clarified [2], the
detailed molecular mechanism of'the T cell response triggered by interaction of TCR and
its ligand has not been made clear yet. Comparison of the physico-chemical properties
and structures of TCR interacting with an analog peptide or wild-type antigen would help
to clarify how recognition of two similar ligands results in different T cell responses.
However, TCR is a membrane-bound protein, so it is difficult to apply these analyses to
intact TCR molecules. Therefore, a soluble type of TCR (sTCR) is considered to be
necessary for this purpose.

We have analyzed the altered responses ofa CD4 T cell clone, G1.19, specific for
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residues 119-133 (pl19-133) of bovine P-lactoglobulin (B-LG), upon stimulation with
single amino-acid substituted analogs of pl19-133. Here, we have constructed a c-myc-
tagged o heterodimeric STCR derived from G 1.19, which has a ‘leucine zipper’ structure
composed of basic and acidic peptides connected to the - and - chain constant region,
respectively, via a cleavable flexible linker, and a c-myc epitope sequence only for the o-
chain construct. Itis thought that the electrostatic properties ofthe ‘leucine zipper’ moiety
facilitate dimerization of the - and - chains of the STCR [3]. In the present study, it was
our intention to prepare the sSTCR by being expressed in mammalian cells in order to later
accomplish the crystallographic analysis of the TCR/peptide/MHC complex and
measurement of the affinity between TCR and the peptide/MHC complex.

2. Materials and methods

2.1CELLS

Murine Thl clone G1. 19 specific for p119- 133 of bovine B-LG was established from
lymph node cells of B-LG immunized C57BL/6 mice in our laboratory [4]. The medium
used for cell culture was RPMI-1640 (Nissui, Tokyo, Japan) supplemented with 2 mM
glutamine, 100 pg/ml streptomycin, 100 U/ml penicillin, 50 mM 2-mercaptoethanol, 10%
fetal calfserum (FCS), and 10% T cell growth factors.

COS-7 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Life
Technologies, Rockville, MD, USA) supplemented with piperazine-N’-2-ethanesulfonic
acid, 100 pglml streptomycin, 100 U/ml penicillin, 50 mM 2-mercaptoethanol, and 10%
FCS.

2.2 CONSTRUCTION OF sTCR o~ AND - CHAIN EXPRESSION PLASMIDS
AND TRANSFECTION OF CELLS

c¢DNAs encoding TCR o~ or B- chains of (G1.19 were synthesized using the 5’-RACE
system (Life Technologies). Briefly, first-strand cDNAs were synthesized from total RNA
by reverse transcription using an antisense primer complementary to the Co. or CP3 region.
A poly C-tail was synthesized atthe 3’-end ofthe first-strand cDNA using terminal deoxy-
nucleotidyl transferase. Poly C-tailed cDNAs were amplified by PCR using an anchor
primer and a TCR Co— or CB-— specific primer. The resulting cDNAs encoding TCR o.-
and - chains of G 1.19 were cloned and each was ligated with a DNA sequence encoding
a cleavable flexible linker: a basic or acidic peptide constituting a ‘leucine zipper’, and a
c-myc epitope sequence only for the o.- chain construct, which was prepared using PCR.
Sequence analysis ofthe resulting DNAs was performed by means ofa ThermoSequenase
Cycle Sequencing Kit (Shimadzu, Kyoto, Japan) and a DNA sequencer DSQ-1000L
(Shimadzu). After confirmation of the nucleotide sequence, each construct was subcloned
into the expression vector, pMEI8S: which has a SRa promoter and the origin of SV40
(Fig. 1). The resulting expression plasmids were introduced into COS-7 cells by the
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lipofection method using Lipofect AMINE PLUS reagent (Life Technologies), according
to the manufacturer's instructions.

V region + Cregion : + Leucine zipper

TCR - : '
,5————fr11wmslm%
- chain

'
Leader p?plide

TCR &
B~ chain” BVI11SI ; I BD2 ‘B,IES()

I i J

SR o promoter

Basic peptide

sv40ori.l  pME-STCR o

and
pME-sTCR

pUC ori.

Amp’

Figure I. Schematic representation of the structure of soluble type of T cell receptor (STCR) derived from a [3-
lactoglobulin-specific murine CD4" T cell clone G 1. 19, and construction ol STCR expression plasmids, pME-
sTCR o and pME -sTCRJ.

2.3 PURIFICATION AND DETECTION OF sTCR
The transfected cells were harvested 4 days after transfection to obtain the culture
supernatant, and 1 mM phenyl methyl sulfonyl fluoride, 5 mM ethylenediamine-N, N, N,’
N’-tetra acetic acid and 5 mM N-ethylmaleimide, and 0.02% sodium azide were added.

For affinity purification, an immunoaffinity column was prepared by covalently
coupling hamster anti-Cf3 monoclonal antibody (mAb) (H-57) to NHS-activated Sepharose
HP (Pharmacia Biotech. Uppsala, Sweden) according to the manufacturer s instructions.
The samples of culture supernatant were applied to the immunoaffinity column equilibrated
with DMEM, and then washed with phosphate buffered saline, and eluted with 0.1 M
glycine-HC1 buffer, pH 3.0. The eluted samples were immediately neutralized by collection
in tubes containing 1.5 M Tris-HC1 , pH 8.9.

SDS-PAGE analysis was performed as described by Laemmli [5], using aseparating
gel of 12 % acrylamide under non-reducing conditions, and protein bands were detected
by silver staining.

3. Results

Analysis of TCR cDNA sequences of (G1.19 revealed that the o chain is encoded by
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V4.8 joined with Jod8 and Ca. DNA, while the
B chain is encoded by VP11 joined with Df32,
JB2.6 and CP DNA. In order to obtain the STCR
with the leucine zipper structure, sSTCR o~ and B-

M.W.[Da]
68,000

chain expression plasmids were constructed —; 62,000
(Fig.1).

COS-7 cells were co-transfected with these : 55,000
expression plasmids by the lipofection method, : 43,000
and cultured for 4 days. The culture supernatants ’ N\

L 29.000

were collected and applied to immunoaffinity
chromatography. The immunoaffinity-purified
fraction obtained was examined by SDS-PAGE
analysis undernon-reducingconditions. Asshown )
. . Figure 2. SDS-PAGE analysis of
in Fig. 2, two bands at 62 kDa and 55 kDa were immunoaffinity-purified sanples, Lane L,
detected in lane 2 which was loaded with the purified sample from the supernatant of COS-
. . 7 cells transfected with pMEI8S as negative
sample, whereas noband with the samemobility  ;pirol; lane 2, purified sample from the
as those above was notobserved in lane 1 loaded supernatant of COS-7 cells co-transfected with

. . pME-sTCRrrand pME-sTCRf.
with the negative control.

4. Discussion

In the present study, o heterodimeric sTCR derived from a -LG-specific murine CD4+
T cell clone was successfully expressed and secreted by COS-7 cells which were co-
transfected with the o— chain and B- chain expression plasmids.

SDS-PAGE analysis of the immunoaffinity purified fraction from culture
supernatants of COS-7 cells transfected with STCR o~ and - chain expression plasmids
showed two bands at 62 kDa and 55 kDa. The band at 62 kDa was considered to contain
sTCR, because the expected molecular weight of sSTCR is about 60 kDa. Moreover, upon
Western blot analysis this band was detected using mouse anti-c-myc mAb (9E10) (data
not shown). The band at 55 kDa might be a degradation product of the sTCR.

The yield of sTCR was approximately 50 ng per ml of culture supernatant as
estimated by comparing the density of the band with that of the standard. Since a large
quantity of purified sTCR is required to characterize its biochemical properties, we are
presently trying to establish a baculovirus expression system for large-scale production
ofthe sTCR. With this system, more efficient production of recombinant proteins can be
expected.

When a large-scale production of STCR is achieved, it will be easier to perform
crystallographic analysis and measurement ofthe affinity between TCR and the peptide-
MHC complex. Comparison of these properties of TCR interacting with wild-type ligand
or altered ligand will help to clarify the detailed molecular mechanism underlying the
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differentresponses of T cells depending on the slight structural differences in their specific
TCR ligands. From aclinical viewpoint, sSTCR might be applicable to treatment of diseases
caused by pathogenic T cell responses specific for a certain antigen, such as autoimmune
diseases and allergy. This is because sTCR is expected to block the activation of the
pathogenic T cells by binding specifically to the relevant peptide-MHC complex.
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1. Abstract

Von Willebrand factor (vWF) is a multimeric plasma glycoprotein that promotes pla-
telet aggregation, mediates platelet adhesion to the subendothelium, and stabilizes
coagulation factor VIII (FVIII). Recombinant vWF (rvWF) was constitutively
expressed at high yield in stable CHO cell clones (CHO-rvWF). Carbohydrate ana-
lysis of rvWF and plasma derived (pd) vWF revealed common and divergent struc-
tures. The absence of terminal high mannose residues indicated intact and complete
glycosylation. Alteration of terminal carbohydrate structures by o (2,6) sialyltrans-
ferase coexpression did not influence rvWF mediated platelet aggregation and colla-
gen binding, both of which require appropriate glycosylation and are sensitive to
glycosylation changes. Upon increasing rvWF expression by amplification, from 100
ng to 20 pug rvWE/10° cells x day, proteolytic propeptide removal had become
incomplete resulting in impaired interaction with FVIII. Complete propeptide clea-
vage could be accomplished by employing recombinant Furin, a ubiquitous endo-
protease, and derivatives thereof, either by coexpression in vivo or by treatment in
vitro. Multimerization, also crucial to vVWF function, could be significantly improved
by cell culture medium modification.

2.Introduction

Von Willebrand factor, a large multimeric and multivalent glycoprotein, is involved
in the adhesion of platelets to the subendothelium at the site of vascular injury,
mediates platelet-platelet interactions, and functions as a carrier for coagulation fac-
tor VIII in the circulating blood'. Individuals with quantitative or qualitative vVWF
deficiencies suffer from von Willebrand disease (vWD), which manifests in mild to
severe bleeding clinically. vWD patients are currently treated either with the vaso-
pressin analogue DDA VP, where applicable, or with FVIII/VWF complex concentra-
tes from plasma.

vWF is synthesized by megakaryocytes and vascular endothelial cells as a large pre-
cursor polypeptide (pro-vWF). Prior to secretion, vVWF undergoes complex post-
translational modifications including signal peptide cleavage. carbohydrate proces-
sing, sulfation, multimerization by intermolecular disulfide bonding, and propeptide
removal. Mature multimers are stored in specific granules, from which they are relea-
sed upon stimulation, in addition to being secreted constitutively.
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Human vWF was previously expressed recombinantly in CHO cells as a potential
therapeutic agent for the treatment of vVWD patients®. Expression of vWF resulted in
the secretion of biologically active high molecular weight multimers. Expression of
recombinant proteins at high yield is often associated with a reduced capability ofthe
host cell to efficiently exert posttranslational modifications critical to the function of
the desired protein. Insufficient modification, resulting in decreased bioactivity ofthe
recombinant protein. may be caused by potential saturation ofthe cellular enzymatic
machinery and/or unfavourable environmental conditions during cell cultivation.
Increase of rvWF expression level in CHO cells upon amplification resulted in the
production of up to 20ug rvWF/10° cells x day. However, both the degree of multi-
merization and the proteolytic propeptide removal became severely impaired, resul-
ting in strongly reduced biological activity of rvWF.

In this report, we summarize specific posttranslational modifications of tWF produ-
ced in CHO cells. describe their influence on the functional activity of the protein
and discuss approaches that could contribute to an increase of rvWF bioactivity.

3. Results/Discussion
3.1.PROTEOLYTIC PROPEPTIDE REMOVAL

CHO cell clones constitutively expressing human rvWF were established. At 100ng
rvWF/10° cells x day, propeptide removal of rvWF precursors was complete.
However, increasing the expression 100 fold to 10pg rvWF/100 cells x day by ampli-
fication resulted in incomplete propeptide removal (figurelA).

Furin® an endoprotease anchored in the trans-Golgi network (TGN) by a transmem-
brane domain and known to cleave a wide variety of protein precursors (e.g. coagu-
lation factors, viral surface proteins, bacterial toxins. hormone receptors) in the con-
stitutive secretory pathway, was used to improve rvWF propeptide removal.

Full length wild-type human Furin. when additionally expressed in CHO-rvWF cells,
yielded permanent CHO-rvWF/rFurin clones. These were shown to be capable of
mediating complete propeptide removal at expression of up to 2ug rvWEF/100cells x
day (figure 1B)4. Surprisingly, propeptide removal was found to be performed by a
naturally truncated form of recombinant Furin (‘shed’ Furin. lacking the transmem-
brane domain) in the conditioned medium rather than intracellulary®. Amplification

attempts to further increase full length rFurin expression failed. Thus. it was not pos-
sible to accomplish complete propeptide removal at rvWF expression levels surpas-
sing 2pg/106 cells x day. Likely, a rFurin level increased any further becomes toxic

to its host cell’.

Expression of experimentally truncated rFurin molecules lacking the C-terminus and
the transmembrane domain, resulted in immediate passage through the TGN into the
supernatant, yielding approximately 10 fold higher concentrations of functionally
active rFurin molecules in the conditioned medium compared to ‘shed’ Furin7. This
suggests that (1 )limited tolerance of the host cell to intracellular full length rFurin
concentrations is the reason for the failure to increase full length rFurin expression
by amplification, and (2) coexpression ofthese experimentally truncated rFurin deri-
vatives could be used to successfully cleave protein precursor molecules at an
expression level of up to 20pg rvWE/10° cells x day. If expression of recombinant
protein precursors exceeds even this level, as has been reported for coagulation fac-
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tors rFIX and rFX, an in vitro processing procedure must be established. Truncated
rFurin derivatives, readily secreted and modified by linkage to heterologous affinity
epitopes (in order to facilitate their purification), can be used as shown in figure 1C.
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Figure 1. Processing of rvWF with and without rFurin in vivo and in vitro (Western blotting). A: Limitation
of rvWF precursor processing upon overexpression. Equal amounts of 24 hr conditioned media derived
from an initial transfectant ex Ipre:ssmg 100ng rvWE/106 cells x day, an amplified CHO-rvWF clone
expressing 10ug rvWE/106 cells x day, anti unmainpulated CHO negative control cells were applied. B:
24 hr cell culture supermutants obtained from different CHO cell clones stably coexpressing rvWF and
rFurin (CHO-rvWF/rFurin). Depending onrFurin expression in individual clones, rvWF is processed to
variable degrees. Equal amounts of rvWF were applied. C: rvWF propeptide removal in vitro by purified
C-terminally truncated rFurin Pro-rvWF in the conditioned medium derived from CHO/FD 11-rvWF cells
(lacking cndogenous Furin) wasincubated with rFurin for 24 hours taking samples at the indicated time
points upper panel). In the lower panel, no rFurin was added (negative control).

For Western blotting, reduced samples were applied to SDS-PAGE under denaturing conditions. rvWF
was visualized using rabbit anti-human vWF serum arid an alkaline phosphatase conjugated second anti-
body. The blots in A and B were over-developed to detect even trace amounts of pro-rvWk.

3.2. MULTIMERIZATION

The degree of multimerization and the hemostatic activity of vVWF strongly correla-
te'. The greater the extent of multimerization the more collagen and platelet binding
sites are available on the repeated subunit structure. Thus. a tight interaction between
platelets and the subendothelial matrix upon even high shear stress is ensured. Thus,
best ristocetin-induced platelet aggregation (RistoCoF activity) and collagen-binding
activity are associated with the largest multimers

An increase in specific vWF expression in individual cells resulted in significantly
reduced multimerization. Decreased multimerization could be compensated for by
modification of the cell culture medium. Supplementation of crucial components
therein significantly improved the degree of multimerization (figure 2).

3.3.GLYCOSYLATION

Appropriate glycosylation may be critical for functional activity, in vivo stability and
the absence of immunogenicity of pharmaceutical proteins.The glycosylation pattern
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Figure 2: Improvement of rvWF multimerization by modification of the cell culture medium. CHO-rvWF
cells were grown for7 days in standard DMEM:HAM’S (1 :1 ) medium. as well as in medium supplernen-
ted with intermediate and high concentration of multimerization promoting components Samples of the
conditioned media were taken daily and the multimer pattern was analyzed applying equal amounts of
rvWF.

ofrecombinant proteins may be determined by the specific carbohydrate processing
ability of the host cell, the expression level and the environmental culturing conditi-
ons.

Carbohydrate analysis of rvWF demonstrated the presence of N- and O-glycosylati-
on (table 1) Differential deglycosylation was carried out employing individual com-

binations of N-glycosidase F, O-glycosidase and sialidase, verified by specific lectin
binding. and resulted in impairment or even loss of functional activity (RistoCoF
mediated platelet aggregation and collagen binding). The absence of terminal high
mannose structures demonstrated complete carbohydrate processing and intact gly-
cosylation.

Terminal structures Human vWF Recombinant vWF
SA @ (2.3)Gal + 4+
SAa(2,6)Gal +4+

Gal B (1.4) GleNAc -+ e

Gal B (1,3) GalNAc -
High Mannose

Table I. Analysis of the terminal N- and O-linked carbohydrate structure of plasma derived vWF and CHO
cell derived rvWF by specific lectin binding: SA, sialic acid; Gal, galactose; GlcNAc, N-acctylglucosa-
mine; GalNAc. N-acc'tylglllactosamine. The degree of binding to the corresponding lectin is indicated
semiquantitatively.

Typically for hamster cell-derived proteins, only o (2,3)-linked terminal sialic acids
were found in rvWF. Functional 2,6-sialyltransferase (2.6-ST), commonly catalyzing
o (2,6) sialic acid linkages in human cells, is not present in CHO cells. Coexpression
ofrat 2,6-ST in CHO-rvWF cells yielded rvWF molecules carrying terminal a (2,3)
and o(2,6) sialic acid structures. This alteration of glycosylation, however. did not
modulate the functional activity of rvWF in RistoCoF and collagen binding assays.
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4. Summary

Endogenous Furin in CHO cells was found to mediate rvWF propeptide removal
only at an expression of up to 200ng rvWF/10° cells x day. Complete rvWF precur-

sor cleavage, up to 2ug rvWF/10° cells x day, was successfully performed by coex-

pression of full length rFurin. Surprisingly, processing occurred in the conditioned
medium by a naturally secreted form of rFurin, rather than intracellularly.
Experimental truncation of the transmembrane domain resulted in immediate secre-

tion of Furin and, hence, 10 fold higher concentrations in the cell culture medium.

Epitope tagging of Furin molecules, lacking the transmembrane domain which usual-
ly anchors the molecule in the TGN, allowed rapid affinity-purification. These mole-
cules were used for processing of rvWF precursor molecules. rvWF multimerization
was similarly impaired when specific rvWF productivity in individual cells was
increased by amplification. Modification of the cell culture medium by suppletmen-
tation of specific components improved the degree of rv WF multimerization. Finally,
despite heavy glycosylation, carbohydrate structures were shown to be intact and car-
bohydrate processing complete. Coexpression of o (26) sialyltransferase introduced
terminal o (26) sialic acid structures and, thus, rendered rvWF carbohydrate struc-
ture more similar to plasma vWF. This alteration, however, did not influence func-
tionalactivity.
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1. Abstract

Disabled Infectious Single Cycle (DISC) HSV-2 is cultured in a complimentary cell line
(CR2) in microcarrier cultures up to a 15 L scale. Virus is released from the cells by the
addition of a hypotonic saline solution and using low-pressure disruption technique. The
resultant material must be further purified to decrease contaminating host cell protein and
DNA.

The aim of our study was to demonstrate that incubation with heparin at the point of harvest
could be used to release the virus from the cells, providing a favourable alternative to the
cell disruption method.

Infected cultures were harvested at approxmately 100% CPE by incubation with porcine
mucosal heparin.

Virus titres equivalent to those obtained by disruption techniques were consistently obtained
using heparin incubation. The intact cells were easily separated from the released virus in
the supernatant. The levels of contaminants were reduced for the start of further purification
steps.
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2. Introduction

It has been reported that the incidence of genital herpes world-wide is high and that it is
increasing [1]. In trying to combat the disease. a safe and effective vaccine has been sought.
Cantab has approached this problem by developing a DISC HSV-2 viable viral vaccine.
These arc viruses which have an essential gene removed and can only undergo a single
round of replication in a vaccinated host. It has been shown that these viruses can be used as
an effective vaccines [2]. A complimentary cell line, designated CR2 was prepared from the
WHO Vero cell bank approved for use in vaccine manufacture. The cell line was modified
to contain the essential gene removed from the virus. In this case CR2 was modified to
contain the glycoprotein H (gH) gene tinder the control of the glycoprotein D (gD) gene
promoter[3].

The production process involves the culturing of the CR2 in a microcarrier process [4]. The
cells are cultured to almost maximal cell density when the medium is removed the cells
washed with medium without FBS and the virus infection medium added. The cells are
infected at an MOI of 0.01 with our DISC-HSV. The virus is propagated over a 72 hour
period. The virus is harvested from the cells in a number of ways and the aim of this work
was to try to denionstrate the differences in the virus harvesting regimes and the
improvements we have made to reduce contaminating cellular DNA and proteins.

3. Methods

Cells and virus were propagated in microcarrier cultures at a scale of 5 L and 5g.I" of
Cytodex 1 microcarriers The cultures were harvested when approxmately 80- 100% CPE of
the cells was observed. The methods of virus harvest that were compared were either lytic
(sonification, hypotonic saline and hypotonic saline/bionebulisatiotion) or non - lytic (heparin
release).

3.1 LYTICMETHODS

3.la Sonification.

Portions of the culture were sonicated in a cup-horn sonicator (Life Sciences model
XL2020) on full power for I minute. This disrupts the cells to release virus in to the media.
Aliquots of the sonicated suspension were removed and a viable cell count was performed.
These counts were used to assess the efficiency ofthe disruption procedure. The remainder
of the suspension was centrifuged to remove cellular debris and the supernatant carefully
decanted. ATCID, assay was used to determine the amount of released virus by sonication.
Samples were also taken for determination of the levels of cellular DNA and total protein.
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3.1b Hypotonic saline

Addition of this reagent causes the cells to swell and become disrupted. This is a method
that is not as destructive in comparison to sonication. A portion of the microcarrier culture
was drained of culture medium and had hypotonic saline added and incubated at 19°C for 30
minutes. The impeller speed was increased to 300 rpm from the culture speed of 90rpm to
ensure cellular detachment from the microcarriers . The resulting cell/virus/microcarrier
suspension was filtered through a 76um stainless steel filter to retain the microcarriers. The
cell/virus suspension was centrifuged to pellet the cells and cellular debris to provide a cell
free virus suspension. A TCID,, assay was used to determine the amount of released virus

by the hypotonic saline treatment. Samples were also taken for determination of the levels
of cellular DNA and total protein post disruption.

3.Ic Hypotonic saline/bionebulisation.
A portion of the cell suspension above was treated by bionebulisation to release virus. The
bionebulisation was performed at a carrier gas pressure of 50psi [5]. Samples were again
centrifuged to remove any cells. The supernatant was sampled for the determination of the
levels of BSA, cellular DNA and total protein. A TCID,, assay was used to determine the
amount ofreleased virus by the hypotonic saline/bionebulisation treatment.

3.2 NUN-LYTICMETHOD

3.2a Heparin release.

For a 5 L culture the culture medium is removed and a solution of porcine mucosal heparin
(at a final concentration of 60pg.ml.") in PBS (w/o Ca**and Mg?") was used to release DISC-

HSV from the cells in the microcarrier culture. This harvest buffer was incubated at 37°C
for 5 hours. The impeller speed was increased to 180 rpm. Samples were taken and
centrifuged to remove any cells. A TCID,, assay was used to determine the amount of

released virus by heparin release. Samples were also taken for determination of the levels of
cellular DNA and total protein post virus release.
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4. Results

The results are shown as a direct comparison of each method for clarity.

a

Figure I: Comparison of virus titres achieved using the
different harvest methods.

“lr cun be observed that the method that has releqsed the
MOST virus (8 the heparin refease buffer non-lyric method.
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5. Discussion

It has been shown that the non-lytic method of releasing our DISC HSV virus from infected
cells has great benefits The methon provides as much cell free virus as the sonication
method but has a decreased level of contaminating cellular DNA and protein. This method
of heparin release of virus from microcarrier cultures compares very favourably with the
results achieved by O’Keeffe et al [6] when using heparin to release virus from cell
monolayers in culture flasks

This improved method will be employed on large scale microcarrier cultures to determine if
the process can he effectively scaled up. The virus obtained from this harvesting process is
an ideal starting point for the further purification that is required to allow the viable viral
vaccine to be used in the clinic.
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1. Abstract

Disabled Infectious Single Cycle (DISC) HSV-2 is presently routinely cultured in a
complimentary cell line (CR2) in microcarrier cultures up to a scale of 15 L. In small-scale
system these vessels can be set up from roller bottle cultures. It is obvious that for a production
vessel of around 500 L that this is not a feasible option. Therefore, a procedure for passaging the
cells from microcarrier culture to microcarrier culture must be defined.

The aim of this study was to provide a suitable scaleable regime for the routine passaging of
small-scale rnicrocarrier cultures upto larger production cultures. It was importantto ensure that
the overall time of the production train was as short as possible and that the virus productivity
was maintained post passaging into a production vessel.

2. Introduction

Genital herpes isadiseasethathasa high incidence level and is increasing world-wide [1]. One
approach to try to combat the disease has been the use of viable viral vaccines. Cantab is
developing a DISC HSV-2 viral vaccine. This is a virus which has an essential gene removed It
is only able to undergo a single round of replication in a vaccinated host. It has been shown that
sucha viruscan beaneffective vaccine [2]. The virusis propagated ina complimentary cell line,
designated CR2 which was prepared from the WHO Vero cell bank approved foruse in vaccine
manufacture. The cell line was modified to contain the essential gene removed frorn the virus. In
this case, CR2 was modified to contain the glycoprotein H (gH) gene tinder the control of the
glycoprotein D (gD) gene promoter [3].

The production process involves the culturing ofthe CR2 in a microcarrier process [4]. The cells
are cultured to almost maximal cell density when the medium is removed the cells washed with
basal DMEM and tje virus infection medium added. The cells are infected at an MOI of0.01
with the DISC HSV construct. The virus production cycle lasts forapproximately 72 hours. The
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virus is harvested from the cells and clarified in preparation tor further purification procedures.
This production process can routinely be performed at small scales from 1 L, 5 Land 15 L
culture volumes Development of a suitable a passaging regime will allow the scale to be
increased to a level that is appropriate for large-scale manufacture.

3.  Scale up issues

Forourpurposesan ideal manufacturing process mustbe practical androbust. Itshoulddelivera
high cell growth amd produce a good level of virus production. The whole system must be cost
effective. this cost implication is a very real constraint for full scale manufacture. The process
must also be reproducible when scaled up in terms ofthe total number ofcells per unit surface
area available for growth and tor the total amount of virus produced per unit surface of area.

Our previous laboratory scale production system was in roller bottles. For scaling up the virus
production we had chosen amicrocarrier system. This worked very well atasmall scale (1-5 L)
but needed to he scaled further to ensure that this microcurrier system was a realistic option for
full-scale manufacture One of the biggest issues to be considered using this system was the
passage ofthe cultures to achieve a culture large enough to supply sufficient virus for the market
demands

A rollerbottle production system could have been used but to supply ourprojected requirements
we would have needed to use over a millionroller bottle cultures a year. This same roller bottle
equivalents can be achieved from a microcarrierculture system butthe scale would need to be in
the 100-500 L working volume range. Our development cultures were atascale of IS L and a
process was needed to scale up the cultures to assess the impact ofthe manufacturing train arid
thetrypinisation procedureson virus productivity. Small culturescan besetup fromrollerbottle
cultures but for cultures at around 100 L some 800 roller bottle cultures would be needed.
Trypsinising and seeding aculrute with cells derived from this numberofroller bottle cultures is
time consuming and brings a large risk from contamination as the number of manipulations is
very high. Therefore we have concentrated on a suitable passaging regime to alleviate the need
forlarge numbers ofroller bottle cultures to seed large microcarrier cultures. We have currently
used a passaging split ratio of 1:5 i.e. a 1 L start culture could be used to inoculate a 5 L culture.

4. Methods

4.1 Reactors used in passaging regime.

Small scale vessels of total volumes of 2, 7 and 15 L (1. 3 and 10 L working volumes were glass
sterilisiable vessels from FT Applikon). A stainless in-situ sterlisable 20 L total volume (15 L
working volume) vessel was used as well. Finally a 50 L total volume (35 L working volume)
in-situ sterilisable vessel from Seric was used as the final scale up vessel.

4.2 Microcarrier Culture.
The microcarriers used were Cytodex 1 (Pharmacialtd.) ata density of5g.1". CR2 cells were
used to inoculate the cultures by addition of enough cella to provide a ratio of 10 cells per
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microcarrier. The cultures were maintained at 304 DO, 37°C at apH of 7.2+ 0.2. The growth
rnedium used was DMEM (Gibco Life Technologies) containing 5% FBS. The impeller was
agitated at 90rpm.

4.3 Trypsinisation/Passaging regime.

The cell cultures that were to be passaged to a new larger culture were treated in the following
manner. The medium was removed and the culture washed with 4 culture volumes of prewarmed
PBS w/o Ca*'and Mg** (Biowhittaker). To the washed cultures trypsin/EDTA solution (Gibco
Life Technologies) was added which was equal to 70% of the original culture volume. The
cell/trypsin suspensionwas incubated at37°C for 12-15 minutesat anincreased agitationrate of
I80 rpm. The resulting microcarrier cell suspension was transferred directly into the new vessel
which had been primed with microcarriers and complete medium. The new cultures were
observed to ensure that the cells addition allowed early plating out of the cells onto the
mcirocarriers.

This regime was used fur two successive passages before a production culture was infected to
determine ifthe passage regime decreased the potential of the final cultures to produce DISC-
HSV virus. Two scaled down production systems were evaluated using the passage regime. Cells
were serially passaged from 1 to 3 to I5 L culture volumes This was a 1.3 passage ratio
followed by a 1:5. The ability ofthe cells to plate outon the fresh microcarriers was observed
carefully and compared to our previous data gained during our development. Finally the passage
regime was used to passage cells from a 7 L culture upon a 35 L culture. This culture was
infected in order to ascertain that the level of virus productivity was not affected by the passaging
regime.

4.4 VirusInfection

Confluentcultures tobeinfected weretreatedas follows:-the culture medium wasremoved and
the cultures washed three times with prewarmed serum free medium. A final volume of serum
free DMEM was added and the culture cell density estimated. This density was used to determine
the amount of virus to add. The cultures were infected with DiSC-HSV at an MOI of 0.01. The
infected cultures were harvested when approximately 80-100% CPE ofthe cells was observed
approximately 72 hours post infection The virus was harvested from the cells by removing the
medium and adding a PBS buffer (Biowhittaker) containing 60uml™ heparin (CP
Pharmaceuticals The amountofvirus harvested was calculated using aTCIDs,assay. This total
amount of virus achieved was used to compare our new system where a passaging regime in
microcarriers hadbeen used (inasmall scaled down production system) to our previous roller
bottle system.
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5. Results
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6. Discussion

We have demonstrated that the passage regime is able to be used to scale up microcarrier
cultures from 1 to 35 L without any observed effects on the cells ability to achieve
equivalent cell densities in any production size of vessel. The passaging regime employed is
based upon the systems used by Hu ef a/, [5] and that of Tao et al. [6]. It is, we believe, that
the extensive washing allows the successful transfer of cells to allow good attachment to the
new microcarriers in the new culture. Without such a suitable passage regime a scaled up
microcarrier system would not be possible. This required maximal cell density appears to be
maintained in our current scale. The amount of virus that is also able to be produced from
the production scale cultures infected in this study is also maintained. This means that the
passage regime can be used to scale up our cultures as a routine standard process and indeed
it has been adopted as such a passage regime. In using a microcarrier production system for
our DISC-HSV virus the cost of production has also been seen to fall. This has a good
economic implication at the large manufacturing scale envisaged, possibly making it a
system that will be able to deliver a cost effective dose. We have demonstrated here a
suitable manufacturing system for our DISC HSV virus that is robust and practical, that
maintains virus production and is likely to be cost effective at a manufacturing scale. We
wish to further develop our regime by improving the recovery of cells at the passage and try
to increase the passage split ratio from 1:5 to at least 1.8 and try to achieve 1:10. It is our
intention to keep developing our passaging and production system by increasing our
manufacturing vessel to a working volume of greater than 50 L at the earliest opportunity.
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ABSTRACT

A cell line D-29 easily and rapidly established by the OAP and the GS hybrid system
could secrete recombinant human interleukin-6 (hIL-6) at a productivity rate of 39.5
n10¢ cells/day that is one of the highest level in the world. The productivity rate was
about 130 times higher than that of a cell line A-7 which was established without both
promoter activation and gene amplification. Although D-29 cells had high copy number
and high message level of the hIL-6 gene and high secretion rate of hIL-6, it was
revealed that large amounts oOf intracellular hIL-6 proteins were accumulated in D-29
cells compared to A-7 cells. There are two possible signal pathways to decrease the
secretion of hIL-6. One is a pathway that accumulation of abnormal hIL-6 induce BiP
expression, decreasing the hIL-6 secretion. Another is a pathway that accumulation of
intact hIL-6 may activate NF-KB, inducing negative feedback signals to decrease the hIL-
6 production. Western blotting analysis of BiP showed no change of expression level of
BiP. In contrast, electrophoresis mobility shift assay of NF-kB revealed that NF-xB was
activated in D-29 cells. It was suggested that large amounts of hIL-6 mRNA and
translated hIL-6 protein resulted in abnormal accumulation of intact hIL-6 in
endoplasmic reticulum, then negative feedback signals inhibited secretion of hIL-6
protein. To enhance hIL-6 productivity rate of D-29 cells with release of the negative
feedback signals, the effect of pyrrolidinedithiocarbamate, an inhibitor of NF-xB
activation, was examined. The suppression of NF-kB activation in D-29 cells brought
about 25% augmentation of hIL-6 productivity rate, as expected. In the case of high
productive cells like D-29 cells, it was indicated that release of negative feedback signal
could increase total amount of recombinant protein secretion.
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1. Introduction

Recombinant proteins produced by animal cells are favored for clinical use, since animal
cells have post-translational machinery which is absent in prokaryotic cells such as E.
coli. However, poor productivity of animal cells has been an obstacle on mass-
production of recombinant proteins using animal cells as hosts. So we have developed
the oncogene activated production (OAP) system to enhance recombinant protein
production by specific promoter activation [1-3], Recently the benefit of the gene
amplification system with glutamine synthetase gene (GS system) has been reported [4].
Here we developed a new hybrid system which combined the OAP and the GS system
on CHO cells, and investigated further enhancement of the cellular productivity.

2. Materials and Methods

2.1. Plasmids

Plasmid pEE14-IL-6 was constructed for production of hIL-6 with the GS gene
amplification system was described previously report [5]. Human IL-6 cDNA was
inserted downstream from the CMV promoter of pEE14 (LONZA Biologic plc, Slough,
UK) [4]. Other plasmids used in this study were described previously [1-2).

2.2. Cell culture

Recombinant CHO cells transfected with the GS gene were cultured in G-DME medium.

This medium was suited for the GS gene amplification system by adding 30 uM each of
adenosine, guanosine, cytidine and uridine, 10 uM thymidine, 100 uM non-essential

amino acids (Gibco BRL), 500 uM glutamic acid and 500 uM asparagine to Dulbecco’s
modified Eagles (DME) medium without L-glutamine (Bio WHITTAKER, Walkersville,

MD, USA) supplemented with 10% fetal bovine serum (IR VINE SCIENTIFIC, Santa
Ana, CA, USA) [5]. CHO cells without GS gene introduction were cultured in 10%
FBS/DME. All cell cultures were done in 5% CO, at 37°C.

2.3. Establishment of recombinant CHO cell lines

Human interleukin-6 (hIL-6) was used as model of bioactive protein. A7 (Conventional)
was established by co-transfection with pCMVP-IL-6 and pSV2-bsr into CHO D- cells.
To establish ras oncogene primed cells, CHO D- cells were transfected with the plasmid
pCMVD-ras. The cells were gene-amplified with 50 nM Methotrexate and established
clone was named Ras-I. 1-13 (OAP system) was obtained by co-transfection with
pCMVP-IL-6 and pSV2-bsr into Ras-I. Ras I cells were transfected with pEE14-IL-6 and
amplified hIL-6 gene using the GS system with 25 uM of methionine sulfoximine,
then cell line D-29 (OAP & GS hybrid system) was established. Y-13 (OAP system)
was established by introduction and amplification of hIL-6 gene with GS system.
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2.4. Enzyme-linked immunosorbent assay (ELISA)
The amount of hIL-6 secreted into the spent media was measured by the enzyme-linked
immunosorbent assay (ELISA) [6]. All assays were done in duplicate.

2.5. Electrophoresis mobility shift assay (ELISA)

Electrophoresis mobility shift assay (EMSA) was performed to investigate activated NF-
kB level in various recombinant cell lines producing hIL-6. A probe of NF-KB binding
in EMSA was made up of 5’~AGTTGAGGGGACTITCCCAGGC-3’ (sense) and 5’ -
GCCTGGGAAAGTCCCCTCAACT-3’ (antisense).

3- Results and Discussion

The cell line D-29 easily and rapidly established by the OAP and the GS hybrid system,
could secrete recombinant hIL-6 proteins at a productivity rate of 39.5 ug/10°¢ cells/day,
itis one of the highest level in the world (Table 1). Its productivity rate was about 130
times higher than the cell line A-7, which was established using conventional method
without both promoter activation and gene amplification.

Table 1. Enhancement of hIL-6 productivity using OAP & GS hybrid system

; Productivity ; i
Cell lines System (UgHe® celis/day) Relative productivity
AT Conventional system 03 1.0
I-13 Promoter activation (OAP) 3.1 103
Y-13 Gene amplification (GS) 73 243
D-29 Hybrid system (OAP &GS ) 395 1312
Fig. 1 shows copy number and >
message level of transfected hIL-6 gene, Copy nurmber

secreted hIL-6 proteins, and accumulated ——
hIL-6 proteins intracellular, about the <10 <10 8x103 5x103
conventional, OAP, GS and the OAP & GS

hybrid system. In the OAP & GS hybrid Message level #:a a8k

system, cells had high copy number and 1 34 70 "_;5
message level, and secretion level of hIL-6

proteins was high. However, large amounts Secreted hiL-6 - ‘ﬁi:g
of intracellula.r hH.d-6 proFeins were i 46 B 131'
accumulated in this hybrid system,

compared to a conventional system. There a0

Intracellular hiL-6 b <—26kD

are two possible signal pathways to decrease
the secretion of recombinant proteins. One 1 ®™a »

is a pathway that accumulation of abnormal Fig we 1. Profiles of various systemns to
proteins induce BiP expression, decreasing express exogenous hIL-6.
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the secretion. Another is a pathway  p_ western blotting of BIP protein

that accumulation of intact proteins A
may activate NF-xB, inducing €
negative feedback signals to BiP -

decreasetheprotein production [7].

Western blotting analysis of
BiP protein showed no change of 8. EMSA of NF-«B
expression level (Fig. 2A). In

A-7 13 Y-13
contrast, EMSA to detect activated - )
: NF-xB - ]
NF-xB in the cells revealed that

NF-xB was highly activated in the
OAP & GS hybrid system (Fig.
2B). This suggested that large
amounts of hIL-6 in endoplasmic

: =5 *-‘
reticulum, then the negative feed #aad o o A G o i &
back signals inhibited secretion of i“i i&iﬁ i

h1L-6proteins. competitor - x5 x10

Therefore, it was determined
that the effect of* pyrrolidinedithio-

Figure 2. Western

o &
< A cj&

a

- x5 x10 - x5 x10 - x5x10

blotting of BiP protein (A)

carbamate (PDTC) which is an and EMSA of NF-xB (B) on various systems
b

inhibitor of NF-kB activation, to
enhance hIL-6 productivity rate of
the OAP & GS hybrid system, with release of the
negative feedback signals. PDTC treatment occurred
inhibition of NF-xB activation in the OAP & GS
hybrid system (Fig. 3). The suppression of NF-xB
activation in the system brought about 25%
augmentation of hIL-6 productivity rate as expected
(Table 2).

Table 2. PDTC-treatment enhanced hIL-6 productivity of
D-29 established by OAP & GS hybrid system

PDTC (-) PDTC (+)
Productivity (Lg/10° cells/day) 178 222
Relative productivity 1 1.25

to express exogenous hIL-6.

PDTC(-) PDTC(+)

T

competitor - 5 20 - x5 x10

Figure 3. Inhibition of NF-

kB activation by PDTC on
OAP & GS hybrid system.

In conclusion, the cells had high copy number and high message level and its
productivity rate was high in the OAP & GS hybrid system. However, large amounts of
hIL-6 proteins were accumulated in the cells, compared to the conventional system. It
was suggested that NF-xB activation transduced negative feedback signals to nucleus
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from endoplasmic reticulum in the cells. Inhibition of NF-KB activation with PDTC
showed that the productivity rate augmented in the OAP & GS hybrid system. Hyper-
producing cells such as D-29 cells established by the OAP & GS hybrid system
indicated that release of negative feedback signals could increase total amount of
recombinant protein secretion.
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SYSTEM FOR LARGE SCALE PROTEIN EXPRESSION IN BOMBYX MORI
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Advances in biotechnology have made it possible to express foreign genes in
heterologous organisms. Foreign gene expressing systems are widely used to obtain
proteins which naturally occur in minute amounts. Numerous human proteins of
therapeutic value have been synthesized by expressing their genes in microbes and
eukaryotic cells, e.g., peptide hormones and cytokines (Malik, 1989).

In recent years, recombinant nuclear polyhedrosis viruses have been used as vectors
to introduce foreign genes into their insect hosts or permissive cell lines. Maeda et al.
(1985) developed a vector from a nuclear polyhedrosis virus (NPV) infecting a
silkworm, Bombyx mori. The recombinant virus replicates in silkworm larvae: and the
recombinant protein products accumulate in the larval haemolymph; the product
proteins are isolated from the haemolymph. The authors aim at the development of an
economically-sound system lor large scale protein production using an NPV vector and
itshost, B. mori.

The industrialization of the pharmaceutics production using a baculovirus vector
system requires highly productive vectors, a mass rearing system for aseptic insect
hosts: an effective vector-inoculation system, and an effective bleeding system which
can deal with a large bulk of the hosts. Conventionally, the insect haemolymph has
been manually collected by partially punctuating the integument ofthe living host and
squeezing out the haemolymph. Thus, the operation for collectiong a large amount of
haemolymph is impractical because itis labor-intensive and time-consuming.

In the present study, the authors developed new effective bleeding method from
lepidopteran larvae (under submission). The muscle tissue of the frozen lepidopteran
larvae spontaneously contracts after thawing. The haemolymph pressure ofthe thawed
larva builts up due to the body contraction. Piercing the body wall ofthe larva results in
spouting out of the haemolymph. An insect haemolymph collecting system was
developed by taking advantage of the spontaneous insect body contraction described
above. This method enables a large bulk of insect to be processed. In future, it will
support the development ofanew drug-production system with insects.

The bleeding process consists of four steps. 1: Larvae are anaesthetized in water in a
container atroom temperature for about 10 to 30 min. This step stabilizes the larvae and
cleans the surface of the larval body. 2: The water immersing the larvae is replaced by
70% ethanol precooled at 4 °C. Then, the container is kept in a -30 °C freezer until the

129
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larvae are frozen. The authors leave the container in a freezer overnight routinely.

Seventy percent ethanol solution never freezes at -30 °C. The ethanol sterilizes the

larval surfaces. 3: Prolegs ofthe frozen larvae are removed by hand or scissors, which

makes holes on the larval body. 4: The larvae with holes on their abdomen are thawed

in a physiological saline containing an inhibitor of the haemolymph melanization

reaction. Frequently, 150 mM sodium chloride (NaCl) with 0.05% phenylthiourea

(PTU), amelanization inhibitor, was used. During the thawing process, the insect body

muscles contract and the body size diminishes (Fig. 1). The haemolymph spouts out of
the proleg's hole on the abdomen into the surrounding saline. The authors propose this
newly developed bleeding method to call freeze-thawing method.

Figure 1. A Sth-instar B. mori larva anaesthetized in water (4) and the same one after
bleeding (B).

Virus-infected and nun-infected normal larvae ofthe silkworm, B. mori, were bled
with this method. The difference in the body weights before and after the bleeding
process was considered torepresent the amount ofhaemolymph discharged.

Three types of bleeding experiments were carried out with non-infected normal
larvae. At first, frozen larvae were thawed at 20 °C (step 4 in the above method). Two
hundred and forty (4-day old in 5th-instar, 908.9 g) and 537 (3-day old in Sth-instar,
1830.5 g) larvae were bled by this method. One hundred and eighty-six g and 390 g of
haemolymph were harvested from the 240 and 527 larvae, respectively. In B. mori
larvae: the haemolymph constitutes the 25% of the total body weight. In this
experiment, 80% or more of the total haemolymph was collected. Next, B. mori larvae
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were thawed at 0 °C and 4 °C, and the protein content in the saline originating from the

discharged haemolymph was monitored by a potein assay kit with CBB dye. In general,

proteins should be handled at low temperature to avoid their denaturation. At both the
temperatures, haemolymph discharge was suggested lo complete in 60 min. In this
experiment, 73 to 75% of'the total haemolymph was collected. Finally, B. mori larvae
stored in freezers at -14 °C and -80 °C for 39 days were bled. Larvae stored at -80 °C
spontaneously contracted during the thawing step, but those stored at -14 °C did not.
The muscle tissue should be damaged during the storage at -14 °C. About 85% of the

total haemolymph was collected from the larvae stored at -80 °C, which was two times
larger than that from the larvae stored at -14 °C. The larvae stored at-14 °C showed a
slightly brownish appearance due to the melanization reaction of the haemolymph
which has proceeded during the storage. The bled sample from the larvae was also
brownish. Such a coloration was not observed in the larvae store at-80 °C, and also the
bled sample was pale-yellow.

This method were also applied to virus-infected B. mori. A recombinant nuclear
polyhedrosis virus, BmPH-Luc, in which the polyhedrin gene was replaced by a
luciferase gene, was proliferated on a ccll line:BoMo-151lc. The cultured medium was
collected and used as an inoculum for virus-infection (Tomita et al.,1995). The
inoculum contained 4.8x105 TCIDj, units/ml of the virus. It was fifty-times diluted by
distilled water and inoculated on 2-day old 5th-instar B. mori larvae with a syringe into
their haemocoel (50 ul/larva). Each larva received 480 TCIDjs, units of the virus. Then,
larvae were bled every day. Eighty percent or more of the total haemolymph was
collected from dags 3 to 7. The collected haemolymph showed a clear yellowish color.
On day 7, all the larvae exihibited amorphology typical for the virus infection showing
aswollen intersegmental membrane. On day 8, i.e. 6 days after the virus inoculation, all
the larvae died ofthe virus infection.

This study presented a simple procedure for bleeding the lepidopteran larvae
utilizing alarval spontaneous body-contraction with afreezing-thawing treatment. This
method was effective not only on the normal larvae but also on the recombinant virus-
infected ones. The freezing treatment terminates the further propagation ofviral bodies
in larvae at any desired time: which allows us to control the production and
accumulation of the target proteins. Stored larvae at -80 °C for longer than 1 month
could be bled. This method was successfully done at 0 °C and 4 °C. The texture of the
frozen larvae is much harder than that oflive ones. Thus: the procedure ofthe bleeding
can be fully automated.

In addition, the development of a method for large-scale virus-infection, which
employs a particle gun as the apparatus of virus injection into insect, is underway.

There have been several studies leading to the development of the insect factory.
Suzuki et al. (1997) constructed a highly productive NPV vector which had a deletion
in the viral cysteine proteinase gene. No proteinase activity corresponding to this
proteinase was detected in the haemolymph of the host, B. mori, infected with this
vector: resulting in the protection of the protein product. Okazaki et al. (1995)
developed a peroral virus-inoculation method. It involves feeding the Sth-instar B. mori
larvae, which had been chilled immediately after ecdysis, with an artificial diet
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contaminated with the viral vector. The chilling step makes the host permissive to the
peroral virus infection. A mass-culture system of aseptic B. mori larvae controlled by a
personal computer was constructed by Ohura and Peng (1998).

Development of an insect factory is becoming true.
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Coordination Funds for Promoting Science and Technology, Science and Technology
Agency, Japan.
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Abstract A ras-amplified recombinant BHK-21 cell line (rasstBHK-IgG), which

hyperproduces recombinant human monoclonal antibody, was cultured in a protein-
free medium. Protein-free medium for rassrBHK-IgG cells was found to be superior
to serum containing medium in terms of viability and recombinant antibody
production. In particular, antibody, production in protein-free culture was shown to
be five to ten limes higher than that in serum culture. However, when culturing

cells at a high density in the hollow fiber bioreactor system, the enhancement of
antibody production was not observed. On the other hand, rm-rBHK-IgG cells

could be maintained for over a month in protein-free culture using the bioreactor
system in contrast with serum culture which only lasted for a half month. The
total amount of antibody obtained during cultivation was about two times greater in
protein-free culture than in serum culture.  Therefore, protein-free culture of ras-
rBHK-IgG cells was demonstrated to be effective for middle scale production of

recombinant human monoclonal antibody.
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1. Introduction

A ras-amplified recombinant BHK-21 cell line (ras-rBHK-IgG) has been established,
and was shown to be able to hyperproduce the recombinant 1gG chimeric human
monoclonal antibody (hMAb) AE6F4 wusing the oncogene activated production
system (Yano et al., 1993; Teruya et al., 1995, Shoji et al., 1996). In addition,
cells could be easily cultured in RDF medium supplemented with 80 uM iron(III
nitrate (Inoue et at., 1996a; 1996b). In this study, we examined the growth and
antibody production of rasstBHK-IgG cells in protein-free culture, and compared the
data to cells in serum culture to evaluate the effectiveness of protein-free culture of
ras-tBHK-1gG cells

2. Materials and Methods
2. 1. CELL LINES AND CULTURE CONDITIONS

The ras-rBHM-IgG cell line was established as reported previously (Shoji et al.,, 1996)
and is maintained in ERDF medium (Kyokuto Pharmacy Industrial Co.)
supplemented with 10%, fetal calf serum (FCS).

Cells (ca. 1 X 10° cells) were plated into 35-mm plastic dishes and cultured in
ERDF medium supplemented with 80 4M iron(III) nitrate or with 10% FCS at 37°C
in humidified 5% CO,/95% air for 7 days

2.2. CELL CULTURE USING A HOLLOW FIBER BIOREACTOR SYSTEM

RaJ-rBHK-IgG cells (ca 1 X 10® cells) were cultured using the hollow fiber

bioreactor system (INTEGRA Bioscience Co., Germany) as described previously
(Inoue et al., 1996b). The spent medium in the culture cassette was changed every
other day and the antibody concentration in the spent medium was measured using an

enzyme-linkedinmunosorventassay (ELISA).
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2.3. MEASUREMENT OF ANTIBODY PRODUCTION

Antibody concentrations were determinedby ELISA as reported previously (Shoji et
at., 1994), using an anti-human IgG (y) antibody (4100, TAGO) as the first antibody,
and anti-human IgG (y) peroxidase conjugate antibody (2390, TAGO) as the second
antibody.

3. Results and Discussion

The growth rate of ras-tTBHK IgG cells was considerably slower in the protein-free
medium. which results in a longer maintenance period compared with cells cultured
in serum containing medium (Fig. 1).  Ras-transfomed cells are known to have
low growth factor requirements bemuse they stimulate their own growth via the
autocrine mechanism (Sporn et al., 1985; Mckay et at., 1986; Shirahata et al., 1990).
In our protein-free medium, cells could grow even from a low initial cell density as 1
x 10* cells (data not shown). Takahashi et al. (1994) reported that growth rate
suppression of cultured mammalian cells enhanced protein productivities. We also
observed that antibody production in protein-free culture was five to ten times higher
than in serum culture (Fig. I).

Ras-rBHK-IgG cells were also cultured using the hollow fiber bioreactor system
In the protein-free medium, the enhancement of antibody production was not observed
(Fig. 2).  This suggests that cells, when cultured in the protein-free medium may
secrete growth-like factor(s) which may enhance the production of antibodies. ~ On
the other hand cells could be also cultured in the protein-free medium for over a
month using the bioreactor system, while cells cultured in serum containing medium
was viable for only a half month (Fig. 2).  This difference is probably due to the
shower cell growth rate in the protein-free medium and the availability of surface area
for cell attachment. The total amount of antibody produced during cultivation was
about two times greater in protein-free culture than in serum culture. ~ Therefore, it
was concluded that protein-free culture of ras-BHK-IgC cells was effective for middle

scale production of recom binant hMAD.
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Fig. 1. Growth and antibody prodction of ras-rBHK-IgG cells. Cells were cultured in
10% FCS-ERDF medium (solid circle) or 80 uM iron(lll) nitrate-ERDF medium (open circle).
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Fig. 2. Antibody production of ras-rBHK-IgG cells cultured using a hollow fiber
bioreactor system. Cells were cultured in 10% FCS-ERDF medium (solid circle) or
80 uM iron(lll) nitrate-ERDF medium (open circle).
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ABSTRACT: In order to investigate the effect of the sugar composition
of the medium on IgG glycosylation in mouse hybridoma cultivation, the
batch culture of mouse hybridoma 3A21 (RCB 1285) was carried out
under various sugar compositions. The macroheterogeneity (relative ratio
of glycosylated antibody) was analyzed by an enzyme-linked lectin
binding assay during cultivation. The relative ratio of glycosylated
antibody decreased as cultivation progressed. However, in mannose-
enriched cultivation, the relative ratio was maintained at a high level. The
microheterogeneity of each oligosaccharide chain was analyzed by two-
dimensional mapping techniques. The high-mannose type
oligosaccharide chain content was high in mannose-enriched cultivation
The content of oligosaccharide chains terminating in galactose residues,
which plays an important role in the immune system, was shown to be
high in galactose-enriched cultivation. Using galactose- and mannose-
enriched cultivations, the number of oligosaccharide chains terminating
in galactose residues could be increased.

1. Introduction

Oligosaccharide  processing of asparagine-linked carbohydrate occurs by
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the combined action of at least 11 discrete enzymes. Therefore, the
environmental conditions within cell culture strongly affect glycosylation
reactions causing oligosaccharide heterogeneity. IgG antibody molecules
are glycoproteins. The oligosaccharide component of an IgG molecule is
closely related to its effector function. The effector function is reduced, if
terminal galactose residue was removed [1]. In our study, we focused on
galactose residues and investigated the effect of the sugar composition of
the medium on oligosaccharide structure.

2. Materials and Methods

The cell line employed in the experiments was the mouse-mouse
hybridoma 3A21 (RCB  1285), which produces an anti-RNase A
monoclonal antibody (IgG) [2]. The serum-free culture medium was
RDF-ITES with bovine serum albumin (BSA) [3]. A serum medium was
prepared by supplementing the serum-free medium with 10% FCS. For
the case of the investigation of the effect of sugar composition,
appropriate amounts of mannose, galactose and/or glucose were added to
the medium. The specific growth rate was calculated as previously
reported [3]. Antibody was purified from the supernatant of each culture
using RNase A affinity column chromatography and used to investigate
N-linked glycosylation. The microheterogeneity was analyzed by an
enzyme-linked lectin binding assay using concanavalin A.
Oligosaccharide chains were cleaved from the protein by glycopeptidase
A treatment and were analyzed by the pyridylamination method using a
2-dimensional HPLC system [4].

3. Results and Discussion

3.1 EFFECT OF SUGAR COMPOSITION OF THE MEDIUM ON THE
MACROHETEROGENEITY OF THE OLIGOSACCHARIDES

In order to investigate the effect of the sugar composition of the medium
on the heterogeneity, we carried out 7 kinds of batch cultivation. The
sugar composition of each batch culture is shown in Table 1.



141

TABLE 1 Sugar composition of batch cultivations

Glucose Mannose Galactose 10% FBS
g/ (/") (g /™
Run 1 2.57 0 0 i
Run 2 2.57 0 0 —
Run 3 0 2.57 0 —
Run 4 2.57 2.57 0 —
Run 5 2.57 0 2.57 —
Run 6 0 2.57 2.57 —
Run 7 2.57 1.95 1.95 —

In the case of Run 7, the mannose and galactose concentrations were
decreased because of the increase of osmotic pressure in the medium.
The macroheterogeneity was investigated in early, mid and late log phase
in Runs 2-7 (Figure 1). In our experiments, the macroheterogeneity was
analyzed by an enzyme-linked lectin binding assay using Concanavalin A.
Using this method, the absolute binding number could not be determined.
Therefore, the relative binding number is reported. Except in Run 7, the
relative value decreased as cultivation progressed. In cultivations to
which mannose was added, Runs 3, 4, 6 and 7, the relative value was
higher than in other cultivations. Runs 4 and 7, to which both glucose and
mannose were added, gave highest relative value.

1.5 —&— Run 2
.
5125 = Run 3
[} =
= —&—Run 4
= |
- —— Run §
E“Jﬁ —a&— Run 6
0s k # 2 i =&~ Run 7
Early Mid Late
growth  growth  growth
phase phase phase
Figure 1. Changes of macroheterogeneity  during  cultivation

(Relative value based on the late growth phase value of Run 2)
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3.2 EFFECT OF SUGAR COMPOSITION OF THE MEDIUM ON THE
MICROHETEROGENEITY OF THE OLIGOSACCHARIDES

At the end of each cultivation, the microheterogeneity, the detailed
oligosaccharide  structure, = was  investigated by the  pyridylamination
method using 2-dimensional HPLC system (Figure 2).
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Figure 2. The results of microheterogeneity in cultivation.

a: Comparison between the ratio of oligosaccharide chains
with  structures A+B+C+D to the total oligosaccharide
chain content and those with structures A+B+C to the total
oligosaccharide chain  content.

b: Oligosaccharide structures of A, B, C and D
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A, B, C and D represent the structures of the majority of oligosaccharides
in human IgG. Therefore, the ratio of oligosaccharide chains with
structures A, B, C or D to the total number of oligosaccharide chains (the
ABCD ratio) and with structures A,B or C, each of which has one or
more galactose residues at the end of the chain, to the total number of
oligosaccharide chains (the ABC ratio) was compared between Runs 1 to
7 (Figure 2). In Run 1, the ABCD and ABC ratios were higher than those
in other experiments. In serum cultivation, oligosaccharide processing
proceeded than in serum-free cultivation. An unknown factor which
promotes glycosylation may exist in the serum. Moreover, the ABC ratio
increased on addition of galactose to the medium. Based on macro- and
microheterogeneity analysis, using galactose- and  mannose-enriched
cultivation, the number of oligosaccharide chains terminating in

galactose could be increased.
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ABSTRACT The human hybridoma HB4C5 produces a lung adenocarcinoma
reactive antibody (mAbCS5) which possesses an unique N-linkedcarbohydrateon its

light chain. We intended to design the culture environment in which the varied
glycoforms on the light chain induce the alterd antigen binding affinity. HB4CS5 cells

were cultured in medium containingdiverse carbohydratessuch as monosaccharides,

oligosaccharides and polysaccharides.  Antigen binding ability of mAbCS

significantly varieddepending upon carbon sources. In particular, addition of N—
acetylglucosamineandchitosan to medium led to the creation of a certain light chain

glycoforms that exhibit increased antigen binding. To clarify the mechanism of
carbohydratesaugement on mAbC5 light chain, the expression level of a
glycogenesis-related enzyme was examined by using specific antibody. The

expession level ofgalactosidase varied depencding upon carbon sources, suggesting

that the enzyme activity can be regulated by carbon sources.

1. INTRODUCTION

Antibodies are glycoproteins that havedifferentamount ofcarbohydrates attachedto
the structure portion.  Glycosylation of antibodes is thought to play important
roles in antibody conformation, solubilization and effector function (1). Some
antibodies have glycosylation sites in the variable region which can eitherincrease or
decrease antigen binding. It is well known that the glycosylation ofglycoproteins is
affected by the culture environment. Human monoclonal antibody produced by
HBA4CS cells (mAbCS) is strongly reactive to humanlungadencarcinoma tissues
and cross-reactive to Cyt-C and Cpase (2,3). Therefore we designeda culture medium
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with various carbon sources and demonstrated that the change of glycoforms on the

light chain of mAb-CS resulted in change of the reactivity of mAb-CS against Cyt-C
and Cpase.

2. MATERIALS AND METHODS

HBA4CS cells were maintained in ERDF mediumsupplemented 10 pg/ml ofinsulin,
20 puml of human transferin, 20 uM of ethanolamine, and 25 nM of selenite at
37°C inahumidifiedatmosphere of 5% CO, . Antibody contentandantigen-binding

reactivities were assessed by ELISA.Todetermine the size of the light chain,
antibodies were electrophoresed on a SDS-PAGE gel, then electro-transferred on to a
membrane. The antibody light chains were detected with HRP-anti human light
chain antibody. Lectin blot assay was performed to detect the structure of
carbohydrate chains on the light chain. Galactosidase activity was performedusing a
simple ELISA-based assay according to the method described by Keusch et a/(4)

3. RESULTS AND DISCUSSION

3.1. Antigen binding activities of antibodies produced by HB4CS5
cells in medium containing various monosacCharides

Glycosylation of glycoproteins in mammalian cells is affected by the culture
environment. We detected the effects of varing monosaccharides availability in a
glucose-free culture medium on the antigen antibody. reaction of the mAb-C5
(Table.1). The antibody produced in medium containing GlcNAc exhibited the
highest antigen-binding affinity among all monosaccharides tested A marked
variation in the light chain glycosylation was observed when theproduced hybrid

Table. 1. Antigen - binding activities of
antibodies produced by HB4CS5cells in
medium containing various monosaccharides.

Antigens

Cpase CytC

Glucose 250* 250
Mannose 252 248
N - acetylglucosamine 20 25
Arabinose 30 50
Ribose 35 50
Xylose 30 50
Ramnose 45 100

*Values show the antibody concentration (ng/ml) necessary to obtain an 0. D. of
0.5 at 405 nm as determined by ELISA
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immunoglobulin (Ig) molecule was analysed by electrophoresis on sodiumdodecyl
sulphate(SDS)-polyacrylamide gels (Fig. 1). Furthermore, a ERDF medium

containing | mM glucose and 20 mM GlcNAc was found to be the optimum to
increase the antigen binding affinities of mAb-C5 (data not shown).

a b ¢ d ef g
a:lucose
b:fucose
c:mannose

32 kDb Sibdilb et s s d:alactose
30 kDa¥ m‘m e:N-acetyglucosamine
: i .+ firibose
: g:none
Fig.1.The effect of monosacchari
on glycosylation of light chain in
glucose-free medium

3.2. Antigen binding affinities of  antibodies produced in
oligosaccharides containing medium

When various concentrations of sodium alginate as an oligosaccharide were added to
medium instead of glucose antigen binding activity was inhibited as shown in Fig.2.
These results demonstrate that the extent of inhibition or enhancement of antigen
binding was affected the alternated carbohydrate chains via culturing environment.

Ab 405 nm

Ig M concentration (nf/ml)
Fig.2. Reactivities of the mAb-C5
produced by hybridomas cultured in
various concentrations of sodium
alginate containing medium
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3.3. Reactivities of galactosidase

Corresponding to the previous results, we investigated the effective factors in
glycosylation. Galactosidase is known to be involved in carbohydrate synthesis. The
expression level of galactosidase in HB4C5 hybridomas cultured in medium
containing GIcNAc was detected by using specific antibody. Galactosidase
expression level differed in GIcNAc containing medium (Fig.3). These results show
that glycosylation is affected by the culturing environment, particularly its
composition of the carbon sources. It would be possible to modulate the antigen
binding ability ofa human antibody via the change of glycoforms on light chain by
cultivation of hybridoma cells in carbon sources controlled medium.

T a  Glc20mM
a b GlcimM-GleNAc20mM
¢ GleOmM-GlcNAc20mM
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H
-
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g b
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Fig.3. Galactosidase productivity of mAbCS
produced in GlcNAc medium containing
various concentrations of glucose
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ABSTRACT Manipulation of CD8"T-cell responses specific for an exogenous antigen
by epitope variants would be advantageous to develop a novel means of antigen-specific
immune regulation. We previously established a CD8" T cell clone named 5F1 which is
specific for peptide 142-149 (p142-149) of a  -casein, a major milk allergen, and these
cells produce interleukin 10 (IL- 10) and interferon y(IFYl- ) upon antigenic stimulation.
Some ofthe analog peptides derived from p142- 149 with single amino-acid substitutions
triggered only IL- 10 production whereas others induced production of I[FT¥-  alone or both
of these cytokines. These results demonstrate that the signaling pathway involved in
induction of IL- 10 production in CD8* T cells differs from that for IF1Y- production. Our
findings illustrate that cytokine production from CD8" T cells can be manipulated by using
single amino-acid substituted analogs of an antigenic peptide.

1.Introduction

Most CD8* T cells recognize endogenously synthesized antigens, such as tumor antigens
and viral proteins, presented by major histocompatibility complex (MHC) class Imolecules

and show cytotoxic activity. However, it has been demonstrated that exogenous antigens

also can be presented by MHC class I molecules and generate CD8" T-cell responses [1,
21. These CD8* T cells have been shown to play an important role in regulation ofimmune
responses [3]. Thus, manipulation of CD8" T-cell responses would be effective in treatment
of some kinds of immune diseases.

Recent studies showed that T cell activation is not a simple on-off-type event; rather,
qualitative changes in T cell responses can be induced by amino acid substitutions in
antigenic peptides. Forexample, some analog peptides induce cytokine production without
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proliferation, cytotoxicity without proliferation and cytokine production, alteration ofthe
pattern of cytokine production, or anergy [4].

In the present study, we approached manipulation of cytokine production from the
CD8" T cell clone 5F1 specific for a peptide corresponding to region 142-149 of bovine
a_-casein (p142-149) using a panel 0f 90 analogs of p142-149 each with a single amino
acid substitution at a T cell receptor (TCR)-contact residue.

2. Materials and Methods

2.1 Animals
Female C57BL/6 mice were purchased from Clea Japan Inc. (Tokyo, Japan).

2.2 Antigens

p142-149 was synthesized by means of a peptide synthesizer (model 430A: PE Applied
Biosystems, Foster City. CA. USA), and purified by reversed-phase HPLC. Single amino
acid substituted peptide analogs of pl142-149 (Table I) were obtained from Chiron
Mimotopes Pty LTD (Clayton, Victoria, Australia).

2.3 CD8" T cell clone 5FI

An o l-casein specific CD8* T cell clone, SF1 [5], was used in this study. This clone was
maintained in aconditioned RPMI 1640 medium which was supplemented with 10% FCS,
5 x 10° M 2-mercaptoethanol, 100 U/ml penicillin. 100 pg/ml streptomycin, and 10% T
cell growth factor. These cells were stimulated with irradiated syngeneic spleen cells as
antigen-presenting cells in the presence of trypsin-digested o;-casein at 10 pg/ml every
ten days.

2.4 Enzyme-linked immunosorbent assay (ELISA)

T cells (4x 10* /well) were plated into 96-well plates with irradiated spleen cells (2x10° /
well) and each peptide in 200 p1 ofmedium. The culture supernatants were collected 48 h
later. The levels of IFN-y and IL- 10 in the culture supernatants were assessed by two-site
ELISA using anti-IFN-y monoclonal antibodies (mAbs) R4-6A2 and XMC 1.2 and anti-
IL-10mAbs JESS-2A5 and SXC-1 asdescribed previously [5].

2.5 Cytotoxicity assay

Cytotoxicity was assayed by measuring the release of lactate dehydrogenase (LDH) into
supernatants using an enzymatic assay kit (Cyto Tox 96 Assay kit: Promega, Madison,
WI, USA) according to the manufacturer's instructions. Data are expressed as the percentage
ofthe maximal release observed, after subtraction of the release induced by targets pulsed
with no peptide. Ten thousand EL-4 cells (American Type Culture Collection, Rockville,
MD, USA) were used as the target cells at an Effector : Target ratio of 10.
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The proliferation of T cells was determined by measuring the uptake of [*HI thymidine. T

cells (4x10*/well) were stimulated by

irradiated spleen cells (2x105 /well) and each peptide

in 200 pul of medium. The cells were cultured for 48 h and pulsed with 18.5 kBq of [*HI
thymidine (248 Gbg/nmol: New England Nuclear, Boston, MA, USA) during the last 20

h.
3. Results

3.1 Analog peptides selectively
induced IL- 10 production or IFN-
Y production in an o -casein-
specific CD8" T cell clone

The putative TCR contact residues
of p142-149 (NH,-Leu-Ala-Tyr-
Phe-Tyr-Pro-Glu-Leu-COOH)
have been reported to be Leu',

Ala'?, Phe'®, Pro¥. and Glu™ [6].

On the basis of this information, we
designed 90 analog peptides each
with a substitution of either of 18
amino acids other than the original
amino acid and cysteine at each of
the five TCR contact residues .

To evaluate the effects of
these  single amino  acid
substitutions, the amounts ofIL-10
and IFN-y producedby 5F1 in
response to stimulation with each
of the 90 analog peptides were
determined by ELISA. Figure 1|

shows representative data for each
analog peptide capable of
triggering IL- 10 and/or 1FN-y
production, we can categorize the
analog peptides into four groups:
(1) peptides triggering production
of IL- 10 but not 1FN-ysuch as
A143L (Leu substituted for Ala'®®)
or P1471, (2) peptides triggering

peptide
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Figure 1.IL-10andIFNYy productionby5Fl cells upon stimulation
with p 142-149 and its single anuno acid-substituted analogs.
Each peptide was added to the culture at 10 pM. Shown in this
figure are representative results for analog peptides which induced
[0 and/or IFN-y production; peptides inducing production of
both IL-10 and IFN-¥ (hatched bars), IL-10 but not IFNy (closed
bars), or IFN-+ but not IL-10 (open bars). The data are expressed
as relative values compared with the level of each cytokine
produced upon stimulation with p142-149.
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Figure 3. Proliferation of 5F1 cells in response to the
analog peptides.

Each peptide was added to the culture at 10 pM. The
results are expressed as relative values cornpared with
the level of [3H] thymidine uptake observed upon

incubation period, supernatants were recovered and
assayed forthe presence of LDH released by the target
cells. The standard deviation was less than 10% of
maximum in each instance.

stimulation with p142-149.

production of IFN-Y but not IL-10 such as A143S or E148H, (3) peptides triggering
production of both IL-10 and IFN-ysuch as L1421 or F145H, and (4) peptides failing to
trigger production ofeither of the cytokines examined. These results demonstrate that the
signal requirement for IL- 10 production is distinct from that for IFN-y production in CD8+
T cells. p142-149 at lower concentrations induced weak production of both IL-10 and
IFN-y and when the concentration of p142-149 was further reduced neither of them was
produced (datanot shown). Thus, p142- 149 could not trigger selective production ofeither
IL-10 or IFN- from 5F1 cells.

3.2 Analog peptides which triggered only 1L-10 production induced neither cytotoxicity
nor a proliferative response
We next assessed the relationship between the putative IL- 10 specific cellular signals and
the signals for cytotoxicity. SF1 cells showed significant cytolytic activity for p142-149-
pulsed EL4 cells (Figure 2). Each of five peptides, A1431, A143L, P1471, P147L, and
PI47F, which induced only IL-I0 production, was unable to induce cytolytic activity,
whereas analog peptides which induced IFN-y production could induce cytotoxicity (Figure
2).

5F1 cells showed a proliferative response to trypsin-digested ¢,-casein [7] and to
p 142- 149 (Figure 3). The analog peptides which induced only IL-10 production did not
induce proliferation, whereas the analog peptides which triggered IFN-y production induced
a proliferative response (Figure 3). These results indicate that peptides A1431, A143L,
P1471, P147L and PI47F selectively activated the signaling pathway for L- 10 production,
which is independent of that for cytotoxicity and proliferation of the responding CD8" T
cells.
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4. Discussion

In the present study, we have shown that single amino acid substituted analogs of an
antigenic peptide could induce separate production of either IL-10 or IFN-y from a CD8+
T cell clone. This indicates that a single amino acid substitution in an antigenic peptide
can modulate cytokine production by a CD8* T cell clone in an antigen-specific manner.

Furthermore, analog peptides triggering production of IFN-y induced cytotoxicity and
proliferation as well, while those inducing IL- 10 production without triggering IFN-y

production did not. Our results demonstrate that the signal transduction pathway for
triggering of IL- 10 production and the signaling requirements for induction of IFN-y
production, cytotoxicity and proliferation are distinct in CD8" T cells.

The selective induction of CD8" T cell responses by altered antigenic peptides as
shown here not only facilitates understanding of the relationship between signaling pathways
specific for production of a cytokine and antigenic stimulation, but also could be applied
as a novel means of controlling the cytokine balance via CD8* T cells. In certain immune
diseases: either the Thl -type or the Th2-type immune response is dominant: for example,
multiple sclerosis and rheumatoid arthritis are Thl -dominant diseases, and allergies are
Th2-dominant diseases [8]. It has been reported that IFN-y selectively inhibits Th2-type
responses [9], while IL-10 inhibits responses of Th1 cells [10]. Thus, CD8" Tcells secreting
IL-10 and/or IFN- have the potential to correct the imbalance in Thl-Th2 responses that
may be responsible for the decleterious immune responses. If we can choose suitable analog
peptides capable of modifying the cytokine production pattern of CD8* T cells in particular
immune diseases, this strategy will lead to clinical application of altered peptide ligands
as a CD8* T cell-mediated immunothcrapy.
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A NOVEL EFFECT OF NIVALENOL (NIV) ON THE IMMUNE
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NIV, a trichothecene niycotoxin, selectively inhibits antigen-specific Th2 responses.
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ABSTRACT In this study, the effect of nivalenol (NIV), a trichothecenemycotoxin
produced by Fusmium nivale, on the immune response, especially the T helper 2 (Th2)
response, was evaluatedin ovalbumin (OVA)-specific T cell receptor (TCR)ap-transgenic
(Tg) mice. This mouse develops naive T helper (Th) cells as a Th2 subset and produces
OVA-specific serum immunoglobulin E (IgE) upon oral administration of OVA. In i

vitro experiments using spleencells from untreated OVA-TCR Tg mice, NIV was found to

inhibit of OV A-induced interleukin-4 (E-4) and interleukin-5 (IL-5) production. Especially,
IL-4 production was completely inhibited In in vivo experiments, dietary N N also

suppressed the production of OVA-specific IgE, IgG1 and IgA, as well as total IgE
production, although it failed to inhibit total IgGl andIgA production as determined by
monitoring the levels in serum. These results demonstrate that NIV selectively inhibits of
antigen-specific Th2 responses, without leading to total loss of Th2 responses. Here we

first report a novel function of NIV with respect to the allergic response and this finding has
important implications for orally induced antigen-specific modulation of food allergy.

1. Introduction

Nivalenol (NIV) is a common environmentai mycotoxin' and it is a major group B
trichothecene mycotoxin.?> Several studies have shown that administration of this
mycotoxin leadto dysregulation of immune responses in mice.>* Recently, elevated serum
IgA levels and mesangial IgA nephropathy in mice due to dietary exposure to NIV have
been observed’ These effects are very similar to IgA nephropathy in humans. The effects
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of NIV on the immune system, especially with respect to dysregulation ofthe IgAresponse,
led us to further question whether NIV affects IgE production because the levels of both IgA
and IgE are dependent on Th2-type responses.® We, therefore, focused on IgE production in
this study, in an effort to define the effects of the NIV on immune responses in vitro and in
vivo. It is difficult to study the dietary antigen-induced IgE response in normal mice because
serum IgE antibody is scarely produced. In this study, ovalbumin (OVA)-specific T cell
receptor (TCR)of transgenic (Tg) mice (OVA TCR-Tg mice) were used. These mice
express TCR-08 (VoiB, VB15) chain genes derived from OVA . ., -specificl-A% restricted
CDA4TDS- T helper cell clone 7-3-7" and show a significant increase in serum IgE levels
upon oral administration of OVA. In the present study, we demonstrat for the first time that
NIV acts to downregulate the progressive antigen-driven Th2 response. That is, NIV
selectively inhibits the production of Th2-type cytokines, L-4 and IL-5, and the production
of Th2-type OV A-specific serum antibodies, IgE, IgC1 and IgA. Moreover, NIV
selectively inhibits total IgE production, but not that of other Th2-type antibodies, IgGI
and IgA. Based on these results, we propose the potential efficacy of NIV as a novel
therapeutic modality forallergy.

2. Materials and methods

2.1. MICE AND DIETS

Offspring (male, 8-13 weeks old) of OVA TCR-Tg mice, with a BALB/c genetic
background were kindly provided by The University of Tokyo (Tokyo, Japan). In our in
vivo system, Tg mice wereallowed freeaccess to OV A-diet, and drinking watercontaining
6 ppm NIV (referred to as OVA+N IV-diet in this study) or without NIV (referred to as
OVA-diet in this study) for 2, 4 and 8 weeks.Control mice were fed a commercial diet
(CE-2) (referred to as CE-2-diet in this study) The other control mice,NIV control mice,
were given CE-2-diet and drinking water containing 6 ppm NIV (referred to as NIV-diet in
this study).

2.2. CELL CULTURES

In our in vitro system, spleen cells (2.5x106/m1) from OVA TCR-Tg mice were
stimulated with OVA (100 pg/ml) in the absence or presence of various concentrations of
NIV (30, 60 and 120 ng/ml) and cultured On day 7, the cells (2.5x10°/ml) were
restimulated for 1-3 days with the same antigens as that usedfor primary stimulation in the
presence ofantigen-presenting cells (APC). The supernatant was collected in each instance
to assess cytokine responses by ELISA, and stored at -70°C until used.

2.3. MEASUREMENT OF CYTOKINE LEVELS

A sandwich ELISA was used for determination of cytokine concentrations in the
culture supernatants. Purified monoclonal antibodies (mAbs) specific for four murine
cytokines (IL-2,IFN-y IL-4,IL-5) (Pharmingen, San Diego, CA.) wereused.
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2.4. ELISA FOR TOTAL AND OVA-SPECIFIC ANTIBODIES

The levels of OV A-specific antibodies (IgC, 1gG 1, IgG2a, JgA; Zymed Laboratories,
San Francisco, CA) were determined by ELISA. To determine for total Ab, either goat
anti-mouse IgG (Fab-specific) or goat anti-mouse IgA (Zymed) was used as the first
antibody. Total IgE levels were measured by a sandwich ELISA method. To determine the
titer of OV A-specific IgE, biotinylated anti-OVA (5 pg/ml) was used as the secondary
antibody. The absorbance at 40.5 nm ofthe solutions in each well was recorded using an
ELISA plate reader.

3. Results

3.1. THE EFFECT OF NIV TREATMENT ON CYTOKINE PRODUCTION
BY SPLEEN CELLS IN VITRO
It is well known that IgE production is dependent on IL-4 released from activatedm?2
cells. Therefore, we firstly designed in vitro experiments to examine the effects of NIV on
cytokine production.

Table 1. The effect of NIV on cytokine responses by OVA-specific TCR-Tg
mice splenocyte in vitro

N IL-2(pg/ml) IFN-y(U/ml) IL-4(pg/ml) IL-5(pg/ml)

no antigen 49.3 10.1 N.D. 8.6
OVA(100pg/ml) 499.2 153.7 3511.1 2632.4
OVA 30ng/ml 283.6 971 N.D. 565.9
+NIV  60ng/ml  345.4 99.7 N.D. 953.3

120ng/ml  296.0 124.0 N.D. 439.7

Spleen cells (2.5x106/ml) from Tg mice were cultured with OVA (100 pg/ml) in the absence

or presence of NIV (30-120 ng/ml) in 24-well plates. On day 7, the cells (2.5x106/ml) were
restimulated with same antigen as that used for the first stimulation in the presence of

irradiated BALBIc spleen cells (3000 rad, 2.5x106/ml) as antigen-presenting cells (APC).
Culture supernatants were collected for IL-2 estimation after 24 hr, for [FN-y after 72 hr and

for IL-4 or IL-5 after 48 hr, and the levels were assessed by ELISA. Results shown are from
one of two experiments that gave similar results.

ND = Not detected

As seen in Table 1, the levels of IL-2 and IFN-y produced by spleen cells cultured with

OVA and NN were only modestly decreased or not affected, as cornpared to cells cultured
with OVA alone. In contrast to Thl-type cytokines, interestingly, the marked increase in
levels of IL-4 and IL-5 produced by OV A-restimulated spleen T cells was suppressed by the
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addition of NIV. Surprisingly, IL-4 production was completely inhibited by the treatment
with OVA and NIV at all concetrations tested (30, 60, 120 ng/ml). These datasuggest that
NIV selectively inhibits the Th2-type cytokine response, and especially, this leads to no
production of IL-4 by T cells activated by the antigen.

3.2. THE EFFECT OF DIETARY NIV ON ANTIBODY IN SERUM

From the results of our in vitro experiments (Table I), it was expected that dietary
exposure to NIV would inducethe inhibition ofIgE production in the Tg mice becauseIgE
production is regulated by IL-4. To confirm this possibility, we designed an in vivo
experiment.
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Figure 1. The effect of dietary NIV on total serum levels of immunoglobulins in OVA TCR-Tg mice. Mice
were given free accessed to OVA-diet and drinking water with (open circle) or without (closed circle) 6
ppm NIV, or NIV (6 ppm)-diet (open triangle), or control diet (closed triangle). After feeding the mice the
assigned diet for 2, 4 or 8 weeks, irnrnuglobulin levels in serum were determined by ELISA.

As shown in Fig. 1, the total amount of each Ig isotype in the serum of OV A-diet mice
increased in a time-dependent manner, although the total amount of IgC2a was less than
that of other Ig isotypes. Consistent with the data obtained concerning the IL-4 response
(Table 1), total serum IgE levels were significantly low in mice fed the OVA+NIV-diet, and
this suppression of IgEproduction was steady for the duration of the experiment. In contrast
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to the total IgE response, the production of IgA and IgG | was observed in OVA+NIV-diet
mice. From these results, it is evident that dietary NIV selectively inhibited production of
total IgE.

The OV A-specific antibodyresponse is shown in Figure2. Feedingthe OVA-dietlead
to a significant increase in the levels of all isotypes of OV A-specific serum Ig, above the
control level, in a time-dependent manner. In comparison, the OVA+NIV-diet elicited
marked decreases in OV A-specific IgE, IgG 1 and IgA production. This result suggests that
dietary NIV inhibited this established Th2 response in the presence of antigen.
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Figure 2. The effects of dietary NIV on serum levels of OVA-specific immunoglobulins in OVA TCR-Tg
mice. Mice were given free accessed to OVA-diet and drinking water with (open circle) or without (closed
circle) 6 ppm NIV, or NIV (6 ppr)-diet (open triangle), or control diet (closed triangle). After feeding the
mice the assigned diet for 2, 4 or 8 weeks, iminuglobulin levels in serum were determined by ELISA.

4. Discussion

From the in vitro experiments conductedin this study, it was foundthat NIV inhibited
the production of IL4 in spleen cells from untreated OVA-Tg mice when the cells were
cultured with the antigen OVA. Especially, IL4 production as a secondary response was

completely suppressed by NIV. From theseresults. it is suggested that NIV suppresses the
production of IL-4 in T cells activated by antigen. Because IL-4 plays a critical role in
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inducing B-cell Ig-isotype switching leading to IgE synthesis.® it was expected that dietary
NIV would also suppress IgE production resulting in lower levels in serum. Therefore,
OVA-Tg mice were administered OVA orally and simultaneously given NIV in their
drinking water. In spite of the hyperinduction of serum IgE observed in the case of mice fed
the OVA-diet, production of both OVA-specific and total serum IgE production was
dramatically suppressed in mice fed the OVA+NIV-diet. These data suggest that the
inhibitory effect of MV on serum IgE production resulted from a efficiency in IL4
production in the spleen. In contrast to the total IgE response, there was no difference in
total IgA or IgGI production between the mice fed the OVA-diet and those fed the
OVA+NIVdiet. However, significant inhibition of production of OVA-specific serum IgA
and IgGI production was observed in mice fed the OVA+NIV-diet. This suggests that
ingested NIV acts as an inhibitor suppressing antigen-specific Th2-type Ig production when
an exogenous antigen is administered orally. Themost striking finding in our study is that
NIV selectively inhibits the antigen-specific Th2 response without loss of the total Th2
response, except for total IgE production. It may not bedesirableto tolerize completely the
total Th2 response inallergy patients because it is not possible to protect Th2 response-
related infectious diseases. Therefore. it is noteworthy that NIV selectively inhibits the
antigen-specific Th2 response, but not the total response. In summary, the results
presented hereindemonstratethat NIV may affectto Th2 cells activated by antigen andtheir
cytokine promoters directly, and consequently induce the selective loss of E-4 and
subsequent hypoproduction of serum IgE. This finding is effective in modulatingallergic
responses and may provide a novel therapeutic approach for IgE-mediated allergic diseases.

5. References

I. Tanaka, T., Hasegawa, A., Yamamoto, S., Lee, US., Sugiura, Y., and Ueno, Y. (1988) Worldwide
contamination of cereals by the Fusarium mycotoxins nivalenol, deoxynivalenol, and zearalenone, J Agrie
Food Chem 36, 979-983

2. Robbana-Barnat, S., Loridon-Rosa, B., Cohen, H., Lafarge-Frayssinet, C., Neish, G.A., and Frayssinet, C.
( 1987) Protein synthesis inhibition and cardiac lesions associated with deoxynivalenol ingestion in mice.
Food Addit Contam 4, 49-55

3. Robbana-Barnat, S, Lafarge-Frayssinet, C.. Cohen. H., Neish, G.A., and Frayssinet, C. (1988)
Immunosuppressive properties of deoxynivalenol, Toxicology 48, 155- 166

4. Hughes, B.J., Hsieh, G.C.. Jarvis, B.B., and Sharma, R.P. (1989) Effects of macrocyclic trichothecene
mycotoxins on the murine immune system, Arch Environ Contam Tuxicol 18, 388-395

5. Hinishita, E, Suzuki, Y., Yokoyama, K., Hara, S.. Yamada, A,, Ogura, Y., Hashimoto, H., Tomura, S.,

Marumo, F., and Ueno, Y. (1997) Experimental 1gA nephropathy induced by a low-dose environmental
mycotoxin, nivalenol, Nephron 75, 469-478

6. Mosman , T.R., and Coffman, R.L. (1989) Thl and Th2 cells: different patterns of lymphokine secretion
lead to different functional properties, Annu Rev Immunol 7, 145-173

7. Sato T, Sasahara T, Nakaniura Y et al. Naive T cells can mediate delayed-type hypersensitivity response
in T cell receptor transgenic mice. Eur J Immunol 1994; 24: 1512-16



HUMAN-HUMAN HYBRIDOMAS PRODUCING MONOCLONAL ANTIBODIES
REACTIVE TO HOUSE DUST MITES ANTIGEN

HKAWAHARA'"?, MMAEDA-YAMAMOTO? MSUZUKI',
K.0SADA?, K.TSUJ1?

'Bio-oriented Technology Research Advancement Institution,

’National Research Institute of Vegetables, Ornamental Plants and Tea,
MAFF,

2769 Kanayu, Shizuoku 428-8501, JAPAN

1. Introduction

It is know well that human IgE play a important role of type I allergy. For studying the
mechanism of allergy or diagnosing, many investigators expected to obtain allergen specific
antibodies. However, IgE producing hybridomas were little obtained by fusing human
lymphocytes from peripheral blood with a human fusion partner, because the population
of 1gE producing lymphocytes were much less than that of IgM and/or IgG producers in
peripheral blood.

We considered that it was necessary to enhance antibodies production from lymphocytes.
Therefore, we tried to develop the method for producing antigen specific antibodies from
normal human peripheral blood lymphocytes activated with various immunoactivators.

2. Materials and Methods

2.1. CELLS AND CELL CULTURE

Human peripheral blood were obtained from four volunteers. The peripheral blood
lymphocytes (PBLs) were separated with Lymphocyte Separation Medium (LSM: Organon
technica, UT). ICLU-B which was a 6-thioguanine resistant human burkitt lymphoma,
was used as a human fusion partner (Kawahara et al, 1998). The fusion partner didn't
secrete or produce any antibodies in both the culture supernatant and cytoplasm. Those
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cells were cultured in 10% fetal bovine serum (FBS: Gibco) - ERDF medium and incubated
under humidified 5%CO, / 95%air atmosphere at 37°C.

2.2. STIMULATION OF HUMAN LYMPHOCYTES WITH IMMUNOACTIVATORS
Human PBLs of 1x 10° cells/ml was suspended with 5%FBS- 10% human plasama-ERDF
medium containing 10pg/ml muramyl dipeptide (MDP), 100U/ml IL-2, IL-4 and 10U/ml

IL-6 as immunoactive reagents and 10ug/ml house dust mite, Dermatophagoides farinae

(Mite-Df) as a antigen solution. Human plasma was derived from each original donor of
the PBL. The cell suspension was inoculated in 24well culture plate and set in a incubator
quietly. After 10 days, classes of antibodies secreted in culture supernatant and reactivities
against the antigen were measured with EIJSA. Then. to investigate the mechanism of
the lymphocyte stimulation, leucil-leucin methylester (leu-leu-MeO) treated PBLs was
also used.

2.3. PRODUCTION OF HUMAN-HUMAN HYBRIDOMAS

ICLU-B of 1x 107 was mixed with activated PBLs of 2x1 (7. The mixture was centrifuged,
and the supernatant was removed. To the remaining cell pellets, 1 ml of 50% polyethylene
glycol (PEG;MW .4,000; Merck, Germany) was added. Further, 9ml of EKDF medium
were added so that the total volume was adjusted to 10ml. The mixture was recentrifuged,

and the resulting cell pellets were suspended in 50ml ofa 15% FBS-EKDF medium. The

suspension was added to a 96-well culture plate such that 100ul of the suspension were
charged in each well of the plate. On the following day of the fusion, a 15% FRS-ERDF
medium containing 4004M hypoxantine, 0.8uM amethopterin and 32uM thymidine was
added to a 96-well culture such that 100ul1 of the medium were charged in each well of the
plate. Then, this medium was changed with a 15% FBS-ERDF medium containing 200uM

hy poxanthine, 0.44M amethopterin and 164M thymidine by half every 2 or 3 days. After
2 weeks or later, the growing cells were observed by microscopic observation.

3. Result and Discussion

It was difficult to obtain antigen specific human monoclonal antibodies (Kawahara et al,
1992). So, we tried to enhance antibodies production of PBLs by using various
immunoactive reagents. Table 1 shows the antibodies concentration from activated PBLs
with additives. Addition of the mixture of MDP, IL,-2, IL-4 and IL-6 to the culture medium
(Test 3) enhanced the productivities of IgM, IgG and IgE as compared with the control
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Table 1 Effects of various additives on antibody productivities of PBLs treated
with or without leu-leu-MeO

Treatment Additives Antibody concentration(ug/ml)
Test Iﬁ:g(—)leu- MDP IL-2 1IL4 IL-6 IgM IeG IgE
1 - - - - - 0.54k0.33 0.42k0.48 ND
2 + - - - - 0.43k0.28 0.71k0.36 ND
3 - + + 4+ 0.81%0.29 1.02*0.21 0.09k0.03
4 + + + +  0.68k0.15 1.12k0.14 0.01kO.01
5 - - + + +  0.53k0.24 0.55k0.32 0.03*0.02
6 + - + + +  0.4720.34 0.69i0.18 ND

+: added, —: not added, ND: not detected
Data were shown as means+SEM in triplicated experiments

(Test I). Specially, IgE antibody was not detected without these additives (Test 1,2,6).
All antibodies production was much increased by adding MDP to the IL-2,1L-4 and IL-6
(Test 3,5). Leu-leu-MeO treatment was known as a enhancer of immunization because
of removing CD8 positive cells and cytotoxic T cells from the population of whole PBLs.
Therefore, we investigated the effects of leu-leu-MeO treatment on antibodies production
of the PBLs. IgM and IgG production of PBLs activated with MDP, 11.-2,1L-4 and IL-6
were increased by leu-leu-MeO treatment, but the antibodies production of non-activated
PBLs were not always affected by the treatment (Test 1,2,4,6). Whereas, concentration
of IgE antibody produced by PBLs without leu-leu-MeO0 treatment was at least nine times
higher than with treatment (Test 3,4). During adding interferon-y to the population of
lymphocytes treated with leu-leu-MeO, 1gE was produced by the cells effectively (data
notshown). These results suggested that CDS positive and cytotoxic T cells in the PBLs
were related to IgE production, and interferon-y was related to initial process of IgE
production.

Reactivities of antibodies in the culture supernatant after stimulation of PBLs against
Mite-Df were measured with ELISA. Figure | shows the reactivities of 3 classes of
antibodies produced by activated PBLs. All the obtained antibodies in the culture
supernatant reacted with Mite-Df antigen in a dose dependent manner, though control
antibodies didn't. These made clear that activated PBLs with MDP, 1L-2,IL-4and IL-6
enhance not only antibody production but antibody specificity.

To obtain human monoclonal IgE antibodies, human-human hybridomas were made by
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Figure 2 Reactivities of antibodies secreted by PBLs. PBLs were cultured in 5%FBS-
10%human plasma-ERDF medium supplemented with MDP, IL-2, IL-4, IL-6. The
concentration and reactivities of these antibodies were measured by ELISA. Closed
symbol shows the case of supernatant (Sup.) and open ones shows the case of control

antibodies (Cont.).

fusing ICLU-B with PBLs stimulated in vitro. As a result, two kinds of human monoclonal
IgM antibodies were obtained. Figure 2 shows the reactivity of 1G9 antibody against
Mite-Df or other antigens. Human monoclonal IgM antibody, 1G9 were reacted with
Mite-Df antigen, though the antibodies were slightly reacted w ith other allergens from
cedar, egg white and ragweed. Recently, various human fusion partners were reported.
These cells were almost from B lymphoma, and the cells produced and/or secreted some
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Figure 3  Reactivities of 1 G9 monoclonal antibody obtained by hybridomas
fused ICLU-B with PBLs activated in vitro. Closed symbol shows the

reactivities of 1G9, and open symbols shows conventional IgM.
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antibodies into the cytoplasm and/or culture supernatant. It was known that antibody
productivity of the fusion partner remarkably effected on that of obtained hybridoma.
ICLU-B which was recently established by us, was used as a fusion partner in this study.
This cell line was derived from human burkitt lymphoma, and the cell didn’t produce or
secrete any antibodies in the cytoplasm and/or culture supernatant. Therefore, it was
considered that the antibody productivity of the resultant hybridomas was derived from
the activated lymphocytes.

In vitro stimulation of lymphocytes was powerful tool to obtain antigen specific
antibodies. We developed the effective stimulation of PBLs for antigen specific antibodies.

Further, we obtained monoclonal IgM antibodies reactive to mite-Df, although it was not
IgE type.
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Summary

We obtained 2,202 multi-clone immortalized human B-cell library
stocks from seven healthy donors by transforming B-cells with the
Epstein-Barr virus. The B-cell library contained various kinds of B-
lymphobiastoid cells secreting antibodies to rice, soybeans, milk, and
eggs. Finally, we obtained human-mouse hybridomas secreting
antibodies to rice allergens. We concluded that the method developed
here would be a powerful tool for analyzing food allergens.

1. Introduction

Since it seemed not easy to prepare a standard sera library for allergenicity testing
[1], we planned to develop a new system to evaluate the allergenicity of food
employing the B-cell immortalizing technique. The specificity of antibody molecules
can be defined by V-D-J (heavy chain) and V-J (light chain) rearrangement ofthe
immunoglobulin genes [2]. The possible number of specificities of antibodies was
estimated to be more than 100,000,000.

Recently, we reported a method to establish human antibody-secreting cells by
transforming B-cells with the Epstein-Barr virus (EBV) followed by cell fusion with
murine myeloma cells [3. 4]. In this paper, we outline our approach to the analysis of
the allergenicity of food allergens.

2. Experimental strategies

2.1. IMMORTALIZATION OF HUMAN B-CELLS

The Epstein-Barr virus (EBV) is a Herpes virus that infects human B-cells (B-
lymphocytes) and transforms them into immortalized B-lymphoblastoid cells (BLCs)
[5, 6]. BLCs are known to secrete antibodies. By using the EBV transformation
method, we obtained antibody-producing BLCs. These were expected to include

167



168

antibodies againstfood allergens.

We planned to immortalize more than 200,000 B-cell clones. We estimated that
one B-cell out of 1,000 peripheral blood lymphocytes (PBLs) would be immortalized
by EBV. Because our one “multi-clone immortalized B-cell library stock’ was derived
from 100,000 peripheral blood lymphocytes. it would contain 100 clones of
immortalized BLCs.

We stored more than 2,000 ampoules of BLCs in a liquid nitrogen container and
their supernatants at -80 °C. The supernatants were used for the analysis of specific
antibodies to food allergens.

2.2. ANALYSIS OF IMMORTALIZED CELLS SECRETING ANTIBODIES TO
FOOD ALLERGENS

Antibody-producing cells were analyzed by an enzyme-linked immunosorbent assay
(ELISA). Foodallergens such asrice allergens [7, 8], soybean allergens [9],
ovomucoid, and milk casein were used as allergens.

We then cloned the BLCs secreting antibodies against food allergens. Cloning of
BLCs was very difficult, because the growth of BLCs was cell density-dependent.
BLCs could not grow from single cells, even ifirradiated feeder cells were added. To
solve this problem, we fused BLCs with mouse myeloma cells. The resulting mouse-
human hybridomas could easily be cloned [3,4].

3. Results

3.1. IMMORTALIZATION OF HUMAN B-CELLS

PBLs were prepared from seven healthy donors. PBLs infected with EBV were
seeded into 96 well micro-culture plates. After 3 to 6 weeks of culture, wells with
transformed lymphocytes were transferred to 24 well plates and cultured for 1 week.
Cells were further cultured in 6 cm dishes. and cells (BLCs) and the supernatants were
frozen. We obtained a total of 2,202 multi-clone stocks of BLCs for the cell library.

3.2. ELISA OF THE CULTURE SUPERNATANTS

Culture supernatants of BLCs were assayed for antibodies to several food allergens.
As shown in Table 1, we detected many BLC stocks containing cells secreting food
allergen specific antibodies. Antibodies of IgM class were dominant. This result

suggested that we obtained a lot of BLCs secreting specific antibodies against many
food allergens.

3.3. CELL FUSION OF BLCS WITH MOUSE MYELOMA SP2/ON

The 8-Azaguanine resistant mouse myeloma cell line SP2/0 was cultured with
ouabain to obtain the ouabain-resistant cell line SP2/ON. BLCs secreting antibodies to
rice allergens and SP2/ON cells were fused and the fused cells were cultured in a HAT
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medium containing ouabain. The cell fusion efficiencies were high with all cells. The
clones listed in Table 2 were established after repeated cloning.

All antibodies from established hybridomas reacted with rice 14-16 kDa allergens
(datanot shown). Additionally, some ofthem reacted with 25 kDa protein. We are
trying to analyze antibody binding sites of rice allergens.

Table 1. Detection of Antibodies to Food Allergens of BLCs
Supernatants

Allergen Positive Allergen Positive
Nonspecific 9 as 1 Casein 31
Rice 151 BLactoglobulin 32
Soybean 176 Ovalbumin 183
Ovomucoid 29

Table 2. Establishment of Human-Mouse Hybridomas Secreting
Antibodies Against Rice Allergens

BLC Hybridoma established
3-207 3-207-2-6

5-39 5-39-147-932

5-133 5-133-64

5-175 5-175-7-2

5-215 5-215-24

4.  Discussion

A B-cell library consisting of more than 2,000 stocks of BLCs could be an
excellent source ofantibodies to a wide spectrum of allergens. It seemed to contain
antibodies to various food allergens. The disadvantages of this method lie in the
instability of the BLC clones secreting antibodies of interest and, thus, in the difficulty
in establishing single clones. In contrast, cell fusion of human lymphocytes (not
transformed) with mouse myeloma cells yields high fusion efficiency and enables
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cloning by limiting dilution. However, it is difficult to establish human-mouse
hybridomas secreting antibodies with a certain specificity. The method described in
this paper combined the advantages ofboth the cell library and cell fusion with mouse
myeloma, and eliminates disadvantages.
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Growth factor proteins were covalently immobilized on various matrices to manipulate
cells. It was shown that insulin and epidermal growth factor stimulated cell growth even after
immobilization. Pattern-immobilization of growth factor proteins clearly demonstrated the
stimulation by immobilized proteins. In other words, this type of stimulation by non-
diffussional growth factors enabled us to regulate tissue formation with artificial biomaterials.
These stimulations by the immobilized growth factors niay mimick juxtacrine stimulation of
membrane-anchored growth factors such as heparin-binding epidamal growth factor,
transforming growth factor, aid tumor nectrosis factor. The stimulation was enhanced by
coimmobilization with adhesion factors. In addition, by coimmobilization with
thermosensitive polymers enabled the enhancement of cell growth and easy recovery of
cultured cells by low ering temperature .

In Tissue engineering, Intelligent material, Biomaterial, Immobilization, Growth
Factor

1.  Introduction

Recent progress in biological science has revealed many types of growth factor proteins.
The signal proteins regulate various cell functions such as growth, differentiation, secretion,
and apoptosis. It is known that the biosignal protein intereacts with the cognate reptor on
the cell surface to form a complex, and that the complex aggregates on the cell surface before
being internalized into the cell. The internalized complex is decomposed in the lysosomes
(Figure 1a). However, it has not been known which process was necessary to transduce the
signal to the cellular nucleus. If the events on the cell surface are enough for the signal
transduction, then biomaterials with immobilized biosignal molecules could have the
potential to replate cellular functions (Figure Ib).

We have been ivestigating the regulation of cellular functions with immobilized
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biosignal molecules [1-4], since we fouind that the immobilized insulin enhanced cell growth.
On the other hand recently some progress has been reported in biomaterial technology,
including regulation of geographic location of cells on the biomaterial surface and the control
of cell attachment and detachment using thermoresponsive polymers. In this article, the cell
manipulation using these newly designed biomaterials are shortly summarized.

a . . . .0 @)

EGE i
or EGE achvation

wsulin or EGF receptor

immohilized
wsulin or EGF
aclivation

Figurel Tinit: course of cell interaction with free (diffusible) growth factors (a) or with immobilized growth
factors (b).

2. Immobilized growth factors stimulated cells

To visualize the signal transduction and to spatially regulate the cell functions, the growth
factors were immobilized on matrices in a prescibed pattern. Insulin or epidermal growth
factor (EGF) was micro-pattern immobized on a poly(ethylene terephtalate) or polystyrene
film surface by a photolithographic method [5-7]. Figure 2 illustrated the pattern-
immobilization method The pattern-immobilization was confirmed by immunostaining
with an anti-growth factor antibody. Chinese hamster ovary cells overexpressing insulin
receptor (CHO-IR) were cutured on the matrices pattern-immobilized with insulin and after
culture for 8 hours, the phosphorylation (activation) was investigated by staining with an
anti-phosphotyrosine antibody. The signaling proteins were activated only in the cells
cultured on the area immobilized with insulin, although the cells adhered independently of the
immobilized area. As a result, the cell growth was accelerated only in the insulin-
immobilized area. The immobilized insulin did not affect the cell adheison. When nerve
growth factor (NGF) was immobilizedin a specific pattern on polystyrene film, the surface-
dependent differentiation of phacochromacytomaPC 12 cells was observed [8].
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CHO cells overexpressing EGF recqtors (CHO-ER cells) were cultured on the plate
inmobilized with EGF in a narrow stripe, of which the size is smalles than that of cell. The
contact area (stiipes 2 pm in width) between the cells and the immobilizd EGF was stained
by anti-phosphotyrosine antibody. Since free lateral diffusion and internalization of the bound
EGF-EGF receptor complex were prohibitedby immobilization of EGF, signal proteins in

the interaction regions mere only
UV irradiation activated This finding also indicates
* * ‘ ‘ ; ‘ ‘v * ’ ; that the biological sighal was
transduced only to the cell that

+— pliriasic intereacted with immobilized EGF.
The immobilized insulin or EGF
was a strong mitogen for anchorage-

) 5
20,2 A—— matrix

conted plioto-resciive  dependent cells such as STO cells and
SR cHO cells, but a weak mitogen for
anchorage-independent cells such as
mouse hybridoma cells and human
chronic myelogenous leukemia K562
—— cells. This phenomenon indicated that
Botipusl the signal transduction was triggered by
the cell adhesion. In other words, it was

Figure 2 Illustration of pattern-immobilization of demonstratedthat the biological signal
growth factors by photo-lithographic is transduced by the interaction cells

method. . X . i
with the immobilized proteins not

diffused proteins.

3. High activity of immobilized growth factor

The immobilized growth factors not only stimulate the cell growth, but also the cell
growth enhancement activities were higher than those of diffusible growth factors. The high
activity of immobilized insulin was thought to be clue to inhibition of the internalization
process as shown in Figure 1b. Generally cells decompose the biosignal molecules in the
cells to reduce their stimulation and this phenomenon is called down-regulation. The
immobilization was considered to inhibit this down-regulation and as a result the stimulation
continued for a long time without reduction [1].

To investigate the above hypothesis, the activation of cellular signaling proteins, insulin
receptor subunit in CHO-IR cells, or mitogen-activated protein (MAP) kinase in CHO-ER
cells was measured in the presence of inmobilized insulin or immobilized EGF, respectively
[1,9]. Native diffusible insulin rapidly activated the insulin receptor. However, the activation
was transient. On the other hand, the activation by the immobilized insulin continued to
increase forup to 12 h. The same time-dependent activation was observedin PI3-kinase,
which is downstream of the insulin receptor in the signaling pathway, both in the presence of
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insulin and the immobilized insulin. Similarly the immobilized EGF activated EGF receptor
and the drownstream protein, MAPK, for a long time, even though the signaling effect of
native EGF was transient. These sustained activations of signaling proteins by the
immobilization insulin or EGF should explain the high mitogenic effect of the immobilized
growth factors.

4. Enhancement of signalling effect by immobilized growth factor

To enhance the cellular regulation ability by immobilized growth factor, other
macromolecules were coimmobilized with it. Biologically or physico-chemical enhancement
of cell adhesion increased the mitogenic efffect of immobilized growth factor proteins. For
biological enhancement of cell adhesion, collagen, fibronectin, and the core RGD peptide
were coimmobilized [10]. On these coimmobilized matrices, both cell adhesion and cell
growth were remarkably enhanced. For physico-chemical enhancement of cell adhesion,
insulin was coimmobilized with cationic polyallylanine aid polylysine [11]. The adhesion
of STO cells on the polyallylamine-coimmobilized film was remarkably improved, probably
by electrostatic interactions with the negatively charged outer cell membrane. As a result, the
coimmobilized film markedy enhanced the growth of STO cells. The coimmobilization
enhanced even the growth of anchorage-independent cells. The enhancement Was considered to
due to the increased interactions of immobilized growth factor with the cells.

5. Applications of immobilized growth factors

To immobilize growth factors on various matrices with no functional groups on the
surface, a photo-immobilizaition method which is the same as that for photolithographic
immobilization, was carried out [13]. Photo-reactive insulin and EGF derivatives were
synthesized by coupling insulin and EGF with N-(4-azidobenzoyloxy)succinimide. An
aqueous solution of the insulin or EGF derivative was then cast on the surface of polystyrene
film and the water completely evaporated. The film was irradiated with an ultraviolet light and
insulin or EGF was coupled to the surface. The amount of photo-immobilized insulin or

Detachment and Recovery

Growth and Attachment

Growth Factor

RV ITINY

(o] (¢]
37°C 10°C
Figure 3 Combination of cell growth enhancement by immobilized growth factor and easy cell
recovery by immobilized thermo-sensitive polymer
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EGF increased with the amount of insulin or EGF derivative

coated onto the substrate. When mouse fibroblast STO cells and CHO cells cultured on the
photo-immobilized insulin or EGF was measured, their growth was remarkably enhanced
The photo-immobilization technique will expand the application of growth factor-
immobilized biomaterials.

It was possible to combine growth enhancement and cell adhesion regulation as shown in
Figure 3 [13-15]. It is known that cells adhered to a thermo-responsive polymer, poly(N-
isopropylacrylamide), -immobilized polystyrene plate at 37°C and then detached from the
plate when the temperature was lowered to 10°C. Coimmobilization of insulin with this
polymer enhanced cell growth and facilitated harvest of the cells by lowering the temperature.

The immobilization of growth factor enabled serum- or protein-free cell culture
engineering. In adition, the immobilized growth factor could be recycled as the enzyme
immobilized on bioreactors. Although a few percentage of decrease of the mitogenic activity
due to the adsorption secreated from cultured cells was observed, the immobilized growth
factor retained its activity even after five times of utilization [1].
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SPATIAL DEVELOPMENT OF MOUSE BONE MARROW CELLS
CULTIVATED IN POROUS CARRIERS
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Progenitor cells

Spatial development of mouse bone marrow cells cultivated in porous carriers was
investigated in order to design a reactor with a three-dimensional hematopoietic
microenvironment. Because cells from the bone marrow contain anchorage-dependent
stromal cells as feeder cells besides hematopoietic cells, three types of porous carriers
were used for examining the spatial development of a stromal cell line (SR-4987).
Cells could grow to a high density and spread well on a polyester non-woven disc carrier
(Fibracell (FC)) and a fibroblast-like shape of'the cells was observed under a scanning
electric microscope, while cells in porous cellulose beads (Microcube (MC), 500 x m of
pore diameter) spread at a low density; cells on another type of cellulose porous beads
(CPB,100 um ofpore diameter) were globular.  The flatness ofthe inner surfaces of
the carriers could be the reason for the differences in their cell shapes. Mouse bone
marrow cells were inoculated to three types of porous carriers in dishes (1.8 cm?). The
growth of stromal cells (attached cells) (Fig. 1) and the time-course of total
hematopoietic cell (suspension cells) (Fig. 2) concentrations were similar in all cultures.
The proportion of progenitor cells (BFU-E, CFU-E, CFU-GM) in the total hematopoietic
cell population, after showing an initial decrease, increased after 1 week when cultured

in FC while no increase was observed when the cells were cultured on MC or CPB (Fig.
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3). The shape of the stromal cells could be the reason for this difference.
Comparison of the culture in FC with Dexter culture, which is a standard method for
mouse bone-marrow cell cultivation on the bottom surface of a culture dish, revealed
that the three-dimensional culture obtained in FC was associated with a marked increase

in the proportion of macrophages and erythrocytes among matured cells (Fig. 4).
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TUMOR PROMOTING MECHANISM OF BIOMATERIALS:
No involvement of mutation in cx43 gene in the tumorigenesis. induced by polyurethanes in
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Abstract

Polyurethanes (PUs) are widely used biomaterials for medical implants. Previous
studies from our laboratory have reported the tumorigenic potentials of these PUs in vivo and
invitro. PU-components had inhibited the gap junctional intercellular communication
(GJIC) in cultures ofmouse Balb/c (A31-1-1)and Chinese hamster V79 fibroblasts.  Since
GJIC is crucial for normal differentiation ofa cell population, this perturbed gap junction is
most likely to play the major role in the PU-induced tumorigenesis. Gapjunctions are
composed of a multigene family of proteins called connexins. Varioustumorpromotors
have been shown to inhibit GJIC by phosphorylation modification of connexin proteins.
Mutations in connexin genes have also been found to lead abnormally regulated cell-cell
communication. Weare interested to clucidate the mecahnism oftumorigenesis induced by
biomaterials including PUs.  In the present study. we choose three PU-induced tumor clones,
namely, clone-2, 5 and 6, isolated from A31-1-1 cells, for investigation of mutation in their
cx43 gene, the major gap junction protein of this cell line. The connexin43 (cx43) gene was
amplified by the polymerase chainreaction (PCR). The entire coding region located in the
exon 2 ofcx 43 gene was sequenced directly from the PCR amplified product. None ofthe
clones showed a difference in their cx43 sequences with the published sequence for mouse
cx43 sequence. Thus, probably a post-translational modification or a defect in gene
expression, but, not a mutation in the coding sequence of cx43, is involved in the
polyurethane inhibition of GJIC during the tumorigenesis in vitro.

Introduction

Polyurethane (PU) is a widely used biomaterials for medical implants. Earlier studies
from this laboratory have detected the tumorigenic potential ofthis biomaterials in vitro and
in vivo[ 1,2]. PU has been implicated to inhibit cell-cell communication in mouse Balb/c
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3T3, A3 1-1-1 and chinese hamster V79 fibroblasts. possibly through alteration in connexin 43
(cx43)protein.  Cx43 is a vital protein to form the gapjunction channel ~ Geneticalteration
and post-translational modification (i.e phosphorylation) in cx43 has been shown to be
involved Lvith the retarded the gap junctional intercellular communication (GJIC) and could
be associated in tumorigenesis mechanism [3]. In this study, we aim to examine the
possibility ofgenetic modification in cx43 sequence ofthe tumor cells

Experimental
Cell line

Balb/c 3T3 A31-1-1 cell line was kindly obtained from Dr. T. Kuroki, University of
Tokyo.

DNA extraction and purification

PU induced tumor clones 2,5,6 from A3 1-1-1 cell line were cultured in 10%FCS-MEM.
Genomic DNA from clones were isolated as follows: Cells were lysed by the addition oflysis
solution and the proteins and lipids were separated from the DNA by precipitation method.

The DNA was removed and precipitated with ethanol for purification following the
conventionalmethod.

Polymerase chain reaction (PCR) for amplication of cx43.

Cx43 gene which is comprised oftwo exons, exon 1 and exon 2, separated by a large
segment of non-transcribed intron region. The upstream region, exon 1 contains the
regulatory messages while the full open reading frame (ORF) lies in the exon 2. A
processed cx43 pseudogene, lacking the intronic sequences, has been detected in human cells;
as such while analyzing the human cx43 gene for genetic alterations extra steps has to be
taken to account this fact. However, such steps are unnecessary for mouse cx43, since they
do not have a pseudo copy of cx43 gene.

A 1.3 kb segment of coding region of cx 43 was amplified from the above three clone
with specific primers: a sense 5-ATCACTGAGTTGTTTTCGTGG and an antisense 5°-
ACGAAATGAACACCCCAGGTG. A 30 cycle polymerase chain reaction was performed
in a Astec Thermal Cycler using pfu DNA polymerase (Stratagene) . The amplified DNA
was purified and DNA concentration was measured with Gene Quant II (Pharmacia Biotech).

Automated DNA sequencing of cx43

DNA sequencing was performed with the Thermosequanase kit and in a automated
DNA sequencer (Shimadzu). FITC labeled cx43 specific oligomers were prepared and
reaction was performed in both directions.
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Figure 1. Appearance of mouse cells cultured on the control glass (A), PU (B,C)

and isolated clone (D). (A) Giemsa stained control cultures of A31-1-1 cells on
glass dish (magnification x30), (B) Giemsa stained transformed focus on the

PU surface (x30), (C) Photomicrography of transformed cells on the PU surface
(x100), (D) Giemsa stained clone isolated from the focus transformed by PU (x100).
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Figure 2. DNA sequence of mouse connexin 43 in isolated clones.

Arrows indicate the full length of coding region of cx43 gene, and

DNA sequencing of three isolated clones was done.
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Results and Discussion

Balb 3T3 clone A31-1-1 cells were cultured in 10%FCS-MEM following the
transformation assay [ 1] and transformed foci were observed on the material surface of PU
(Figure 1(B) (C)). Three transformed clones were isolated from the transformed foci (Figure
1(D)). Using these isolated clones, DNA sequencing ofthe full length of coding region of
cx43 gene was performed (Figure 2). No base alterations with the published sequence of
cx43 gene were observed in cx43 gene from any ofthe three clones examined (Figure 2).
However, the presented study was limited only with in vitro tumor clones.  Similar
examination with in vivo tumor clones would be necessary before making a conclusion that
PU induced tumorigenesis mechanism does not involve mutation in cx43 coding sequence.
Apartfromtheotherpossibilities likepost-translational modification, weare also interestedto
examine the pattern of this protein expression in presence of PU.  We will also examine the

tumor suppression ability of cx43 by overexpressing the protein through genetic
manipulation.
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OF POST-RADIOIODINE HYPOTHYROIDISM INRATS

LP. PASTEUR, M.D. TRONKO, LI.DROZDOVICH,
L.M. VOITENKO, S.F. DONICH

Institute of Endrocrinology and Metabolism, Acad. Med. Sci. Ukraine,
Vyshgorodska Street 69, 254114 Kyiv, Ukraine

1. Introduction

Persistent hypothyroidism resulting from radioiodine or X-rays irradiation or the
thyroid gland requires an additional treatment with L-Thyroxine for a long period of
time, and even for life [1]. Hormonal therapy using transplantation of thyroid tissue
may deliver such patients from a pharmacotherapy [1-3], Reports already exist on
clinical use of autotransplantation of ciyopreserved thyroid gland in patients with
postoperative hypothyroidism [1-3], However, all other forms of hypothyroidism
exclude the possibility of autotransplantation of thyroid gland.

Moreover, transplantation treatment today races a big and growing problem:
shortage of donor materials [4]. transplantation (transmit tissues and organs from
animals) combined with modern immunosuppressive therapy is a very useful way out
of this situation [4]. Porcine tissue is considered as one of the most suitable donor
material, and a preliminary organ culturing allows to significantly decrease the
immunogenic properties of transplantation material [5].

The aim of the present study was the development of newborn pig thyroid organ
culture transplantation technique for reestablishment of thyroid function in Wistar rats
with post-radioiodine hypothyroidism.

2. Materials and Methods

Thyroid glands were surgically removed from male and fermale newborn pig under
ether anesthesia. Freshly obtained thyroid glands were freed of the fibrous capsule and
the connective tissue. Then thyroids were cut into small pieces (< 1mm?), washed and
cultured in medium 199 containing a 10% calf serum ("Sigma Chemical Co", USA)
and antibiotics (100 IU/ml of penicillin and 101 of streptomycin) at 37 C.
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Each male Wistar rat (weight of rats: 100-150 g) received the dose of 838 kBq of
13 I-iodine by intraperitoneal injection. The xenotransplantation of 3-day old newborn
pig thyroid organ culture was performed on day 18 after radioactive ablation by
injection into the fat tissue of anterior abdominal wall. Total serum thyroxine (TT4)
and triiodothyronine (TT3) levels were determined by radioimmunoassay.
Radioactivity present in the thyroid grafts and the unoperated fat tissue were counted in
a gamma counter. Ratios of >4.0 were considered as positive for the thyroid transplant
survival. For light microscopy, thyroid organ culture. thyroid glands and thyroid grafts
were examined histologically by the hematoxylin and eosin method.

Statistical processing of experimental results was performed using methods of
analysis of variance, and P<0.05 was taken as significant.

3. Results

The investigations carried out by the authors showed that the serum TT4 and TT3
values in all rats fell to low levels (26.06+2.78 nmol/L and 1.084+0.13 mnol/L,
respectively) by 2.5 weeks after radioiodine administration (control rats group:
56.00+3.10 nmol/L and 1.72+0).17 nmol/L, respectively). they remained significantly
(P<0.05) hypothyroid with respect to TT4 and TT3 for the 3.5-week duration of the
study (Figure 1).
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Figure 1. Changes of thyroid function in rats after radioiodine administration

The signs of hypertrophy and sharp vacuolization of thyrocytes expressed by the
disintegration of epithelial layer in rat thyroid gland in 20 days following iodine-13 1
injection were revealed by the histological examination. Spreading of connective tissue
was noted too (Figure 2). In 30 days the dystrophic changes make progress and
sometimes a paranchimal part ofthe gland is presented by the distructive zones.
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FIGURE 2.  Thyroid follicle structure of non-irradiated (left) and irradiated (right) rat thyroid gland.
Hemaitoxylin-eosin stain. x 720

The values of serum TT4 in the rats were generally in the euthyroid range by day 17
after xenotransplantation (Table 1). The serum TT3 values rose rapidly and reached
normal levels by day 7 after xenotransplantation.

TABLE 1. Effect of xeno-transplantation of newborn pig thyroid organ culture on the restoration of
thyroid function in rats with radioiodine-induced hypothyroidism

Group SerumTT4 SerumTT3

(nmol/L) (nmol/L)
Control _ 5600 3.10 1724017
Radioiodine 26 06 £2.78 * 1.08+0.13 *
xenotransplantation: 7th day 4084 + 975 * 176£0.16 **
xenotransplantation: 17thday 5174387 ™

Note: Values shown arethe mean + SD. ** P< 0,05 (compared to control): ** P<(.05
(compared to radioiodine).
7 days after xenotransplantation, all the newborn pig thyroid xenografts showed
13 1-iodine uptake, and by day 17 four of five xenografts were still functional. There is

insignificant variation in the degree of radioiodine uptake by functioning newborn pig
thyroid transplants.
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The epithelial cell swarms with follicular formation were manifested among
adipose tissue in 7 day as well as 17 day xenotransplant (Figure 3. left) Follicules and
follicle-liked structures formed with impressed thyrocytes are shown at dedline of the
examination Sometimes rather numerous disquamative nuclei are observed in
follicular cavity

FIGURE 3. Thyroidgraft (left) and thyroid gland(right) of irradiated rat after newborn pig thyroid organ
culture xenotransplantation. Hematoxylin-eosin stain x 720

Morphological signs of increased functional activiy of thyrocytes that is evidence
of the possible reparative processes in consequence of transplantation are observed in
thyroid gland of preliminary irradiated rats in the mentioned term after newborn pig
thyroid organ culture traiisplantation comparing to suitable control. So, the prevalence
of follicles with relatively sinall diameter and rather high epithelial layer (Figure 3.
right)wasnotedin the gland parenchyma. Signs of follicle forming are determined.

4. Discussion
Thyroid transplantation requires a functioning thyroid follicle as a minimum unity

ensuring thyroid function [3]. For synthesis and secretion of hormones. thyroid tissue
of a maximum size of pieces up to Imm? (such a size prevents central necrosis in each
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tissue sample) is quite sufficient and it guarantees good results in transplantation of
thyroid tissue [6,7]. Moreover, thyroid tissue transplantation instead of thyrocyte
transplantation is a more simple process from technical point of view [ 13].

When using results of such investigations in transplantology, it should be taken into
account that the degree of hormonal compensation of hypothyroidism and real amount
of radioiodine absorbed by a thyroid graft depend on its functional activity at the
moment of study. on the amount of transplanted tissue and level of thyrotropic
hormone which circulates in the blood of the recipient [5]. Though functioning of an
additional source of thyroid hormones is recognized as the main mechanism of
therapeutic effect of transplantation in case of hypothyroidism[1-3], one may not
exclude a possible stimulating effect on the recipient's thyroid gland [2]. So, a study of
iodine-accumulating function of a thyroid gland stump in patients with postoperative
hypothyroidism showed that, after autoimplantation of cryopreserved thyroid
parenchyma, a progressive increase of the capacity for iodine accumulation was
observed [2].

Therefore, the newborn pig thyroid organ culture may be used in transplantology
for the treatment of persistent hypothyroidism. The major finding in this study was the
effect of senotransplantation on the restoration of thyroid function and morphological
features of thyroid gland in rats with postradioiodine hypothyroidism. In recipients of
the newborn pig thyroid organ culture euthyroid levels of serum TT4 and TT3 were
approached within 7-17 days. The accumulation of 131-iodine at the transplantation
site further support the fact that the transplanted newborn pig thyroid tissue had regain
its function, suggesting successful experimental application. It should be noted that the
thyroid glang of rats reverted to normal in morphofunctional appearance, and resumed
a normal thyroid system relationship after xenografting.
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IMPROVED PRODUCTION OF RETROVIRAL VECTORS UNDER SERUM-
FREE CONDITIONS FOR THE APPLICATION OF GENE THERAPY
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Abstract. The influence of serum on the production of retroviral vectors by the
HT1080 human fibrosarcoma-derived packaging cell line FLY-RDI18 was
investigated. A 5-fold increase in the vector titre was observed under serum-free
condition, as compared to medium supplemented with 10%foetal calf serum. The
increase of vector production under serum-free condition was accompanied by a
dramatic reduction of the Supernatant protein content, leading to much better prospect
for further vector concentration and purification. Serum had a negative and dose-
dependent effect on virus titre, while it affected neither cell growth nor virus stability
and infectivity. An extracellular protease activity was found to enhance the retroviral
production. The inhibition of protease activity by serum protease inhibitors can
explain the negative effect of serum on vector production.

Keywords: retrovirus, gene therapy, serum-free

1. Introduction

Gene therapy is a developing therapeutic technology which promises to revolutionise
the practice of medicine. Nevertheless, its full-scale application is hampered by the
need of large amounts of vectors at reasonable cost. Such vectors are required to
ensure the transport, the insertion and the expression of "therapeutic" genetic material
into the patient cells, either in-vivo or ex-vivo. At present, recombinant retroviral
vectors are being employed in most clinical trials. Production of retroviral vectors is
ensured by specific "packaging" cell lines, i.e. cell lines genetically modified to
synthesise replication defective retroviral vectors with the adequate host range. The
FLYRDI8 packaging cell line was recently developed by introducing the Moloney
Murine Leukaemia (MoMLv) virus gag-pol gene and the cat endogenous virus RD114
env gene into HT1080 human fibrosarcoma cells (Cosset et al., 1995).

Most animal cell lines require supplementation of their culture medium with serum.
However, serum is an expensive raw material and it increases the complexity, duration
and cost of downstream processing (purification, concentration, recovery of product,
etc.). With respect to retroviral vectors, longer purification processes means reduced
efficiency due to the short retroviral half-life. Serum also represents a major risk of
introducing contaminants (proteins, hormones, viruses, prions, etc.). The safety of
gene therapy will require the development of serum-free production processes.
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Our aim was to investigate the feasibility of producing retroviral vectors with the
HT1080/FLY-RD18 packaging cell line under serum free conditions. Unexpected
preliminary results led us to analyse further the influence of serum on the production
of retroviral vectors by this cell line.

2. Materials & Methods

Cell lines. Two packaging cell clones were derived from the HTI080RLYRD18 cell
line (Cosset et al., 1995) by transduction with pLNCX-based vectors (Miller and
Rosman, 1989) containing either the human B7/CD80 gene (Linsley and Ledbetter,
1993) or the E. coli nitroreductase gene (Green et al., 1997; McNeish et al., 1998).
These clones will further be referred to as FLYRDI18/LNC-hB7 and FLYRD18/LNC-
nr, respectively. A third packaging cell clone, GP+envAM12/LNC-ntr, was derived
from the murine NIH3T3/GP+envAMI12 cell line by transfection with the pLNCX-
based vector containing the nitroreductase gene. The A2780cp human ovarian
carcinoma cell line was used as target cell line for assessing virus titre.

Production ofretroviral vectors. Packaging cells were inoculated at a density of 2.0 x
10* cells/cm? in 25 cm? T-flasks and grown for 30 hours at 37°C in 10 ml BM
supplemented with 10% FCS (BM+10%FCS). The production phase was then initiated
by totally replacing the used medium with fresh medium, the composition of which
varied according to the experiment. The production medium was collected after
overnight incubation (15-17 hours) at 37°C and the retroviral vectors were separated
from cells and cell debris by filtration through 0.45um pore size filters.

Infectivity assay. Titration of retroviral vectors was performed by infecting A2780cp
cells inoculated at a density of 1.0 x 10* cells/cm? in 6-well plates and incubated
overnight in 2 ml BM + 10% FCS. 1.0 ml of virus supernatant diluted 1:10%to 1:10* in
BM containing 8 ug/ml polybrene was added to each well. After 6 to 10 hours
incubation, the medium was diluted with 2 ml BM + 10% FCS and selection operated
with 750 pg/ml G418. The number of colonies was counted 11 days post-infection.

3. Results & Discussion
3.1. INFLUENCE OF SERUM ON VECTOR PRODUCTION

In preliminary experiments, a 3 to 6 fold increase in the vector titre produced by the
HTI080/FLYRD18/LNC-AB7 packaging cell line was consistently observed in basal
medium (BM), as compared to BM supplemented with 10% foetal calf serum (FCS)
(data not shown). The influence of serum on vector production was further
investigated at intermediate serum concentrations. Figure la presents the vector titre
vs. serum concentration during the vector production phase. Whatever the source of
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Cell : FLYRD18 FLYRD18 GP+envAM12
Transgene : human B7 nitroreductase nitroreductase
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Figure I. Influence of the concentration of foetal bovine serum (FCS) on the retroviral vector
production by HTI1080/FLYRDI8 (ab) and NIH3T3/GP+envAMI2 (¢) packaging cell lines
producing retroviral vectors containing either the human B7 transgene (a) or the nitroreductase
transgene (b.c). Different symbols refer to different FCS sources (a) or duplicate experiments (b,c).

FCS, Figure la shows that serum had a negative and dose-dependent effect on vector
production, while not on cell growth.

To check for the generality of our result, two other packaging cell lines were tested: a)
the FLYRD18/LNC-#nr line, which is essentially the same as the FLYRD18/LNC-kB7
line, except than the gene inserted into the vector codes for the nitroreductase enzyme
instead of the cd80 surface protein; b) the NIH3T3/GP+envAMI12/LNC-nfr murine
packaging cell line producing vectors containing the same nitroreductase gene as the
FLYRDI18/LNC-nr. Figure 1b show that serum had also a negative and quantitative
effect on vector production for the HT1080 derived cell line, while not for the NIH3T3
derived cell line (Figure 1C). There was no negative effect of serum on cell growth.
The negative effect of serum on vector production appears to be specific for the
HT1080 derived packaging cell line, and does not depend on the gene inserted in the
vector. It also affects specifically the virus titre independently ofthe cell growth.

3.2. INFLUENCE OF SERUM ON VECTOR STABILITY

A serum-free vector suspension was supplemented with 10% v/v either serum or BM
and incubated at 37°C for increasing periods of time. Figure 2 shows that the vector
half-life was longer than 8 hours in the presence as well as in the absence of serum.
Figure 2 also indicates that serum does not affect the vector stability in suspension.
Vector inactivation by serum can not be regarded as a route to explain the serum
negative effect on titre detected in Figure 1.
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3.3. IMPORTANCE OF EXTRACELLULAR PROTEASE ACTIVITY

To investigate further the nature of serum factors that inhibit vector production,
BM+10% FCS was incubated with bovine trypsin before being used as a production
medium. Figure 3a shows that trypsin pretreatment of serum enabled the production
of higher vector titre in a dose dependent way. In this experiment, the proteolytic
enzyme trypsin was expected to degrade some serum proteins and to inactivate serum
protease inhibitors (al -anti-trypsin and a2-macroglobulin). The higher vector titre
obtained after trypsin treatment suggests that the inhibitor present in serum is a protein
or a protease inhibitor.

To refine this result, vectors were produced in BM supplemented with soybean trypsin
inhibitor. Figure 3b shows that the vector titre decreased with increasing concentration
of soybean trypsin inhibitor. This effect is very similar to the effect of serum (Figure
1). Figure 3 suggests that a protease activity is required for the FLYRDI18 to produce
infectious retroviral vectors.
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Figure 3. Influence of protease inhibition on the production of virus by the FLYRD18/LNC-hB7 cell line:
(a). BM+10% FCS was incubated with trypsin before being used for the virus production; (b) Soybean
trypsin inhibitor was added to BM before this medium was used for the virus production.
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4. Conclusion

The results presented in this study show that serum has a strong negative and dose-
dependent influence on the production of retroviral vectors by the HT1080/ FLYRD18
packaging cell line. This negative influence could not be explained by an effect on cell
general melabolism. Virus infectivity and stability were not affected by serum. An
extracellular protease activity was found to enhance retroviral vector production. The
serum negative influence can then be due to inhibition of the protease activity by the
serum protease inhibitors. From a technological point of view, the presented results
indicate that a vector production process is feasible under serum-free conditions and
lead to a five-fold increase in both virus titre and total production. Such process would

make further virus concentration and purification (downstream processing) much
easier.
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LARGE SCALE PRODUCTION OF RH-ALBUMIN EXPRESSED IN
THE MILK OF TRANSGENIC CATTLE — AN ECONOMIC AND
TECHNICAL CHALLENGE

Wolfram Eichner' and Klaus Sommermeyer’

]CPFE, Pharma Division, Fresenius AG, 61343 Bad Homburg, Germany

Albumin from plasma fractionation is generally considered to be a safe
and effective product. Nevertheless, a growing number of factors makes
recombinant albumin manufacture increasingly attractive, i.e. the
perceived risk of viral contamination in serum albumin, likelihood of
reduced availability of recovered plasma in the future, and price. As a
result of production technology evaluation, the expression of human
albumin in the milk of transgenic cows has been identified as the most
promising approach. A major challenge for this project is the fact that the
production of pharmaceutical proteins on the scale of many tons,
essentially free of any impurities at the price level of a commodity has
not been achieved in recombinant biotechnology so far. In collaboration
with Genzyme Transgenics Corp. (Framingham) project activities were
initiated in February 1997.

The naturally occuring plasma colloid albumin is the most abundant soluble
protein in the body of vertebrates and human serum albumin (hSA) is probably
the most studied of all proteins. Development of plasma fractionation
technology during 1942 was the basis for the production of tons of highly
purified albumin for battlefield use. Albumin is used as a plasma volume
expander and in albumin deficiency situations, such as trauma, surgery, shock
or burns. The function of albumin is not limited to the maintenance of
isooncotic pressure (blood vs. tissue). It also serves as a carrier of smaller
molecules of many types, such as fatty acids, hormones, and ions as well as
an antioxidant (1).

Nowadays the annual worldwide albumin market is approx. 440 t and this
market is expected to climb to 550 t/yr. by the year 2000. However, it is
believed that a number of different factors will contribute to limited hSA
availability in the future:
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* General shortages of human blood as a result of the reduced willingness of
people to donate blood.

+ Changes in transfusion practices due to the availability of new oxygen
therapeutics in the future, accompanied by general safety concerns with
products derived from blood and/or plasma sources.

* An increasing number of blood factors available from recombinant

manufacture.

The last point is particularly important for plasma fractionating companies,
because it is expected that the availability of recombinant blood factors will
result in significant losses of revenue from plasma products. Production of hSA
by means of recombinant technology requires extremely low production and
downstream processing costs in order to be price-competitive with the plasma
product. Recombinant human albumin was first cloned, expressed (in yeasts)
and patented by Genentech in 1981 (2). Human albumin derived from
recombinant production will differ from the plasma counterpart in terms of
quality (essentially no riskTSE transmission) and purity (no trace amounts of
impurities such as prekallikrein activator). Today, at least two companies
(Centeon/Delta Biotechnology Ltd., UK and Green Cross Corp., Japan) have
successfully developed large-scale production processes for recombinant hSA
from yeasts. These products are in advanced clinical trials. Market launch of

the Green Cross product (Albrec) is expected in the year 2000.

Protein-expression in the milk of transgenic animals offers another attractive
approach to producing recombinant human albumin at very low costs. Due to
their high annual milk yield, cows are considered to be the most suitable
‘producers’. An individual dairy cow will produce approximately 8,000 liters of
milk per annum, or an estimated 80 Kilograms of albumin per year. Using
transgenic cows as naturally occuring ‘bioreactors’ would enable the
production of hSA in the required range of many tons. At Genzyme
Transgenics (GTC, Framingham, USA) the general feasibility of transgenic
albumin expression was successfully evaluated in mice. Expression levels in

mice are known to be predictive of the expression level in larger animals.
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Nevertheless, production of proteins using the mammary gland carries several
risks. The most obvious technical problem 1is to efficiently remove the
endogenous (bovine) serum albumin, which is fairly similar to the human
counterpart (76% homology). During a purification feasibility program initiated
by GTC, a proprietary process for the purification of hSA at competitive costs,
essentially free of bSA, was successfully developed. However, public
acceptance, regulatory requirements and economic aspects (e.g.  price
development) are considered to be other potential risk factors for transgenic

albumin production.

Since the sheep ‘Dolly’ (3) last year, cloning as a specific aspect of transgenic
technology has received considerable public attention. Compared to ‘standard’
microinjection techniques, this technology opens up new possibilities for more
sophisticated  genetic manipulation. Therefore, it has been decided to
incorporate this technology into the albumin program. A general agreement for
the production of human therapeutic proteins in the milk of cloned transgenic
animals between GTC and Advanced Cell Technology, Inc. (ACT) was
reached in October, 1997. In January 1998, the birth of two calves
(George/Charlie), created by combining cloning techniques with genetic
engineering was announced by ACT. Birth of cloned bovines transgenic for

human serum albumin is expected by late 1998.

Despite  these rapid advances, the large scale production of recombinant

human albumin in transgenic cattle still lies somewhat in the future.
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1. INTRODUCTION

The advent of transgenic technology, in which foreign genes are stably
introduced into the mammalian germ line, has dramatically enhanced our basic
understanding of many physiological and pathologic processes. Transgenic technology
has allowed the rapid elucidation of many fundamental principles of the tissue-specific
expression of certain genes and is also particularly valuable in studies of human
diseases, such as hypercholesterolemia and atherosclerosis[1]. Most studies of
lipoprotein metabolism and atherosclerosis are currently conducted with transgenic
mice because mice are small, easily-handled and easy to breed[1]. However, these
animals have a major drawback in that the lipoprotein profile of mice (HDL-rich) is
different from that of humans. For example, mice lack cholesteryl ester transfer protein

(CETP) and have HL that circulates in the plasma[2]. In addition, the rabbit liver does
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not edit apoB 100 mRNA, whereas the mouse liver edits most of the apoB 100 mRNA
into the B48 form [3]. Unlike mice, in which HDL is the major carrier for cholesterol,
rabbits are LDL-rich mammals, as are humans and have high levels of CETP[4].
Therefore, rabbits provide an alternative model for investigating atherosclerosis and
lipoprotein metabolism[5]. Additional advantages of using rabbits for the study of
atherosclerosis include that rabbits are extraordinarily sensitive to a cholesterol diet,
which induces severe hypercholesterolemia associated with the rapid development of
atherosclerosis[5]. The availability ofrabbit strains with genetic defects in the LDL
receptor (WHHL) [6] and the overproduction of LDL (St. Thomas rabbits )[7, 8] has
made rabbits a unique model for the study of atherosclerosis. It is known that
atherosclerosis is initiated by elevated plasma atherogenic lipoproteins, including low
density lipoproteins(LDL), remnant lipoproteins (such as P-VLDL) and lipoprotein (a)
[Lp(a)]. To study the functions of lipoprotein (a) [Lp(a)] in lipid and lipoprotein
metabolism and the relationship between Lp(a) and atherosclerosis, we generated a

transgenic rabbit line expressing human apolipoprotein (a)[apo(a)].

2. HUMAN APOLIPOPROTEIN (a) TRANSGENIC RABBITS

Transgenic rabbits were generated by the method as described previously[2,4,9, 10]. A
total of 1,450 rabbit zygotes were obtained from Japanese white rabbits and
microinjected with a 12.8-kb Notl-Hpal fragment of DNA containing human apo(a)
cDNA directed by amouse transferrin promoter[11] and implanted into 41 recipients.
Forty-three pups were obtained, of which 5 pups were found to have apo(a) transgene
expression by Southern blot analysis. Human apo(a) mRNA distribution in different
tissues was investigated by Northern blot analysis. Total RNA was isolated from 15
tissues ofthe transgenic rabbits including the liver, spleen, stomach, heart, intestine,
kidney, adrenal, adipose, muscle, aorta, thymus, testis, lung, brain, and bone marrow

using Trizol reagent (Gibco BRL, Life Technology, Frederick, MD). For Northern blot
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analysis, 10 mg of denatured total RNA was subjected to electrophoresis in a 1.2%
agarose gel and transferred to a Nitran nylon membrane and hybridized with the
*P_labeled human apo(a) cDNA probe as above. We found that human apo(a) mRNA
was expressed mainly in the liver, kidney, lung and the brain. This pattern of apo(a)
expression in transgenic rabbits was similar to that of transgenic mice[11]. ELISA with
a specific antihuman apo(a) monoclonal antibody revealed that one of the transgenic
rabbit founders had 0.5 mg/dl plasma level of human apo(a), which is equivalent to low
plasma levels of apo(a) in the human population. By agarose gel electrophoresis, we
found that apo(a) in transgenic rabbit plasma was located at the pre-B position, which is
the same position as in human Lp(a). As nearly all apo(a) binds to low density
lipoproteins (LDL) to form Lp(a) in humans, we examined whether human apo(a) in
transgenic rabbits could bind rabbit apoB to form human-like Lp(a), or if it simply
circulates as free apo(a) in the plasma. By gradient density ultracentrifugation of the
plasma and gel electrophoresis, we found that 80% ofthe apo(a) in the transgenic
rabbit plasma was contained in the density fractions 1.02-1.10 g/ml and covalently
associated with rabbit apo-B, suggesting the formation of Lp(a) in the transgenic
rabbits. To examine the potential interaction between apo(a) and the arterial wall, the
rabbits were fed a cholesterol-rich diet for 16 weeks. We found that apo(a) depositions
were present along the intima and atherosclerotic lesions in the aorta and the coronary
arteries of the transgenic rabbits but not in the control rabbits. Thus, these findings
demonstrate the successful expression of human apo(a) and the efficient assembly of

Lp(a) in transgenic rabbits.

3. DISCUSSION
Atherosclerosis and its complications are the major cause of mortality in Western
society. To study its pathogenesis and also to find a therapeutic way to treat this disease

depends upon the development of appropriate animal models. Techniques for
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generating genetically modified animals have increased our understanding of
atherosclerosis. In this respect, we attempted to generate novel transgenic rabbits
expressing different human genes related with lipid metabolism and atherosclerosis[2,
9,10]. In this report, we described the development of transgenic rabbits expressing
human apolipoprotein (a). Our preliminary studies showed that this transgenic rabbit
model will provide a value model for the study of lipoprotein (a) assembly and its
relationship with atherosclerosis. Eighty percent of the apo(a) in the transgenic rabbit
plasma was associated with rabbit apoB to form human-like Lp(a) particles. The
demonstration of apo(a) in atherosclerotic lesions of transgenic rabbits indicates that
apo(a) may participate in lesion development. Further studies are necessary to generate
higher expressors of transgenic rabbits to investigate the possible role(s) of Lp(a) in the

development of atherosclerosis.
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INVIVO GENE TRANSFER TO CHICKEN VIA BLASTODERMAL CELLS OF
FARLY DEVELOPMENTAL EMBRYOS
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Introduction

A complete culture system has been established for the chick embryo from the
single cell stage to hatching (Perry, 1988). Sang et al. (1989) reported that foreign
DNA was introduced into the germinal disc of fertilized ova obtained from the
magnum of hen's oviduct. Naito et al. (1994) described that the introduction of
foreign DNA into somatic and germ cells was successfully achieved by injecting
genes into the germinal disc of fertilized ova at the single cell stage, and that most
ofthe chick embryos expressed the DNA in a mosaic (Naito ef al., 1991). Petitte et
al. (1990) developed somatic and germline chicken chimeras by injecting dispersed
donor blastodermal cells into the compromised recipient embryos.

On the one hand, the sxpression of DNA (Miw Z as a marker gene] introduced
was observed in extraembryonic tissues (Otsuka ef al,, 1990). Recently, Tajima et
al (1993) suggested that primordial germ cells (PGCs) will be noted for
manipulations of germlines, sexing and conservation of the genetic materials.

In the present study, we tried to improve the method of exogenous gene transfer
to chick embryos by using oviposited fertilized eggs.

Materials and Methods

Preparation of DNA

The DNA (Suemori etal., 1990; Inadaetal, 1997), Miw Z marker gene, was used in
this study. The DNA (6.25 pg was mixed with transfection reagent (TR: 22.5 pl).
diluting with 50 pl of Hepes-buffered saline (Inadaetal., 1997).
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Microinjection of DNA

The oviposited fertilized eggs were used as host embryos. For another experimental
group. soft shelled eggs were obtained by the injection to hens of oxytocin or
arginine vasotocin at 7 h after oviposition of the preceding egg.

Both freshly laid eggs [stage X : Eyal-Gilad and Kochav. 1976) and temporarily
stored eggs ataround 4 C (in a refrigerator) for 3 h just after oviposition were also
used as host embryos. An window of 10-15 mm in diameter was opened at sharp
end of the shell, and about 1.5 ml of thick albumen just above the germinal disc
was removed. The DNA solution (approximately 0.5 pl was injected into the
central part of the germinal disc and the window was closed with a scotch tape,
incubated for additional hours.

In case of the soft shelled eggs, the shell membranes were removedd, followed by
the injection of DNA solution. As control groups, Miw Z without TR or TR only

were injected into the germinal disc of the freshly oviposited eggs.

Culture of treated eggs
he treated eggs were incubated for 50-72 h at 37.5 C with relative humidity of 60 %
to the stage 13-15 (Hamburger and Hamilton, 1951), at the stage of which PGCs
beginto imgrate from the germinal crescent region to the gonadal anlage via blood
stream (Kuwana, 1993).

Detection of injected DNA

The expression of MiwZ was detected by histochemical staining of 3-galactosidase.
Blood samples collected from vitelline artery or dorsal aorta were smeared on a
slide glass, fixed with 1 % glutaraldehyde in phosphate-buffered saline (PBS) for 5
min at4 C. The smears were stained for 1 hat RT (22-25 C) with 0.05% 5-bromo-4-
chloro-3-indolyly1-B-galacto- pyranoside(X-gal), I mM MgC1,, 0.1%TritonX-100,
3 mM potassium ferrocyanide and 3 mM potassium ferricyanide in PBS. The
embryos and extraembryonic tissues were fixed with 1% glutaraldehyde for 2 min
at 4 C, stained with X-gal for2 h at37 C.

DNA extractionand PCR analysis

The embryos (stage 13- 14) were washed with TNM buffer (20mM Tris-HCI buffer, pH
7.5. containing 100mM NaCland 1.5mNMgC1,). Thetotal DNAwas extracted from
homogenized embryos by phenol-chloroform and PCR analysis was carried out. To
estimate copy number, PCR reactions ofthe endogenous gene and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were also performed on each DNA samples
under a standard procedure (Love ef al., 1994).
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Viability of maniputated eggs

Manipulated eggs were cultured from stage 10 to hatching. and viability was
checked by candling. Hathcedchickes were raised to sexual maturity for progeny
test, and PCR analysis was carried out for the detection of the MiwZ in the gonads

from chicks.

Results

Detection of DNA by X-gal staining

Survival rates of manipulated embryos were ca. 74% for unincubated eggs and 80%
for temporarily stored eggs, respectively. On the one hand, the survival rate for
prematurely oviposited eggs was ca. 43%. The expression rates of injected DNA,
which were detected by X-gal staining, were ca. 58% for unincubated eggs, 57% for
temporarily preserved eggs and 67% for prematurely oviposited eggs, respectively.
However, most of them were recognized only in the extraembryonic tissues, but the
expression of MiwZ was observed in 6 cases (ca.12%) of aroud 50 embryos from
unincubated eggs and 6 cases (ca. 9%) of around 70 embryos from temporarily
preserved eggs. No significant (P>0.05) difference was observed between two kinds
of embryos for the expression of injected DNA.

On the contrary, in the case of prematurely oviposited eggs, much more
intensified expression of DNA was observed in the extraembryonic tissues
compared with other embryos.

The expression of introduced DNA was recognized mainly in the epidermis (ca.
50%), heart (ca. 34%) and neural tube (ca 17%) in a mosaic manner. In the
temporarily stored eggs, the expression of DNA (ca. 17%) was also observed in the
primordial germ cells (PGCs) in blood collected from the vitelline artery or dorsal
aorta of the embryos.

Copy number of plasmid DNA

The treated embryos from unincubated and temporarily stored eggs were classified
as single copy (MiwZ present at a level equivalent to one or more copies per cell).
mosaic (MiwZ present at a level below one copy per cell), or negative (no MiwZ
delectable) at stage 14. The presence of MiwZ was detected in the rates of ca. 69%
for unincubated eggs and ca. 74% for temporarily preserved eggs. The MiwZ at a
level equivalent to a single copy or more per cell was detected in the rate of ca.
1.7% for unincubated eggs and 4.2% for temporarily stored eggs. Mosaic embryos
were also observed in the rate of ca. 67% for unincubated eggs and 69% for shortly
stored ones.
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Viability of manipulated eggs

The hatchability of manipulated eggs were (ca. 43% for unincubated eggs and 35%
for preserved ones, but the number of dead embryos increased by opening the
windows between the stage 10, 15 andjustbefore the hatching. In the present study,
the MiwZ was not detected in the gonads ofhatched chicks.

Discussion

Temporary preservation of fertilized egg at 4 C for 3 h did not show any advantages
for invivo gene transfection. In this experiment, ca. 4% at a level equivalent to one
copy of DNA per cell was observed in a whole embryo examined by PCR analysis.

The PGCs collected from circulating blood of embryos contained injected DNA.
In this experiment, DNA was injected just under the blastoderm, at stage ofwhich a
single cell layer was formed and PGCs were observed in the central area of
germinal disc (Ginsburg and Eyal-Giladi. 1987). The central area of blastodermic
layers is a neural presumptive region and destined to form the brain and epidermis
of the caput (Rudnik ef al., 1948).

In the embryos from the premature oviposition, DNA expression rate was
almost the same as fertilized eggs (Naito etal.. 1991). The present results suggest
that the mosaicism might be inhibited by the injection of DNA into the blastoderm
of fertilized eggs. In this study, however, in vitro culture and DNA microinjection to
the blastoderm led to lower survival rate (ca. 43%).

An advantageous point of this experiment was that an exogenous gene was
successfully transferred to embryonic tissues, showing higher hatchability (ea.
39%) than in vitro culture method (Naito etal., 1994).
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Introduction

Since 1991, 3 regulatory authorities and3 pharmaceuticalmanufacturers’ associations from
the EU, the USA and Japan, and the Canadian regulatory authority have been positively
addressing international harmonization of technical requirements for the control of
biotechnology pharmaceuticals. Each party has been making an all-out effort to achieve this
objective through the International Conference on Harmonization (ICH) procedure.

1. ICH Harmonbed Documents on Biotechnology Products

Up to now, 6 topics have been identified and the corresponding harmonized document is
being developing by the Expert Working Group (EWG) which is comprised of
representatives from the 7 parties. As ofthe present time, five internationally harmonized
documents have been completed. These include: “Derivation and Characterization ofCell
Substrate Used for Production ofBiotechlliological/Biological Products (Cell Substrate)”.
“ Analysis ofthe Expression Construct in Cells Used for Production of r-DNA Derived
Protein Products (Genetic Stability)”, * Viral Safety Evaluation ofBiotechnology Products
Derived from Cell Lines of Human or Animal Origin (Viral Safety)”, * Stability Testing of
Biotechnological/Biological Products (Product Stability)” and ‘“Preclinical Safety
Evaluation of Biotechnology-Derived Pharmaceuticals (Preclinical Safety)”. The sixth topic
entitled  “Specifications:  Test Procedures and Acceptance Criteria  for
Biotechnological/Biological Products” reached consensus within the EWG in Februay
1998 and was released for internal and external consultation fromthe regulatory agencies of
the EU, the USA and Japan.

It should be noted that the Cell substrate and Genetic Stability documents arerelated to
early stages in the manufacturing process including banked cell substrates (e.g., the master
cell bank: MCB and/or the working cell bank : WCB), and cells at the limit, namely
production cells cultured up to the proposed limit of drug production runs. Viral safety
issues are related to all stages involved in the manufacturing process. Product Stability,
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Specifications and Preclinical Safety Testing documents are related to purified bulk and/or
final products.

Thus, fundamental issues related to technical requirements for the consistent production
ofbiotechnology pharmaceuticals and for their assessment and control with respect to
quality and preclinical safety have been mostly covered.

2. Some of the Important Components of Each Specific Document
2.1. CELL SUBSTRATE

The objective ofthe "Cell Substrate" guidelineis to provide broad guidance on appropriate
standards forthe derivation of human and animal cell lines and microbial cells to be used to
preparebiotechnological/biological protein products defined in this document, and for the
preparation and characterization ofcell banks to be used for production.

This guideline covers cell substrates having a cell banking system. In this document,
"cell substrate" refers to microbial cells or cell lines derived from human or animal sources
that possess the full potential for generation of the desired biotechnological/biological
products for human in vivo or ex vivo use.

Some of the important components of “ Cell Substrate” document include: 1) source,
history, and generation of the cell substrate. 2) cell banking. and 3) characterization and
testing of the cell bank.

It is important to provide supportive documentation which describes the history of the
cell substrate that is used in the manufacture of a biotechnological/biological product, as
well as any parental cell line from which it was totally or partially derived.

One ofthe most important advantages ofusing serially subcultured cells to produce
biotechnological/ biological products is the ability to have a characterized common starting
source for each production lot. i.e., the preserved bank of cells. The concept of a two-tiered
cell bank, in whichthe MCB is used to generate WCBs, is generally accepted as the most
practical approach to providing supply ofcell substrate for continued manufacture ofthe
product. With regard to cell banking procedures, it is important to prevent a contaminated
cell substrate (or bank) from being used in production and to avoid a loss of product
availability or development time.

The characterization and testing of banked cell substrate is a critical component of the
control of biotechnological and biological products. For tests of identity, appropriate tests
should be performed to determine that the banked cell is what it is represented to be. A
critical aspect ofcell development and banking is the assessment that the MCB and WCB
are biologically pure, ie., the MCB and WCB are free from adventitious microbial agents
and adventitious cellularcontaminants. Another dimensiontocell characterization is the
appropriateness for intended use in production. There are two concerns for cell substrate
stability: Consistentproduction ofthe intended product and retention ofproduction capacity
during storage under defined conditions. Utilization of karyology and tumorigenicity testing
for evaluating the safety ofadiploid cell line or characterizing anew cell line may be useful
depending on the cells, the nature ofthe product and the manufacturing process.
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2.2. GENETIC STABILITY

The objective ofthe ““ Genetic Stability” guideline is to provide guidance regarding the
characterization of the expression construct for the production of recombinant DNA protein
products in eukaryotic and prokaryotic cells.

The expression construct is defined as the expression vector containing the coding
sequence ofthe recombinant protein. The purpose ofanalyzing the expression constructis to
establish thatthe correct coding sequence ofthe product hasbeen incorporated into the host
cell and is maintained during culture to the end ofproduction. The expression construct of
the production cells expanded to the proposed in vitro cell age orbeyond shouldbe analyzed
once by the same method that was used for the MCB, except that the protein coding
sequence of the expression construct in the production cells could be verified by either
nucleic acid testing or analysis of the final protein product.

2.3. VIRAL SAFETY

The “ Viral Safety” document is concerned with testing and evaluation of the viral safety of
biotechnology products derived from characterized cell lines othuman or animal origin. The

purpose of this document is to provide a general framework for virus testing, experiments for
the assessment of viral clearance and a recommended approach for the design of viral tests and

viral clearance studies. The main body of the document covers products derived from in vitro

cell cultures initiated from characterized cell banks.

Three principal, complementary approaches have evolved to control the potential viral
contamination ofbiotechnology products, i.e., 1) selecting and testing cell lines and other
raw materials, including media components, for the absence of undesirable viruses which
may be infectious and/or pathogenic for humans; 2) assessing the capacity of the production
processes to clear infectious viruses; 3) testing the product at appropriate steps ofproduction
for absence of contaminating infectious viruses.

Major areas described in the viral safety document include: 1) cell line qualification, 2)
testing for viruses in unprocessed bulk, 3) rationale and action plan for viral clearance studies
and virus tests on purified bulk, and 4) evaluation and characterization of viral clearance from
unprocessed bulk.

With respect to cell line qualification, the ICH guideline suggests an example of virus
tests to be performance only at various cell levels (MCB, WCB and Cells at the Limit).

At the following unprocessed bulk level, itis recommendedthat manufacturers develop
programs for the assessment of adventitious viruses in production batches.

The ICH document presents an example ofthe action plan lo be adopted, in terms of
process evaluation and characterization ofviral clearance as well as virus tests on purified
bulk, in response to the results of virus tests on cells and/or the unprocessed bulk.

The objective ofvirus clearance studies is to assess process step(s) that canbe considered
to be effective in inactivating removing viruses and to estimate quantitatively the overall
level of virus reduction obtained by the process. Two separate approaches will be considered
for viral clearance of manufacturing process. The first is viral clearance evaluation studies to
determine the ability ofthe manufacturing process to remove and/or inactivate the viruses
that are known or expected to be present in the cell substrates or any other reagents or
materials used in the process. The other is viral clearancecharacterization studies to
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characterize the capacity of the manufacturing process to remove and or inactivate other
viruses rather than those known or expected to be present.

2.4. PRODUCT STABILITY

The purpose ofthe “Product Stability” document is to give guidance to applicants regarding
the type of stability studies which should be provided in support of marketing applications
for biotechnological/biological products. in which the active components are typically
proteins and/or polypeptides.

Because of the unique chemical and biological properties of these products, special
consideration should be given to design a stability testing program as well as to evaluate the
stability ofa given product.

The product-specific use of appropriate physicochemical, biochemical and
immunochemical methods for the analysis of the molecular entity and the quantitative
detection of degredation products is critical to confirm its stability during the intended
storage period.

Primary data to support a requested storage period for a given product should be based
on long-term, real time, real condition stability studies.

The specific areas described in the guideline include: 1) selection of batches, 2)
stability-indicating profile that provides assurance that changes in the identity, purity and
potency of the product will be detected, 3) storage conditions, 4) testing frequency, 5)
specifications, and 6) labeling.

2.5. SPECIFICATIONS

Bulk drug substance and final product specifications are key parts ofthe core documentation
for world-wide product license applications. The ““ Specfication” guideline which isunder
development will provide general principles on the setting and justification to the extent
possible, of a uniform set of international specifications for biotechnological/biological
products to support new marketing applications.

The draft guideline identifies a number of general principles for consideration insetting
specifications.The principles identified are: 1) characterization of a product, 2) analytical
considerations related to reference standards and reference materials as well as validationof
analytical procedures, 3) process controls, 4) pharmacopoeial specifications, 5) release limits
vs. shelf-life limits; and 6) statistical concepts. The document also provides guidance for

justification of the specification and drug substance and drug product specifications.

It should be emphasized that the setting specifications for drug substance and drug
product is one part of a total control strategy designed to ensure product quality and
consistency. Other parts of this strategy include comprehensive product characterization
during development, control ofraw materials and excipients, in-process testing, process
evaluation/validation, stability testing and evaluation of preclinical/clinical data in relation
to quality.
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2.6. PRECLINICAL SAFETY

It is widely recognized that the special nature of biotechnological/biological protein
products requires a unique and product-specific approach to preclinical safety evaluation
needed to support clinical development and marketing authorization. Although a flexible,
case-by-case, science based approach has been adopted in the EU, Japan and the United
States, there hasbeen a need forcommon understanding and continuing dialogue among the
regions. The ICH “Preclinical Safety” guideline is intended to provide general principles for
designing scientifically acceptable preclinical safety evaluation programs.

The major general areas considered in the guideline include: 1) specification ofthetest
materials that are utilized in safety assessment studies, 2) considerations related to
assessment of biological activity and pharmacodynamics, 3) unique issues related to
selection ofanimal species or models for pharmacology and toxicity studies, 4) guidance
related to number/gender of animals, 5) consideration related to designing the mute,
frequency and method ofadministration oftest materials and dose selection, and 6) specific
considerations related to immunogenicity of a product.

The guideline also describes the areas of specific concern. These areas include: 1) safety
pharmacology in which the potential for undesirable pharmacological activity is
investigated or monitored 2) exposure assessment utilizing pharmacokinetics and
toxicokinetics with relevant assay method(s), and clarification of the definition of
metabolism, 3) important considerations related to the design ofsingle and repealed dose
toxicity studies, and 4) specific guidance in the design and/or need for assessment of
immunotoxicity, reproductive and developmental toxicity, genotoxicity, carcinogenicity
and local tolerance.

3. Outcome and Future of the ICH Process

After 7 years ofendeavor through the ICH process, we have obtained many fruits of our labor.
These include: 1) creation ofentirely new guidelines, 2) creation of new strategies, concepts
and new terminology, 3) creation of new mutual recognition across the three regions, and
among their regulatordmanufacturers, 4) creation of new scientific data and findings €or the
evaluation and control of biotechnology pharmaceuticals, 5) description of how to approach
a topic, 6) increased efficiency of drug development programs, and 7) resource savings.

Because of the nature of the documents, especially in the biotechnology field, it will be
necessary to update them based on new and developing scientific data. The document will
always need to be kept in the front line ofresearch.

It is ourhope thatthe ICH will continue to provide an international forum forincreased
communication, exchange ofexperiences andpractices among the interested parties andalso
that the outcome of this endeavor will (1) lead to updating the existing guidelines, if
necessary and (2) allow the introduction ofnew guidelines, for example, ones relatedto gene
therapy, cellular therapy or transgenic animalderived products.

Ofcourse our ultimate goal should beto allow patients increased accessibility to novel
medicines awaiting approval.
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REDUCING RISKS OF ANIMAL ORIGIN CONTAMINANTS IN CELL CULTURE.

David W. Jayme, Shawn R. Smith and Mark Z. Plavsic
Life Technologies, Inc.
3175 Staley Road, Grand Island, NY 14072 USA

Abstract

The potential inadvertent introduction of viral or prion agents into the biopharmaceutical
production environment has accelerated technical and regulatory actions to ensure biosafety.
Primary efforts have focused upon three activities: (a) Validated processing of essential
animal-derived medium constituents to eradicate adventitious contaminants; (b) Design and
qualification of protein-free, biochemically-defined nutrient formulations without animal
origin constituents; and (c) Improved manufacturing process controls to validate sanitization
and ensure against cross-contamination.

Introduction

The specter of introducing etiologic agents via the putative therapeutic drug has haunted
biopharmaceutical development and necessitated a critical review of conventional cell culture-
based production processes. Three critical elements have emerged for active re-engineering.

Sourcing and Processing of Animal Origin ConstituentsA recent conference examining the
use of animal sera and derivatives for pharmaceutical manufacture [I] reinforced the reality
that a high percentage of commercial bovine sera is contaminated by adventitious viruses,
particularly bovine viral diarrhea (BVD) virus and bovine polyoma virus. Although the
potential risk for contamination of serum with bovine spongiform encephalopathy (BSE) agent
is relatively small due to improved material sourcing and animal husbandry practices, the
Strasbourg conference recommended sourcing of sera and derived by-products from secure,
traceable global locations documented to be BSE-free.

Where the persistent use of animal sera or other proteinaceous constituents derived from
animal tissues or fluids is mandated due to technical constraints, rigorous sourcing criteria and
post-collection processing have been recommended to reduce the risk of introducing viral or
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prion elements into the culture environment. Although various novel approaches for removal
or inactivation are under investigation [1-21, gamma irradiation remains the most reliable
option to eradicate viruses while retaining post-treatment biological activity.

Design of Nutrient Formulations Without Animal Origin Constituents: While interest in
eliminating serum and serum-derived proteins has existed for over a decade, the historical
motivations of process economics and technical artifacts have been largely overcome and
replaced by regulatory concerns regarding foreign protein antigenicity and introduction of
adventitious agents. In re-engineering the composition of our nutrient formulations used for
bioproduction applications to mitigate the risk of animal origin materials, we implemented a
three-tiered developmental policy involving three “R’s”: reduction, refinement and
replacement. As an initial approach to eliminating serum or another animal-derived medium
constituent, the supplemental level of the targeted additive wastitered to the lowest level
without substantial impact on biological activity. Refinement required analysis of the
contributory factors within ill-defined biological supplements and attempted to reconstitute
equivalent (or superior) biological activity using biochemically-defined substitutes. The final
phase involved a comprehensive qualification of non-animal origin substitutes for traditional
nutrient formulations based on demonstrated bioequivalence.

The net result of these three linked processes has facilitated a transition from serum-
supplemented cultivation to reduced serum supplementation and generation of serum-free,
protein-free and, ultimately, chemically-defined nutrient formulations to support high density
bioreactor requirements. To date, we have developed protein-free nutrient formulations which
are devoid of animal origin constituents to support hybridoma technology, mammalian cell-
based recombinant protein production and human and veterinary vaccine applications. Culture
systems adapted to such nutrient formulations frequently exhibit improved biological
performance and facilitated downstream recovery while reducing the potential for viral or BSE
contamination [ 1,3-4].

Manufacturing Process Design and Validation: Meticulous surveillance of incoming raw
materials must be coupled with facility and process design controls to ensure against
inadvertent final product contamination. Facility design issues derive from basic decisions,
e.g., Will the manufacturing suite be dedicated to a single task or qualified for multiple
applications?  Should the design be optimized for a single process or permit flexible
changeover to alternate manufacturing products or processes? The response to these questions
drives the configurational design of the work area; capacity and situation of air-handling and
water delivery systems; equipment location, monitoring and sanitization processes; and
training, outfitting, deployment and monitoring of technical personnel.
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Treatment of Animala-derived Proteins to Eradicate Viral Elements

To validate the commercial inactivation of adventitious agents in biologically-active materials,
we spiked scaled-down samples of animal sera and trypsin with high titers of model viruses
and mycoplasmas. Candidate viruses and mycoplasmas were selected based upon their
biorelevance and broad suitability as representative model agents [2]. Gamma irradiation was
monitored using immersed center dosimeters and covered a nominal range of 15-45 kGy.
Post-irradiation biological activity of animal sera and trypsin materials was evaluated using
appropriate suspension and adherent cell culture proliferative assays (sera) and cell removal
and replating assays (trypsin).

Test mycoplasma and acholeplasma species were highly-sensitive to gamma irradiation [M.
Plavsic, manuscript in preparation]. Greater than six logs ofM. orginini, M. hyorhinus and A.
laidlawii spikes were inactivated by minimal exposures of 25 kGy, while the maximal
exposure of 45 kGy had no apparent effect on biological performance in porcine serum
samples. Fetal bovine serum lots spiked with five model viruses (infectious bovine
rhinotracheitis (IBR), BVD, canine adenovirus, porcine reovirus, and porcine parvovirus) all
demonstrated greater than six logs of virus inactivation without significant biological
performance reduction when exposed to gamma irradiation over the 25-45 kGy range.

Design of Animal Origin-free Protein-free Nutrient Media

Various protein components have been historically associated with serum-free medium,
particularly insulin, transferrin and albumin (3). Protein-free medium formulations have been
designed which substitute alternative constituents to facilitate iron and lipid delivery and
support normal biological proliferation and high density bioproduction. Suspension culture
applications have been particularly well-suited to protein-free, chemically-defined nutrient
formulations. Adherent cells have been more problematic: technical impediments remain in
the effort to replace serum-derived attachment factors (e.g., vitronectin, fibronectin) with
substitutes that are stable in solution, available in adequate quantity, and sufficiently
economical for large-scale bioreactor requirements.

Improved tracking of sourcing and processing methods for common, noli-protein medium
constituents also revealed raw materials of animal origin. Many lipids (e.g., sterols, fatty
acids), hydrolysates and surfactants used in nutrient medium formulations originate from
animal tissues. Even several amino acids used for human intravenous hyperalimentation
solutions are obtained from animal sources such as human hair, avian feathers, bovine
collagen and bovine or porcine bone gelatin. While the degree to which these raw materials
represent a threat of biocontamination remains controversial, many biopharmaceutical
manufacturers are attempting to eliminate even the perception ofrisk by specifying that all raw
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material components used in nutrient medium formulations must be non-animal sourced,
wherever possible.

Manufacturing Process Controls

As a Case Study to illustrate requirements for manufacturing systems validation, we reported
commissioning studies for our Large Volume Liquid Manufacturing (LVLM) system. This
integrated system provides the programmed in-line dilution of multiple concentrated (30-
100X) components using a static mixing device to produce large batches (5,000-50,000 liters)
of sterile-filtered nutrient medium batches which are dispensed into bulk containers. General
processing control was demonstrated through validation of aseptic processing, filter train
configuration, automated dispensing, and packaging integrity following compendial
guidelines. System performance was correlated with end product integrity, verifying post-
mixing formulation homogeneity by monitoring physical parameters, biochemical potency and
biological performance over the course of multiple, extended production runs.

Recognizing that the LVLM system would be a multiple use capability, validated sanitization
and sterilization were fundamental to ensure against inadvertent end product or culture cross-
contamination. Chemical residuals were evaluated with rinsate studies to demonstrate
endpoint conductance and endotoxin values and reduction in total organic carbon (TOC)
levels. Adhesion and drying ofa proteinaceous challenge (“soiling”) solution followed by the
proposed sanitization cycle demonstrated effective removal of adsorbed residuals in swab
studies. Downscale system challenge with a panel of model viruses and priori agent followed
by the sanitization cycle provided a quantitative kinetic assurance of agent eradication which
was correlated to “worst case” incoming bioburden challenge [5]. System steam sterilization
was validated by conventional distribution and cold spot mapping, using multiple calibrated
thermocouples and by confirming steam penetration with spore indicators.

Discussion and Summary

Terminal product sterilization by gamma irradiation represents the most universally accepted
virus inactivation method. Our validation studies demonstrated its effectiveness at eradicating
greater than six logs of a panel of model viruses and mycoplasmas in serum, trypsin and other
animal origin materials. The process is readily scalable, leaves no adulterative residue, and
may be designed to minimize negative impact on biological performance.

Empbhasis on elimination of all medium constituents of animal origin remains a controversial
issue. Recent association of Creutzfeld-Jacob Disease (CJD) [6] incidence in patients exposed
to human blood-derived therapeutics raised anxieties regarding use of albumin, Transferrin and
other human plasma origin raw materials for biopharmaceutical manufacture [7]. Transferrin
requirement for many cell culture systems has been substituted by various inorganic iron
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carriers or chelates [3-4]. Conversely, one may argue that amino acid and lipid constituents of
animal origin have been used for decades in human intravenous solutions without apparent
clinical problem. Some of the anxiety may be traceable to the perception that, while most viral
infections are rapidly observed and may be clinically managed, rapid qualitative detection and
effective therapy for prion-induced encephalopathies remain elusive.

The most effective safeguard against the risk of introducing adventitious contaminants into the
final biotherapeutic product appears to be an integrated approach, including all aspects of raw
materials sourcing (low risk origination, rigorous vendor qualification, etc.), treatment of
suspect materials by validated eradication processes (rather than virus screening which is
subject to test sensitivities and statistical limitations), secure storage of intermediate and raw
materials, and handling within a controlled, sanitary, validated manufacturing process.

The summary guidance reiterated by the Strasbourg Conference provides clear direction,
particularly to those involved at the product and process development phases of therapeutic
product development and commercialization: “Manufacturers of biological, medicinal and
veterinary products are encouraged to reduce or eliminate the use of animal-derived products
in their manufacturing process.” [1]
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CYTOTOXICITY TESTING FOR EVALUATING
FOOD SAFETY

Shiro Yamashoji' and Kenji Isshiki?
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1. Abstract

Different cytotoxicity tests are used to determine food safety. We
propose rapid cytotoxicity testing based on  menadione-catalyzed Hz20z
production by viable cells, which depends on both intracellular NAD(P)H
concentration and plasma membrane-bound quinone oxidoreductase
(EC 1.6.99.2). Damage to either the cytosolic NAD(P)H production system
or plasma membrane causes a loss of menadione-catalyzell2O2 production
resulting from cytotoxic events and is rapidly determined by colorimetrical
assay oF20s. This assay requires 10 min, and is much faster than MTT
reduction or neutral red inclusion assays requiring 4 h. In cytotoxicity
testing of food additives such as antioxidant BHA and BHT or p-
hydroxybenzoate derivative preservatives, cytotoxic events were observed 4 h
after mixing these food additives with animal cells. Natural toxins such as
tomatine, solanine, and chaconine contained in tomatoes and potatoes were
also detected 4 h after incubation with animal cells. We are now using this
technique to test different foods, including whole foods.

2. Introduction
Animal experiments are expected to be useful than analytical methods in
evaluating toxic food material as a whole. Public concern mounting about

the use of animals in experiment has led to a new “3Rs”: Reduce animal use,
Replace animals with alternatives, and Refine methods to minimize pain.

We propose simple, rapid -cytotoxicity testing using animal cells as an
alternative  to  animals. Menadione-catalyzed 203 production by viable
animal cells was observed in cell cultures, and determined by
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chemiluminescent assay as described elsewhere!-?). Our colorimetrical
assay of menahone-catalyzed H20s production  has  broad and useful
applications in food safety evaluation.

3. Materials and Methods

NIH/3T3 cells were cultured in DMEM supplemented with 10% fetal
bovine serum. Cells were grown on tissue dishes in a humidfied
atmosphere of 95% air and 5% CO, at 37°C. Exponentially growing cells
were  trypsinized, and single cells were collected by centrifugation and
resuspended in a 96-well tissue culture plate. Cells numbered 40,000 per
well, and were cultured overnight under the above conditions.

To 100u 1 of cell culture medium in each well culture plate, 5 u 1 of test
solution was added and the mixture incubated under the above conditions
for 4 h. Each well was washed twice with 100 g 1 of MEM, and 100 ux 1 of
MEM containing 0.2 mM menadione was added to each well. After 10 min
of incubation in 95% air and 5% CQs, 150 u 1 of DA-64/peroxidase solution or
Bis-MAPS-CS/peroxidase solution was added to each well. The absorbance
at 725 nm (DA-64iperoxidase) or 649 nm (Bis-MAPS-C3/peroxidase) was
measured with a microplate reader 1 min later. DA-G4/peroxidase  solution
contained 0.1% bovine albumin, 10 U/ml peroxidase, and 200 x4 M DA-64 in
1 M acetate buffer (pH 5.0). Bis-MAPS-C3/peroxidase solution contained
200 4 M Bis-MAPS-C3 in the above solution excluding DA-64. The
viability of cells exposed to toxic compounds was determined as a percentage
based on the absorbance of wells containing intact cells.

DA-64 [N-(C arb oxymethylaminocarbonyl)-4,4°-bis (dimethylamino)-
diphenylamine sodium salt] was purchased from Wako Junyaku Kogyo, and
Bis-MAPS-C3 {Bis[4-(N-propyl-N-sulfopropyl)amino2,6-dimethylphenyl]
methane disodium salt} from Dojindo Laboratories.

4. Results and Discussion

The H20: concentration produced by intact NIH/3T3 cells under the
conditions in Materials and Methods was about 15 p M. DA-64 and Bis-
MAPS-C3 in the presence of 15 p M Hy0s and confluent cells gave the
absorbance of about 0.4 and 0.3. Absorbance was about 0.04 at 725 and
649 nm when cells had died. The change in menadione-catalyzed H20-
production by cells exposed to toxic compounds was thus observed at
absorbance from about 0.4 or 0.3 to 0.04.

Table 1 shows the 50% inhibition concentration (ICsy) of antioxidants,
preservatives, and alkaloids showing clear cytotoxicity 4 h after incubation
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Table 1 1Cw of alkaloids and food additives

125 z T 1Cu(%)*
—0— Mo addition =
1000 Qs Solanine 0.004
g po— Tomatine 0.0027
’\;‘ 75 | Chaconine 0.0014
< BHA 0.012
,‘?:? BHT 0.01
é =) Ethyl p-hydroxybenzoate 0.024
> | 8 n-propyl p-hydroxybenzoate 0.015
‘.;:"-Z._O n-butyl p-hydroxybenzoate 0.013
2 Isobutyl p-hydroxybenzoate 0.008
1
: 0 0.(31!05 0.01 0.015

*ICu alter 4 h incubation

BHA (%)

Fig.1 BHA Dose response
BHA was mixed with curry or stew, and 5 p 1 of the mixture added

to 100 p 1 of cell culture medium. Incubation time was for 1 h.

Viability was determined under the conditions described in
Methods.

with cells. When IC,, is lower than the concentration in food, the
cytotoxicity is observed by the direct addition of the food extract to cell
culture,e.g., IC,, of BHA was 0.12% and lower than the concentration in food,
showing the direct determination of BHA in food. The dose response of
BHA mixed with retort curry or stew was similar to the standard (Fig.1).

The above results indicate that the rapid assay of menadone-catalyzed
H,O0: production with mammalian cells will prove highly useful as a
screening test for food safety evaluation.
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FACTORS SPECIFICALLY EXPRESSED IN OSTEOBLASTS

JITSUTARO KAWAGUCHI, KEISUKE HORIUCHI, HISAAKIKUDO,
SUNAO TAKESHITA AND AKIRA KUDO
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Summary

The subtractive screening of cDNA libraries derived from the mouse osteoblastic cell line,
MC3T3-El has yielded cDNA clones functioned in osteoblast differentiation. One ofthem,
termed OB-cadherin,whichis identicalto cadherin-1 1,is involvedin classic cadherin family
which is generally identified as Ca?" dependent adhesion molecule. Two isoforms of the
human OB-cadherin/adherin- 11 transcripts were isolated, and one encodes a typical primary
structure of cadherin and the other is a variant form encoding a different cytoplasmic domain
because of alternative splicing. Results of immunohistochemical analyses using fetal
calvaria indicated that OB-cadherin/adherin-11 is expressed on osteoblasts and osteocytes.
The high expression of the variant form was detected in osteosarcoma by Northern blot and
RT-PCR analyses . The anomalous expression of the OB-cadherin/adherin-11 molecules,
the variant form as well as the secretory form found at protein level, modulates cell adhesive
properties.

Another gene OSF-2 included in the fasciclin I family is specifically expressed in
periosteum in adult mice found by both RNA in-situ hybridization and
immunohistochemistry, and termed periostin. Periostin is a secreted molecule as 90 kD,
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and the purified protein of periostin from the supernatant of MC3T3-El cells functioned in
cell attachment. The transcription of periostin gene was upregulated by TGF-b and
interleukin 6. The recent development of zebra fish in biotechnology led us toclone up a
full length of the zebra periostin gene. The homology between mouse and zebra periostin
is high (about 65%), suggesting the common function in bone formation. RNA in-situ

hybridization revealed that zebra periostin was expressed in somites and fins.

1. OB-cadherin/cadherin-11

Osteoblasts are the skeletal cells responsible for hone formation. They synthesize and
regulate the deposition and mineralization of the extracellular matrix of bone. It has been
proposed that osteoprogenitor cells arise from mesenchymal stem cells which are
inultipoteritial in nature and capable of giving rise to a number of committed and restricted
cell lineages including the osteogenic line. Based on the morphological and histological
studies, osteoblastic cells are categorized in apresumed linear sequence progressing from
osteoprogenitor to preosteoblasts, osteoblasts, and lining cells or osteocytes. During
development. extracellular matrix is important to be investigated at molecular level. and
specifically, cell adhesion molecules are involved for destiny at cells.

Cadherins are transmembrane Ca*" dependent homophilic adhesion receptors that are well
known to play important roles in cell recognition and cell sorting during development (1).
One of the most important and ubiquitous types of adhesive interactions required for the
maintenance of solid tissues is that mediated by the classic cadherins. subgrouped into type
I and type II (2). The classic cadherin family is clasified by their highly conserved
cytoplasmic domain, which associates with catenins: a-catenin, b-catenin, plakoglobin and
p120 (3, 4). There is another subgroup called the type Il cadherin classified on the basis of
small but significant variations in amino acid sequence. The HAV motif which is
important for Ca®dependent adhesion. and is common in the type I classic cadherin family
hut not in the type II cadherin family. Although some of type II molecules are known to be
expressed in loosely assciated cells and to be responsible for weaker intercellular adhesion,
detailed properties of type II cadherin still remain obscure.

A type II molecule, OB-cadherin identical to cadherin-11(5) was isolated by us and
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others to be expressed on the osteoblastic cells, stromal cells and mesenchymal cells, in
which HAYV site is replaced by QAV. The mouse OB-cadherin gene was isolated fromthe
mouse osteoblastic cell line, MC3T3-El; and two types of human OB-
cadherin/adherin-11 genes were also isolated from the human osteosarcoma cDNA library
(6). One was the counterpart of the mouse gene and the other was the variant OB-
cadherin/cadherin-11 gene having an insertion fragment of 179bp at the position
corresponding to the transmembrane region. resulting in a frameshift mutation downstream
from the insertion point. It would produce a truncated protein, which lacks one-third of
transmembrane domain andthe entire cytoplasmic domain. This structure of the variant
form will be predicted as behaving like a dominant negative to block the function of the
cadherin characteristic.

In this report, we examined the expression and the function of the variant form and
investigated that the variant forin was the splice variant by the analysis ofthe genomic
DNA structure and it produced a 80kD protein detected in Western blot analysis and may

function in co-operation with the intact OB-cadherin/cadherin-11 (7).

1).Three forms of cadherin-11

To investigate cadherin-11 protein, a Western blot analysis using a mouse monoclonal
antibody against human cadherin-11 was performed by using cell extracts from mouse L
cell transfectants, OBL cells and human calvarial cells (CAL). From three differenttypes of
L celltransfectants, the intact, the variant and the double, both the intact and the variant,
120 kD and 85 kD bands, were detected as proteins for the intact and the variant respectively.
b-catenin in L cell transfectants became stable in the presence of the intact ofcadherin-11
molecule. In variantL cells, no b-catenin was detected, indicatingthat the variant form was
not associated with b-catenin. OBL and CAL cells expressed the intact form as well as
b-cateniii. but the variant was not detected because of low expression. Since cadherin are
associated with b-catenin, the association between cadherin-1 1 and b-catenin was examined
bycombination of immunoprecipitation with an anti b-catenin an ti body and successive
Western blot analyses with antibodies against cadierin-11 andb-catenin. The intact form

was co-immunuprecipited with b-catenin, and the variant form was not detected Same
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results were obtained in OBL.

To investigate whether the variant form is secreted because it lacks a part of the
membrane domain, the culture supernatants of each transfectant andOBL were concentrated
20 fold and were tested by Western blotting. The data showed that the variant form is
obviously not the secreted form since the secreted form is not present in the conditioned
medium of L cell transfectants of the variant form, but interestingly, the secreted form of
cadherin-11. 80 kD in size, was found from the intact and the doble L cells, but not from
the variant L cells. Theresult implies that the secreted form is generated from cleavage of
the intact form, but not by alternative mRNA splicing. Thesecreted form was also detected

in the supernatant from OBL afterlong exposure. The three forms are shown in Fig. 1.

e

T T T T T T

-
Fos
e==fExtracellularDoman

dransmembraneDomain

CytoplasmicDoman

Catenins

G aa
179 bp

Figurel. Three isoforms of OB-cadherin./cadherin-11
Human cadherin-11 has three isoforms. One is the intact form with a typical cadherin structure, and the
secreted form is derived from the intact form with proteolysis. The variant form does not have the ordinary

cytoplasmic domain because of alternative splicing.
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2). Function of the variant form of cadherin-11
To examine Ca 2" dependent cell adhesion, a typical characteristic of cadherin molecules,
cell aggregation assays were performed (in Fig. 2). Following trypsinization in the
presence of CaCly. the intact L cells slowly reaggregated in the presence of CaCl,. The
variant L cells or L cells expressing the vector alone (none) did not show aggregation.
Although several transfectants expressing different amounts of the variant form were tested,
none of them demonstrated aggregation . To test the effect of the variant form in cell
adhesion in the presence of the intact form, double transfectants were newly established by
introduction of the variant form of the cadherin-11 gene into the intact L cells. Double
transfectants aggregated faster than the intact L cells. These results show that the variant
form coupled with the intact form activatesthe cell adhesion. To generalizethis result. we
further examined more transfectants with various expression levels of the variant form. All
the double transfectants showed faster aggregation kinetics than the intact form alone,
although the expression level ofthe intact form is similar eachother. Thus we conclude that
the existence ofthe variant form causes fastercell aggregation in the presence of the intact

form, suggesting that the variant form is functional in bone marrow cells or cells in

femoral and humeral head for aggregation.
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Figure 2. Cell aggregation of cadherin-11 L cell transfectants.
Cells were dissociated by TC-treatment, and were allowed to aggregate in the presence (A) or absence (B)
of InM CaCl,. L cell with the vector alone (none), with the cadherin-11 intact form (Intact). with the

cadherin-11 variant form (Variant). with the cadherin-11 intact and variant form (Intact/Variant).
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3). Strong expression ofcadherin-11 and b-catenin in normal osteoblasts but faint in
osteosarcoma.

To identify localization of cadherin-11 in tissues: fetal calvaria and osteosarcoma were
examined by immunohistochemistry using monoclonal antibodies against cadherin-11 and
b-catenin. In fetal calvaria, the strong expression ofcadherin-11 as well as b-catenin was
detected in both resting and formative osteoblasts lined along the surface of the woven bone.
thus did mainly around the cell membrane. Interestingly, cadherin-11 was expressed in
osteocytes, which have an abundant cytoplasm anda large nucleus, but not in fibroblasts.
Adjacent to cadherin-11, b-catenin was also expressed in osteoblasts. On the other hand. in
osteosarcoma, we could find only low immunoreactivity of cadherin-11 andb-catenin in the

cytoplasm but no obvious signals on the surface of tumor cells.

2. Periostin/OSF-2

Bone is formed by two processes, intramembranous ossification and endochondral
ossification. The former contributes to the formation and growth ofthe flat bones of the
skull and addition of bone to the periosteum of long bones, while the latter process is
responsible for formation of the rest of the bones in the body. At the histological level,
both of these processes have been well studied but the mechanisms involved at the
molecular level are not understood. It is known that the periosteum and the periosteal collar
areresponsible for bone formation and that this tissue contains mesenchymal stem cells and
pre-osteoblasts (8). The periostin/OSF-2 gene was isolatedin previous studies aimed at
identifying novel genes expressed specifically in the osteoblast by using the techniques of
subtraction hybridization and differential screening between cDNA libraries ofMC3T3-E1
and NIH3T3 cells (9). Mouse periostin comprises 8111 amino acids and computeranalysis
of the deduced amino acid sequence revealed a complex protein structure with four repeats of
a characteristic domain. A similar structure had been reported for fasciclinI,ahomophilic
cell-cell adhesion molecule expressd in the central nervous system of insects (10)and
big-h3, a molecule induced by TGFb that promotes fibroblast attachment and spreading
(11).

In recent years several novel proteins with a similar structure to fasciclin Thave been
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identified in a variety of species. These include big-h3 (human and mouse), Algal-CAM
(plants)(12), MPB70 (mycobacteria) (13)and midline fasciclin(insects) (14). These genes
have a 130-150 amino acid long homologous domain, which is characterized by two
conserved stretches of 13 and 14 amino acids, respectively. Fasciclin I, big-h3. midline
fasciclin and periostin contain fourhomologous domains, while Algal-CAM contains two
and MPB-70 consists of one, shown in Fig. 3. Outside the two well-conserved stretches,
the overall sequence homology is generally low. Although their biological functions and
the underlying molecular mechanism of their effects are still poorly characterized several
reports suggest that theseproteins actas adhesion molecules. In this report wedescribe a
potential function forperiostin asa cell adhesion molecule for pre-osteoblastsbased on its
localization in tissues and capacity to induce osteoblast attachment and spreading. This
novel gene was previously called "osteoblast-specific factor2" or OSF-2, butasubsequent
study also used this acronym to describe a transcription factor also known as Cbfal (15).
Therefore, based on its tissue specificity, we have renamed this protein "periostin". Herein

we describe the characterization of this protein.
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Figure A diagram of the structure of proteins in the fasciclin I family.
Two highly conserved sequences in each repeated domain (RD) are Indicated as black boxes (a) and
hatched boxes (b). The proteins shown are; mouse periostin/OSF-2, drosophila fasciclin I, human 8 ig-h3.
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1). High levels of expression of periostin are observed in the periosteum
hut not in the endosteum and bone matrix.

We had previously investigated the tissue specific expression of periostin by RNA
dot-blot analysis and showed that periostin is only expressed in primary calvarial
osteoblasts and in MC3T3-E1 cells. Although aweak signal was observedin the lung. in
no other tissues including the brain. heart, kidney, liver. muscle, placenta. spleen, testis
and thymus, could the transcripts for periostin be detected. To evaluate the expression
pattern of periostin in bone tissue in detail. immunohistochemistry was performed using
anti-periostin antiserum (16).

Sections of the tibia of a 5-week old mouse revealed strong positive staining in the
periosteum but not in endosteum nor bone matrix. At high magnification a positive
reaction was observed in the cambial layer and to a lesser extent in the fibrous layer of the
periosteum. The staining pattern indicates that the perioslin protein is not anchored to the
surface of the cell but secreted into the surroundng extracellular matrix possibly by
osteohlasts or osteoblast precursors. Although alkaline phosphatase positive cells,
possibly pre- and mature osteoblasts. werepresentboth in the periosteum and on the surface
of trabecular bone, expression of periostin was all but restricted to the alkaline phosphatase
positive cells in the periosteum. No expression was observed in cartilaginous tissue
including the articular surface, growth plate and calcified cartilage. Essentially identical
findings were observed using in situ hybridization with the periostin RNA antisense probe.
The periosteal osteoblasts were

positive for periostin mRNA.

2). Periostin supports cell spreading and attachment in vitro.

Solid-phase binding assays were performed using MC3T3-El cells and the purified
periostin protein from the conditioned media of MC3T3-E1 cells and the periostin-Fc
recombinant protein. MC3T3-E1 cells were trypsinized and incubated in wells coated with
either purified periostin (20 mg/ml), recoinbinant periostiin-Fc protein (30 mg/ml),
libronectin (5 mg/ml) or BSA alone. The cells spread on the periostin. periostin-Fc and

fibronectin coated wells. but not on the BSA alone coated wells.
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On periostin-Fc coated plates, cell spreading occured in a concentration dependent
manner shown in Fig. 4. Periostin also supported cell attachment under reducing conditions,
so secondary structure is not essential for this effect. An addtion of 5 mM EDTA
completely inhibited cell adhesion on both periostin and fibronectin coated plates. while

GRGDS peptide (1 mM) had no effect.
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Figure 4. Solid phase binding assays showing adhesion of MC3T3-E1 cells to inmmobilized periostin protein.
Trysinized MC3T3-El cells were incubated in wells coated with periostin-Fc recombinant protein at the

indicated concentrations. Spread cells and rounded cells were enumerated and the percentage of cell

spreading was calculated.

3. Conclusion.

The OB-cadherin/cadherin-11 and the periostin/OSF-2 are new molecules appeared as
adhesion proteins regulating the osteoblast differentiation and function. Both genes and
proteins are unique markers in osteoblast lineage, therefore they will become very
important to characterize the osteoblast. To obtain the final conclusion of the function of
both genes, the projects of knockout mice are on going.

I would like to thank Drs. Kashima andaMachiname in University of Tokyo, and Drs.

Amizuka and Ozawa in Niigata University for collaborative works.



240

References

1. Takeichi M 1991 Cadherin cell adhesion receptors as a morphogenetic regulator Science 251: 1451-
1455.

2. Suzuki S 1996 Structural and functional diversity of cadherin superfamily: Arc new members of
cadherin superfamily inivolved in signal transduction pathway ? J Cell Biochem 61 : 53 1-542.

3. Nagafuchi A. Takeichi M 1989 Transmembrane control of cadherin-mediated cell adhesion: a 94 kDa
protein functionally associated with a specific region of the cytoplasmic domain of E-cadherin. Cell Regal
1:37-44.

4. Ozawa M, Baribault H. Kemler R 1989 The cytoplasmic domain of the cell adhesion molecule
uvomorulin associates with independent proteins structurally related in different species. EMBO J 8: 171 1-
1717.

5. Tanihara H, Sano K, Heimark LR. St John T, Suzuki S 1994 Cloning of five human cadherins clarifies
characteristic features of cadherin extracellular domain and provides further evidence for two structurally
different types of cadherin. Cell ~Adhes Commun2: 15-26.

6. Okazaki M. Takeshita S, Kawai S. Kikuno K, Tsujimura A. Kudo A, Amann E 1994 Molecular
cloning and characterization of OB-cadherin, a new member of cadherln family expressed in osteoblasts.
JBiol Chem 269: 12092-12008.

7. Kawaguchi. J.. Takeshita, S., Kashima. T., Imai, T., Machinanri R. and Kudo. =~ A. Expression and
function of the splice variant of the human vadherin-1 1 gene in subordination to intact cadherin- 11. J. Bone
Mineral. Res. in press

8. Bilezikian JP, Raisz LG, Rodan GA (ed) Principles of Bone Biology. AcademicPress, Calfornia.
pp.-155-165.

9. Takeshita S. Kikuno K, Tezuka K. Amann E 1993 Osteoblast-specific factor 2:cloning of a putative
bone adhesion protein with homology with the insect protein fasciclin I. Biochem J 291:271-278.

10 Zinn K, McAllister L, Goodman CS 1988 Sequence analysis and neuronal  expression of fascilin I in
grasshopper and Drosophila. Cell 53:577-587.

11. LeBaron RG, Bezverkov KI, Zimber MP, Pavelec K. Skonier J, Purchio AP 1995 Beta 1G-113, a
novel secretory protein inducible by transforming growth factor-beta, is pressentin normal skin and
promotes the adhesion and spreading of dermal fibroblasts in vitro. J Invest Dermatol 104:844-849.

12. Huber O. Sumper M 1994 Algal-CAMs: isoforms of a cell adhesion molecule in embryos of the alga



241
Volvrox with homology to Drosophila fasciclin . EMBO J.  13:4212-4222.
13. Terasaka K, Yamaguchi K, Matsuo K. Yamazaki A, Nagai S, Yamada T 1989 Complete nucleotide
sequence of inmunogenic protein MPB70 from Mycobacterium bovis BCG. FEMS Microbiol Lett 49:273-
276.
14.  Hu S. Sonnenfeld M, Stahl S, Crews ST 1998 Midline Fasciclin: a Drosophila Fasciclin-I-related
membrane protein localized to the CNS midline cells and trachea. J Neurobiol 35:77-93.
15.  Ducy P, Zhang R. Geoffroy V, Ridall AL, Karsenty G 1097 Osf2/Cbfal: a transcriptional activator of
osteoblast differentiation. Cell 80:747-754.
16.  Horiuchi, K., Amizuka, N., Takeshita, S., Takamatsu, H., Katsuura. M., Ozawa. H., Toyama, Y.,
Bonewald. L.F. and Kudo. A. ldentification and characterization of a novel protein, Periostin (OSF-2) with
restricted expression to periosteum and periodontal ligament and increased expression by transforming

growth factor b. paper is submitted.



This page intentionally left blank.



OSTEOCLAST DIFFERENTIATION FACTOR IS A LIGAND FOR
O STEOPROTEGERIN / OSTEO CLA STO GENESIS -INHIBITORY
FACTOR

NOBUYUKI SHIMA' HISATAKA YASUDA', NOBUAKI
NAKAGAWA!, KYOJI YAMAGUCHI', EISUKE TSUDA',
TOMONORI MORINAGA',TATSUO SUDA?,

and KaANJI HIGASHIO!

‘Research Institute of Life Science, Snow Brand Milk Products Co. Ltd.,
Tochigi 329-0512, Japan

’Department of Biochemistry, School of Dentistry, Showa University,
Tokyo 142-8555, Japan

ABS TRACT;Osteoblasts or bone marrow stromal cells support osteoclast development
through a mechanism ofcell-to-cell interaction with osteoclastprogenitors. we purified and
molecularly cloned osteoclastogenesis-inhibitory factor (OCLF), which turned out to be
identical to osteoprotegerin (OPG). OPG/OCIF is a secreted member of the TNF receptor
family that inhibits differentiation and activation of osteoclasts. OPG/OCIF specifically
bound to a bone marrow stromal cell line, ST2 treated with 1, 25(OH),D;, but not to

untreated cells. To identify a OPG/OCIF ligand, we screened a cDNA expression library of
ST2 cells treated with 1,25(OH)2D3 using OPG/OCIF as a probe. The cloned molecule was
found to be a member of the membrane-associated TNF ligand family, and it induced
osteoclastogenesis in vitro in the absence of osteoblasts/stromal cells. Expression of its gene
in osteoblasts/stromal cells was up-regulated by osteotropic factors. Antibody against this
protein negated bone resorption elicited by osteotropic factors in a fetal mouse long bone
culture system. OPG/OCIF abolishedthe protein-mediated osteoclastogenesis. Weconclude
that the protein is osteoclast differentiation factor(ODF), along-sought mediator responsible
for an essential signal to osteoclast progenitors for their differentiation into osteoclasts, and
that OPG/OCIF acts as a soluble competitor against ODF receptor that is presumably
expressed on osteoclasts and osteoclast progenitors.

1. A hypothetical membrane-bound factor, ODF

Osteoclast-like cells (OCLs) can be developed in vitro) from hematopoietic cells by co-
culturing with osteoblasts or bone marrow stromal cells in the presence of such stimulators
ofbone resorption as interleukin (IL)-6, IL-11, parathyroid hormone (PTH), prostaglandin
E2 (PGE2), and 1,25dihydroxyvitamin D3 [1,25(OH)2D3] (1, 2). These stimulators are
classified into three categories in terms of signal transduction pathways: vitamin D
receptor-mediated signals [1,25(OH)2Dj3]; protein kinase A-mediated signals (PTH, and
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PGE2); and gp 130-mediatcd signals (IL-6 and LL-11). Results of co-culture experiments
demonstrated that development of osteoclasts is regulated by osteoblasts/stromal cells
through a mechanism of cell-to-cell interaction with osteoclast progenitors (1-3). Thus, we
proposed that a hypothetical membrane-bound factor(s) expressed on osteoblasts/stromal
cells in response to the stimulators of bone resorption induces osteoclastogenesis by

signaling to osteoclast progenitors. We named the factor "osteoclast differentiation factor
(ODF)"(3).

2. Characterization of OPG/OCIF

In 1994, we succeeded in purifiing osteoclastogenesis-inhibitory factor (OCIF) from
conditioned medium of human fibroblasts. OCIF specifically inhibits in vitro OCL
formation elicited through the three distinct signaling pathways stimulated by 1,25(OH)2D3,
PTH, andIL-11 (4). Thenucleotide sequenceanalysisof OCIFcDNA (5) revealed that OCIF
is a secreted member of the tumor-necrosis factor (TNF) receptor family and is identical to
osleoprotegerin (OPG) (6). Analyses of transgenic mice overexpressing OPG/OCIF, animals
injected with OPG/OCIF, and OPG/OCIF knockout mice established the physiological role
of OPG/OCIF as an osteoclastogenesis-inhibitory factor (5-8).

3. OPG/OCIF-binding  protein

A mouse bone marrow-derived stromal cell line, ST2, is known to support OCL formation
from mouse spleen cells inthe presence of 1,25(OH)2D3 and dexamethasone (Dex) (2). We

previously showed that OPG/OCIF specifically binds to ST2 cells treated with 1,25(0H)2D3

and Dex, but not to untreated ST2 cells (4,5). When the binding sites on the treated ST2 cells
were occupied by OPG/OCIF, the cells failed to support OCL formation from spleen cells

(5). Cross-linking study using '2°I-OPG/OCIF revealed that a 40 k protein on the treated
ST2 cells binds to OPG/OCIF (5). These results raised the possibility that the binding
protein of 40 k is a ligand Tor OPG/OCIF and identical to ODF.

4. Cloning of mouse ODF cDNA

To identify the OPG/OCIF binding protein, we screened acDNA expression library ofST2
cells treatedwith 1,25(OH)2D3 andDex using 2> I-OPG/OCIF. A cDNA clone encoding

316 amino acids was isolated (9). Hydropathy analysis showed the absence of a signal
sequence and the presence of an internal 24-residue hydrophobic domain, which presumably
represents a transmembrane domain. This structure is typical ofa type II transmembrane
protein with an extracellular C-terminal region. A homology search of the (GenBank sequence
database revealed thatthe C-terminal 165 residues ofthe protein hada significanthomology
to the extracellular domains of the TNF ligand family members. As described below, the
protein satisfied the major criteria for ODF in view of'its biological activity and its gene
expression regulated by bone-resorbing factors. We therefore renamed the protein ODF.



245

ODF, also designated as OPG ligand (10), has been foundto be identical to TRANCE and
RANKL, which were cloned as respective regulators of T-cells and dendritic cells (11, 12).

5. ODF induces OCL formation from spleen cells

To examine if ODF mediates a cell-to-cell signal responsible for osteoclastogenesis, we
carried out an in vitro OCL formation assay by evaluating TRAP activity and calcitonin
binding, acombination ofwhich is unique to osteoclasts (9). When COS7 cells expressing

ODF (COSODF) or control COS-7 cellstransfected with the empty vector (COSVGC) were
fixed with paraformaldehyde and then mouse spleen cells were cultured on the fixed cells for
6 days in the presence of M-CSF, TRAP-positive multinucleated cells appeared on the

COSODF cells but not on the COSVEC cells. Concurrent addition of OPG/OCIF to the
cultures inhibited the TRAP- and calcitonin receptor-positive cell formation in a dose-
dependent manner. These results indicate that ODF mediates the cell-to-cell signaling
essential for osteoclastogenesis. M-CSF was indispensable for the ODF-mediated OCL
formation. To further examine the biological effect of ODF, we produced a soluble ODF
(sODF) consisting of the extracellular domain of ODF arid thioredoxin. When mouse spleen
cells were cultured inthe presence of 10 ng/ml M-CSF andvarious concentrations of SODF,
TRAP-positive multinucleated cells were formed in a dose-dependent manner. OPG/OCIF

negatedtheeffectofSODF. Autoradiography using 125SI-calcitoninconfirmedthepresenceof
calcitonin receptors on the induced TRAP-positive cells. Furthermore, when these OCLs
were cultured on dentine slices for 3 days in the presence of M-CSF and sODF, numerous
resorption pits were formed on the slices.

6. sODF acts directly on osteoclast progenitors

Mature monocytes and alveolarmacrophages, aswell as several cell lines ofthe macrophage
lineage, can differentiate into OCLs when co-cultured with stromal cells in the presence of
1,25(0OH),D3. A macrophage cell line, C7, is also capable of differentiating into OCLs in
such a co-culture system. sODF induced the formation of TRAP- and calcitonin receptor-
positive multinucleated cells from C7 cells in a dose-dependent manner in the presence of
M-CSF, indicating that ODF acts directly on osteoclast progenitors. The TRAP-positive
multinucleated cells formed from C7 cells produced numerous resorption pits on dentine
slices (9). Toelucidatethe mechanism of human osteoclastogenesis, we further examinedthe
effect of SODF on human peripheral blood mononuclear cells (PBMCs). Treatmentofhuman
PBMCs with sODF together with M-CSF induced OCLs, which are TRAP-, vitronectin
receptor-, and calcitonin receptor-positive and are capable ofresorbing bone (13).

7. Expression of ODF gene in stromal cells, osteoblasts, and tissues (9)
Northern blot analysis using aODF cDNA probe showed that a single mRNA transcript of

approximately 2.4-kb was present in ST2 cells treated with 1,25(OH),D3 and Dex, butnot
in the untreated cells. Up-regulation of the ODF gene expression was also observed in mouse
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primary osteoblasts cultured in the presence of 1,25(0OH),Ds, IL-11, PGE3, or PTH.
Analysis of tissue distribution of the ODF transcript showed that the gene was strongly
expressed in trabecularbone, thymus, and lung, and weakly expressed in spleen and bone
marrow. High-level expression of ODF gene in trabecular bone suggests arole of ODF for
osteoclastogencsis in bone tissue.

8. Role of ODF in the microenvironment of bone

To explore the role of ODF in bone tissue, we examined the effect of SODF and OPG/OCIF
on bone resorption in a fetal mouse long bone culture system(14). sODF significantly

stimulated 45Ca release from the labeled boric in a dose-dependent manner and the addition of
OPG/OCIF abolished the effect of sODF, suggesting that ODF plays a role for
osteoclastogenesis in the microenvironment of bone. To further elucidate whether ODF-
mediated signals are involved in bone resorption, we examined the effects of OPG/OCIF and
anti-ODF antibody on boneresorption stimulated with various bone-resorbing factors inthe
organ culture system. 1,25(0OH),D3, PGE,, or PTH significantly stimulated 43Ca release
and addition of OPG/OCIF or anti-ODF antibody inhibited the effect of these stimulators in
adose-dependent manner. These results led us to conclude that ODF mediates an essential
signal for bone resorption induced by various bone-resorbing factors in bone tissue. Taken
together with the findings that ODF expression in osteoblastc cells is up-regulated by various
bone-resorbing factors, the results suggest that the stimulation of bone resorption by these
factors is through up-regulation of ODF on the membrane of osteoblasts/stromal cells.
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Fig. 1. A model illustrating the mechanism by which ostcoblasts/stromal cells regulate ostcoclastogenesis.
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9. Conclusion

The present study indicates that osteoblasts/stromal cells play an essential role in
osteoclastogenesis through the expression of ODF (Fig. 1). Threedistinctsignals stimulated
by 1,25(OH),D3, PGE,/PTH, and IL-11 induce ODF expression on osteoblasts/stromal

cells. ODF mediates a signal for osteoclastogenesis through ODF receptor espressed on
osteoclast progenitors. OPG/OCIF inhibits osteoclastogenesis by interrupting the binding
of ODF to ODF receptor. M-CSF produced by osteoblasts or stromal cells is also
indispensable for differentiation of osteoclast progenitors.
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ERYTHROPOIETIN PROTECTS NEURONS FROM ISCHEMIC DAMAGE.

SEINI MASUDA, MASAYA NAGAO AND RYUZO SASAKI

Division of Applied Life Sciences, Graduate School of Agriculture,
Kyoto University, Kyoto 606-8502, Japan

Erythropoietin (EPO) has been shown to protect primary cultured neurons from N-
methyl-D-aspartate (NMDA) receptor-mediated glutamate toxicity. Here we report EPO
protects neurons against ischemia-induced cell death and the endogenous brain EPO is
crucial for neuronal survival. The presence of EPO in neuron cultures did not repress a
NMDA receptor-mediated increase in intracellular Ca?*, but rescued the neurons from
nitric oxide-induced death.

EPO regulating erythropoiesis is mainly produced by the kidney in adults and by
the liver at fetal stages (1, 2). Stimulation of red blood cell formation was thought to
be the sole physiological function of EPO, but a novel function in the central nervous
system (CNS) has been proposed (3-7). Primary cultured astrocytes have been shown
to produce EPO and low oxygen tension stimulates the production of EPO through an
increase in its mRNA (8, 9). EPO mRNA is expressed in the adult rat brain and the
expression is hypoxia-inducible (10). Messenger RNAs of EPO and EPOR are also
expressed in the primate brain (9). EPO protects primary cultured hippocampal and
cerebral cortical neurons from NMDA receptor-mediated glutamate toxicity (3), which is
believed to be a major cause of neuron death by ischemia. It remains unknown,
however, whether or not the endogenous brain EPO functions in vivo.

In this paper, we report that EPO plays an important role in protecting neurons
from ischemia-induced cell death. Experimental results on the mechanism underlying the
protective effect of EPO on glutamate-induced neuron death are also reported.

MATERIALS AND METHODS
Infusion of erythropoietin and soluble erythropoietin receptor.

Male Mongolian gerbils each weighing 70-80 g were anesthetized. An osmotic
minipump was implanted as described (11-15). Recombinant human EPO was
dissolved in a vehicle consisting of 0.01 M phosphate-buffered saline, pH 7.5 (PBS) and
0.1% bovine serum albumin. EPO was infused for 7 days into the left lateral ventricle
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ofeach normothermic gerbil in which 3-min forebrain ischemia had been induced;

control animals received vehicle infusion.  Soluble EPOR (sEPOR) was infused for 7
days into the left lateral ventricles of normothermic gerbils in which 2.5-min or 3-min
forebrain ischemia had been induced, control ischemic animals received the infusion of
vehicle orheat-denatured SEPOR (dsEPOR).  The infusion was started at 8 h orat 24 h
before the ischemic insult in the EPO-treated groups and in the SEPOR-treated groups,
respectively.  Occlusion of the common carotid arteries, stimation of learning ability by
passive avoidance task and histopathological study of hippocampal CA1 region were
performedasdescribed(11-15). The effects of EPO and sSEPOR on response latency and
CAI neuronal density were evaluated by the two-tailed Mann-Whitney U-test.

In vitro experiments.

Hippocampal and cerebral cortical neurons from brains of 19-day old fetal Wister
rats were cultured as described previously (3).

Rate of 45Ca uptake by cerebral cortical neurons were determined as described (16).
Intracellular calcium concentration was determined by the method previously reported
(17), using fura-2 loaded cerebral cortical neurons.

Effects of glutamate, Me-TC (a nitric oxide synthase inhibitor), SNP (a nitric
oxide-generating agent), and EPO on hippocampalneurons were performed as described
(3). Theneurons were incubated with 200 uM glutamate or 1 mM sodium
nitroprusside (SNP) (Dojin) for 15 min. When effect of S-methyl-L-thiocitrulline (Me-
TC) on glutamate toxicity was examined, the neurons were incubated with 25 pM Me-
TC 30 min before glutamate challenge. When the neuroprotective effect of EPO was
examined, 1 U/ml EPO was added to cultures 24 h before incubation of neurons with test
materials.

RESULTS AND DISCUSSION
Protective effect of EPO on ischemia-induced neuron death.

The continuous infusion of EPO at a dose of 2.5, 5 or 25 U/day for 7 days into the
lateral ventricle caused a significant prolongation in response latency time (Fig. 1A).
Subsequent histological examinations revealed that treatment with EPO at the dose of
2.5, 5 or25 U/day rescued many ischemic neurons that were destined to degenerate
without the treatment (Fig. 1B, G, H). Theseresults indicate that the cerebroventricular
infusion of EPO prevents the ischemia-induced learning disability andrescues
hippocampal CAI neurons from lethal ischemic damage.

Stimulation of neuron death by sEPOR under mild ischemia.

Ischemia for 2.5 min did not reduce neuronal cell density, while there was a
significant reduction in 3-min ischemia. This finding has made it possible to examine
whether the infusion of sSEPOR capable of binding with EPO provokes neuron damage
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in 2.5-min ischemia. The continuous infusion of SEPOR at a dose of 5 or 10 pg/day
for 7 days into the cerebral ventricles did not show a detrimental effect but the infusion
ofhigher doses (25 or 50 pg/day) caused a significant reduction in response latency time
(Fig. 2A) and a significant decrease in hippocampal CA1 neuron density (Fig. 2B), when
compared with those of 2.5-min ischemic animals infused with vehicle. Neither the
response latency nor neuronal density was altered by the infusion of the inactive dSEPOR
(5 or 25 pg/day) in 2.5-min ischemic gerbils. The infusion of SEPOR (25 pg/day) in
normal gerbils did not induce neuronal death in the hippocampal CAI field (data not
shown). These findings indicate that brain EPO of possibly astrocyte origin exists as a
trophic agent essential for neuronal survival when the brain is loaded with a sublethal
ischemic insult.
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5'“ ' %" A, response latency: B, CAl neuronal
5 B density. Open columns indicate sham-
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ischemic group.

Neuroprotective effect of EPO on cultured neurons.

For better understanding of the molecular mechanism underlying the neuroprotective
action of EPO, we further investigated effect of EPO on cultured neurons. A massive
increase of intracellular Ca?" concentration evoked by glutamate-induced NMDA receptor
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activation plays a critical role in triggering intracellular events that elicit cell destruction.
EPO protects primary cultured neurons from NMDA receptor-mediated glutamate
toxicity (3). EPO may exhibit its neuroprotective action by repressing glutamate-
induced increase in Ca*+ concentration. Figure 3 shows effect of EPO on Ca** uptake
by culturedneurons.  Glutamate stimulated the rate of Ca* uptake when compared with
the rate in the presence of MK801 (a potent NMDA receptor antagonist), but EPO did
notreduce glutamate-mediated stimulation (Fig. 3A). Likewise, glutamate induced an
increase in intracellular Ca** concentration but EPO failed to repress this increase (Fig.
3B).

As previously reported (3), EPO protected neurons from glutamate-induced death
(Fig. 4). Me-TC, an inhibitor of nitric oxide synthase, also neutralized the glutamate
toxicity almost completely, suggesting that the glutamate toxicity is mediated by nitric
oxide. We examined whether or not EPO could rescue neurons from nitric oxide
toxicity using SNP, a nitric oxide-generating agent. Incubation of neurons with SNP
caused significant neuronal loss, but pretreatment of neurons with EPO resulted in
almost complete survival of the neurons. These results suggest that suppression of nitric
oxide toxicity but not intracellular calcium increase is involved in the neuroprotective
action of EPO.
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Homozygous mice carrying null mutations in the EPO or EPOR genes died around
embryonic Day 13 due to deficiency in erythropoiesis in the fetal liver (18), providing no
information on the possible functions of EPO in adults. The use of a soluble receptor,
as in the present study, would be useful to find a novel function ofthe ligand, when
disruption of the ligand or its receptor gene results in fetal death.
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ABSTRACT : Proliferation and differentiation of hematopoietic cells are controlled by

cytokines, which activate their specific receptors expressed on the cell membrane. In this
study, we developed a pair of novel chimeric receptors activated by a monovalent antigen.
The ligand-recognition domain of erythropoietin receptor(EPOR) was replaced by either V

or V, region of anti-hen egg lysozyme(HEL) antibody, HyHEL-10. The two chimeric

receptors were espressed in interleukin(IL)-3-dependent Ba/F3 cells. Addition of HEL
induced heterodimerization of the two chimeric receptors and proliferation in a dose-
dependent manner. HEL stimulation made cells proliferate as efficiently as cytokine
stimulation. These results indicate that the action ofa cytokine is substituted by a cheap
antigen, and that proliferation of cells expressing chimeric receptors is artificially
controlled. This approach may be applied to inexpensive protein production and positive
selection of gene-transfected cells.

KEY WORDS: antibody/cytokine receptor chimera, growth control, hematopoietic cell,
hen egg lysozyme

1. INTRODUCTION

Cytokines control proliferation or differentiation of animal cells via receptor-mediated
signal transduction. Ligand binding causes the specific receptor subunits to dimerize or
oligomerize, which triggers the activation of intracellular signal transducers, such as Jak,
Stat, Ras, and MAP kinase. Thus, cytokines have been used for growth control and
maintenance of animal cells. However, cytokines are so expensive that the use of cytokines
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has the demerit for industrial applications, such as protein production. To overcome this
problem, we investigated whether the ligand-recognition domain of a cytokine receptor
could be changed to the binding domain of antibody which recognizes an inexpensive ligand
quite different from cytokines.

In this study, we chose hen egg lysozyme(HEL) as the inexpensive ligand and VH or VI
region of anti-HEL antibody, HyHEL-10, as its binding domain. The reason why we used
this model system is that HyHEL-10 has a noteworthy characteristic that interaction
between VH and VL is weak(Ka<10s [M-]) in the absence of HEL whereas interaction of the
complex composed of V;, HEL and V| is strong(Ka=10°[M"'D[1]. To utilize this
characteristic for growth control, we should select signal transducing receptors which are
inactive in the absence of ligand and activated by dimerization in the presence of ligand. As
a receptor satisfying these conditions, we selected murine erythropoietin receptor(EPOR)
which promotes growth and differentiation of erythroid cells in response to its cognate
ligand, erythropoietin. The ligand-recognition domain of EPOR was replaced by either VH
or V| region of HyHEL-10, and the two chimeric receptors were expressed in IL-3-
dependent Ba/F3 cells. Whether the addition of HEL could rescue the transfectants in the
absence of IL-3 as a result of the VH-HEL-VL complex formation of the receptor ectodomain
and the dimerization in the endodomain, or not, was investigated.

2. MATERIALS AND METHODS
Plasmid construction

HyHEL-10 Vy or Vi gene was originated from pKTN2[2]. By substituting the N-
terminal half ofthe EPOR ectodomain gene of pME-ER[3] with either V; or V| gene, the
chimeric receptor expression vectors pME-V,EK and pME-V; ER were made. Final
constructs are composed of SRa promoter, immunoglobulin H chain signal peptide gene,
VyorVy gene, intron, EPOR encoding sequencefrom Val 118 to C-terminus, SV40 early
poly A and rest of vector sequence containing G418 arid ampicillin resistance genes.

Transfection into Ba/F3 cells

A murine IL-3-dependent pro-B cell line, Ba/F3, was maintained in RPMI1640 medium
supplemented with 10% fetal bovine serum, 30ug/ml of kanamycin, and 2ng/ml of murine
IL-3(Genzyme). 2x106 cells were transfected with Sug each of pME-V,ER and pME-V, ER
by electroporation. The transfectants were selected in medium containing 350xg/ml of
G418, and then inmedium containing 10xg/mlof HEL. The selected cells were cloned in
medium containing 1ug/ml of HEL by limiting dilution in the presence of excess BaF3
cells, and named Ba/HEL. Ba/HEL cells were maintained in medium containing 500ng/ml
of HEL. BaF3 cells were also transfected with wild type EPOR gene(pME-ER) as a control.
The transfectants were named Ba/EPOR.

Formation of ligand-receptor complex
Ba/HEL cells were washed three times with phosphate-buffered saline(PBS) containing
Img/ml of ASA(BSA-PBS), and incubated with BSA-PBS containing biotinylated HEL at
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4°C for 90min. Cells were washed three times with BSA-PBS and lysed. After
centrifugation, the supernatant was mixed with streptavidin immobilized on agarose
beads(Sigma) at 4°C for 60min to capture the biotinylated ligand-receptor complexes. Beads
were washed, and then boiled in Laemmli sample buffer. Captured proteins were resolved by
SDS-PAGE, transferred to nitrocellulose membrane, probed with anti-mouse EPOR C-
terminus antibody(Santa Cruz) and HRP-conjugated anti-rabbit IgG(Biosource), and
detected by ECL system(Amersham).

Signal transmission to Stat5h

Ba/HEL cells were starved for 12h in medium without HEL and IL-3. Cells were
stimulated with HEL at 37°C for indicated minutes, and the reaction was slopped and
dephosphorylation was inhibited by addition of ice-cold PBS containing final concentration
of ImM Na3;VO,. After cell lysis the lysate was immunoprecipitated with anti-mouse
Stat5b antibody(Santa Cruz) and blotted with HKP-conjugated anti-phosphotyrosine
antibody(Transduction Laboratories). Reprobing was performed with anti-StatSb antibody
and HRP-conjugated anti-rabbit IgG.

Cell Proliferation Assay

Cells were washed twice in medium without IL-3, HEL and EPO, and seeded into 24 well
plates at concentration of 3x10? cells/ml with indicated concentrations of HEL(for Ba/HEL)
or EPO(for Ba/EPOR). Cell concentration was measured by trypan blue exclusion assay.

3. RESULTS
Formation of ligund-receptor complex

Western blot analysis showed that transfedants express both VH=EPOR and VL-EPOR
chimeric receptor chains(datanot shown). To make sure that the two chimeric receptors
form the dimer in response to HEL, the experiment was performed as described in materials
and methods. As shown in Fig. 1, there were two bands. The slower-migrating band
corresponds to VH-EPOR, and faster one corresponds to VL-EPOR. The density of two
bands increased with an increase in biotinylated HEL concentration. Furthermore, the
density of two bands in each lane was almost the same. These results indicate that HEL
induced heterodimer formation of VH-EPOR arid VL-EPOR in a dose-dependent manner.

Signal transmission to Stat5b

It was investigated whether the chimeric receptors could be functionally activated and
transmit the signals to cellular kinases. Transcription factor Stat5b is one of signal
transducers phosphorylated in signal transduction pathway from EPOR. StatSb was
tryrosine-phosphorylated with HEL stimulation, but not without HEL stimulation(Fig.2).
Five minutes' stimulation was unlikely to be enough for Slat5b activation, and in the case
of ten minutes' stimulation, Stat5b was phosphorylated in a HEL concentration-dependent
manner. This result indicates that the chimeric receptors recognized HEL and transmitted
similar signal with EPOR.
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Cell proliferation assay

The proliferation response of Ba/HEL cells to HEL stimulation was esamined, and was
compared with EPO responsive proliferation of Ba/EPOR cells. Ba/HEL cells proliferated
in a HEL concentration-dependent manner, although they proliferated without
HEL(Fig.3A). The viable cell concentration obtained by optimal stimulation with HEL
was 5 times as high as that without HEL addition. Ba/EPOR cells proliferated in an EPO
concentration-dependent manner(Fig.3B). But the maximum proliferation rate of Ba/HEL
was higher than that of Ba/EPOR, indicating the efficient activation of chimeric receptors
by HEL addition. Thus, antigen stimulation made the chimeric receptor-bearing cells
proliferate as efficiently as cytokine stimulation.

4. DISCUSSION

It had been shown that growth inhibition of hybridoma cells by IL-6 addition enhanced
protein productivity[4] and that efficient production of proteins was achieved by inhibition
of apoptosis when cells were under arresting cell cycle[5]. Therefore, controlling cell
proliferation as well as inhibition of apoptosis is very important for protein production, arid
cytokines have been used for this purpose. We created a pair of novel chimeric receptors
which transduces the growth signal in hematopoietic cells in response to the inexpensive
ligand, HEL and can control cell proliferation. Our research revealed that action of cytokine
can be replaced by an inexpensive antigen, so this approach can be applied to reduce
production cost of proteins.

Seeing from other viewpoints, this approach can be used for positive selection of
gene-transfected cells. The receptor which transduces the proliferation signal in response to
HEL, that is, "HEL receptor", doesn't exist in normal cells, so only the HEL receptor
gene-bearing cells should be specifically selected in the presence of HEL. When the HEL
receptor gene and the gene of interest are transfected at the same time, one might expect the
positive selection of transfectants. As lor gene therapy, the gene-transfected cells should be
selected in vitro or even in vivo to enhance the therapeutic effect. For hematopoietic
deseases, hematopoietic stem cell(HSC) is the most desirable target cell. In this case,
antigen promotes gene-transfected HSC amplification which mightenable to maintain and
control the therapeutic effect for a long time.

The major problem so far is that Ba/HEL cells showed some growth without HEL
addition. It is known that there are weak interactions between V-V, or V-V, [6], and if the
concentration of the fragments is high, such dimers may be formed in the absence of HEL.
The fact that transfectants which was transfected only with V,-EPOR gene could proliferate
in the absence of IL-3 and HEL (not shown) implies that the proliferation without HEL is
due to the formation of V;-EPOR dimer. Recent report shows that single amino acid
substitution at the interface can affect stability of V| dimer[6]. If the prolifeeration should be
completely controlled, it might be preferable to use the VI mutant which does not form
homodimer and retains strong affinity to form V,-HEL-V, complex.

Since the combination of antigen-antibody is virtually infinite, the applicability of
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current approach is tremendous. However, so far we have only limited knowledge on the
mechanism of antigen-induced formation of V;-antigen-V,; complex andthe presence of
antibody except HyHEL-10 which has suitable characteristics Torthis approach. Tocreate
antibody/cylokine receptor chimera activated by various antigens and to enlarge further
applications along this approach, we are looking for other functional antigen-antibody
systems and trying to make clear the mechanism behind this phenomenon.
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MOLECULAR CLONING OF THE GENES THAT DETERMINE THE
INVASIVE ACTIVITIES OF RAT ASCITES HEPATOMA CELLS

Y. MIURA, S. TOTSUKA, Q. LEE AND K. YAGASAKI
Department of Applied Biologica al Science ,
Tokyo Noko University, Fuchu, Toyko 183 8509, Japan

Key Word  Hepatoma, Invasion, Stathmin, Tap, TCP-1
1. Introduction

It is well known that metastasis is a unique characteristic of tumor cells. Tumor cells
metastasize via complicated and sequential steps, among which invasion is thought to
be most important. We have been using rat ascites hepatoma cell line of AH109A as
a model to study the mechanisms of invasion and have found that there are two
populations in AH109A cells with different invasive activities (Miura et al., 1998).
One population is adhesive AH109A cells (AH109A-Ad) which adhere to the culture
dishes in the presence of rat serum, and the other population is floating AH109A
cells (AH109A-FL) which remain in a floating state in the presence of rat serum.
AH109A-Ad showed the higher invasive activity than AH109A-F1 when assessed by
the in vitro invasion assay we reported (Miura et al., 1997). The molecular cloning of
the genes that express at the different levcls in these two populations of AH109A
will give us much information about the molecular mechanisms of tumor inv asion.
Using the differential display method (Liang and Pardee, 1992, we have cloned two
genes that express at a diflerent level in these two cells One gene was rat stathmin
which was expressed at the higher level in AH109A-Ad than in AHIWA-FI;
stathmin is a cytosolic protein involved in microtubule assembly. We found by
transfection experiments of the antisense DNA of stathmin into AH109A-Ad that
stathmin is also involved in cell extension induced by rat serum. The other gene,
clone #T3-3, is a novel gene that has strikingly high homolog) with YHR74 gene, a
hypothetical gene in yeast genome.

In this study, we report the more detialed functions of these two genes We
also report the molecular cloning of 12 more genes by the differential display method.

2. The effect of antisense DNA of stathmin on the invasion of
AH109A

As stated, stathmin is involved in the microtubule assembly, and a change in the
state of the microtubule assembly may induce a morphological change in cells. In
fact, we have already ascertained that the transfection of antisense DNA of stathmin
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significantly inhibited the extension of AH109A cells induced by rat serum. This
morphological change may be related to cell motility or invasion. We next examined
the effect of antisense DNA of stathmin on the invasion of AH109A cells.

The sequence of sense, antisense and nonsense DNA of stathmin was
described by Di Paolo et al. (1996). Fifteen ug of these DNAs were respectively
transfected in 4 X 105cells of AH109A by transflection reagent (Tfx-20™, Promega.
WI, USA). After 24 hr, AH109A cells were collected and overlaid on a monolayer
culture of mesentery-derived mesothelial cells (M-cell) at the density of 24 X 103
cells/dish. The number of invaded cells and colonies underneath of M-cell monolayer
was counted after 48 hr under a phase contrast microscope.

The transfection of antisense DNA of stathmin reduced the mRNA content
of stathmin to the level of 50% of control cells transfected by liposome only, while
the transfection of sense and nonsene DNA of stathmin did not affect the mRNA
content of stathmin. The invasive activity of antisense DNA-transfected AH109A,
however, was unaltered compared with those of other cells. This suggests that the cell
extension step is not profoundly involved in the invasion step of 4H109A cells, and
that the higher expression of stathmin gene in AHI09A-Ad than in AH109A-FI is
involved in the morphological change induced by rat serum.

3. Molecular cloning of the genes that express at a different level
between AH109A-Ad and AHI109A-FI

After isolation of stathmin and clone #T3-3, we continued molecular cloning of the
genes that express at a different level between AH109A-Ad and AH108A-FI using the
ditferential display method. At present, we have cloned 12 more genes and 2 of them
were already -report ted genes. One is rat TCP- 1 gene w hich expresses at a higher level
in AH109A-FT than in AH109A-Ad TCP-I belongs to the CCT chaperonin family
and is reported to have the ability to induce the folding and assembly of actin and
tubulin. It is thought to be involved in the folding of the cytoskeletal proteins
(Kubota et at., 1994, Chen et al., 1994). The other gene is Tap, Tip associated
protein. Tip is a tyrosine kinase interacting protein expressed in transformed T cell.
Tap also expresses at a higher level in AHI09A-FI than in AH109A-Ad. Tap is
known to express ubiquitously in human tissues and when overexpressed in human
Iymphocytes, it induces the aggregation of these cells by interacting with Tip protein
(Yoon et al., 1997). As reported (Miura et al., 1998), AH109A-FI cells often form
cell aggregates during their growth ; the higher expression of Tap in AH109A-F1 may
be related to this characteristic. We have constructed the cDNA library of 4H109A
and are now trying to clone the flull-length cDNAs of these genes to clarify their
precise f unctions.

Ten other genes that we have cloned have no or only weak homologies with
already-reported genes (TABLE 1). Some of them are only reported as ESTs Three of
them (#FA 1-2, #FA 1-3 and #FA 1-5) were show n to be identical. They express at a
higher level in AH109A-Ad than in AH109A-FI. As shown in TABLE 1, this gene
(#FAT-2,#FA 1-3 and #FA 1-5) expresses highly in intestine and heart, and weakly in
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kidney, lung, thymus and brain. It is interesting that this gene obtained from
hepatoma cells does not express in their host organ, liver. We are now trying to clone
the full-length cDNA of these ten genes to study their structures and functions.

TABLE 1. Surmmary of cloned genes

Clone Fxpression level ' Homology Thssue distribution

H#AA 1-3 ' Ad=H Putative RNA binding protein . ND
a2 L0 | intestine, Heart (High)

fFA 13 ThaiAd EST i Kidney, Lung

HEA1-5 : _ Thymus, Brain (weak)

HAA 42 Ad=H I Salivary protein (Ves 2j gene ND

EAA 43 i Ad = Fl ! Precollagen P, Extensin ND

FFA 8-1 ' Fl>Ad ST i ND

H#AG B-1 Ad =Fl I 1D transcript repetitive sequence ND

HFC O3 Fl=Ad None ND

#1% 8-1 Fi= Ad i Putative RNA binding protein : ND

4. Summary

We cloned 14 genes by comparing AH109A-Ad and AHIOC)A-FI. Although 11 of
them are novel genes the structures and functions of which arc not known, three of
them have already been reported: Tap, stathmin and TCP-1. Tap is thought to be
involved in cell aggregation or cell-cell interaction. Stathmin and TCP-1 may be
involved in morphological change and cell motility. Both cell-cell interaction and
motility arc known to play important roles in the invasion and metastasis of tumor
cells, so, these genes may regulate tumor cell invasion and metastasis in concert.

We should determine the structures and more precise functions of these

genes, in that way gaining greater understanding of the molecular mechanisms of
invasion and metastasis.
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ANTITUMOR PROTEIN (AP) FROM A MUSHROOM INDUCED APOPTOSIS
TO TRANSFORMED HUMAN KERATINOCYTE BY CONTROLLING THE

STATUS OF pRB, c-MYC, CYCLIN E-CDK2, and p21WAF1 IN THE GI/S

TRANSITION

Yukio KAWAMURA , Mariko MANABE, and Kazumi KITTA
National Food Research Institute
2-1-2 Kannon-dai, Tsukuba, Ibaraki 305-8642, Japan

ABSTRACT: Aantitumor protein (AP) from a mushroom, induced the
morphological changes typical to apoptosis such as nuclear condensation,

aneuploidity, and DNA fragmentation at concentrations as low as 5-20 ng/ml

to cancer cells. Molecular alterations related to cell cycle, especially G1 /S
transition were investigated with a human keratinocyte transformed with
oncoproteins, E6 and E7 of human pappiloma virus(HPV)-16. AP didn't alter
significantly an oncosuppressor p53 level, but induced hyperphosphorylation
of pRb. Time-dependent change of Gl cyclins, cdk2 and cdk4 after addition of
AP showed that expression level of cdk inhibitors, INK4 family, and p27KIP1
did not altered, while that of p21WAFl was downregulated.

Introduction
Evidence has been accumulating that change or loss in function of the
tumor-suppressing  gene  products, oncosuppressors such as p33 and
retinoblastoma protein(pRb), are the most frequently observed phenomenon
in many human cancers. p53 plays a central roll in protecting cells from
malignant transformation by retarding the progression of cell cycle from GO0/Gl
to S phase or inducing apoptosis depending on degree of the lesion(1-4). The
pRb functions as a tumour suppressor in a concerted fashion with p53 proteins
through regulation of transcription(5-9).
Selective cytotoxicity against tumor or transformed cells in comparison with
265
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the normal counterpart cells gives an effective strategy for screening of
antitumorigenic or tumoricidal substances.

In the prersent study, to screen tumoricidal substances in biological materials,
we chose the cells of a normal mouse fiblobrast cell line NIH/3T3 and its
SV40-transformant SV-T2 by using preferential cytotoxicity against the
transformed cell as an antitumor index, and an antitumorigenic protein was
found in a mushroom. Some molecular characterization and the action profile
of the antitumor protein to SV40-transformed NIH/3T3 cell(SV-T2) and a
human HPV transformed keratinocyte(10) were discussed.

Materials and Methods

Cell Culture: Cells(A31 and SV-T2 ,and a HPVIl6-transformed human

keratinocyte ) were maintained in DMEM or the complete MCDB152 medium
supplemented with appropriate serums, growth factors , and antibiotics at 37 C
in a 5% CO2-humidified incubator.

Cell Viability :  Cellular viability was determined by MTT assay(11).

Exponentially growing cells were harvested, counted, and inoculated at
2x104/well into 96-well flat-bottomed tissue culture plates. After 24h, the
antitumor protein was applied to triplicate culture wells, and the cultures were
incubated for another 24h at 37 C. The cells were reincubated for an additional
4h in DMEM containig 3-[4,5-dimethyl-2-thiazolyl]-2,5-diphen- 2H-tetrazolium
bromide (500mg/ml). After solubilization of the formazan crystals produced,
the absorbance of each well was determined using a microplate reader to
calculate the percentage of cell viability.

Flowcytometric Analysis: Cellular DNA was stained with propidium iodide

by the methods of Lars L. Vindeloveta(I2) and was analyzed by fowcytometry
with the FACSort/Cell FIT DNA system(BectonDickinson Co. USA).
Cytochemical Change: Changes in morphology of nuclei were evaluated by

staining with acridine orange. Cells were fixed in 3% fomaldehyde and washed
three times in phosphate buffered saline (PBS). After treated with 0.5 % tritonX
100 in PBS, those were stained with 1mg/ml of acridine orange in PBS and
observed by fluorescence microscopy(Orympus).

Determination of DNA Fragmentation: Cells were harvested, washed with
PBS and suspended in a lysis buffer( 50mM Tris-HCL,pH7.9, 5SmM EDTA, 5%
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SDS ,and 0.1 mg/ml of proteinase K. The intact genome DNA was removed
by centrifugation for 20min at 14,000 x g. The DNA in the supernatant was
extracted with phenol and chloroform-isoamylalcohol(24:1) and precipitated
with 70% ethanol. The precipitates were treated with RNaseA ( lmg/ml ) at
37C for 12h, analyzed by electrophoresis in 5% agarose gel ,and visualized by
ethidium bromide staining.

Northern Blotting: Cells were seeded at 2 x 10%cm2 with or without the
antitumor protein (30ng/ml) and harvested at the indicated times. Total RNA

was extracted by adding guanidinum thiocyanate-phenol-chloroform method.
RNA(10ug/ml ) was electrophoresed in a 1.2% agarose and transfer to

HybondN membranes (Amersham) followed by crosslinking with UV

irradiation. The blott was prehybridized at 42 C for 2h and hybridised at 42 C
for 12 to 16h. After washing the blot, [32]p DNA probes were prepared by
randompriming. The c¢-myc expression was analyzed with human cDNA
fragment.  Glyceraldehyde 3-Phosphate dehydrogenase (G3PDH ) expression
was analyzed with 1.lkb human cDNA probe. Quantification  of
autoradiograms was carried out with Bas 2000.

Immunoprecipitation and  Immunoblotting: Cells were lysed in an extraction
buffer containing surfactants and protease inhibitors. = The total protein
concentration was detemined by a dye-binding assay kit. Equal aliquots( 2mg)
were separated in SDS-PAGE(13) and electrotransferred to a PVDF membrane.
The blotted membrane was incubated with antibodies for each protein and
then with the second antibodies . The antibody protein complexes were
detected by ECL detection system.

Results

Apoptosis _induction

We first examined influence of AP on the viability of PHK16-0b cells.
Cytotoxicity assay by MTT demonstrated that AP had intense cytotoxicity
against PHK16 cells and that its LD50 was 15ng/ml(Fig 1).

In the cells treated with AP, the followings was observed : disruption of the

cellular membrane, blebbing from cytoplasm, cell shrinkage by light
microscopy, and chromatin condensation by fluorescence microscopy (acridine
orange staining). These changes were distinctive features of apoptosis(14).
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Fig.1 Action of AP on mouse NIH/3T3 cell (left) and on theSV40 transformed cell
(SV-T2)(right). Ten ng of Ap was added to culture medium. After 12hr,
cell death was obvious in SV-T2, but not in NITH/3T3.

Degradation of the nuclear DNA is another hallmark of apoptosis(15). To
confirm the type of the cell death by AP, it was determined whether
internucleosomal cleavage could be detected. Cells treated with mitomycin C
were used as a positive control of apoptotic cell death because mitomycin C
inhibits DNA synthesis and induces apoptosis in epithelium cells(16).
Dgradation of nuclear DNA was observed in PHK16-0b cells treated with AP
and with mitomycin C for 24h, though typical DNA ladders were not detected
in these cases. These results suggested that AP induced apoptotic death
inPHK16-0b cells.

c-myc_expression in PHK16-0b

Cellular oncogenes appear to play key roles in the biochemical pathways
controlling cell proliferation and death(17). Especially, activation of c-myc
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expression is implicated in proliferation of epithelial cells(18-20). The
involvement of c-myc was examined in cell death induced by AP. The
decrease in the level of expression of c-myc mRNA was observed at 12h after
addition of AP,and it was dose-dependent.

We also observed that AP induced the GI1 arrest of SV-T2 cells temporarily
prior to cell death (data not shown). The down-regulation of c-myc by AP in
PHK16-0b might include the G1 arrest before cell death

Phosphorylation status of pRb.

A number of studies have indicated that the transcription of c-myc can be
modulated by pRb through the transcriptional activity of E2F(21-22). The level
of phosphorylation of pRb showed a dose-dependent increase in PHK16-0b cells
treated with AP. The pRb gradually sifted to hyperphosphorylated position
until 12h after addition of AP, indicating the AP-induced temporary
phosphorylation of pRb in PHK16-0b. Although the phosphorylation of pRb
could be the event leading to increase of c-myc expression in normal cell cycle
advance of keratinocytes, the level of c-myc was depressed with time by AP.

Table 1 The changes in cell cycle related molecules

by the addition on AP

cell A3l A31 SV-T2
time 3h 66 3h 6h 3h 6h
Ip

w/eyclin Dl w/cdk4  w/ cyclin DI
cyclinD1 | ! ND L
Cdk4 - —r — —» — —
p21 e - - ND
p27 - | 1 Vo
pl5&pl6  ND ND ND
cyclin E =T = == =k =z T

Simple western

pRb I — i g g i
ps3 ND — Lo
c-myc = = ¢
NFkB —+ = -

IkB —_— — —
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The status of cdks

We monitored the levels of p53,pRb,G1 cyclins, cdk4, cdk2 and ckls in response
to AP(Table 1). The level of cyclinD was slightly decreased after addition of AP.
The level of cyclinE was decreased at 6h after addition of AP,which seemed

correlated with the decreased level of hyperphosphorylated pRb in the cells.

No significant change was observed in the amount of cdk4 and cdk2. However,
the change of the ratio of the hyperphosphorylated form in cyclinE-associated
cdk2s was consistent with the phosphorylation state of pRb. These results

indicated that the levels of cyclinD, cyclinE, cdk4 and cdk2 were independent of
the hyperphosphorylation of pRb, but that of cyclinE-associated cdk2 did not.

Summary

We have presented evidence that a HPV16-tansformed human cell treated
with AP undergo apoptosis. To clarify the mechanism of induction of apoptosis
by AP, we measured the changes of the levels of the cell cycle-related factors in
the cell after treatment of AP. It was found that AP induced phosphorylation
of pRb temporarily because of activation of cyclin E- associated cdk2 and
depressed the c-myc expression. AP is likely to show the paradoxical behaviors
in the same time as promoting and arresting cell cycle in the cell. In the
previous study, we also observed that a mouse cancer cell was arrested in
Gl-phase transiently by AP. As soon as the arrested cell escaped from GI phase
to S phase, it underwent apoptosis. Taken together,these results suggested that
this unbalanced control of cell cycle induced by AP might lead to apoptosis in
tumorigenic cells, although the signal transduction to apoptosis by AP has to
still be explored in more detail.
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TRANSFORMATION OF NIH/3T3 AND C3H/10T1/2 CELLS BY CITRININ AND

OCHRATOXIN A
Cell Transformation by Mycotoxins

ALKA MEHTA and NAOFUMI KITABATAKE
Research Institute for Food Science, Kyoto University,
Ui, Kyoto 6110011, Japan

Abstract

The citrinin and ochratoxin A are the toxic secondary metabolites of common food contaminating fingi. The
genotoxicity of citrinin and ochratoxin A was studied using transformation assay. 3-Methylcholanthrene (MCA) was
used as positive control. Cytotoxicity assay of citrinin, ochratoxin A andMCA was performed using MTT assay.
Citrinin (20 ¢g/ml ) and ochratoxin A (10 xg/ml) induced the formation of foci and subsequently colonies in soft agar
after a single 24 hour exposure. They also showed some synergistic effect when applied subsequently in the same
culture. These results show that both citrinin and ochratoxin A have the ability to transform cell, and are thus potential

carcinogens.

Introduction

The in~vitro cell transformation of fibroblast cells has provided an important model for studying the carcinogenesis
of environmental carcinogens at cellular level and to understand the molecular mechanism of it (Chen and Heidelberger,
1969a;b; Rezenikoffet al.1973a;b). Citrinin and Ochratoxin A; toxic secondary metabolites of many Penicillium and
Aspergillus species which are natural food contaminants (Krogh etal. 1973; Scudamore et al. 1997). Toxicity of these
mycotoxins in animals (Krogh et al. 1974) and in cultured cells (Kitabatake et al. 1993) is well studied. There are
controversial reports about the carcinogenicity of these mycotoxins in animal experiments (Arai and Hibino,1983;
Kanisawa, 1984) and in-vitro experiments using Ames and Rac assay (Ueno and Kubota, 1976, Maureen etal. 1978;
273
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Ueno etal 1978, Wehner et al 1978)

In the present stud), the genotoxicity of citrinin arid ochratoxin A were studied using a transformation test on the
NTH 3T3 and C3HAOT1/2 cell lines with a focus assay. These cell lines are highly sensitive to post confluence
inhibition of cell division The results were confirmed by colony formation in soft agar. Experiment were performed
using protocol given by Reznikoffetal (1973A,b)  Citrinin and ochratoxin A are cytotoxic even in very low
concentrations (Kitabatake et al. 1993) Hence the treatment dose chosen which give less than 50% cytotoxicity in 2-

hour exposure.

Material and Methods

CHEMICALS

Cell culture medium: Eagels basal medium (BME), Dalbecco's modified Eagles medium (DME), 3-methylcholanth
ne (MCA), Ochratoxin A, were purchased from Sigma chemicals Co. (St Louis, MO USA) Trypsin, fetal bovine
serum (FBS), calfserum (CS) were purchased from Gibco/BRL Life technologies, INC. Gaithersburg, M.D. USA.
Citrinin was prepared in the laborator) from the toxigenic strain of Penicillium citrinum, isolated during the survey o
food contaminating fingi (Trivedi 19880. Purity was checked by HPLC and NMR.

CELL, LINES AND CULTURE CONDITIONS

C3H 10T1 2 clone 8 and NIH/3T3 clone 561 Iwere obtained from Japanese Cancer Research Bank (JCRB), Japan.
NTH/3T3 cells were passaged in DME medium supplemented with 10%CS in a 60 mm plastic dish (Nunc). C3H
110T1/2 cells were passaged in BME medium supplemented with 10% heat inactivated FBS (55°C for 30 min) ina 60
mm plastic dish (Falcon, Oxnard,Calif ) Cultures were maintained in humidified incubator with an atmosphere of 5%
CO,inairat37°C.

TRANSFORMATION ASSAY

To assayq the transformation ability of citrinin and ochratoxin A, the protocol of Reznikoff et al (1973A bywas
followed with some slight modifications MCA was used as a positive control. Five thousand and 1000 cells of
NIH/3T3 and C3H/ 10T1/2 respectively were seeded in a 60 mm dish containing 5 ml medium and incubated at 37°C i
5% C0O2 atmosphere . Cells were treated w ith test compounds after 48 hr of incubation and exposed for 24 hr after
which medium replaced w ith fresh medium that did not contain compound. Plates divided in two groups: in one grou]
the second 24 hr treatment with test compounds was done on the 7th day and on 4th day of incubation to NTH 3T3 and
C3H/10T1/2 respectively. Culture medium changed every third day throughout the incubation period Foci were
observed affer 2 arid 4 w eeks of incubation
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Scoring of foci:

Foci were scored as the opaque area in contrast to flat background, and categorized as Type I, Type I and Type Il
according to the criteria described by Rezuikoffet ak (1973A,b) Dishes were dehydrated and stained with Giemsa, the
oci having multilayered cells stained dark

Replating
To confirm the focus formation the cells from the foci were replated. The parent dish washed with PBS aid foci was
Trysinized with 0.25% trypsin. Cells were then transferred to a well of 24 well plate in | ml complete medium. After

24 hr incubation plates mere stained with Giemsa.

Soft agar colony assay:

Cells from sister plate of Giemsa stained were used for soft agar colony assay. Cells were collected by trypsinization,
and washed with phosphate buffer saline (PBS). The colony assay was performed as described by Kuratomi etal.
(1978). Three mililitre of complete medium containing 0.53% low melting agarose (FMC Bio-products, USA) was
placed in the 60 mm dish. The top agar layer of 053% agar containing 1000 cells/ml was placed on solidified bottom
agar layer. Colonies were scored after 2 weeks of culture.

Results

Cy ytotoxicity of citrinin, ochratoxin A and MCA was assayed by MITT method as describe previously (Ttivedi et al
1990). The amount of test compound which gave less then 50% cytotoxicity in 24 hr treatment was used for
ransfonation experiments i.c. 10 ug/ml of ochratoxin A and 20 g/ml of citrinin. The cytotoxicity of MCA is found
quite low in comparison to test mycotoxins; citrinin and ochratoxin A. Hence, 10 gg/ml was used same as used by
Reznikoffetal (1973ab).

Citrinin, ochratoxin A and MCA showed the foci in NTH/3T3 and C3H/10T'1/2 cells. Citrinin gave more foci of
Type I than either ochratoxin A or MCA. In all cases, Type II and III foci were also observed with citrinin treatment
These foci are the patches of cells which lost the post confluence inhibition. Table 1 show that citrinin and ochratoxin
A gave foci in NIH/3T3 in single 24 hr treatment with test compounds When cells from these foci replated, the
positive control MCA showed maximum number of foci. While ochratoxin A gave less foci in replating, This show
that the acquired changes could not be transmitted in the next generation from all the transformed cells
Gtrinin gave less foci in 60 mm dish but after replating more foci were noted. In two step treament also the foci were
noted in all cases and number of foci increased
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Onaverage one focus per plate (T'ype I) was observed in the negative control. ~ Cells were transferred to soft agar and
the colonies that formed were observed. Al the treated plates show many colonies of more than 20 cell  Somevery
big colonies of more than 40 cells were also observed in ochratoxin A and MCA treated plates  In the negative control
none of the plates showed colonies

C3H 10T1/2 cells also gave foci 6 weeks afferseeding.  All of the dishes that were treated with citrinin. ochratoxin,
and MCA showed tow or more focidish with the one step treatment.  In two-step treatment, no increase was noted in

Take1:  Effects of Citrinin and Ochratoxin A on the
Formation of foci and colonies from NTH/13T3

Treatment  No Offoci’) No Offocr), No Ofcolo-
me0mm  n25mm  nies’)in

Stepl Step2 dish dish 053%agar
none 1

MCA4 3 20 15
CIT5 2 15 14
OTA6) 12 9 nd
CIT - OTA 1 13 nd.
OTA 21T 6 16 nd.
CIT  smea S nd
MCA Lot 14 5 nd.
MCA Sora 13 16 nd.
OTA  nea 3 1 nd.

1) Numberof foci/60 mm dish (n-6)

2) Number of foci after replating

3) Number of colonies/plate in soft agar. size 20-40 cells/colony (n=6)
4)3-Methylcholanthrene

5) Citrinin

6)OchratoxinA

7)n.d.: not determined

foci formation when the treatment with citrinin followed by ochratoxin A or vice-versa. Cells fiom the foci of the
treated dishes produced many colonies in soft agar. In C3HAOT1/2 cells, the two step treatment apparently had no
effect on the formation of Type Il and III foci. In contrast , NTH/3T3 cells gave higher number of Type Il and III foci i
two step treatment than in one step treatment.

Discussion
In the present study, both citrinin and ochratoxin A showed the ability to transform NTH/3T3 and C3H 10T1/2 cell

in a single 24 hr exposure.  Citrinin and ochratoxin are often found simultaneously in the food material. hence it is
important to see the synergistic effect of these mycotoxins.  The two step treatment with citrinin followed by
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ochratoxin A and vice-versa enhanced the formation of type Il arid 111 foci, as compared to one step treatment in

NTH 3T3 cells, while no remarkable difference in foci and colony formation was observed in C3H/10T1/2 cells . In
general, NIH/3T3 cells transform more readily than C3H /10T1/2 cells indicating that NTH 3T3 is more sensitive to
oxin tested than C3H/ 10T1 /2. The prev rous reports on animal experiments (Shinohara. 1976; Imaida, etal. 1982;
Kanisawa. 1984) have shown that citrinin has no initiating activity, but instead works as promoter. Hence, we
expected more of the foci in the two step treatment, especially in case of ochratoxin A followedby citrinin. But such
results havenotbeen observed, particularly in case of C3H/10T1/2 cells. On the contrary citrinin alone in the one step
reatment showed the transformation ability.

Table2 Effects of Citrinin and Ochratoxin A

Citrinin Ochratoxin A

NVIVO carcinogenicity

(Mouse) Positives® Unknown
Positlve®
913.1). . Negative — Positive
nitiating Positived Positived
Promoting Positive 9
DN Aattackingability Positive?) Negatived
1ac assay)
Mutagenicity Negatived) ~ Negativef)
Ames test)
Transformation Positive 9 Positive?
NIHATE3H/10T2)

a, Ueno and Kubota (1976); b. Kanisawa and Suzuki (1978);
c,Shinohara etal. (1978); d,Imaida etal. (1982).

e, Wehner et al. (1978); f, Maureen et al (1978);

g,Our observation

In in-vitro experiment for DNA attacking ability with the recombination deficient mutant of Bacillus subtilis
itrinin was found rac positive while ochratoxin A was negative (Ucno arid Kubota, 19760 Citrinin and ochratoxin A
oth were not mutagenic in Ames rest using Salmonella typhimurium (Maureen et al 1978) It is generally-accepted
act that carcinogens are mutagen However, the carcinogenesis is a multi step phenomenon and it is difficult to
include by testing at any one stage. The compilation of data (Table2) shows that the citrinin and ochratoxin A showed
mor formation inrat and mice howeverno mutagenic activity in in-vitroexperiment - Thefibroblastcell
transfomation assay system is more close to whole animal sy stem in terms of presence of S9 enzyme activation
ystem  Althoughcitrininandochratoxin A shovedtoxicity even without S9 enzymeactivation (Kitabatake el al
993). Ourpositive results from the transformation of C3H/10T1/2 and NTH/3T3 support the previous reports of
mor formation in animal experiments by citrinin andochratoxin A.

Further studies are needed to know the cellular and molecular mechanism of transformation by these mycotoxins
These studies shows that citrinin and ochratoxin A are the potential carcinogens and the hazards from these mycotoxins
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should be re-evaluated
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SENESCENCE INDUCTION IN CANCER CELLS

Y. KATAKURA, T. MIURA, N. UEHARA, E. NAKATA, AND .
SHIRAHATA
Division of Bioresource and Bioenvironmental Sciences, Graduate School

of Genetic Resources Technology, Kyushu University
6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan

1. Introduction

We show here the strategies to inducecellular senescence in cancer cells by using human
lung adenocarcinoma cell line A549cells as model cell line, by which we are aiming for
the establishment of the novel method for cancer therapy. Until now, we have succeeded
in inducing cellular senescence in human lung adenocareinoma cells, A549 cells in
several independentexperiment. Firstly, we established ASDC7 cells which showed
MHC class II inducibility against IFN-y stimulation. This cell showed normal senescent
cell phenotypes andrepressed telomeraseactivity, thus was vested with finitereplicative
life-span concomitant with the telomere shortening. These results showed that A519
cells contains the cells which has an ability to senesce by the exogenous signals.

Secondary. we also observed morphological change by the treatment of hydrogen
peroxide and established AST-9 cells. Although AST-9 cells have strong telomerase
activity, AST-9 cells shortened the telomere depending upon the number of passagings.

We predict that this telomere shortening occurred by the functional impairment of
telomerase, which was caused by the reducedamount of telomere binding protein on the
telomere. The reducedamount of telomere binding protein on the telomere of AST-9 cells
was confirmed by electrophoretic mobility shift assay. These two experiments
demonstrate that there exist several and independent pathways to induce cellular
seriescence in cancer cells. In this study, we show here another successful example of
senescence induction in cancer cells by TGF-8.

2. Materials and methods
2.1 -B-GALACTOSIDASE ACTIVITY

3-galactosidase (3-Gal) staining was performed according to the method described by
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Dimri et al (1). Briefly, cells were fixed in 3% formaldehyde and then incubated with fresh
senescence-associated B3 -Gal stain solution. Staining was carried outat37°C for 16 hr.

2.2 TELOMERE LENGTH

Telomere length distributions were analyzed at a series of time points during serial
passaging. Length of the terminal restriction fragments (TRF) was determined by
Southern blot analysis with a telomeric sequence probe and used to measure the length of
the telomere as described previously (2).

2.3 TELOMERASE ACTIVITY

We used PCR-based TRAP (Telomeric Repeat Amplification Protocol) assay for
detecting telomerase activity with some modifications (2). The TRAP assay was
quantitative when lysateequivalent to a range from 50 to 1000 cells per reaction wereused.
TRAP assay products were visualized by SYBR Green I (TAKARA, Shiga, Japan)
staining.

2.4 RT-PCR

hTERT and TEP1 mRNAs were detected by RT-PCR method hTERT mRNA was
amplifiedusing oligonucleotide primers LT5 (CGGAAGAGTGTCTGGAGCAA) and
LT6 (GGATGAAGCGGAGTCTGGA) for26 cycles (94°C for45 s, 60°C for45 s, 72°C
for 90 s), and TEP1 mRNA was amplified using oligonucleotide primers TEP1. 1
(TCAAGCCAAACCTGAATCTGAG) andTEP1.2 (CCCGAGTGAATCTT'TCTAC-
GC) for26 cycles at the same condition as above.

3. Results and discussion

3.1 .TGF-BINDUCES TELOMERE SHORTENING-INDEPENDENT PREMATURE
SENESCENCE IN A549 CELLS

When A549 cells was culture with 10 ng/ml of TGF-B, A549 cells immediatelychange
its morphology into flatand enlarged morphology characteristic to senescentcells within
one week (Fig. 1 ). Senescence-associated B-galactosidase activity was enhanced upon
treatment of TGF-B for one week. Telomere length remained unchanged even after the
treatment. From these immediate and telomere shortening independent phenotypic
changes, we can conclude that TGF- can induce premature senescence in AS49 cells.

However, TGF-8 treated A549cells did not arrested the growth, which is one of the key
feature of premature senescence, but continued to grow. Thus we can not judge whether
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TGF-b can vest A549 cells with finite life-span.

Morphology B-gal activity Telomere length
- + + TGF-§
60, - 12 25 days
@
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Fig. 1 TGF-B induces premature senescence

3.2 TGF-B8 REPRESSES hTERT TRANSCRIPTION, RESULTING IN
SUPPRESSION OF TELOMERASE ACTIVITY IN A549 CELLS

Telomerase compensates for the infinite replicative potential ofimmortal cells. Thus we
investigated the effect of TGF-83 on telomerase activity and transcription of telomerase
component. The results demonstrate thatT GF- represses hTERT transcription. hTERT
is the catalytic subunit of telomerase, and its expression is known to completely
correlated with telomerase activity. Corresponding to this result, TGF-8 treated A549
cells gradually lose its telomerase activity after its addition (Fig. 2).

Transcriptional regulation of

Telomerase activity telomerase complex

- ¥ - o+ o+ + + TGF-f TGF-p - + 0 1 2 3 4 days
- 7 - 25 30 36 42 days

hTERT S

TEP] H H [N aencu e WY TEP1

TEP1

Telomerase complex
Fig. 2 TGF-B represses telomerase activity and hTERT transcription
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3.3 TGF-B-TREATED A549 CELLS SHORTENED THE TELOMERE
CONCOMITANT WITH THE SUPPRESSION OF TELOMERASE RESULTING
IN GROWTH INHIBITION

Corresponding to the previous results showing that the telomerase repression by TGF-
B, telomere of TGF-B-treated A549 cells gradually shortened depending upon the
number of passagings. Furthermore, A549 cells cultured with TGF-B for a long term
showed growth inhibition (Fig. 3). These results indicate that TGF-B induces the
replicative senescence as well as the premature senescence in A549 cells.

Telomere shortening Growth inhibition

[-]
=
=
e
S

42 76 96 119 141 days

7

180 A549 cells ,”

TGF+$ treated A549 cells

90 1 T T L] T L L] ¥
180 240 300 360 420
Days of Culture

Fig. 3 TGF-B-treated AS549 cells entered into replicatlve senescent state
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GROWTH CHARACTERISTICS OF NIH3T3 CELLS EXPRESSING bFGF
AND/OR IGF-1 AND/OR IGF-II

DAJIANG LI!, SIMON HETTLE, JOHN MCLEAN AND
CAROLINE MACDONALD.

Department of Biological Sciences, University of Paisley, PA1 2BE,
Scotland.

\Present address, Wistar Institute, Philadelphia.

The traditional requirement for serum for the growth of cell lines in culture can often be
provided by serum-free media containing a variety of growth factors. An alternative
approach, which is investigated here, is to engineer the cells to express growth factors in
an endogenous fashion. We report here on the growth of NM3T3 cells transfected with
basic fibroblast growth factor (bFGF) andor insulin-like growth factors I and I (IGF-I
and IGF-II). Morphological changes and the growth rate were compared with growth in
normal serum-containing medium. The experimental data suggested that the expression
of either bFGF alone, or the co-expression of bFGF and either IGF-I or 11 could
improve the survival of NIH3T3 cells in low serum or serum-free media. The use of
such lines could decrease the use of serum in cell culture and thus both reduce the costs
involved in this technique and simplify the down-stream purification procedure in
protein harvest. Hence, such lines may be of value in both experimental and industrial
applications.

Introduction

The media used to grow mammalian cell lines in culture traditionally relied on the use
of serum supplements to promote cell growth. However, the inclusion of serum leads to
problems of reproducibility of growth patterns, regularity of supply, purification
difficulties and potential for the transmission of infectious agents and pathogens. In
order to overcome these limitations, associated with the use of serum, many defined
media have been developed which contain the growth promoting agents in the form of
purified or recombinant growth factors. An alternative approach, described here, is to
engineer the cell line by introducing the genes for growth promoting factors directly
into the cell so that growth can be stimulated directly in an autocrine fashion.

Mitogens have been classified into three groups by Phillips and Cristofalo (1988):

e class 1 or competence factors which are capable of stimulating quiescent cells to
leave Go e.g. platelet derived growth factor (PDGF), epidermal growth factor
(EGF), fibroblast growth factor (EGF) and thrombin;
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o class 2 or progression factors which allow cells to progress into S phase e.g. insulin-
like growth factor-I (IGF-I); multiplication stimulating activity (MSA) and insulin;

e class 3 factors which are required for maximal mitogenic stimulation e.g.
dexamethesone and hydrocortisone.

In this study we chose to introduce basic fibroblast growth factor (bFGF), insulin-like
growth factor I (IGF-I) and insulin-like growth factor II (IGF-II) into cells both singly
and in combination. These factors were chosen as representatives of different classes of
mitogens and because there was evidence for a role in cell proliferation for both bFGF
(Hirobe 1992; Kitchens et al, 1994) and the IGFs (Macaulay 1992; Cullen etal, 1992).

Materials and Methods

NIH3T3 cells were cultured in Dulbecco’s Modified Eagles Medium (DMEM) with
10% FBS (foetal bovine serum), 7.5% FBS, 5% FBS, 2.5% FBS, or without FBS, and
containing penicillin (50 IU/ml) and streptomycin (50 pg/ml). Soft agar media, made
from DMEM with 20% FBS, with penicillin (100 IU/ml) and streptomycin (100 pg/ml),
consisted ofbottom agar (2 x DMEM medium containing 0.66% agar) and top agar (2 x
DMEM medium containing 0.33% agar).

For transfection 5 x 10°NIH3T3 cells were seeded in 10 ml of medium in 10 cm dishes

and incubated overnight at 37°C. HEPES-buffered saline (0.5 ml of 2x) was added
dropwise to 0.25 M CaCl, (0.5ml) and plasmid DNA (Img/ml in TE) in a sterile 15 ml

Falcon tube with constant swirling and the suspension left at room temperature for 20
mins before addition to the cells. After incubation for 4-6 hours at 37°C the medium
was aspirated and the cells rinsed with 10 ml of PBS. Glycerol (2 ml of 15%) was
added for 1 minute, the cells rinsed twice with 10 ml of PBS, twice with 10 ml of
growth medium and then fed with fresh growth medium. After incubation at 37°C for
24 hours the cells were trypsinized and split at appropriate ratio (>1:10). After a further
24 hours growth clones were selected which were expressing the transfected sequences.

Cells were incubated for 9 days (with media changes every 3 days) in media containing
geneticin at 500 pg/ml or hygromycin at 200 pg/ml as appropriate. Dishes were
screened by inverted phase microscopy and clones were picked into 24 well culture

plates for recovery.

Cell growth rates were measured in 25cm? flasks seeded at a density of 4 x 10°
cells/flask in triplicate. The medium was replaced after 3 days and the cells harvested
and counted on day 6.

The vectors constructed for the expression of bFGF, IGF-I and IGF-II have been
described previously (Li, 1997) and were based on either the pLNCX non-splicing
retrovirus vector or the pCMYV hyg vector. In each case the exogenous growth factor
gene was expressed from the CMV immediate early promoter and the gene for the
selectable marker (near for the FGF vector and hygr for the IGF vectors) from the
MoMLV LTR promoter. Expression of bFGF, IGF-I and IGF-II was confirmed by
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immunoblotting. Transfected and non-transfected NIH3T3 cells (1 x 108) were lysed in
1 ml of buffer containing 50 mM of TrisHCI buffer (pH 7.5), 400 mM NaCl, 1 mM
MgCl,, 1% Nonidet P-40, and 1pM phenylmethylsulfonal fluoride. Nuclei and cell
debris were removed by centrifugation at 16000 x g for 10 min at 4°C and the
supernatants were analysed for bFGF, IGF-I, and IGF-II by sodium dodecyl
sulphate/polyacrylamide gel electrophoresis (SDS/PAGE) and Western blotting on
nitrocellulose. The Western blots were probed with affinity-purified mouse anti-bFGF
(Sigma), IGF-I, and IGF-II antibodies (Serotec Inc.). The second antibody for
luminescence development was horseradish peroxidase-conjugate rabbit Ig against
mouse Ig and was used as described by the manufacturer (Amersham Lifescience, ECL
system).

Results

Cell lines expressing bFGF alone (3B) IGF-I alone (31) and IGF-II1 alone (311) and
bFGF plus IGF-I (3BI) and IGF-II (3BII) were isolated and compared with the NIH3T3
control line. In each case the transfected cell lines showed changes in morphology
compared with the parental line often growing more densely and in a less organised
fashion. All ofthe transfected cell lines acquired the ability to form clones in soft agar
(Table 1) with the lines in which two growth factors were being expressed showing the
highest number of colonies. As far as growth in low serum medium was concerned it is
apparent that bFGF is important for good growth and that cells co-expressing bFGF and
IGF-I grow best in low serum. In the absence of serum, however, all of the lines show
significantly reduced growth over a 6 day period (Table 2).

Table 1: Number of colonies formed after 10 days growth from 1000 cells seeded into a 6 cm diameter
petri disk.

CELL LINE NUMBER OF
COLONIES

313 0

3B 238

31 224

311 98

3Bl 742

3BII 672

No reports have been published describing the expression of bFGF and IGF-I or bFGF
and IGF-II in the same cell line and the effects of such expression on the growth of the
cells. IGF-I and -II have been reported to have similar biological functions even in
different cell types, although IGF-I exerts a stronger effect on cells than IGF-II (Froger-
Gaillard et al, 1989; Taylor etal, 1988; Kemp et al, 1988). IGF-I plays the main role in
growth and metabolic promotion in adult mammalian cells, and IGF-II in foetal tissues
(Vetter et al, 1986). However, in this study, differences were observed in the growth of
cells transfected with bFGF/IGF-I or bFGF/IGF-II, and these could be considered to be
opposite rather than “strong” or “weak” effects. Thus, we conclude that the co-
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expression of bFGF/IGF-I or bFGF/IGF-II have different effects on the growth of
transfected cell lines.

Table 2: Number of cells (x107) recovered after 6 days growth in DMEM plus serum at the concentration

indicated.
10% 7.5% 5.0% 2.5% 0%

NIH3T3 20 13 2 i 1
3B 37 36 33 21 6

3BI 36 23 16 13 o)

3BIl 17 21 10 10 2

31 23 26 24 18 5

311 17 14 13 T 2

Conclusion

This preliminary study indicates that worthwhile improvements in the growth of cell
lines in low serum can be obtained by introducing genes for growth factors in to the
cells themselves. This approach, used in conjunction with medium optimisation, offers
considerable promise for the reduction of variability and cost and the simplification of
product recovery in the cell culture based systems used in the biotechnology industry.
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Abstract

Mitochondrial transcription factor A (mtTFA) is a key regulator of mammalian mitochondrial DNA
(mtDNA) transcription and replication. mtFA is a nucleus-encoded high mobility group-box protein,
which binds upstream of the light- and heavy-strand promoters of mtDNA and promotes transcription of
mtDNA. Wecloned andsequenced chickenmtTFA. The overall aminoacid sequenceofchicken mtTFA
has 44% homology to human mtTFA. A chicken gene formitochondrial transcription factor A was
disrupted by gene targeting in the chicken B-cell line DT40 which has high level ofhomologous
recombination andrapid growth rate. Heterozygous knockout DT40 cellsexhibited about 50% reduction
of mtDNA copy number. Similarly, the mitochondrial transcripts were reduced in the heterozygous
knockout DT40 cells.

1. Introduction

Mitochondria are one of one essential organelles in eucaryotic cells where cellular ATP is generated

through the process of oxidative phosphorylation. Proteins components of the respiratory chain are gene

products of both mitochondrial and nuclear genes The mitochondrial genome itself encodes I3 respiratory

chain subunits, but the vast majority of the subunits are encoded in nuclear genes. Similarly, the

processes of replication and transcription of mitochondrial DNA are regulated by nuclear genes except for
289
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tworRNA genes and 22 tRNA genes are encoded in mitochondrial genome. Mitochondrial transcription
factor A (mtTFA) is a nuclear encoded high mobility group box protein, which binds upstream ofthe
light and heavy strand promoters and promotes transcription of mitochondrial DNA [1. 2]. mtTFA also
may plays a role in regulation of mitochondrial DNA replication [I, 2]. 'When leading strand of
mitochondrial DNA replication starts, it requires RNA primer transcripted from the light strand promoter.
Therefore, mtTFA is necessary for this primer synthesis. In this study, we tried to disrupt the chicken
gene for mtTFA by gene targetting in DT40 cell [3].

2. Materials and Methods

2.1 Cell culture and transfection

DT40cells were maintained in DMEM medium, supplemented with 10% fetal bovine serum at 37°C and
5% C02. Cells were routinely splitto 1x105 perml every three days. Foreach transfection 107 cells
were suspended in 0.5% PBS containing 30 pig linearized plasmid and electroporated with Gene Pulser
apparatus (BioRad) at 550 V and 25 pF. Following electroporation, cells were transferred to 20 ml fresh
medium lacking drugs and incubated for 24 hr. Cells were then resuspended in 90 ml medium containing
the appropriate drugs and divided into five 96-well plates. After 7-10 days, drug resistant colonies were
transferred to 50 ml T flask. Concentrations of drugs used in this study were: 30 pg/ml mycophenolic
acid and 2 mg/mlG418.

2.2 DNA and RNA extraction.
Genomic DNA was purified with DNAZOL (GLBCO-BRL). Total RNA was extracted from DT40 cells
with acid guanidinium/thiocyanate/phenol/chloroform method.

2.3 Screening and sequencing ofcDNA and Genomic clones.

DT40 genomic DNA library in3. FIXII vector, gifted from Dr. Tateo Nakayama, and chicken 5days
embryo cDNA library ini. ZAPII vector, gifted fiom Dr. Atsushi Kuroiwa, were used in this study. The
human mtTFA ¢cDNA was used as aprobe. Approximately 1x10°phages from each library were screened
in a buffer containing 50 mM Tris-HCI (pH 7.5), 5x standard saline citrate (SSC), 5x Denhardt's
solution, 1% sodium dodeeylsulfate (SDS)and 100 mg/ml salmon sperm DNA. After hybridization at
53°C lor 16 h, filters were washed three times with 2x SSC containing 0.1% SDS at room temperature
and once with 0.5x SSC containing 0. 1 % SDS at 53°C for 30 min and exposed to x-ray film (Fuji). The
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genomic DNA clones were analyzed by restriction endonuclease mapping and Southern blot analysis.
Pertinent restriction fragments were subcloned into pBluescript and sequenced by the dideoxynucleotide
method usinga DNA sequencing system model 373S of Applied Biosystems.

24 Northern and Southem blot analysis.

Genomic DNA (Sto 15 pg) were separated by 0.8% agarose gel electrophoresis afterenzyme digestion
and transferred to Hybond N (Amersham). Total RNA (10 ug) were separated by 1.0% formaldehyde
agarose gel electrophoresis and transferred to Hybond N (Amersham).Hybridization with theprobes was
carried out in a buffer containing S0mM Tris-HCI (pH 7.5, 5x standard saline citrate (SSC), 5X
Denhardt's solution, 1% sodium dodecylsulfate(SDS)and 100 mg/ml salmon sperm DNA. After
hybridization at 65°C for 16 h, filters were washed three times with 2x SSC containing 0.1% SDS at
room temperature and once with 0.2x SSC containing 0.1% SDS at 65°C for 30 min and analyzed with a
Fuji Film BAS 2000 Image Analyzer. All probes were obtained by RT-PCR or PCR.

3. Results and discussion

We first cloned chicken mtTFA (cmrTFA) cDNA and genomic DNA. This cDNA have a open reading
frame ofa 264 amino acid sequence. The overall amino acid sequence ofchicken mtTFA has only 44%
and 46% homology to human and mouse, respectively (data notshown) [1]. The cmtTFA gene contains
five introns (Fig. 1A). cmtTFA is a single copy gene as determined by Southem blot analysis (data not
shown).

To begin targeted disruption of cmtTFA , mycophenolic acid and neomycin-resistance genes, each driven
by the chicken b actin promoter, were inserted into the first exon of cmtTFA genomic DNA, giving the
constructs Mpa-mtTFA and Neo-mtTFA, respectively (Fig. 1 A). DT40 cells were transfected with Mpa-
mtTFA and 30 mycophenolic acid resistant clones were isolated and sereened forhomologous
recombination by Southerm blotting. Hybridization with probe 1 (Fig. 1.4) showed that EcoRI and Sall
double digested DNA from 12 of the 30 clones gave rise to a new 5-kb band, the size expected following
homologous recombination (Fig. 1B). This result indicates that targeted disruption of one allele ofthe
mtTFA gene occurred at a frequency of 40%.

To investigate mtDNA copy number in these clones, each three +/mtTFA- and +/+ clones were further
analyzed by Southern blotting. The copy numbers of mitochondrial DNA werereduced by approximately
50%. in +mtTFA- clones (Fig. 2.4). In +/mtTFA- clones, transcripts of mtTFA and ATPase subunitd 6
and 8, which are encoded by mitochondrial genome [4]. werereduced by approximately 50% (Fig. 2B).
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There was no significantchange in transcripts of initochondrial DNA polymelase [5] which encoded in
nuclear genome (Fig. 28).

IfmtTFA is not essential for cell viability, a second round of gene targeting should disrupt the second
mtTFA allele. To test this. two of 12 heterozygous clones were transfected with Neo-mtTFA and selected
inmedium containing both inycophenolic acidand G4 18. DNAs from over 50resistantclones were
analyzed by Southern blot. The results showed that none ofthem underwent homologous recombination.
Toconfirm that Neo-mtTF A was capable ofhomologous recombination, we transfected wild-type DT40
cells with this construct. Out of 30 G418 resistant clones, 14 had targeted disruption of one m¢TFA
allele. To provide furtherevidence that the second m¢tTFA allele could notbe disrupted, heterozygous
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DT40 cells with one allele disrupted by Neo-mtTFA were transfected with Mpa-mtTFA. None 0f40
resistant clones underwent homologous recombination. Taken together, these data suggest that mtTFA is
an essential gene in DT40 cells. One of the possible explanation for this lethality is that mitochondrial
DNA and its transcription is essential for DT40 cell viability [6].

A

mtDNA
control

+/- +/+

mtTFA  ATPase6/g  bactin mtDNA pol
VST rtL*_._t_/;| i—.;{_*._-i:t":_.

|
|
8
i
.

Characterization of levels of mtDNA and mitochondrial transcry
%1 Southem blot ﬁ]s of mtDNA levels in wild (++1 and hetemzy ous (+/-) DT40 clones. The membrane were first
dized with a mtDNA probe and then re-hybridized with probe 2. Hy tion signals were quantitated with a Fuj F]]m

: AS 2000 Image Analyzer. (B) Northem blof analysis of transcript levels in wild type (+/+) and heterozygous (+/-)
clones.
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ABSTRACT. Transglutaminase (TGase) is a calcium ion-dependent enzyme that
catalyze the formation of isopeptide cross-links in proteins between the 7 -
carboxamide groups of glutamine residues and & -amino groups of lysine residues.
Epidermal-type TGase (TGase 3) is involved in the formation ofthe cornified cell
envelop, which serves a vital barrier function for the skin, by cross-linking of a variety
of structural proteins in the epidermis. This enzyme is activated from zymogen
form(77kDa) by limited proteolysis into 5OkDa and 27kDa molecules with unknown
proteases during epidermal terminal differentiation.

It has been difficult to isolate sufficient quantities of native enzymes from tissues or
to obtain recombinant proteins in a bacterial expression system for biochemical studies
on its properties of TGase 3. In this study, we circumvented these problems by
expressing recombinant full-length mouse TGase 3 in baculovirus-infected insect cells.
The expressed TGase 3 was purified to homogeneity by successive chromatography
and HPLC. Treatment of the purified recombinant protein with dispase, which was
bacterial protease known to activate TGase 3 zymogen, produced the activated TGase
3. The migration of TGase 3 zymogen in SDS-polyacrylamide gel electrophoresis was
anomolous when proTGase 3 was incubated with calcium ion. This possibly results
from intrinsic enzymatic activity. GTP inhibited the enzymatic activity of
recombinant TGase 3, as inthe case oftissue-type TGase (TGase2).

1. Introduction

Transglutaminases are Ca?-dependent enzymes that catalyze the post-translational
modification of proteins by transamidating the glutamine residues. TGases constitute a
large protein family and are distributed in various tissues and cells [1, 2].
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In the epidermis, four TGases had been reported to exist in different amounts. Two
of these are the TGase 1 (TGase K) and TGase 3 (TGase E), which are involved in the
formation of cornified cell envelop(CE) by cross-linking various structural protein in
the terminally differentiated keratinocyte [3]. The third enzyme, TGase 2 (TGase C)
stabilize the dermoepidermal junction in basal cell layer [4]. Recently, the fourth
member was discovered in keratinocyte by reverse transcription-PCR [5].

TGase 3 is expressed in the last stage of terminal differentiation of the epidermis
[6]and the inner root sheath and the medullary layers in hair follicle [7], but not
expressed in cultured keratinocytes [8]. TGase 3 accounts for >75% oftotal TGase
activity in epidermis, although there is far less TGase 3 proteins than TGase 1 and
TGase 2 [9]. Inhair follicle, TGase 3, rather than TGase 1, preferentially cross-link
major structural protein such as trichohyalin and keratin intermediate filaments [10].
Native proTGase 3 from guinea pig skin was purified and characterized by Kim et.al
.[9]. ProTGase 3, synthesized as 77kDa zymogen, are proteolysed into a S0kDa
containing catalytic domain and 27kDa molemules upon activation. The proteolysis
mechanisms and the enzymes responsible for the activation are not well understood.
The cDNA of human and mouse were cloned by PCR using degenerated primers based
on the peptide sequences of guinea pig enzyme [8]. Both proteins contain 692 amino
acids of molecular mass about 77kDa from the deduced amino acid sequence and are
activated by proteolysis.

Since too little TGase 3 is expressed in the skin to study its biochemical properties
and activation mechanisms, it was necessary to construct a recombinant protein.
Expressed protein of proTGase 3 in E.coli was recovered as inclusion body. Therefore,
we decided to express recombinant proTGase 3 in a baculovirus system. In this system,
recombinant baculoviruses are used as vectors to express heterologous genes under the
forceful polyhedrin promoter in insect cells, providing correctly folded, modified
proteins in large amounts.

In this study, the unexpected intracross-linking of zymogen form of TGase 3 was
observed by the incubation with calcium and the inhibitory effects of GTP on its
enzymatic activity were also discovered.

2. Results and Discussion

2.1 PURIFICATION OF RECOMBINANT TRANSGLUTAMINASE 3
EXPRESSED ININSECT CELLS.

Insect cells were infected with recombinant baculovirus encoding full-length mouse
proTGase 3 cDNA under the control of the polyhedrin promoter. The maximum
expression level was observed from 36 to 48 h post-infection at a multiplicity of
infection of 2-5.

Although the 77 kDa protein of recombinant proTGase 3 was highly expressed in
infected Sf9Y cells, less than one third ofthe produced proTGase 3 was recovered in the
soluble fraction. For the purification, the suspension-cultured cells were collected and
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lysed with hypotonic buffer containing protease inhibitors. ProTgase 3 were purified
from lysate by DEAE-Sephacel chromatography and heparin-Sepharose affinity
chromatography based on the content of 77 kDa band. To obtain highly purified
proTGase 3, contaminating proteins were excluded by anion ion-exchange
chromatography and size fractionation chromatography (SMART system). After these
purification steps, approximately 20 pug of proTGase 3 was obtained from 100 ml of
suspension culture of S19 cells (2x108).
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Fig.l Activation of recombinant purified proTGase3.

(A) SDS-PAGE analysis of approximately 2 i g of purified proTGase before(lane 1) and
after(lane 2) digestion with 1 unit of dispase for 10 min at 37 C. The processed bands (47 kDa, 30
kDa) are indicated by arrows. Lane U and T indicate untreated and dispase-treated zymogen,
respectively. The open arrowhead indicates the dispase added to the reaction mixture. (B) The
enzymatic activity of proTGase3 before(open circle) and after(closed circle) proteolysis by dispase
were assayed.

2.2 ACTIVATION OF ZYMOGEN FORM OF TRANSGLUTAMINASE 3

To confirm that the purified recombinant proTGase 3 had enzymatic activity,
proteolytic activation was performed by protease digestion according to the previous
report [9]. Dispase, which was neutral bacterial protease, was examined for the
activation. As shown in Fig.2A, 77 kDa of proTGase 3 was proteolysed into 47 kDa
and 30 kDa molecules by the dispase treatment. The smaller fragment migrated at
slightly larger position than those of guinea pig TGase 3 reported, probably due to the
differences in primary structures of TGase 3 between guinea pig and mouse. Both the
digested and undigested proTGase 3 preparations were measured for the TGase activity
using CBZ-GlIn-Gly and hydroxylamine as substrates (Fig.1B) [11]. The proteolysed
TGase 3 had an apparent transamidating activity, whereas no enzymatic activity was
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observed in the untreated preparation.

2.3 MOBILITY-SHIFT OF ZYMOGEN OF TRANSGLUTAMINASE 3 BY
TREATMENT WITH CALCIUM ION

During the course of purification, we observed that the treatment with high
concentration of Ca** caused the mobility-shift of proTGase 3 on SDS-PAGE (Fig.2).

EDTA(mM) 0 0 0 0 5
Caconcn(mM) M 00.21 5 5

kDa
94— W R
67 — - BT R e
43 — W=

Fig.2 Ca2t.dependent mobility-shift of proTGase3.
Incubation at a final concentration of 0,0.2,1,5 mM of CaClI2. To verify the Ca2+ specilic
reaction, EDTA were added at a final concentration of 5 mM to chelate the Cal+.

The 77 kDa molecule migrated slightly faster when incubated in the solution containing
Ca* at 30 ° C for 5 min. This migration was also dependent on the concentrations of
Ca?, but aberrant migration was not observed when adding 5 mM EDTA in the
solution(Fig.2 lane 5). The TGase activity was responsible for the aberrant migration
because the migration were liable to occur at higher pH and by blocking active site
cysteine residue(data not shown). Active-site mutant of proTGase 3 was prepared in
baculovirus system and compared with the wild type. The mobility of mutant proTGase
3 was not affected by the presence of high concentration of Ca?* (data not shown).
These results suggested that the intrinsic TGase activity was responsible for the
aberrant mobility caused by Ca?*. The mobility-shift was assumed to be intramolecular
cross-linking, leading to the structural changes in zymogen form of TGase 3.

2.4 INHIBITION OF TRANSGLUTAMINASE 3 ACTIVITY BY GTP

In recent years, tissue-type TGase (TGase 2) has been reported to be GTP-binding
protein and the enzymatic activity is specifically blocked by the presence of GTP.
These results tempted us to examine the effect of GTP on the enzymatic activity of
TGase 3. As shown in Fig.3 , both GTP and GDP were found to exhibit concentration-
dependent inhibition of the TGase 3 activity at 25-200 uM. Concentrations of GTP and
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GDP required for 50% inhibition were 10 pM and 50 pM, respectively. Furthermore,
weak inhibitions by GMP and ATP were commonly observed as in the case of
TGase2 (data not shown). This inhibition was not the result of chelating effect of GTP
against Ca-dependent enzymatic activity because ATP showed weak inhibition at the
same concentration. GTP-binding motifs were not seen in the primary sequence of
proTGase 3 as in the case of TGase2. More recently, presence of GTP was found to
prevent the Ca?-dependent proteolysis of TGase2 by in situ analysis [12]. Effects of
GTP on the degradation of proTGase 3 by various proteases are under investigation.
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EFFECT OF TEA POLYPHENOLS ON DEGRANULATION
IN HUMAN MATURE BASOPHILS DIFFERENTIATED
WITH IL-4

Hirofumi TACHIBANA, Yousuke SUNADA, Takashi HARA, and
Koji YAMADA

Graduate School of Bioresources and Bioenviromental Scieince,
Kyushu University, Hakozuki 6-10-1, Fukuoka, 812-8581, Japan

Abstract. We examined the effects of tea polyphenols on the activation process
of human mature basophils by stimulation with Ca* ionophore A23187 or IgE receptor
crosslinking. IL-4 was used to induce differentiation in human leukemia cell line
KUS812 into the morphological and functional human mature basophils used in this
study. Among the tea polyphenols examined, (-)-epicatechin gallate (ECG) and (-)-
epigallocatechin gallate (EGCG) inhibited degranulation caused by IgE receptor
crosslinking as well as by A23187. Thus, our findings suggest that the effects of ECG
and EGCG may act on signaling pathway which regulates degranulation in human
basophils after the increase of intracellular Ca*+ concentration.

1. Introduction

As effector cells in the IgE-dependent immune response system, mast cells and
basophils appear to play an important role in allergic reactions (1). The release of
histamine and other inflammatory mediators by these cells is the primary event in the
reaction (2). Basophils express the high affinity IgE receptor (FceRI) on the cell
surface and possess cytoplasmic granules containing various potent inflammatory
mediators such as histamine, proteases and chemotactic factors (3). When a specific
allergen associates with the FceRI-bound IgE, elevation of the intracellular Ca?’
concentration occurs, and then basophils can release preformed mediatols and
metabolites of arachidonic acids (4). Inhibition of any steps of these sequential
reactions leads to the attenuation of allergic symptoms. The mechanism that regulates
the FceRI-mediated degranulation remains largely unknown in human basophils (5).

Tea polyphenols have been reported to inhibit degranulation in rat mast cells and rat
basophilic leukemia RBL-2H3 cells (6, 7). When measuring the sensitivity of
degranulation induced stimuli, some differences between human and rat mast cells have
beenreported (8, 9). However, the effect of tea polyphenols on human basophils has
not yet been studied In the present study, we examined the effect of various tea

polyphenols on histamine release from human mature basophilic cells derived from the
human leukemiacell line KU812 (10). KU812 cells were originally established from the
patient with chronic myelogenous leukemia and is available for studies on
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differentiation and signal transduction (10). However, the cells are generally thought to
be an immature basophilic cell line able to express only a very low level (11).
Recently, we demonstrated that IL-4 can induce differentiation of KU¥1BE8]s into
morphologically and functionally mature human basophilic cells (12). These IL-4-
treated KU812 cells were then used as human mature basophils in this study. Here, we
found that tea polyphenols may act on a point of the signaling pathway for
degranulation afterthe increase of intracellular Ca?+ concentration occurs.

2. Materials and Methods

2.1. CHEMICALS

The following tea polyphenols; (-)-epigallocatecin-3-gallate (EGCG), (-)-
epigallocatchin (EGC), (-)-epicatechiin-3-gallate (ECG), (-)-epicatechin (EC), (+)-
catechin (C), were purchased from Kurita Water Industries Ltd (Tokyo, Japan). The
chemical structures of these compounds are shown in Fig. 1. The calcium ionophore
A23187 was obtained from Sigma (St. Louis, MO). Histamine dihydrochlorideand o-
phthalaldehyde (OPT) were purchased from Wako (Osaka, Japan). Tyrode buffer was
consistedof 137 mM NaCl, 2.7 mM KCI, 1.8 mM CaCI2, 1.1 mM MgCl,, 11.9 mM
NaHCOj;, 0.4 mM NaH,PO,, 5.6 mM glucose, pH 7.2.

2.2. CELLS AND CELL CULTURE

KUB812 cells were obtained from the Japanese Cancer Research Resources Bank (Tokyo,
Japan). The cells were maintained in RPMI-1640 (Nissui, Tokyo, Japan) supplemented
with 10% fetal bovine serum (Intergen, Purchase, NY), 100 U/ml penicillin G, 100 mg/ml
streptomycin and 10 mM HEPES buffer. To prepare mature basophils, the KUS12 cells
were stimulated with 1 ng/ml of IL-4 for 14 days (12).

2.3. HISTAMINE RELEASE

IL-4-treated KU812 cells (1.0 x 106 cells) were washed and resuspended in 2 ml of
Tyrode’s buffer. 0.5 ml of25 uM A23185 (5 uM final concentration) or 0.5 ml of 10
pg/ml goat anti human IgE antibody (2 pg/ml final concentration) was added to the cell
suspension. Before the addition of the IgE antibody, 0.5 ml of 25 pgl/ml human
myeloma IgE was added to the cell suspension and incubated a 37°C for 4 hours to
sensitize the cells. After addition of either A23157 or the anti-human IgE antibody,
the mixture was incubated at 37°C for 20 min and the reaction was terminated by
cooling at 4°C for 15 min.  The cell suspension was then centrifuged at 300 x g for 10
min, and the amount of histamine in the supernatant was measured by fluorometric
assay as described below.

2.4. MEASUREMENT OF HISTAMINE

The histamine content was measured by the fluorometric assay. After mixing 2 ml of
the supernatant with 0.75 g of NaCl and 0.5 ml of 1 N NaOH, 5 ml of a 3:2 (V/V)
mixture of n-butanol and chloroform was added and mixed for 5 min. After
centrifugation at 270 x g for 5 inin, 4 ml of the organic solvent layer was recovered ,
mixedwith 0.15 ml of 1 N NaOH and 0.1 ml of 0.2% OPT, and let stand for 5 min at
room temperature. The reaction was terminated by adding 0.14 ml of 0.5 N H,SO,,
and then the fluorescence intensity was measured using a spectrofluorophotometer
(RF500, Shimazu, Kyoto, Japan) with the excitation at 360 nm and the emission at
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450 nm. The percentage inhibition of histamine release was calculated as follows:
inhibition (%) = 100-(test - negative control)/positive control - negative control) x 100.
Negative control was the histamine content without stimulation, positive control was
after stimulation, and test was after stimulation with sample.

3. Results
3.1. EFFECT OF TEA POLYPHENOLS ON HISTAMINE RELEASE FROM
HUMAN MATURE BASOPHILS
Green tea contains polyphenols, which include flavanols, flavandiols, flavonoids, and
phenolic acids Most of the green tea polyphenols are flavonols, commonly known as
catechins (Fig. 1). We investigated the effect of catechins on histamine release from
human mature basophils derived from IL-4-stimulated KU812 cells (12). As shown in
Table 1, ECG (69% inhibition) and EGCG (55% inhibition) significantly inhibited
histamine release which was inducedby 100 pM Ca?* ionophore A23187. However,C,
EC, and EGC were not shown to be effective. ~Next we examined the dose-response by
testing the effect of 1 to 100 uM of EGCG on histamine release. ~As shown in Table
2, EGCG inhibited, in a dose dependent manner, histamine release from KUS812 cells
stimulated with anti human IgE antibody. When cells were stimulated by IgE receptor
crosslinking, the inhibitory effect of EGCG was 29 % at 10 uM and 41% at 100 pM.
Like wise, when the cells were stimulated with A23187, the inhibitory effect of EGCG
was 69% at 10 uM and 74% at 100 pM.
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4. Discussion
In this study, we demonstrated that ECG and EGCG inhibit histamine release from a
human mature basophilic cell line. Inrat RBL-2H3 cells orrat peritoneal exudate cells,
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the inhibitory effect of ECG on the histamine release was shown to be much lower than
that of EGCG (6, 7). Among the tea polyphenols, 3-O-galloy1l containing compounds
such as ECG and EGCG inhibited histamine release from human basophils, while
compounds lacking the galloy] structure such as C, EC, and EGC were not effective.
In rat basophilic leukemia RBL-2H3 cells andrat peritoneal exudate cells, the triphenol
structure has been shown to play a role in the inhibition of histamine release (6, 7).
These results suggest that sensitivity to the tea polyphenols on histamine release is
different between rat and human basophils.

Table 1.
Effect of various tea polyphenols on A23187-mediated histamine release from basophilic-differentiated KU812 cells.

KUB812 cells were stimulatedwithA23187 for 20 min in the presence of various tea polyphenols (100 pM).
Histamine released into the supernatants as determined by fluorometric assay. Results are mearrSE (n=3).

Tea polyphenols Histamine Histamine release

release inhibition
(ng/106cells) (%)

None 59.9+ 03

C 61.4+0.8 0

EC 60.1 =34 0

EGC 57.4+ 2.8 5.0

ECG 26.1 1.3 68.9

EGCG 33.2t 0.8 54.5

Table 2.

Effect of EGCG on A23 187- or IgE-mediated histamine release from basophilic-differentiated KUS812 cells.

Human IgE-sensitized KU812 cellsor now-sensitized cells were stimulated with anti human IgE or A23187
for 20 min, respectively, in the presence of various concentration of EGCG (1.100 pM).

Histamine released into the supernatants as determined by fluorometric assay. Results are mean +=SE (n=3).

IgE receptor crosslinking A23187
EGCG (M) Histamine Histamine release Histamine Histamine release
release inhibition release inhibition
(ng/10° cells) (%)) (ng/10° cells) (%)
0 81.4£2.0 110.7 0.7
1 64.9+1.9 20.3 81.0+1.0 36.4
10 57.8£2.1 29.1 54.1£2.0 69.2
100 48.2+10.4 40.8 49.9+2.2 74.4

FceRI cross-linking induces tyrosine phosphorylation of phospholipase C (PLC).
The reaction products of PLC, which induces inositol 1, 4, 5-triphosphate, and
diacylglycerol, stimulates the Ca?* release from intracellular storage sites and activates
protein kinase C (PKC), respectively. Histamine release from the intracellular
secretory granules is induced by the increase of intracellular Ca** concentration and the
activation of PKC (13). If the inhibitory effect of EGCG on histamine release from
KUB812 cels is due to the inhibition of the PKC activation pathway, histamine release
induced by A23187, which by passes FceRI cross-linking, should not be inhibited by
EGCG. EGCG was shown not to inhibit the increase of intracellular free Ca** in
KUS812 cells after stimulation with the anti IgE antibody. EGCG also did not inhibit
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the increase of intracellular Ca?" in cells stimulated with ionomycin (data not shown).
Therefore, EGCG and ECG may affect the signaling pathway at a point after the
signaling from the increase of intracellular Ca** concentration.

K252b, an ectoprotein kinase inhibitor, has been shown to inhibit the histamine
release from RBL-2H3 cells and human basophils through the binding to the cell surface
molecule rather than by permeation into the cells (5). If EGCG hinds to a cell surface
molecule, it would be interesting to identify the molecule that act as an intermediate the
inhibitory signal on deguranulation in human basophils.

Tea polyphenols are major component of green tea representing 30-40% of the dry
matter. Among them, EGCG is the most abundant component (40%-60%) followed
by EGC (10-20%), EC (4-6%), and C (2-4%). In humans, orally administrated
catechins can be detected in blood and arc excreted in urine and feces (14).  Clarification
of'the mechanism for the inhibition of histamine release through ECG and EGCG may
provide anew approach to suppress IgE-mediated allergic reactions.
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COUNTERACTION OF THE ACTIVE FORM OF VITAMINS A AND D
ON UP-REGULATION OF ADIPOCYTE DIFFERENTIATION WITH
PPARY LIGAND, A THIAZOLIDINEDIONE, IN 3T3-L1 CELLS
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The active form of vitamin A, retinoic acid (RA), and that of vitamin D,
1,25-dihydroxyvitamin D3 (1,25 (OH)2 D3) inhibited adipocyte differentiation of 3T3-L1
preadipocytes in the presence of thiazolidinedione, a specific ligand for peroxisome
proliferator-activated (PPARY) receptory These fat-soluble vitamins repressed the up-
regulated protein expression of PPARY2 during the first 40 hours of initiation of 3T3-L1
preadipocyte differentiation. Compared with RA, 1,25 (OH), D3 inhibited PPARY2
expression more effectively and caused concomitantly a greater inhibition of adipocyte
differentiation. These results suggest that the inhibitory action of adipocyte differentiation
by RA or 1,25 (OH), D3 is exhibited through direct repression of the expression of
PPARY2 protein, even in the presence of its ligand. They also raise the intriguing
possibility that attenuation or amplification of the pharmacological effects of
thiazolidinedione that are dependent on PPARY in adipose cells is caused by alteration of
the levels of these fat-soluble vitamins.

1. Introduction

The adipocyte differentiation program is regulated by the sequential expression of
transcriptional activators, namely CCAAT / enhancer binding protein (C/EBP) and PPAR
families (1). These transcription factors coordinate the expression of genes involved in
creating and maintaining the adipocyte phenotype (2). PPAR families are members of the
nuclear hormone receptor superfamily. These receptors heterodimerize with retinoid X
receptor (RXR) and become transcriptionally active when hound to a ligand. PPARY2 is
expressed at the highest level in adipose tissue and adipocyte cells, and at low levels, or
not at all, in other tissues and cell lines (3).

The synthetic antidiabetic thiazolidinediones have been shown to enhance the
differentiation of 3T3-L1 preadipocytes (3). The recent finding that thiazolidinediones and
a lipid metabolite, 1 5-deoxy-A.14 prostaglandin J2, are ligands of PPARY (3, 4) reveals a
novel signaling pathway that directly links these compounds to processes involved in
glucose homeostasis and lipid metabolism including adipocyte differentiaton.

RA and 1,25 (OH), D3, have been found to inhibit the differentiation of adipocytes in
cultured cells (5, 6,7). Adipose tissue is also known to be a target organ for RA and 1,25
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(OH),D;. The inhibitory effects of fat soluble vitamins on adipogenesis observed in

vitro can also be seen in vivo. Thus, it has been reported that low levels of dietary

fat-soluble vitamins, especially vitamin A and carotenoid, actively stimulate the
development of adipose tissue, namely, bovine marbling (8). In addition, the actions of
RA and 1,25 (OH), D5 are reported to be mediated by specific nuclear receptors, that is,
retinoic acid receptor (RARc, RARB, RARY subtypes) and viatamin D receptor (VDR),
which are members of the steroid and thyroid/retinoid receptor superfamily. These
receptors function in the form of heterodimers with RXRs as well as PPARs. We have
further shown that both of RARY and VDR mRNA levels are up-regulated by RA and 1,25
(OH)2 D3, respectively, in 3T3-L1 cells (9, 10). Therefore, we speculate that RA and
1,25 (OH)2 D3 prevent the differentiation of preadipocytes to adipocytes through a

mechanism by which retinoic acid receptor (RAR) or vitamin D receptor (VDR) competes

with PPARY for the common heterodimeric partner RXRo (11). In this study, we
examined the effects of fat-soluble vitamins, vitamins A and D, on the differentiation of
preadipocytes to adipocytes in terms of their influence on the protein expression of
PPARY, a key regulator of adipogenesis.

2. Materials and methods
31. MATERIALS

1,25 (OH)2 D3 was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan) and all-trans
RA from Sigma (St. Louis, Mo, USA). Thiazolidinedione T174 ((x)-5-[[2-(2-naphthalenylmethy1)-5-
benzoxazolyl]methylI]-2,4-thiazolidinedione),a specific ligand PPARY for (12), was obtained from Tanabe
Seiyaku Co. Ltd. (Osaka. Japan). All other chemicals were of guaranteed reagent grade or tissue culture
grade.
3.2. CELL CULTURE

3T3-L1 cells were routinely grown as described before (7). Under these conditions, confluence was
reached within 3 days. For adipocyte differentiation, cells were switched tu differentiation medium (DM)
containing 10% fetal bovine serum (FBS), 0.25 mM dexamethasone (DEX), 0.5 mM I-methyl-3-
isobutylxanthine (MIX), and 10 pg of insulin per ml 2 days after cell confluence, referred to as day 0.
Thiazolidinedione (T-174) was added in dimethyl sulfoxide at less than 0.1% v/v in DM. RA and 1,25
(OH)2 D3 were dissolved in a solution containing ethanol, whose concentration in each well was less than
0.1% v/v, and added at the same time. From 40 h after initiation of differentiation by DM, differentiating
cells were maintained in post-DM containing 10% FBS and 5 pg of insulin per ml, with a change of
post-DM every 2-3 days. Glycerophosphate dehydrogenase (GPDH) activity, a marker of adipocyte
differentiation, was measured as described previously (7).
3.3. WESTERN BLOTTING ANALYSIS

3T3-L1 cells were lysed in Dulbecco's phosphate buffered saline (PBS) containing 0.02% EDTA.
Equal volumes of total cell lysate from each well were subjected to SDS-PAGE. then electroblotted onto
polyvinylidene difluoride membranes. The blots were then incubated with primary antibody. polyclonal
anti-PPARY2 antibody(Affinity Bioreagents. Inc.) or polyclonal anti-RXRo. antibody (Santa Cruz
Biotechnology, Inc.) in TBS containing 0.1% Tween 20. The former recognizes antibody both PPARyl
and PPARY2. After washing. the membranes were incubated with pig anti-rabbit IgG conjugated with
horseradish peroxidase (DAKOPATTS a/s, 'Denmark). and signals were developed with the enhanced
chemiluminescence (ECL) system (Du Pont , USA).

3. Results

Addition of T-174, a specific ligand for PPARY, along with DM during 40-h period of
initiation of differentiation of 3T3-L1 preadipocytes enhanced GPDH activity in a
dose-dependent manner, as shown in Figure |a, and resulted in much greater promotion
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Figure 1. (a) Thiazolidinedione T-174, activator of PPARY, enhances GPDH activity of 3T3-LI
cells. (b. c) Retinoic acid and 1,25 (OH) , D3 inhibit GPDH activity induced by T-174 in 3T3-LI
cells. 3T3-LI cells were treated with 10 uM T-174 along with DM, supplemented with each
concentration of retinoic acid or 1,25 (OH) 2 D3 on day 0. After 40 h, the medium was replaced
with post-DM. GPDH activity was measured 7 days after the start of treatment. The values are
means + SEM for three independent cultures.
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Figure 2. Retinoic acid and 1,25 (OH) 2 D3 inhibit the induction of PPARY2 protein during a 40 h
period of initiation of 3T3-LI preadipocytes differentiation. 3T3-LI cells were treated lor the
indicated times with 10 pM T-174 in DM, supplemented with retinoic acid or 1,25 (OH) 2 D3 at I
uM. Whole cell lysates were prepared and subjected to SDS-PAGE, followed by Western blotting
using anti-PPARY2 antibody. Data from Western blotting experiments were quantitated by
densitomer (the bar chart shown right ). Protein levels of PPARY2 are expressed as percentages of
the values detected on day -2 in the respective treatments. These values arc for one representative
culture of three independent cultures with nearly identical results.
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of differentiation than that of only DM. Interestingly. the addition significantly
decreased the concentration of glucose in the medium (less than 10% of control at 7 days
after the addition). Figure Ib, c indicates that RA and 1,25 (OH), D; both inhibit the

T-1 74-stimulated differentiation of 3T3-L1 preadipocytes to adipocytes in a
dose-dependent manner. However, while RA strongly inhibited the differentiation at a
concentration of 1 uM, 1,25 (OH)2 D3 exhibited remarkable inhibition even at a

concentration of 1 nM.

The relationship between the inhibitory effect on adipocyte differentiation of these
fat-soluble vitamins and the expression of PPARY2 was analyzed by immunoblotting
during the first 40 h of induction of the terminal differentiation of preadipocytes into

adipocytes. The protein expression of PPARY2 began to increase 8 h after the initiation of

adipocyte differentiation induced by T-174 in DM and continued to increase up to 40 h
(Figure 2, Control). These results strengthen the correlation between the induction of
PPARY and the acquisition of adipocyte phenotype after terminal differentiation in 3T3-L1
cells, in agreement with previous reports (2). However, treatment with 1 uM RA or 1,25
(OH), D; during the first 40 h of adipocyte differentiation inhibited the rise in the
expression of PPARY2 protein, suggesting that RA and 1,25 (OH), D5 influence
adipogenesis at an early stage of differentiation. A slight increase of PPARY2 protein
expression occurred at 40 h after the initiation of differentiation in the presence of RA, but
1,25 (OH)2 D3 exhibited a stronger inhibitory effect, with PPARY protein expression
remaining essentially at the basal level throughout the 40 h. These results suggest that the
inhibition of adipocyte differentiation in 3T3-L1 cells by RA or 1,25 (OH)> D3 may be

mediated by suppression of the induction of PPARY as a master regulator in the control of
adipogenesis.

4. Discussion

PPARY is a dominant trigger of adipocyte differentiation, acting through
transactivation of adipose-specific genes in a PPARYy-activator-dependent manner. Recent
data have demonstrated that antidiabetic thiazolidinedione compounds are specific and

have high-affinity for PPARY (4, 12). Furthermore, these compounds can function as
potent inducers of adipogenesis (2, 12, 13). In the present study, thiazolidinedione
potently stimulated the differentiation and glucose utilization of 3T3-L1 cells as compared
with the usual treatment by mixtures of hormonal stimulants. Accordingly, to analyze the
mechanism of inhibition of adipocyte differentiation, we employed this PPARY-specific
ligand. T-174, as a tool.

Our approach was to examine PPARY protein expression during the first 40 h of
initiation of adipocyte differentiation, a crucial period in adipocyte differentiation when
mitotic arest occurs and other transcription factors such as C/EBPo and CHOP-10 are
induced. Adachi et al. reported the repression of PPARY mRNA by retinoid, but they
examined the stage after terminal differentiation in 3T3-L1 cells (14). We also studied
PPARY mRNA expression by Northern blotting analysis, but found no detectable
expression during the first 40 h of initiation of adipocyte differentiation (data not shown).
This result might suggest that PPARY mRNA is relatively unstable in 3T3-L1 cells or that
its turnover cycle is rapid. Consequently, the use of protein expression level to assess the
induction of PPARY during the course of adipose conversion of 3T3-L1 preadipocytes is
significant not only for following what is actually taking place, but also for its advantage
in detection sensitivity.
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PPARY2 protein expression was enhanced by T-174 in DM in a time-dependent
manner in 3T3-L1 cells. When the DM was replaced by post-DM at 40 h alter the

initiation of adipocyte differentiation, the enhancement of PPARY2 protein expression
gradually declined in subsequent culture (data not shown).

As we have found that RA or 1,25 (OH); D3 increase RARYy or VDR mRNA, as
members of the receptor subfamily including PPARs, in 3T3-L1 cells (9, 10), we
investigated whether PPARY2 expression is regulated by the same mechanism of
autoregulated amplification in a ligand-dependent manner or not. The induction by DM (a
basal medium supplemented by DEX, MIX and insulin) alone in 3T3-L1 preadipocytes
enhanced the PPARY2 protein expression to the same degree as did that by DM containing
T-174 (data not shown). When only T-174 was added to the basal medium without DEX,
MIX and insulin, the expression level of PPARY2 protein remained steady, that is, the
enhancement of PPARY2 protein expression was not recognized. After all, we were
unable to reach a conclusion concerning the mechanism of autoregulated amplification of
PPARY2. Furthermore, we examined the effect of individual components of DM, DEX,
MIX and insulin, on PPARY2 protein expression during adipogenesis, and found that
treatment with MIX alone enhanced the PPARY2 expression level (data not shown).

In conclusion, our results indicate that RA and 1,25 (OH)> D3 inhibit the protein
expression of PPARY2 during the early stage of 3T3-L1 preadipocyte differentiation in the
presence of a PPARY-specific ligand. Furthermore, 1,25 (OH)2 D3 was much more
effective in inhibiting adipocyte differentiation than was RA. Since PPARY is known to be
a master regulator of the adipocyte differentiation program, these results suggest that the
inhibitory action of fat accumulation by these fat-soluble vitamins, RA and 1,25 (OH),

Ds, is exhibited through direct repression of the expression of PPARY2 protein itself.
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CCK regulation of monitor peptide gene expression in
pancreatic acinar AR42J cells.

TOSHI KINOUCHI, SATOSHI TSUZUKI, CHIEKO MINAMI, YOSHIHIRO
HAYASHI, ETSURO SUGIMOTO and TOHRU FUSHIKI.
Division ofApplied Life Sciences, Graduate School ofAgriculture, Kyoto University,
Kyoto 606-8502, Jupan

The mechanism(s) by which the cholecystokinin (CCK) stimulation of AR42J
rat pancreatoma cells results in an increased mRNA expression of a CCK-releasing
peptide (monitor peptide, MP) were explored. Using a established assay system by
means of reverse transcription-polymerase chain reaction. CCK was shown to increase
the level of MP mRNA by about 9-fold. When protein synthesis was blocked by the
addition of cycloheximide, the MP mRNA level remained unchanged in the presence of
CCK. Inhibition ofthe transcription with actinomycin D showed a half-life for the MP
mRNA of approximately 17 h, and this rate remained unchanged by CCK treatment,
suggesting that CCK may regulate the MP mRNA level by influencing gene
transcription.  A23 187, bombesin, substance P and carbachol increased the MP
mRNA level. CoC12 abolished both the CCK and A23187 actions on the MP mRNA
expression. Neither dibutyryl cAMP and forskolin nor secretin and VIP had any effect
on the MP mRNA expression. Both TPA and PDB failed to increase the MP mRNA.
It was therefore proposed that the CCK stimulates the MP mRNA expression of AR42J
cells in a calcium-dependent and protein kinase C-independent manner.

INTRODUCTION

Prolonged high protein intake leads to increases in the concentrations and
mRNA levels of proteases in the pancreas (2, 4, 7). Cholecystokinin (CCK) is
believed to be involved in the adaptive increase in pancreatic proteases as a mediator in
response to prolonged intake of a high protein diet (6, 8). The release of CCK is
mediated, at least in part, by a CCK-releasing peptide (monitor peptide, MP), which
was originally found in the bile-pancreatic juice of rats, and is synthesized in the
pancreas and secreted into the small intestine (5). CCK release was increased in rats
after adaptation to a high protein diet (3). This increased capacity to release CCK can
be partially accounted for by the increasing level of MP secreted into the lumen.
Therefore, characterizing the regulatory mechanisms of the MP expression would be of
great help for understanding the overall pancreatic adaptation to a high protein diet.

The results of our previous study showed that both the concentration in
zymogen granules and the mRNA level of the MP as well as the pancreatic proteases in
the rat pancreas increased in response to prolonged high protein intake (7). We also
reported that the MP mRNA level was increased after administration of CCK in rat
pancreas and in the pancreatic cell line AR42J (8). Taking these two results together,
we have proposed a cycle in which the plasma CCK increases the MP in the pancreas.
which in turn induces a high plasma CCK level. A question arises as to how CCK
exerts its effect on the MP mRNA expression. This study was designed to characterize
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the molecular mechanisms underlying the CCK-regulated MP mRNA expression in the
pancreas. In order to further understand the CCK action on the MP mRNA, the effect
of various secretagogues and insulin on the MP mRNA expression was also examined.

MATERIALS AND METHODS

Materials. The rat pancreatic acinar cell line AR42J was purchased from Seiyaku (Osaka.
Japan); CCK-Octapeptide (sulfated form), bombesin, VIP, and secretin from the Peptide Institute Inc.
(Osaka, Japan): carbamylcholin chloride (carbachol), substance P, insulin, A23187. forskolin, and
dibutyryl cAMP from Sigma (St. Louis. MO, USA); CoCl, and chlor-promazine from Nacalai Tesque
(Kyoto, Japan): Heat-TUFF DNA polymerase from Clontech (Palo Alto, CA, USA); M-MLV Reverse
Transcriptase and dNTP from GIBCO BRL (Gaithersburg, MD, USA): RNasin from Toyobo (Osaka,
Japan): [r32P]JATP (4000 Ci/mmol) from ICN Biomedicals Inc. (Costa Mesa, CA, USA); all other
reagents from Wako Pure Chemicals (Osaka, Japan).

Cell Culture and Secretagogue Treatments The conditions for the AR42J cell cultures were
as described previously (8). Cells were seeded in 6-well dishes at a density of 7.5 x 105 cells per well
and grown for 48 h, Following this period, the culture medium was replaced by fresh medium
containing various secretagogues or insulin with or without 10 nM CCK, and then used for RNA
preparation after 12 h, Neither serious damage of cells nor significant differences in the amount of
extracted RNAs were observed during the 12 h incubation of any secretagogues or insulin.

Drug Treatment. AR42J cells were seeded in 6 well dishes at a density of 7.5 x 103 cells per
well and grown for 48 h. Half of each cell culture was preincubated with 10 nM CCK for 24 h and
then incubated with actinomycin D (at a final concentration of 10 pg/ml) in the presence of CCK.
The other hall of each culture was incubated with the above concentration of actinomycin D without
addition of CCK. The cells were lysed at various times for subsequent measurements of the MP
mRNA levels. For cycloheximide treatment experiments AR42J cells grown for 48 h as described
above were incubated with 10 pM cycloheximide in the presence or absence of 10 nM CCK and then
used for RNA preparation after 24 h. Two days later, the culture medium was replaced by fresh
medium containing A23187 and/or TPA, PDB, forskolin or Bty-cAMP, and the cells were then
incubated for an additional 12 h, followed by subsequent RNA preparation. The schedule of incubation
for W-7, chlorpromazine and CoC12 with or without 10 nM CCK was the same as described above.

RNA Isolation and Reverse Transcription-Polymerase Chain Reaction (RT-PCR). Two pg of
AR42] total cellular RNA isolated by the acid guanidinium thiocyanate-phenol-chloroform (AGPC)
method of Chomczynski et al. (1) were used for cDNA synthesis using 4 p mol of downstream primer
specific to the MP with the following sequence: GCTAAACATTATGG'TAGCCCTAAA and 20 U of
reverse transcriptase in 4 pl. PCR was performed with 4 pl of the cDNA as a template with 20 pmol
of upstream primer with the following sequence: CCTAATTGCCCTAAGCAAATTATG, 16 pmol of
down-stream primer, and 0.5 U of Heat-TUFF DNA polymerase in a Program Temp Control System
PC-700 (Astec. Fukuoka. Japan). Samples were heated to 94°C for 3 min. Subsequent cycles were
conducted in three temperature steps: 1 min at 94°C, 2 min at 65°C and 3 min at 72°C. After 22 cycles.
the samples were incubated at 72°C for an additional 7 min. The PCR products were quantified by
DNA slot-blot hybridization with the *?P-labeled MP-specific oligonucleotide as a probe (7).

RESULTS and  DISCUSSION

RT-PCR determination of the MP mRNA in AR42J cells. As shown in Fig. 1,
a linear relationship was observed between the amount of applied RNA and
corresponding PCR product up to 22 cycles. Under the present experimental
conditions, CCK at a final concentration of 10 nM increased the MP mRNA level of
AR42]J cells; by 12 h, an 8- to 9-fold increase compared to unstimulated cells was
observed, and the level of the MP mRNA remained unchanged up to 48 h (Data not
shown).

Effects of cycloheximide and actinomycin D treatments on the CCK-stimulated
increase in the MP mRNA expression. Cycloheximide alone had no effect on the MP
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mRNA (Fig. 2). Furthermore, when administered, it did not prevent the induction of
the MP mRNA expression by CCK (923 + 119% of control: n=4) (Fig. 2). The MP
mRNA in the CCK-unstimulated cells decayed rapidly with an estimated half-life of
16.9 h (Fig. 3). This decay remained unchanged 24 h after CCK pretreatment,

suggesting that the change in transcription rate may be the predominant factor

responsible for the CCK-stimulated increase in the MP mRNA expression.

CCK-stimulated increase in the MP mRNA Expression via a Calcium-
Dependent Pathway. One uM A23 187, a calcium ionophore, caused a significant
increase (6.9-fold) in the MP mRNA (Table 1), indicating that the modulation of
intracellular Ca?" is involved in the up-regulation of the MP mRNA. The addition of
2 mM CoCl2 alone caused a decrease by 67% inthe MP mRNA level. An addition of2
mM CoC12 together with | uM A23187 or 10 nM CCK to AR42J cells abolished the
effect of the latter compounds on the level of the MP mRNA (Fig. 4). These findings
therefore confirm that CCK increases the MP mRNA by a calcium-dependent
mechanism. Neither the addition of 0.5 mM dibutyryl cAMP nor of 25 mM forskolin,
showed any remarkable effect on the MP mRNA levels (Table 1). These results
indicated that the cAMP pathway might not be involved in the regulation of the MP
mRNA expression.

Both 1 uM TPA and 1 uM PDB, a potent activator of protein kinase C, did not
increase the MP mRNA expression and failed to potentiate the A23 187-induced MP
mRNA accumulation (Fig. 5)

Fig. 6 shows that the treatment of AR42J cells with 100 uM carbachol, 10 nM
bombesin, and 100 nM substance P resulted in a 3.2-fold, 10.2-fold, and 3.5-fold
increase in the MP mRNA, respectively. Furthermore, substance P and carbachol
showed a synergistic effect when applied to the cells together with 10 nM CCK. In
contrast, the combined effect of CCK and bornbesin was less than additive (Data not
shown). Neither 10 nM secretin nor 100 nM VIP had any effect on the steady state of
the MP mRNA level Furthermore, no significant potentiation in the MP mRNA level
was shown when AR42J cells were incubated with secretin or VIP in the presence of
CCK. The addition of insulin had no effect on the MP mRNA expression under our

experimental conditions. The CCK action on the MP mRNA was not influenced by a
concomitant incubation with insulin (Data not shown).
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Table 1 . Effect of various protein kinase activators on
expression of MP mRNA

Additions MP mRNA
Relative Level
None 1.00
10hMCCK 8.60+1.34*
1uMA-23187 6.88 = 1.51*
25uMForslolin 1.24 +0.02
500uM Dibutytyi-cAMP 1.14+0.35

Results are means +SD from 4 separate experiments in which
each sample was assayed in triplicate. *P < 0.0001 compared with
un-treated cells
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In summary, we demonstrated that the CCK-stimulated increase in the MP
mRNA is calcium-dependent and protein kinase C-independent, and that it may occur at
the transcriptional level. These findings are informative for understanding the
mechanism of many CCK actions, e.g., in the dietary adaptation, protein synthesis and
gene expression of exocrine pancreas.
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DETECTION OF MITOCHONDRIAL REGULATORY REGION RNA IN
CULTURED CELLS AND DIFFERENTIATED TISSUE CELLS: THE
IMPLICATIONS FOR CELLULAR GROWTH CONTROL

NOBORU NAKAMICHI,MAMIKO ITO AND TOSIHIHARU
MATSIIMURA

Meiji Milk Products Co. Cell Technology Center/Meiji Institute of
Health Sciences, and RITE Meinyu Branch Laboratory, Odawara,
Japan 250-0862.

ABSTRACT In mitochondria, there are many RNAs for which the function has yet to
be fully characterized. In this paper, attention is focused on these poorly characterized
RNAs and their possible role in regulating mitochondrial function. Using a cDNA clone
made from a 0.2 kb L-strand transcript of mitochondrial regulatory region RNA
(mrrlRNA) as a probe. we detected 1.3 kb RNAs from human tissues and cultured cells,
and cloned cDNAs to them. Primary sequence studies suggest that they are transcribed
from H-strand mitochondrial regulatory region DNA. Both the 1.3 kb RNA, refferredto as
mrrH-RNA hereafter, and mrrL-RNA weredetected in all human tissues and cultured cells
examined.

With few exceptions, the level of 1.3 kb RNA is low in the cultured cells while it is
high in tissue cells, and the level of 0.2 kb RNA is high in the cultured cells while it
varies in tissue cells. Since one of the functions of mrrL-RNA is speculated to prime
H-strand DNA synthesis, we propose that mrrH-RNA might function as an antisense
RNA to inhibit mitochondrial H-strand DNA replication.

Key words: mitochondrial DNA, mitochondial RNA, D-loop, cDNA

1. Introduction

Mitochondria provide cells with ATP (the source of energy for all cells), and thus play an
important role in all production biotechnology using cultured cells. The mitochondrial
DNA (mtDNA) is a 16.5 kbp closed circular double-stranded DNA molecule. The
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mitochondrial regulatory region (mrr) between the tRNA™™ and the tRNA™ genes within
mtDNA contains the D-loop region, a number of regulatory sequences including an
L-strand promoter (LSP), two H-strand promoters, i.e., H1 for rRNA transcription and H2
for whole H-strand transcription unit, a TAS sequence motif, mtTF1 binding sites, and
three conserved sequence blocks CSB1, CSB2 and CSB3, and are essential for mtDNA
replication and RNA transcription (1-3).

Short polyadenylated L-strand transcripts (mrrL-RNAs) of ca. 0.2 kb have been
obtained from mammals in several laboratories including ours (4-6). We presented
decisive evidence that they are transcribed from mirr (6). Their function may be to prime
H-strand DNA replication (7), and they may also play additional regulatory roles during
replication and transcription (5, 8).

In this paper we have extended the results of our previous study by using cDNA
corresponding to the 0.2 kb mrrL-RNA as a probe (mrr/HeLa-1, 6), and successfully
detected 1.3 kb mitochondrial RNA from a number of human tissues and tissue culture
cells. Structural analyses showed that most ofthe cDNAs synthesized from this mRNA
correspond to the mrr region. In the literature we found similar RNAs from rats and mice

(8,9).

Strikingly, mrrH-RNA distributes very differently among tissue cells and cultured cells,
suggesting that mrrH-RNAs are associated with the control of growth and differentiation
of cells.

2. Materials and Methods
2.1. CELLS, RNA EXTRACTION AND NORTHERN ANALYSES

Hela S3 human cervical carcinoma cells, HepG2 hepatocellular carcinoma cells, IMR90
normal human fibroblasts, KYM rhabdomyosarcoma cells, AT(5BIVA) Ataxia
telangiectasia fibroblasts, NB-1 neuroblastoma cells, and KatolIl stomach cancer cells
were each grown in chemically defined media supplemented with 10 to 15 % fetal bovine
serum. The details of the culture conditions will be described separately. These human cell
lines were grown at 37 °C in a humidified atmosphere containing 5 % CO,. The total
RNA was isolated from these cell lines using RNAzol B reagent (Biotex Laboratories,
Houston, Texas), and finally the poly (A") RNAs were separated. All total and poly (A*
RNA samples from human tissues used in this study were purchased from CLONTECH
Laboratories (Palo Alto, CA). RNA samples were then subjected to Northern analyses
using 3?P-labelled mrr/HeLa- 1 cDNA as the probe as described previously (6).
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2.2. cDNA LIBRARY CONSTRUCTION AND SCREENING

To construct the cDNA library, human skeletal muscle poly (A*) RNAs were used for the
template. The double stranded cDNAs were inserted into the Agt10 vector and packaged
using Giga pack II Gold (STRATAGENE, La Jolla, CA). Approximately 5x10° phages
were screened using a 3?P-labeled mrr/HeLa-1 ¢DNA probe and positive plaques were
purified by performing two additional plaque hybridizations. Further details will be
described separately.

The cloned-cDNAs in the plaque-purified positive phage DNAs were PCR-amplified
using AL-primer (5!CTGCTTCTCATAGAGTCTTG3!) and AR-primer (5’ATACATATA
CGGTTCTCTCCAGAG3") which anneal to the two arms of the cloning vector
respectively. The sizes of the amplified cDNA inserts were estimated by electrophoresis in
0.7 % agarose gels followed by blotting onto a Hybond N* nylon membrane (Amersham)

32
using a P-end labeled synthetic oligonucleotide corresponding to the mrr sequence
(5'AAGATAAAATTTGAAATC 3') as a probe (Ref. to details in below).

3. Results
3.1. DETECTION OF 1.3 AND 0.2 KB RNA SPECIES

The mrr/HeLa-1 probe, which consists of a cDNA corresponding to one of the 0.2 kb
mrrL-RNA, detected several bands including 1.3 and 0.2 kb bands in the RNA
preparations obtained from all eight lines of human cultured cells as well as 13 samples
of various human tissues as described in the footnote to Table 1.

In general, the level of 1.3 kb RNA was low in the cultured cells while it was high in
tissue cells, and the level of 0.2 kb RNA was high in the cultured cells while it varied in

tissue cells Table 1).

Table 1. Detection of RNAs in total RNAs from various cells and tissues

detected band cultured cells differentiated tissues

sizes(tkb) 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21**
13 tt+ttt+t 4+ ++++++ ++ ++ F+ + +
02 + + + + + + ++ -+t ++ + o+ o+ + + o+

*:RNA samples were electrophoresed in 1.5 % agarose gels containing formaldehyde, transferred to Hybond
N+ nylon membrane (Amersham), and hybridized with 3?P-labeled mrr/HeLa- 1 ¢cDNA. Expression levels are
shown as “+” for high level, “+” for low, and “-” for negligible. **: 1. Hela, 2. KYM, 3. A T, 4. NB-I, 5.
KATOIIL, 6. HepG2, 7. IMR90, 8. HL60, 9. Skeletal muscle, 10. Heart, 11. Uterus, 12. Fetal brain, 13. Adult
brain, 14. Salivary gland, 15. Mammary gland, 16. Lung, 17. Fetal liver, 18. Adult liver, 19. Pancreas, 20.
Kidney, 21. Placenta.
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In contrast, HepG2 cells and HL60 cells contained relatively high levels, and
mammary gland tissue relatively low level of 1.3 kb RNA. Although these results
are too complex to draw simple conclusions, it appears that cultured cells contain
more uniform of 1.3 kb RNA and 0.2 kb RNA than tissue cells. The variation in the

levels of these RNAs in tissue cells provides an attractive subject for future study.
3.2. SCREENING OF COMMPLEMENTARY DNAs FOR 1.3 KB RNA

A cDNA library was constructed from skeletal muscle tissue RNA and screened using a
mrr/HeLa-1 ¢cDNA as the probe (6). Next, a combination of PCR and southern blot
analysis methods was used to estimate the size of the cDNA 0f45 positive phage clones
using a*?P-end labeled synthetic oligo-probe (Fig. 1).

34567 881011121374 171813202122 23242526 27 2B 3031 3293343536 3738 3940 4142 434455

Figure 1. Southern blot analyses of PCR amplified cDNA inserts. The cDNAs cloned in each of 45 positive
phages were amplified using AL- and AR-primers as shown in the materials and method section. Amplified
cDNAs were resolved electrophoretically ina 0.7 % agarose gel (upper panel). The gels were subjected for
southern blot analyses as described in the materials and method section to select clones containing ca.1.3 kb
cDNA (lower panel). 1-45: positive clone numbers. m: PHY molecular weight marker (Takara Shuzo, Shiga,
Japan).

> HSP
15952, 12209 mrrtl-RNA 31576 ‘
= RNA"" } | (RNAP fomm
=T r&“\*}"\m CSB1 (SB2 CSB3 1
= - E mer/Hela-1 ¢DNA !
mrrl.-RNA LSp € J'

Figure 2. ¢cDNA mapping. Nucleotide sequences of cDNAs were determined by the dideoxy chain
termination method (ABI Automated DNA sequencer, Perkin Elmer). A portion of human mtDNA and
sequenced cDNA to mrrH-RNA were aligned using two nucleotide sequence analysis softwares (Genetyx
Software Development, Tokyo; Hitachi Software co., Tokyo). H:heavy strand, L:lightstrand, CSB:conserved
sequence blocks, HSP: heavy strand promoter, LSP:light strand promoter.
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Ten clones containing the ca. 1.3 kb cDNA insert were used for the nucleotide sequence
analyses. Among these, five clones contained the longest cDNA insert and the 5' end
maps to 17 nucleotides downstream from the tRNAthe gene and the 3' end maps to
immediately upstream from the tRNAPhe gene (Fig. 2). These clones were determined to
be independent clones because the numbers of polyadenyl residues at the 3' end of the
cDNAs were all different from one another.

4. Discussion

In this study, we detected ca. 1.3 kb polyadenylated RNAs in all human tissue cells and
cultured cells which were examined. Sequence analyses indicate that the 5' end of all these
1.3 kb mrrH-RNAs maps to nucleotide 15953, immediately downstream from the tRNA™
gene, and the 3' end to nucleotide 577, immediately upstream from the tRNAP™ gene.
These 1.3 kb mrrRNAs are therefore homologues of previously described RNAs from the
rat and the mouse (8, 9) and suggested to be transcribed from the H-strand of the
mitochondrial regulatory region (mrr).

Since the whole unit of H-strand RNA is transcribed from HSP (3), these results
suggest that the mrrH-RNA corresponds to the terminal portion of the whole transcription
unit. Although the entire terminal portion of the H-strand transcription unit has yet to be
completely determined. these results indicate that it extends to at least nucleotide 577.

The present results show that growing cultured cells contain low levels of 1.3 kb
H-strand RNA and high levels of 0.2 kb L-strand transcript, while tissue cells contain
high levels of 1.3 kb RNA and varying amounts of0.2 kb RNA. We speculate that the
difference in the abundancy of mrrH-RNA between cultured cells and tissue cells may be
related to the difference in growth states. A previous observation that H-strand RNA
species accumulate by 10-20 fold during in vitro induced myogenesis (9) appears to
support this speculation .

It should be noted here hat a close correlation has been found between the content of
the triple stranded D-loop structure in mitochondria and the cellular growth rate and/or the
oxidative capacity ofthe tissues (10, 11). It should also be recalled here that one function
of mrrrL-RNAs is thought to be to prime H-strand DNA synthesis (7, 12), and that free
RNA relevant to mrrL-RNA associates with a plasmid DNA template containing the
mouse mtDNA D-loop region to form an K-loop in the absence of protein factors in vitro
(13). Our results together with these previous findings lead us to speculate that the levels
of L-strand DNA replication are regulated by 1.3 kb polyadenylated H-strand transcripts as
antisense RNAs. similar to how antisense RNA regulation occurs in the rat mtDNA
system (8).
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Current production biotechnology using cultured cells is not yet able to control

cellular energy supply. We believe that these results lay the foundation for a new

approach to controlling the cellular energy supply by using the 1.3 kb mrrH-RNA.

Acknowledgements

'"This work was supported in part by the New Energy Industrial Technology
DevelopmentOrganization (NEDO).

5.

—

~

oo

o

1

—_

13.

References

. Doda, J. N., Wright, C. T., and Clayton, D. A. (1981) Elongation of displacement-loop strands in human

and mouse mitochondrial DNA is arrested near specific template sequences, Proc. Natl Acad. Sci. USA
78, 61166120.

. Roberti, M., Musicco, C., Polosa, P. L., Milella, F., Gadaleta, M. N., and Cantatore, P. (1998) Multiple

protein-binding sites in the TAS-region of the human and rat mitochondrial DNA, Biochem. Biophysic.
Res. Commun. 243, 36-40.

. Attardi, G. (1993) The human mitochondrial genetic system, in S. DiMauro and D. C. Wallace (eds.),

Mitochondrial DNA in Human Pathology, Raven Press, Ltd., New York, pp. 9-25.

. Ojala, D., Crews. S., Montoya, J., Gelfand, R., and Attardi, G. (1981) A small polyadenylated RNA (7s

RNA), containing a putative ribosome attachment site, maps near the origin of human mitochondrial DNA
replication, J. Mol. Bioi. 150,303-314.

. Noda, A. (1992) Gene expression in Ataxia Telangiectasia cells as perturbed by bleomycin treatment,

Somatic Cell Mol. Genet. 18, 113-122

. Nakamichi, N., Rhoads, D.D., Hayashi, J.-I., Kagawa, Y., and Matsumura, T. (1998) Detection,

localization, and sequence analyses of mitochondrial regulatory region RNAs in several mammalian
species, J. Biochem. 123,392-398

. Chang, D. D., Hauswirth, W. W. and Clayton, D. A. (1985) Replication priming and transcription initiate

from precisely the same site in mouse mitochondrial DNA, EMBO J. 4, 1559-1567

. Sbisa, E., Nardelli, M., Tanzariello, F., Tullo, A. and Saccone, C. (1990) The complete and symmetric

transcription of the main non coding region of'the rat mitochondrial genome: in vivo mapping of heavy
and light transcripts, Curr. Genet. 17,247-253

. Vijayasarathy, C., Zheng, Y.-M., Mullick, J., Basu, A., and Avadhani, N.G. (1995) Identification of a

stable RNA encoded by the H-strand of the mouse mitochondrial D-loop region and a conserved
sequence motif immediately upstream of its polyadenylation site, Gene Expression 4, 125-141

. King, T. C., and Low, R.L. (1987) Mitochondrial DNA displacement loop structure depends on growth

state in bovine cells, J. Biol. Chem. 262, 6214-6220

. Annex, B. H., and Williams, R. S. (1990) Mitochondrial DNA structure and expression in specialized

subtypes of mammalian striated muscle, Mol. Cell. Biol. 10, 5671-5678

. Chang, D.D. and Clayton, D.A. (1985) Priming of human mitochondrial DNA replication occurs at the

light-strand promoter, Proc. Natl. Acad. Sci. USA 82,351-355
Lee, D. Y., and Clayton, D. A. (1996) Properties ofa primer RNA-DNA hybrid at the mouse
mitochondrial DNA leading-strand origin of replication, J. Biol. Chem. 271, 24262-24269



EFFECT OF OVARIAN STEROIDS AND OXYTOCIN ON LOCAL PRODUCTION
OF PROSTAGLANDIN E2, PROSTAGLANDIN F20. AND ENDOTHELIN-1 IN
COW OVIDUCTAL EPITHELIAL CELL MONOLAYERS.
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Abstract

The cyclic physiological and anatomical changes in the oviduct is mediated by the local
countercurrent transfer of the ovarian products. Thus, cow oviductal epithelial cells
(COEC) culture were utilized to investigate the effect of ovarian products such as
progesterone (P4), estradiol 178 (E2) and oxytocin (OT) on the oviductal prostaglandin
E2 (PGE2), F2a. (PGF20) and endothelin -1 (ET-1) production. COEC were collected
from non-pregnant Holstein cows during the follicular phase and cultured in M199 under
standard culture conditions until monolayer formation. Cells in the first passage were
incubated with P4 (500 ng/ml), E2 (1 ng/ml), OT (10-9 M) and combination of E2+P4 for
24 and 48 h. Administration of E2 significantly increased the production of PGE2,

PGF2a and ET-1. However, simultaneous administration of high level of P4 blocked the

effect of E2. OT showed no effect on oviductal production of neither PG nor ET-1.
These results may imply that locally transferred E2 at high concentration from the
developing follicle is important stimulus for the oviductal PGE2, PGF2¢ and ET-1

production, which in turn may regulate the oviductal contraction to ensure an optimal
embryo transport during the pen-ovulatory period.

Key words :  cow, oviduct, epithelial cell culture, progesterone, estradiol 17 B,
prostaglandin E2, prostaglandin F2o and Endothelin- 1.
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1. Introduction

The optimum microenvironment in the oviducts for gamete transport, fertilization and
early embryonic development is mediated by the local countercurrent transfer of ovarian
products. It has been observed that the oviduct ipsilateral to the corpus luteum (CL) and
developing follicle bearing ovary contained higher levels of progesterone (P4) and
estradiol 17B (E2) respectively than that of the contralateral side [1]. Moreover, oxytocin
(OT) is also locally recirculated to the oviduct in higher concentration than that supplied
in the peripheral circulation [2], and involved in the motility of the female genital tract
[3]. Recently, we found that the oviductal content of prostaglandin E2 (PGE2) F2a.
(PGF20) and endothelin -1 (ET-1) are higher in the side ipsilateral to the developing
follicle than in the contralateral side [1]. These data suggest that there are a close
relationship in local concentration between ovarian and oviductal products. Thus, in this
study cow oviductal epithelial cells (COEC) culture was utilized to investigate the effect
of P4, E2 and OT on the production of constrictive substances such as PG and ET-1.

2. Material and Methods

Oviducts from non-pregnant Holstein cows during the follicular phase were collected and
transported to the laboratory in ice cold Hank’s balanced salt solution (HBSS; Nissui
pharmaceutical Co., Ltd., Tokyo, Japan). The isolation and culture of COEC was
conducted as described by Rosselli et al., [4] with some modifications.

Subconfluency cells were washed twice with serum free M 199 and cultured for 24 and
48 h in 1 ml of serum free M199 with P4 (500 ng/ml; Sigma Chemical Co., St.Louis,
MO), E2 (1 ng/ml; Sigma Chemical Co., St.Louis, MO), OT (10-9M ; Peptide Institute
Inc., Osaka. Japan ) or combination of E2 and P4 at the same concentration. After the
desired period of culture, the cells were dispersed by repeated freezing and thawing at -
80°C. Then the medium was collected and centrifuged for 10 min at 1200 gat4°C. The
supernatant was stored at -20°C until hormonal assay. PG was measured directly using
EIA. For the purpose of concentration of peptide, the sample was further purified using
Sep-Pak C18 cartridges as described by Miyamoto et al., [5], resulting in 40 times
concentration. The protein concentration in the medium was estimated by Bio-Rad Pc
protein assay kit (Bio-Rad Laboratories, Hercules, CA) using bovine serum albumin as a
standard. The concentrations of PGE2, PGF2a and ET-1 were measured using second
antibody EIAs as described previously [ 1].
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3. Results

E9 alone significantly increased the production of PGE2, PGF2¢ and ET- 1 both at 24
and 48 h of culture, while simultaneous administration of E2 and P4 did not show any
effect except the increased PGF2a production at 48 h of culture. OT did not affect the
oviductal production of either PG or ET-1 (Figure 1).

4. Discussion

The results of this study indicate that the administration of E2 increases the production of
oviductal PG and ET-1 by the COEC, and simultaneous administration of high level of
P4 blocks the effect of E2. The doses of E2, P4 and OT used in this study were the
physiological concentrations to be observed in the oviductal tissue during the normal
estrous cycle [ 1]. The P4 dose was the high concentration that expected during the luteal
phase.

It is well known that ovarian steroids regulate the local oviductal PG production through
the effect on phospholipase A2, and that the phospholipase A2 activity and the local

production of PG were highest during the E2 dominant peri-ovulatory period [6].

Moreover, it was suggested that elevated E2 levels with basal P4 at the peri-ovulatory

period may trigger the independent process of oviductal secretion of PG and ET-1 [1]. In
the present cell culture study, a simulatenous administration of high P4 with E2 blocked

the stimulatory action of E2 alone on PGE2 and ET-1 production. This supports our

prevous data that the oviductal content of PG and ET-1 at luteal phase (in the presence of
high P4) was lower than those in the oviduct ipsilateral to ovulatory follicle (in the

presence ofhigh E2 plus low P4) [1]. In the uterus, P4 makes the tissue less responsive

to E2 [7] and modulates the action of E2 by a rapid reduction of the estrogen receptor

concentration [8]. Furthermore, P4 reduces PG production by lowering phospholipase

A2 activity in the oviductal epithelium [6]. It was reported that long term administration

of P4 stimulates the uterine PGF2a. production in ewes [9]. Thus, the significantly

increased PGF2a. production with simultaneous administration of E2 plus P4 might be

due to the chronic stimulatory effect of P4. The observation made in this study that OT

had no effect on oviductal PG or ET-1 production is similar to a previous report [10] in

which OT did not stimulated PGF2o or PGE2 output from the guinea-pig endometrium

maintained in tissue culture.

The results of the study may imply that locally transferred E2 at high concentration from
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the developing follicle is important stimulus for the oviductal PGE2, PGF2¢ and ET- 1
production, which in turn may regulate the oviductal contraction to ensure an optimal

embryo transport during the peri-ovulatory period.
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TGF- INDUCED CELLULAR SENESCENCE IN CANCER CELLS IS
REVERSIBLE AND OPERATES VIA TWO SEPARATE AND
INDEPENDENT PATHWAYS

T. MIURAY KATAKURAE. NAKATAN. UEHARA,ANDS.
SHIRAHATA

Graduate School of Genetic Resources Technology, Kyushu
University
6-10-1 Hakozaki, Higashi-ku, Fukuoka &812-8581, JAPAN

1. Abstract

Normal, somatic cells do not divide indefinitely, because they do not express
telomerase, which maintains the length of telomere. When the length of
telomere is shortened to a critical level, most of cells stop proliferation by a
process termed replicative senescence (1, 2). Recently several groups
reported a cellular senescence mechanism independent of telomere
shortening, which is termed premature senescence (3). Premature senescence
is commonly characterized by a flat enlarged morphology, growth arrest and
activity for SA-B-gal within a week after addition of signals. Therefore, these
findings indicate that an immediate cellular senescence was caused
independently of telomere shortening, which is indistinguishable from
replicative senescence dependent upon telomere shortening.

Transforming growth factor-B (TGF-8) is a family of multifunctional
proteins that act on many different types of cells. TGF-3 has many biological
effects including regulation of «cell differentiation, stimulation of
extracellular matrix formation, and modulation of the immune response.
TGF-B also is a potent growth inhibitor for most cell types (4). TGF-B
inhibits growth by causing cell-cycle arrest as a result of up-regulation of the
CDK inhibitor pl5 and/or repression of the Cdc25A expression. However.
A549 cells are not inhibited for its growth by TGF-B (5). In our studies, a
growth rate of A549 cells became slightly lower in the presence of TGF-,
but TGF-B-treated A549 cells showed no induction of pl5 and
downregulation of Cdc25A. These results indicate that TGF-B had minimal
effects on cell cycle regulation in A549 cells. From the viewpoint of cellular
senescence, however, TGF-B was found to cause cellular senescence in A549
cells via two separate and independent pathways. These results indicate that
TGF-B can trigger a novel senescence program leading to tumor
suppression.
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2. Materials and Methods

2.1 CELL CULTURE

Human Iung adenocarcinoma cell lines (A549 cells) were maintained in
ERDF medium supplemented with 5% fetal bovine serum (FBS) at 37 °C in
5% CO,. TGF-B was added at a final concentration of 10 ng/ml.

2.2 SENESCENCE-ASSOCIATED B-GALACTOSIDASE ACTIVITY

SA-B gal activity wasmeasured by the methoddescribed by Dimri et al. (6).
Cells were washed with PBS, fixed in 3% formaldehyde for 5Smin, and again
washed with PBS. Cells were stained with SA-B-gal staining solution (I mg/ml
5-bromo-4-chloro-3-indoly1-B-D-galactosidase (X-gal), 5 mM K;Fe[CN],
5 mM K, Fe[CN],, 150 mM NaCl, 2 mM MgCl, in PBS at pH 6.0) overnight
at 37°C.

2.3 ASSAY FOR TELOMERASE ACTIVITY

1 x 10%ells were pelleted by centrifugation and lysated in 200 pl of ice-cold
buffer, which was composed of 10 mM Tris-HCI (pH 7.5), I mM MgCL,,1

mM EGTA, 0.5% CHAPS, 10% glycerol, 0. mM AEBSF and 5 mM B-
mercaptoethanol, for 30 min on ice. The lysate was centrifuged for 20 min at
13,000 x g, and the supernatant was then examined for telomerase activity by
a PCR-based assay termed telomeric repeat amplification protocol (TRAP).
Protein concentration was measured using the Protein Assay kit (Bio-Rad
Laboratories, Inc., Hercules, CA). Cell extracts was added to the TRAP
reaction mixture, which was composed of 50 mM dNTP, 1 x PCR buffer
(Boehringer Mannheim, Indianapolis, IN), 0. 1 pg TS primer (5°-

AATCCGTCGAGCAGAGTT-3’), 1 .0 ng T4 gene 32 protein (Wako, Kyoto,
Japan) and 2 units Taq polymerase (Boehringer Mannheim). The reaction
mixture was incubated at 20°C for 30min, heated at 94°Cfor 3 min. During
this heating, 0.1 pg of CS primer (5’-[CCCTTA]3CCCTTAA-3’)was added

to each samples and gently mixed. Then, the samples were subjected to 29
cycles of PCR (45 s at 94°C 45 s at 50°C, and 60 s at 72°C). PCR products
were electrophoresed onto a 10% polyacrylamide gel, and visualized by
SYBR GREEN 1 (Takara, Shiga, Japan) staining.

2.4 RT-PCR ANALYSIS

Total RNA was isolated from each subconfluent culture using TRIzol
reagent. Reverse transcription was performed using the Superscript II RNase
H reverse transcriptase (Gibco BRL, Gaithersburg, MD). PCR amplifications
carried out 26 cycles (94°C for 45s, 60°C for 45 s and 72°C for 90s) for
hTERT and TEPI1. The primer sets used were as followed : for hTERT, LT5
(5' -CGGAAGAGTGTCTGGAGCAA-3* ) and LTé6 (5°-
GGATGAAGCGGAGTCT GGA-3’) . for TEP1, TEPI.I ¢ -

TCAAGCCAAACCTGAATCTGAG-3* ) and TEP1.2 (5°-
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CCCGAGTGAATCTTTCTACGC-3" ). The resulting PCR products were
electrophoresed onto 8% non-denaturing polyacrylamide gel and stained
with SYBR GREEN 1.

2.5 DNA EXTRACTION AND ANALYSIS

Genomic DNA was prepared using the DNA Extractor WB kit (Wako)
according to the manufacture protocol. Genomic southern hybridization,

and telomere-length estimation were carried out as previously described by
Katakura et al. (7).

3. Results and Discussion
3.1 TGF-B INDUCED PREMATURE SENESCENCE IN CANCERCELLS

To test whether TGF-B can induce premature senescence in A549 cells, A549
cells were cultured in the presence of 10 ng/ml TGF-B A549 cells cultured
with  TGF-B8 rapidly became flat and enlarged morphology. This
morpho 1l ogical change
characterizes a  cellular

senescence. Subsequently, & =)
we examined the
expression of senescence-
associated marker of SA-
B-gal at pH 6.0. As show

in Figure IA and B, A549 . = " . . T T S e
cells cultured with TGF-8 L;;‘é'é?aéfgfga?a‘c?ﬂ;'i?;? ?:;’R‘?Ef??an i;h;g?l;sc‘é?ls.&mmmu_
for 7 days were SA-B3-gal

positive. These results

demonstrate that TGF-B8 induces a premature senescence in A549 which is
independent of the telomere shortening. In recent studies, Serrano et al
showed that expression of oncogenic ras in primary human and/or rodent
cells induces a premature senescence associated with accumulation of p53
and pl6 (3). Xu et al demonstrate that re-expression of functional pRB in
RB-defective tumor cells induces cellular senescence within 4-5 days (8).
Furthermore, Sugrue etal. demonstrate that p53 overexpression can activate
the rapid onset of senescence in tumor cells (9). Our findings also may
provide that TGF-B can induce an immediate cellular senescence in cancer
cells which is indistinguishable from replicative senescence.

3.2 TGF-B TREAT A549 CELLS LOST TELOMERASE ACTIVITY AND
SHORTENED TELOMERE

We evaluated the effect of TGF-B8 on telomerase activity in A549 cells.
Telomerase activity was found to be correlated with hTERT (human
telomerase transcriptase) expression, but not with TEPl (human
telomerase-associated protein) expression. Expression of hTERT and TEPI
was determined by RT-PCR (Fig. 2A). hTERT expression was repressed at
day 2 after the addition of TGF-8 Furthermore, telomerase activity was
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repressed at day 25 after the
addition of TGF-B (Fig. 2B).
These results suggest  that
repression of telomelase activity
was caused via the down-
regulation of hTERT expression
in TGF-B-treated A549 cells. To
analyze the change in telomere
length accompanied with the

Length of TRF (kb)

repression of telomerase activity, 0
A549 cells were cultured in the - - 108 175 239
presence of TGF-B for a long Day of culture

term. As shown in Fig. 3, TRF Figure.3 Telomere length in TGEF-f-treated A549 cells,
length shortened to 2 kb at day

175 after the addition of TGF-B.

This result ind icates that A549

cells treated TGF-B entered into

the replicative senescence state.

(A) (B)
-+ + + + TGFB
0 1 2 3 4 days - 25 30 36 42 days

Figure. 2 Inhibitoin of hTERT expression and telomerase activity in A549 cells by TGEF-§.

3.3 TGF-B-INDUCED CELLULAR SENESCENCE IS REVERSIBLE IN
A549 CELLS

To investigate the reversibility of cellular senescence induced by TGF-B,
A519 cells treated TCF-B for 78 days were maintained in TGFS-free
medium Senescent A549 cells came to show the same morphology as
original cancer cells, and became SA-B-gal negative at day 3 9 after removal
of TCF-B from the cell culture medium (Fig. 48 and C). Furthermore, we
observed reactivation of telomerase activity at clay 20 after withdrawal of
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TGF-B,and telomerase activity reached to a similar level to non-treatedA549
cells at day 32 after withdrawal of TGF-
(Fig. 4A). These results suggested that (A)

TGF-B-induced senescence was revesibly TGF-p withdrawal
regulated in A549 cells. of TGF-p
In this report we provide a novel - - 97 20 32 days

correlation between TGF-B and a cellular
senescence. TGF-B can rapidly induce a
senescence, stringently repress hTERT
expression and telomerase activity in
cancer cells. However, it is not clear
whether TGF-B signals directly link to a
cellular senescence induction. We
presently investigate to clarify a novel
senescence mechanism via the TGF-0

signal pathway.

(B)  TGF-p (C) withdrawal of TGF-p

TR
e,

Figure.4 TGF-8 induced cellular senescence in A549 cells is reversible.
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MOLECULAR CLONING AND CHARACTERIZATION OF SPECIFIC
GENES INVOLVED IN CELLULAR SENESCENCE

N. UEHARA,Y. KATAKURA,T. MIURA, ANDS. SHIRAHATA

Graduate School of Genetic Resources Technology, Kyushu
University, Hakozaki 6-10-1, Higashi-ku, Fukuoka 812-8581, Japan

INTRODUCTION Telomerase and telomere shortening are one of the factor which
regulate cellular senescence. Telomerase is a ribonucleoprotein enzyme that adds
hexameric TTAGGG repeals onto the telomeres to compensate for progressive loss of
telomere which occurs with each round of DNA replication (end replication problem).
Telomerase activity has beendetected in germ line cells, immortal cells, but not in somatic
cells(1). Repression oftelomerase caused telomere shortening, which signals cellular
senescence(2). However, it is not well known about the molecules that are associated
with cellular senescence, telomerase regulation and telomere maintenance.

To identify the genes involved in cellular senescence, telomere maintenance and
telomerase regulation, we performeda PCR-Select subtraction method by using cDNA
libraries prepared from human lung adenocarcinoma derived cell lines. We have
established ASDC7, CK and AST-9 cells from the human lung adenocarcinoma cell line
A549. ASDCT7 cells were isolated from IFN-y-treated A549 cells and showed nomal
senescent cell phenotypes with restored ability of contact inhibition and anchorage-
dependent growth as well as lost tumorigenicity (3). We also established CK cells from
senescent ASDC7 cells by raising serum concentration from 5% to 10%. CK cells
regained telomerase activity and telomere maintenance mechanism as well as resumed
proliferation(4). Furthermore, we established AST-9 cells from A549 cells treated with
hydrogerperoxide. ~Although AST-9 cells express almost the same level of telomerase
activity as A549 cells, AST-9 cells showed the passage number-dependent telomere
shortening. These cell lines are thought to be useful for screeningthe genes involvedin
induction and/or maintenance of cellular senescence, maintenance oftelomere length and
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telomeraseregulation.

MATERIALS AND METHODS

Cellculture. The ASDC7, CK and AST-9 cell lines were established from the human
lung adenocarcinomacell lineA549. AST-9 cells was obtained by treating with 200 uM
of hydrogen peroxide (H202) for4 days, and cloned by standard limiting dilution. ~ All cell
lines were grown at 37°C in 5% CO2 atmosphere. A549, ASDC7 and AST-9 cells were
cultured in ERDF medium (Kyokuto Pharmaceutical, Tokyo, Japan) supplemented with
5% fetal bovine serum (FBS; Whittaker Bioproducts, Inc., Walkersville, MD, USA). CK
cells were cultured in EKDF medium supplemented with 10% FBS (4).

Assay for telomerase activity. Telomerase activity was measured by TRAP
(Telomeric Repeat Amplification Protocol) assay with some modifications (1,5).  Briefly,
106 cellswerepelleted andlysed with lysis buffer.  Cell lysates werecentrifugedat 15,000
rpm for 20 min., and supernatants were stored at -80°C. TRAP assay products were analyzed
by clectrophoresis using 10% polyacrylamide nondenaturing gels in 1 X TBE buffer. Gels
were stained with SYBR Green I (TAKARA, Shiga. Japan).

DNA extraction analysis. Genomic DNA was prepared using the DNA Extractor
WRKit (Wako. Kyoto. Japan) according to the manufacturer’s protocol. Length of the
Terminal Restriction Fragments (TRF) was determined by southern blot analysis with a
telomeric sequence probe and measured the length of telomere according to the procedure of
KATAKURA etat. (4).

RNApreparation.  Total RNA was prepared fromcell pellets ofAS49 derivedcell lines
by TRIzol (GIBCO BRL, Gaithersburg, MD, USA). Poly (A)+RNA was then selected
from total RNA by using oligod(T) cellulose (Collaborative Biomedical Products, Bedford,
MA. USA).

Construction ofthe cDNA library aridsubstractive hybridization. ~ ¢cDNAlibrarieswere
constructed frompoly (A) "RNA ofeach A549derived cell lines, and synthesized testerand
drivercDNA. We then subtracted driver cDNAfrom tester cDNA in all combinations of
cell linesand amplifiedthe specifically expressed cDNA fragrnents in tester cDNA pool by
using the PCR-Select cDNA Subtraction Kit (CLONTECH Laboratories, Inc., Palo Alto,
CA, USA) according to the manufacturer’s protocol.

Dot blot hybridization. Secondary differential screening was performed with four
replicate dot-blots fixed with 1 pgofplasmid DNA representingeach cDNA clone fromthe
subtractedcDNA library.  Each blot was probed separately with a [**P]-labeled cDNA
synthesized from total RNA 0fA549 derived cell lines with oligo dT primer.
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Nucleotide sequence analysis. ~ Subtractive cDNAs are cloned into the pGEM-T vector
(Promega, Madison, WI). Then, sequence analyses were performed with ALF express auto
sequencer (Pharmacia, Buckinghamshire, UK) according to the manufacturer’s protocol.

RESULTS AND DISCUSSION

We have established three kinds of cell lines which were derived human lung
adenocarcinoma cell line A549, named ASDC7, CK and AST-9. Then we assessed the
phenotypes of these cell lines from the viewpoint of cellular senescence, i.e. telomerase
activity and telomere shortening as previously reported (Fig. I). Higher telomerase
activity was detected in A549, CK and AST-9 cells, but that of ASDC7 cells was greatly
reduced. TRF length of ASDC7, CK and AST-9 cells were analyzed by southern blot
hybridization using telomeric sequence TTAGGG),as probe. TRF length of ASDC7 and
AST-9 cells shortened, and that of CK cells lengthened dependent upon the number of
passagings, although that of A549 remained unchanged. Senescence marker of B
galactosidase activity was observed only in ASDC7 cells.  Furthermore, we analyzedthe
expression of mRNAs for telomerase components (hTERT and TEP1). hTERT is the
catalytic subunitofhuman telomerase, and h TERT mRNA expression is correlated with the
telomeraseactivity. TEP1 is the homologue of the tetreahymena telomerase-associated
proteinp80.  Corresponding to the higher telomerase activity detected, hTERT mRNA
was highly expressed in A549, CK and AST-9 cells. TEP1 mRNA was constitutively
expressed in all kinds of A549 derived cells.

C

Fig. 1 Phase-contrast micrographs of A549 derived cell lines. Human adenocarcinoma cell line A549
(A). ASDC7 cells were isolated from IFN-y-treated A549 cells and showed nomal senescent cell
phenotype (B). CK cells were obtained from senescent ASDC7 cells by raising serum concentration
from 5% to 10% (C).AST-9 cells were established from A549 cells by treating with hydrogen peroxide

D).
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In this study, we have sought to identify the genes overespressed and/or specifically
expressed in these cells by using PCR-select subtraction method. Consequently, wefound
110 genes that specifically expressed in A549, ASDC7, CK and AST-9 cells. Wecompared
expression lekel of subtracted clones among four A549 derived cell lines by dot blot
hybridization in order to select for clones for further analysis. Most of sequences of
subtracted clones were demonstrated to match the sequences deposited in the Genbank
database (Table 1). Matched sequences are 28S ribosomal RNA gene, glyoxalase I,
polycystic kidney disease (PKD1) gene, MHC class III HSP-70-2, Ku protein subunit,
Interferon-y RasGAP-related protein (IQGAP2), aldolase A, human preferentially
espressed antigen of melanoma (PRAME), protein kinase C-binding protein RACKS,
human telomerasecatalytic subunit(hTERT), poly(A)-binding protein, transcription factor
11D, elongation factor 1 ct. elongation factor 2 and house keeping proteins such as keratin,
a-tublin and actin. However, the rest of the clonesdonot have any significant homology
to the deposited sequences incluiding EST database, suggesting the possibility that these
clones codes for novel genes involved in telomerase regulation and cellular senescence.

Table 1 Sequence of the subtracted cDNA clones

Tester Driver Sequence (clone number)
ASDC7 CK 28S ribosomal RNA gene (7K-1,4)

EST sequence (7K-2, 3, 5, 6)
AST-9 A549 ACTB mRNA for mutantpB-actin (QA-3)

elongation factor lex ( QA-5)
28S ribosomal RNA gene (QA-11)

AST-9 CK keratin 8 (QK-I12)
atublin (QK-3, QK-11, QK-12)
glyoxalase 1 (QK-4)
polycystic kidney disease (PKD1) gene (QK-5)
Human homolog of D. melanogaster flightless-I gene
(QK-6)
EST sequence (QK-7, 8, 14, 15, 16, 17, 18, 23)
MHC class III HSP70-2 (QK-9)
Ku protein submit (QK-10)
interferon-y (QK-19)
GARS protein (QK-20)

CK A5DC7 EST sequence (K7-1,3. 6,7, 11, 12, 13, 16,18, 19, 20,
23,24,25)
elongation factor 2 (K7 -2)
preferentially expressed antigen of melanoma(PRAME)
(K7-4)
protein kinase C-binding protein RACKS (K7-5)
nonmuscle myosin heavy chain (NMHC) (K7-9)
cytochrome ¢ oxidase COX subunit IV (K7-15)
pancreatic tumor-related protein (K7- 17)
prothymosin alpha (K7-21)
peroxisomal enoyl-CoA hydratase-like prtein (K7-22)
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Tester Driver Sequence (clone number)

A549 AST-9 EST sequence (AQ-1,3,6,7,9,10, 13)
telomerase catalytic subunit(hTERT) (AQ-2)
aldolase A (AQ-4)

PMS protein (AQ-5)
18S rRNA gene (AQ-8)
poly(A)-binding protein (PABP) gene (AQ-11)

A549 A5DC7 EST sequence (A7-1,3,5,7, 11, 15,161
novel gene (A7-2,12)
RasGAP-related protein(IQGAP2) (A7-4)
actin-binding protein (A7-6)
keratin 8 (A7-8,9)
transcription factor TF IID (A7-10,14)
y actin (A7-13)

AST-9 A5DC7 40S ribosomal protein (Q7-1)
pHL-1 gene (c-myc oncogene containing coxIII
sequence) (Q7-2)
EST sequence (Q7-3, 6)
mesothelial keratin K7 (type 11) (Q7-5)
novel gene (Q7-7)
elongation factor 2 (EF-2) (Q7-9)
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REGULATORY MECHANISMS OF GRANULOSA CELL APOPTOSIS
IN OVARIAN FOLLICLE ATRESIA
Role of Granulosa Cell Apoptosis in Porcine Ovarian Follicle Atresia
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Abstract

Porcine ovary samples were prepared for histochemical and ultrastructural
analyses. In situ analysis of DNA fragmentation was performed on histological sections
of follieles using the terminal deoxynucleotidyl transferase-mediated biotinylated
deoxyuridine triphosphate nick end-labeling TUNEL) method. No apoptotic cells were
observed in healthy follicles. In atretic follicles, apoptotic TUNEL staining was seen in
scattered granulosa cells located on the inner surface of the follicular wall, but not in
cumulus cells, internal or external theca cells, or oocytes. Nuclear condensation, a typical
feature of apoptosis was seen only in scattered granulosa cells. The neutral Ca*/Mg?*-
dependentendonuclease is involved in granulosa cell apoptosis. No endonuclease activity
was detected in cumulus cells. An IgM monoclonal antibody (PFG-1) capable of inducing
granulosa cell apoptosis was then produced against granulosa cells prepared from healthy
antral follicles. Two-dimensional (2D) Western blotting analysis revealed that PFG-1
specifically recognized a cell-membrane protein (PFG-1 antigen, 55 kD, pl 5.9). PFG-1
immunohistochemically reacted with granulosa cells of healthy follicles but not those of
atretic follicles. When the isolated granulosa cells prepared from healthy follicles were
cultured in medium containing 0.1 ug/ml of PFG-1, the cells underwent apoptosis. These
observations indicated that apoptosis occurs in granulosa cells but not cumulus cells in
the atretic follicles and that the PFG-1 antigen, a novel cell death receptor, is different

from the apoptosis-mediating receptors Fas antigen or tumor neerosis factor receptor 1
(TNFR-1).

Follicular Granulosa Cell Apoptosis
In mammalian ovaries, more than 99% of the follicles undergo the degenerative

change known as atresia at varying stages of follicle development [1]. A number of
studies of the follicular atresia have revealed the morphological and biochemical charac-
teristics of atretic follicles. Recent findings have suggested that apoptosis, originally
described in 1972 by Kerr et al. [2], is the mechanism underlying ovarian follicular
atresia. Apoptotic cell death of granulosa cells of rabbit Graafian follicles with atresia was
first observed in 1885 by Flemming [3], who called it "chromatolysis". Recently, Tilly
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etal. [4, 5] reported that the degeneration of atretic follicles in mammalian ovaries can be
explained, at least in part, by apoptotic death of granulosa and theca interna cells.
However, the degenerative changes in cumulus cells during follicular atresia have not
been investigated in detail. We confirmed that apoptosis occurs in granulosa cells but not
cumulus cells in the atretic Graafian follicles from porcine ovaries 16-16] (Fig. 1). Brief-
ly, in situ analysis of DNA fragmentation was performed on histological sections of
follicles using the TUNEL method, and conventional electron microscopic analysis was
also performed. Histological andcytological findings confirmed that there were no apop-
totic changes in the cumulus cells of the porcine atretic follicles.

Endonuelease Involved in Granulosa Cell Apoptosis

As described above, apoptosis was originally defined by morphological criteria
[2]. One ofthe earliest morphological events in apoptotic cells is chromatin condensation
which occurs as a consequence of digestion of chromatin DNA. When the cells undergo
apoptosis, their chromatin DNA is degraded at internucleosomal sites by endonucleases,
giving rise to the characteristic 'ladder’ pattern of oligonucleosomal-sized bands correspon-
ding to multiples of about 180-bp. There are multiple pathways for apoptotic nuclear
fragmentation, and some types ofendonucleases make such DNA breaks during the apop-
totic proeess. Therefore, an understanding of the events that trigger activation of the
endonucleases is essential for elucidation of the pathways upstream of apoptosis.
However, the endonuclease involved in granulosa cell apoptosis during follicular atresia
has not been determined. We designed experiments to characterize the relevant en-
donucleases (neutral Ca*/Mg?*-dependent endonuclease, neutral Ca?*-dependent en-
donuclease, neutral Mg?*-dependent, Ca*-independent endonuclease and acidic cation-
independent endonuclease) from apoptotic granulosa cells of pig atretic follicles [[7].
When the progesterone/estradiol-176 ratio of follicular fluid was less than 15, the follicle
was classified as healthy. Granulosa and cumulus cells were isolated from healthy and
atretic follicles, and then these endonuclease activities were assessed. Extremely high
activity of the Ca?/Mg*dependent endonuclease was detected only in granulosa cell
nuclei prepared from atretic follicles as compared with those from healthy follicles.
Extremely low levels of Ca*/Mg*-dependent endonuclease activity were noted in
cumulus cell nuclei prepared from healthy and atretic follicles. No activity of the Mg?*-
dependent endonuclease or the acidic cation-independent endonuclease was seen in either
cumulus or granulosa cell nuclei prepared from healthy or atretic follicles. DNA
electrophoresis after endonuelease assay demonstrated internucleosomal DNA cleavage
only in the granulosa cell nuclei prepared from atretic follicles. A good correlation was
found between the Ca*/Mg*"-dependent endonuclease activity of granulosa cells and the
progesterone/estradiol-178 ratio of follicular fluid in each follicle. However, there was no
correlation between the Ca*/Mg**-dependent endonuclease activity of cumulus cells and
the progesterone/estradiol-178 ratio of follicular fluid. We thus confirmed that the C
a?*/Mg?*-dependent endonuclease is involved in granulosa cell apoptosis of the atretic
antral follicles in pigs.

Monoclonal Antibody-Inducible Apoptosis
Apoptosis is theresult of many stimuli which act through many signal transduc-
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tion pathways culminating in the activation of endonucleases [[7]. Apoptotic stimuli and
intracellular signal transduction pathways involved in granulosa cell apoptosis remain to
be determined. Therefore, understanding of the events that trigger activation of the en-
donucleases is essential to elucidate the pathways upstream of apoptosis. We produced
monoclonal antibodies which recognize cell-surface antigens of granulosa cells [18, 19].
Such antibodies, especially PFG-1 which induces apoptosis of cultured granulosa cells,
are good probes for studying the intracellular pathways of granulosa cell apoptosis in
porcine atretic follicles. The isolated granulosa cells prepared from healthy antral follicles
of pig ovaries were used as antigens for immunization and as target cells in cell-killing
activity assay, for observation of nuclear morphology and DNA electrophoresis.
According to the standard procedure, female BALB/c mice were immunized with the
isolated granulosa cells, and then the spleen cells from immunized mice, which produced
anti-granulosa cell antibodies, were fused with Sp2/0-Agl4 mouse myeloma cells. As
only IgM antibodies against Fas-antigen had cell-killing activity [20], IgM antibody-
producing hybridomas were selected. The hybridoma cells producing IgM antibodies
against the granulosa cells were screened by ELISA and immunofluorescent staining
techniques. Then, the hybridoma cells which produced antibodies with granulosa cell-
killing activity were selected. Finally, one hybridoma clone, named PFG-1, was selected.
The antigens on healthy granulosa cells were characterized by 2D Western blotting, and
one specific spot (PGF-1 antigen; 55 kD, p1 5.9 ) was observed (Fig. 2).

(kD) 45 50 60 7.0 (ph

Fig. 1. Atretic follicle sections stained by the TUNEL  Fig. 2. 2D Western blotting analysis of granulosa cell

technique (A) and transmission electron micro- antigen recognized by PFG-1 (PFG-1 antigen).
graphs of granulosa and cumulus cells (B and C). Cell membrane fractions were prepared from
Nuclear DNA fragmentation was observed in healthy granulosa cells, and separated by 2D-
granulosa cells scattered on the inner surface of PAGE. Separated proteins were transferred onto
the follicular wall (arrows), but not cumulus cells. nitrocellulose sheets and detected by silver
Nuclear condensation was observed in granulosa staining (A). PFG-1 antigen (55 kD, pl 5.9: arrow)

cells but not in cumulus cells (C). was visualized immunochemically (B).
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Indirect immunofluorescence analysis of cryostat sections of ovaries was used to deter-
mine the target specificity of the monoclonal antibodies. PFG-1 was strongly reactive
with granulosa cells of healthy follicles. The antibody did not label theca interna or
externa cells, basement membrane, or ovarian stroma cells. Moreover, the antibody
showed no specific binding to pig stomach, small intestine, large intestine, liver,
pancreas, lung, kidney, testis, adrenal grand, heart, spleen or brain, orovaries of rodents
or ruminants. Granulosa cell apoptosis mediated by PFG-1 was determined by assessment
of nuclear morphology, DNA electrophoretic analysis and cell cycle analysis using a
fluorescence activated cell sorter (FAGS). The isolated granulosa cells were co-cultured
with PFG-1 at concentrations varying from 0.001 to 100 xg/ml, for 1 to 48 h at 37 °C,
and then the morphology of the nuclei was observed by staining with Hoechst 33258
under a fluorescent microscope. When the isolated granulosa cells were cultured without
any additive for 3 h, only round weakly fluorescent healthy granulosa cell nuclei were
observed. When the cells were co-cultured with at least 0.1 yg/ml PFG-I for 3 h, many
small condensed fluorescent signals (representing apoptotic bodies, a morphological
hallmark of apoptosis) were observed. After incubation, DNA samples from these isolated
granulosa cells were electrophoresed in 2% agarose gels, and the DNA displayed a ladder
pattern (biochemical hallmark of apoptosis). However, DNA samples of the cells co-
cultured without any additive displayed no such pattern on electrophoresis. The granulosa
cells were co-cultured with 0.1 ug/ml PFG- 1 for 3 h, and then the percentages of cells
with degraded DNA were determined by FACS analysis. No degraded DNA was observed
in cells co-cultured without any additive. However, high percentages of degraded DNA,
representing apoptotic bodies, were demonstrated in cells co-cultured with PFG-1.

We confirmed that granulosa cells undergo apoptosis and that no apoptotic cell
death occurs in cumulus cells in pig atretic follicles 16-16]. However, it has not been
determined which trigger molecules induce granulosa cell apoptosis, or how intercellular
apoptotic signals are transmitted in the granulosa cells. A specific monoclonal antibody,
which recognizes a cell-surface trigger molecule and induces apoptosis, is essential to
define the molecular mechanism of apoptotic signal transmission pathways in granulosa
cells. We generated PFG-I that reacted against a cell-surface protein. In rodents, the Fas
antigen, which is a transmembrane glycoprotein that belongs to the TNF/NGF receptor
family and mediates apoptosis in a variety of lymphoid and tumor cells [20], can mediate
granulosa cell apoptosis in ovarian follicle atresia and Iuteal cell degeneration [11, 21].
However, this protein has not yet been identified in pig ovaries. Our preliminary com-
parative studies of the progression of granulosa cell apoptosis in the atretic follicles
revealed histochemically that there are species-specific differences in the apoptotic process
in granulosa cells [6]. Briefly, apoptosis demonstrated histochemically by TUNEL
staining was seen in scattered granulosa cells located on the inner surface of the follicular
wall of pig ovaries. In contrast, such apoptotic granulosa cells were demonstrated on the
outer surface of the follicular wall of cow ovaries. In rodents, such apoptotic cells were
seen randomly throughout the follicular epithelial wall. These observations indicated that
local regulation mechanisms of granulosa cell apoptosis are different among mammalian
species. TNF also induces apoptosis in a variety of tumor cells, and the TNFR-1 can also
mediate apoptosis [22]. The molecular weights of Fas antigen and TNFR are 45 [21] and
65 kD [22], respectively. Fas antigen was histochemically detected in the granulosa cells
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of both healthy and atretic follicles in the ovaries of rodents [11, 21]. TNFR-1 was not
detected in the ovarian follicular cells [22]. The molecular weight of the granulosa cell-
surface antigen recognized by PFG-1 is 55 kD, and the antigen visualized histochemically
by PFG-1 was only detected in the granulosa cells of healthy follicles. Such differences in
localization dependent on the stage of follicle development are important when con-
sidering the physiological function of the cell death receptors. We concluded that the
antigen recognized by PFG-1 is not Fas antigen or TNFR-1. This antigen was suggested
to belong to the TNF/NGF receptor family. This antibody, PFG-1, will be useful as a
probe to investigate the cell death receptor on the granulosa cell membrane and its natural
ligand, and to define the intercellular pathway of apoptotic signal transmission in
granulosa cells of pig ovaries. Biochemical details of this cell death receptor of the pig
granulosa cells should be elucidated in future studies. In our laboratory, PFG-1 is current-
ly being used to screen for specific cell death receptor on the granulosa cell membrane.
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Abstract The human leukemia cell line KU812 have been described as an immature
pre-basophilic cell line and exhibits a potential to differentiate into mature basophilic
cells (1-3, 17). KUS812 cells produce modest amount of histamine and express

the high affinity IgE receptor, which plays a central role in the allergic responses system.
Previously, we observed that hydrocortisone can enhance FceRI expression in KU812
cells. In this study, we demonstrate that KU812 cells treated with hydrocortisone are
able to release histamine in response to stimulation with IgE and anti-IgE antibody,
suggesting that the FceRI induced by hydrocortisone was functional enough to transduce a
signal for degranulation. FceRlI is a tetramer consisting of an a chain, a B chain and two
v chains. We measured the mRNA level ofeach subunit in KU812 cells by RT-PCR
followed by Southern blotting.  After treatment with 1 pM hydrocortisone for 35 days,
the cells showed an increase in the amount of mRNAfor FceRIly. Almost no
significant change in the amount of mRNA for FceRIot and FceRIP was observed. This
result suggests that the enhanced expression of FceRI on the surface of KU812 cells by
hydrocortisone was related to the upregulaion of FceRI mRNA.

INTRODUCTION

The high affinity IgE receptor, FceRI, which is expressed on the surface of basophils
and mast cells, plays a central role in the allergic response system by binding allergen-
specific IgE and multivalent allergens, resulting in the production and release of
inflammatory mediators. This receptor is a tetrameric structure composed of one a chain,
one B chain and two disulfide-linked identical y chains (4). FceRlIo extends into the
extracellular space and contains the entire IgE-binding site (5, 6). FceRlIy is required for
signal transduction and the function of FceRIP is most likely to amplify the FceRIy -
mediated activation signaling (7). Importantly, it is known that the presence of FceRlIy
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is indispensable for cell surface expression of (8,9).The importance of
in the allergic response has been demonstrated by the observation that FceRlIa-deficient
mice completely failed to exhibit IgE-mediated anaphylaxis (10). Therefore, the
expression of FceRI as well as the synthesis of IgE, is critical for allergic responses.
Using the established human pre-basophilic cell line KU8 12, we previously found that
hydrocortisone can induce an enhancement of FceRI expression on the cell surface along
with increasing in the amount of intracellular histamine. In the present study, we
examined whether the FceRI induced by hydrocortisone is able to trigger intracellular
signaling events for histamine release, and whether enhancement of FceRI expression was
related to upregulation of mRNA production.

MATERIALS AND METHODS

Cells

KUS812 cells were obtained from Japan Cancer Research Resources Bank (JCRB).
KU812 cells was maintained in RPMI-1640 (Nissui, Tokyo, Japan) supplemented with
10% fetal bovine serum (Intergen, Purchase, NY), 100 U/ml penicillin G, 100 mg/ml
streptomycin and 10 mM HEPES buffer. KUS812 cells were kept in a humidified
atmosphere of 5% CO2 at 37°C and maintained by splitting the cells to a density of 2.5
X 105 cells/ml in fresh medium every four days.

Treatment with hydrocortisone

KU812 cells were cultured in the presence of 1 uM hydrocortisone, ethanol alone
(0.1%) orin control medium. Hydrocortisone was dissolved in ethanol at 200 uM and
this solution or ethanol alone was diluted 1000-fold into medium so that the final ethanol
concentration was 0.1%.  Cultures were started at a cell density of 2.5X10° cells/ml
and the spent culture was replaced with fresh medium every 4 days.

Determination of high affinity IgE receptor FceRI expression

Cells were incubated with mouse anti-human FceRI monoclonal antibody CRA-1
(Kyokuto, Tokyo, Japan) for 30 minutes at 4°C. Cells were then washed twice in
phosphate-buffered saline (PBS; pH 7.5) and labeled with a fluorescein-labeled goat anti-
mouse antibody (Biosource, Camarillo, CA) for 30 minutes at 4°C. Cells were again
washed twice in PBS and subjectedto flow cytometry analysis. As anegative control,
instead of mouse anti human FceRI antibody, mouse control antibody (Vector,
Burlingame, CA) was used.

Histamine measurement
Histamine levels were measured by fluorometric assay (11). Total histamine content
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was assessed by sonicated cell lysates in Tyrode buffer. To achieve histamine release,
cells were prepared in Tyrode buffer then stimulated with Ca ionophore A23187 or with
anti-human IgE antibody (Biosource, Camarillo, CA) after sensitization with human
myeloma IgE (Cosmo Bio, Tokyo, Japan). Histamine in the cell lysates and
supernatants was partially extracted, coupled with o-phtalaldehyde which gives rise to a

fluorescent product that can be measured on spectrofluorometer with the excitation at 360
nm and the emission at 450 nm.

Analysis of FceRIo, f# and y mRNA expression by RT- PCR and Southern
blotting

Total RNA was isolated using the TRIZOL reagent (GIBCO RBL). c¢DNA synthesis
was performed using the MMLV-reverse transcriptase (Amersham, UK). The resultant
cDNA samples were PCR amplified in the presence of specific sense and antisense
primers for FceRIa B and y As an internal control, glyceraldehyde-3-phasphoryl
dehydro-genase(G3PDH)cDNA wasamplified. PCR was performed for 16 cycles, each
cycle including denaturation (95°C, 30 sec), annealing (60°C for FceRIo and FceRIy or
58°C for FceRIP, 30 sec) and polymerization (72°C, 1 min), and a final incubation (72°C,
7 min) after the last cycle. Sequences of PCR primers and sizes of expected products are
as follows: for FceRIa sense 5’-CTTAGGATGTGGGTTCAGAAGT-3’, and antisense
5>-GACAGTGGAGAATACAAATGTCA-3 ’ (495 bp); for FceRIP: sense 5’-TAATTC-
TTCATAAAGACGATCATC(A, T, G or C)GG3’, and antisense 5’-ATATGCCTTTG-
TTTTGGAACAATGGTGTG-3’ (457 bp); for FceRIy : sense 5’-TAGGGCCAGCTGG-
TGTTAATGGCA-3’, and antisense 5’-GATGATTCCAGCAGTGGTCTTGCT-3’ (364
bp); for G3PDH. sense 5’-GCTCAGACACCATGGGGAGGT-3’, and antisense 5°-GT-
GGTGCACGAGGCATTGCTA-3" (404 bp). The amplified PCR products were
electrophoresed, blottedonto Hybond-N+ membranes (Amersham), hybridized(60°C, 16
h) with probes specific for FceRlo. B, y and G3PDH, respectively. The hybridized
probes were detected using the Gene Images detection kit (Amersham).

RESULTS

Flow cytometry analysis revealed that when KUS812 cells were treated with 1 uM
hydrocortisone for 21 days, FceRI expression on the cell surface was enhanced (Figure 1).
This enhancement was observed at day 3, gradually increased until reaching a plateau at
day 7 to 14 and maintained up to 35 days (datanot shown). In addition, the amount of
intracellular histamine substantially increased after exposure to hydrocortisone. We
assessed if hydrocortisone can elicit a grater amount of histamine release from KUS812
cells when stimulated with A23187 or IgE/anti-IgE. When cells were cultured in the
absence of hydrocortisone, after stimulation with A23187 or IgE/anti-IgE, histamine
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Figure 1

Induction of FceRI expression on KU812 cells
byhydrocortisone.  After cultivation with |
uM hydrorortisone for 21 days, cells were
incubated with either mouse anti-human FceRI
monoclonal antibody CRA-1 ormouse IgG as
subclass-matched negative controls, then
stained with FITC-conjugated goatanti-mouse
IgG and analyzed by flow cytometry. The
typical result obtained from five independent
experiments is shown for each sample.
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Figure 2

Histamine release from KU812 cells. KU812
cells cultivated with or without hydrocortisone
(1 uM) for21 days were stimulated with Ca>*
ionophore A23187 or goat anti-human IgE
polyclonal antibody after sensitization with
human myeloma IgE at 37% for 20 min.
Results are expressed as the mean + SE (n=
5). * P < 0.05: ** P < 0.01; *** P <
0.001 (by Student’s t-test).

Figure 3

Upregulation of FceRly mRNA in KU812

cells treated with 1 pM hydrocortisone for21
days. mRNA level of FceRlo, FceRIB,

FceRIy and G3PDH in KUS812 cells treated
with  hydrocortisone.

and G3PDH mRNA were analyzed by RT-
PCR. Southernblotting using specific probes
for FceRlIo,, FceRIP, FceRlyandG3PDH was
performed to confirm the PCR products.
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release were 5.2+0.4 ng/10° cells and 2.0-+£0.3 ng /10° cells, respectively. when cells
were cultured with 1 pM hydrocortisone for 21 days, histamine release values after
stimulation with A23187 or IgE/anti-IgE were 68.7+2.6 ng /10° cells and 26.5+2.4 ng
/10° cells, respectively (Figure2). These results suggest that KU812 cells treated with
hydrocortisone became mature enough in function to be able to release histamine.
Furthermore, these results show that the hydrocortisone induced FceRI molecules on the
cell surface are able to transduce a sufficient amount of intracellular signals to result in
degranulation.

Since flow cytometric analysis revealed that hydrocortisone enhanced the expression of
FceRI at the protein level, we measured the mRNA level of each FceRI subunit by RT-
PCR followed by Southern blotting (Figure 3). Modest amounts of FceRla, B, and y
mRNA were observed in KU812 cells cultured in medium only. After treatment with 1
puM hydrocortisone for 21 days, the cells showed an increase in the amount of FceRIy
mRNA produced, but no significant change was observed for FceRIo and FceRIP This
data suggests that the enhanced expression of FceRI on the surface of KU812 cells by
hydrocortisone is related to the upregulation of FceRly mRNA.

DISCUSSION

Of all the blood cell types, basophils and mast cells are the only cells that can
synthesize histamine (12, 13). In addition, the amount of intracellular histamine in
basophils and mast cells is reported to increase during their differentiation (14,15).
Basophils express FceRI on the cell surface which are able to bind IgE. Upon antigen
challenge, the antigen-specific IgE-FceRI complexes were cross-linked that is followed by
an aggregation of FceRI, which result in release of mediators and generation of
alachidonicacid metabolites. We previously described that hydrocortisone induces a) the
enhanced expression of FceRI, b) the appearance of granulated cells and ¢) the increase of
intracellular histamine in KU812 cells. Furthermore, in this study, the enhanced
was shown to be functional with regard to transmission of the degranulation signal in
response to IgE/anti-IgE antibody stimulation. Thus, it is likely that glucocorticoids
including hydrocortisone may contribute to basophilic differentiation and/or maturation,
while these same glucocorticoids may have potent immunosuppressive and anti-
inflammatory effect on lymphocytes and granulocytes.

Recently, it has been reported that IL-4 induces the expression of FceRI in human
cultured mast cells, which is caused by the increase of FceRI mRNA at transcriptional
level (16). We previously showed that IL-4 enhanced the expression of FceRI in KU812
cells, which was related to the upregulation of the expression of mRNA for all three

subunits, FceRlIo, B and y (17). Here we show that treatment of KU812 cells with
hydrocortisone resulted in the enhanced expression of FceRI, notably the increased
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expression of FceRIy mRNA. It is known that FceRIy is required for constitutive

expression of the FceRI molecule on the cell surface in basophils and mast cells.

Therefor these results suggest that the IL-4 and hydrocortisone may act to induce
upregultion of the FceRI expression via different regulatory mechanisms. More research
must be done to fully elucidate these pathways.
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ABSTRACT: Electroly-reduced water (ERW) which is produced near cathode during
electrolysis of water scavenges reactive oxygen species and protects DNA from oxidative
damage (Shirahata et al., 1997). Most of cancer cells exhibit high telomerase activity to
elongate telomere length, insuring their immortality. Here we found that cultivation of
human lung adenocarciomaA549, human uterine cancer HeLaand human normal fibroblast
TIG-1 cells were growth inhibited in medium containing ERW and drastic morphological
changes occurred in A549 and HeLa cancer cells but not in TIG-1 cells. Telomerase activity
did notchange but telomere length became shorterdependingupon cell division in medium
containing ERW. Telomere binding activities of telomere binding proteins in cancer cells
decreased in medium containing ERW, suggesting that ERW inhibit the binding of'
telomerase to telomere region via telomere binding proteins, resulting in the shortening of
telomere length.

1. Introduction

It has long been established that an oxidant/antioxdant imbalance in an organism
caused numerous damages to biomolecules and cellular structures that resulted in the
development of a variety of pathologic states such as cancer, arteriosclerosis, and aging.
Electrolysis of waterproduces reduced waternear cathode which contains alot ofhydrogen
molecules and oxidized water near anode which contains a lot of oxygen or hypochloric acid.
Electrolyzed-reduced water (ERW) is popular as beneficial drinking water for our healthin
Japan. We demonstrated that electrolyzed-reduced water scavenges reactive oxygen species
(ROS) and protects DNA from oxidative damage (Shirahata et al., 1997). Recently ROS
has been noted to have important roles to sustain the phenotypes of cancer cells such as
invasion, metastasis, chemotherapy resistance, oncogene activation and genomic
instability (Toyukuni et al., 1995). Most of cancer cells exhibit high telomerase activity
andno telomere shortening, which guarantee  immortality of the cells. Recently it has
been reported that ROS is related to telomereregulation mechanisms (von Ziglinieki et al.,
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1995). Here we report that clectrolyzed-reduced water causes the telomere shortening in
cancer cells without changing the telomerase activity.

2. Materials and Methods

2.1 Preparation of electrolyzed reduced water and culture medium

Ultrapure water produced by an ultrapure system (Type Synthesis, Millipore)
containing 0.1 g/l of NaCl was electrolyzed by an electrolyzing device (Type TI-70008S,
Nihon Trim) andalkaline ERW (pH 11; ORP:- 600~-800 mV) was collected as described
previously (Shirahataef al., 1997). MEM/ERW medium was prepared in a usual manner
for preparation of culture medium except for using ERW instead of Milli Q water.
Conventional MEM medium with Milli Q water was named MEM/Milli Q medium. Since
ERW had no buffering effect, alkaline ERW at about pH 11 was easily neutralized by
HEPES buffer (pH 7.4) which were previously added The medium was sterilized by
autoclaving. The medium was stocked in a 250 nil plastic T flask at4 °C.

2.2 Cells and cell culture

Human lung adenocarcinoma A549 cells, human uterine cancer HeLa cells and human
normal fibroblast TIG-1 cells were cultivated in MEM/ERW medium or usual MEM/Milli
Q medium supplemented with 10% fetal bovine serum in the presenceor absence of ERW.
Medium was exchanged every 2 days.

2.3 Determination of telomerase activity and telomere length

Telomerase activity in A549 and HeLa cells were determined by telomeric repeat
amplification protocol assay (Katakura ez al., 1997). The telomere length was examined by
Southern blotting method (Katakuraet al., 1997).

2.4. Electrophoresis mobility shift assay of telomere binding proteins
Telomere binding proteins were detected by the clectrophorcsis mobility shift assay .
3. Results and Discussion

3.1. Growth inhibition and morphological changes of cancer cells by
electrolyzed-reduced water

The growth oflung cancerA549cells anduterine cancer HeLacells was suppressed  in
MEM/ERW medium. The growth of normal fibroblast TIG- 1 cells was also suppressed and
reached to confluence at lower cell density, but the normal cells in MEM/ERW medium
seemed to be in a good state (Shirahata et al., 1998). Analysis of signaling pathways using
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specific inhibitors revealed that ERW inhibited the activation of MAP kinase which is
related to the regulation of cell cycle and differentiation (data not shown). Cultivation of
cancer cells in MEM/ERW medium for90 days induced drastic morphological changesin
cancer cells. The small size of cancer cells changed to big sizes and stretched shapes.

However, the morphology of normal cells did not change. ROS is known to stimulate cell
proliferation (Burdon & Gill, 1993; Burdon et al., 1994). Assay of intracellular redoxstate
using fluorescent dye, 2°,7’-dichlorofulorescein-diacetate (DCFH-DA) which specifically
reacts with intracellularH,0O,, revealed thatthe amountof intracellular H,O, in cancer cells
decreased in ERW (data not shown), suggesting that phenotypes of cancer cells might be
changed by shifting the oxidized state in cancer cells in MEM/Milli Q medium to more
reducedone in MEM/ERW medium.

3.2 Telomerase activity and telomere shortening
HeLa A549

Fig. 1. Telomerase activity in
A549 and HeLa cells (A) and
telomere shortening in A549
cells (B) in medium containing
electrolyzed reduced water.
A549 and HeLa cells were
cultivated in MEM/ERW medium
for39 days (A) or 153 days (B)
and telomerase activities and
telomere length were examined
by the TRAP assay and
: electrophoresis mobility shift
assay, respectively. A. Lane 1, MEM/MIIIIQ; lane 2, MEM/HOCI (1 ppm); lane 3,
MEM/ERW; lane 4, MEM/MilliQ; lane5, MEM/HOCI (1 ppm); lane6, MEM/ERW. B.
Telomere length was examined by electrophoretic method. Lane 1, control; lane 2, HOCI
( 1ppm); lane 3, ERW; lane 4, After treatment of the cells for 10 days with MEM/ERW
medium, the medium was changed to MEM/MilliQ medium.

It has been known that most of cancer cells exhibit telomerase activity but most
somatic cells do not exhibit the activity. Specific telomerase inhibitors have intesively
been investigated in order to develope new types of anticancer reagents which can change
immortal cancer cells to mortal cells. When A549 and HeLa cells were cultivated in
MEM/ERW medium for 90 days, we found no change in telomerase activity in both cell
lines (Fig. 1, leftpanel). However, RT-PCR analysis forthe expression of the hTRT gene
also supported the results. However, the telomere lengths in A549 cells cultured in
MEM/ERW medium was significantly shortened. ERW was contaminated with 1 ppm of
HOCI which was produced near anode, the same concentration of HOCI did not shortened
the telomere length. When A549 cells were cultured in MEM/Milli Q medium after
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cultivation in MEM/ERW medium for 1 Odays, the telomere length was alittle elongated,

suggesting the effect of ERW was reversible. Similar phenomenon was also observed in
HeLa cells.

3.3 Lowered activities of telomere binding proteins in reduced water

' ™
. Telomerase
Cancer cells Telomere binding T
protein :
TTA
in reduced water >
L Elongation of telomere DNA

{ -
Cancer cells in reduced water

Reduced water ?
ol Telomerase
+ Growth suppression ;i(:;n:re binding
- Morphological change Scavenging (O)
- Decrease of activity of

telomerebinding proteins
- Telomere shortening TTAGGGTTAGGGTTAGGG
-ﬁ——
L Telomere shortening

Fig. 2. Putative mechanisms on the number of passage dependent telomere shortening
in cancer cells by electrolyzed-reduced water.

The regulation mechanisms of telomere length have not been clarified yet. Telomere
binding proteins which bind to single strand or double strand telomere regions is knownto
regulate the binding of telomerase to telomere regions. If telomere binding proteins do not
work well, telomere length will be shortened dependent upon number of cell division, even
if telomerase existed We investigated telomere binding activities of telomere binding
proteins using radio labelled double strand and single strand synthetic DNA probes which
had telomere-specific sequence. The double strand DNA probes were mixed with cell lysate
and electrophoresesed. The mobility of the probes decreaseddependent upon the molecular
size of bound proteins. We found the binding activities or specific telomere binding
proteins were reversibly decreased by ERW in A549 cells (data not shown). These results
suggested that ERW inhibit the binding of telomerase to telomere region by reversibly
inhibiting the binding of telomere binding proteins to telomere DNA. The inhibition of
telomerase to telomere regions will cause the number of passages-dependent telomere
shortening.

In conclusion, cancer cells cultivated in medium containing ERW caused growth
suppression, morphological changes, decrease of activities of telomere binding proteins and
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telomere shortening. Reducedwater may inhibit the binding of telomerase to telomere via
redox regulation by scavenging ROS in cancer cellsor via other mechanisms, resulting in
senescence or impaired tumor phenotypes of cancer cells (Fig. 2). Some medical doctors
observed that cancer patients were drastically improved by daily intake of reduced water in
some cases. We have proposed that active hydrogen in reduced water scavenges ROS and
regulate cell functions (Shirahataet al., 1997; Shirahata et al., 1998). Further intensive

investigation on the functions of reducedwater in immunology, oncology andcell biology
is desirable.
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Abstract

This research was designed to characterize an inhibitory effect of acetic acid on
the activity of glycosidases expressed in Caco-2 cells. Cells were cultured in a medium
containing 5 mM acetic acid for 15 days, and meantime the activity of sucrase was
monitored. On the 3rd day in culture the activity of sucrase was approximately 3 u
mol/hr/mg protein. This activity was not significantly different from that in cells
cultured without acetic acid (control). Thereafter, in control cells, the activity of sucrase
increasedandreached 12 ymol/hr/mg protein on the 15th day. However, the activity of
sucrase in acetic acid treated cells barely increased and reached 4.7 umol/hr/mg protein
on the 15th day. The activity of sucrase was suppressed in a dose dependent manner.
We measured the activity of glycosidases and other hydrolases after 15-day treatment
with 5 mM acetic acid. The activity of sucrase and maltase was suppressed to the level
of 40 to 50% of the control and the activity of trehalase and lactase was drastically
decreased to less than 10% of the control. However, the activity of alkaline phosphatase
(ALP), aminopeptidase-N (AP-N), dipeptidylpeptidase-IV DPP-1V) and y-glutamyltrans
peptidase (y-GTP)which are also present in the intestinal brush border membrane was
not affected by acetic acid. Acetic acid treatment did not affect either cell growth or cell
viability. To understand mechanisms underlying this suppression of glycosidase
activity by acetic acid, we performed northern and western analyses of sucrase. Neither
mRNA nor protein level of sucrase was decreased by treatment with 5 mM acetic acid
for 15 days. These results suggest that acetic acid may suppress the increase of
glycosidase activity during the growth of Caco-2 cells by blocking a biological step
following transcription and translation, such as trafficking of de novo synthesized
glycosidases and their incorporation into the brush border membrane.
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1. Introduction

We often use vinegar as a seasoning when we cook and eat meal to give sour
taste. A main ingredient of vinegar is acetic acid. Our preliminary experiment has
shown that the concentration of acetic acid reaches approximately 5 mM in the intestinal
tract after an oral administration of vinegar at 30 mM in chews. Since the concentration
of acetic acid becomes such a high level in the intestine, acetic acid may perturb
intestinal functions. Previous studies have shown that oral administration of vinegar for
several weeks lowers the increase of blood glucose level after meal (Nakajima and
Ebihara, 1988). To elucidate how vinegar decreases the glucose level in blood, we
studied effects of acetic acid on glucose uptake with a human colonic carcinoma cell
line, Caco-2. This cell line is known to show the nature of differentiated epithelial cells
of the small intestine and used as a good experimental tool to study physiological
functions of the intestine (Blais et al., 1987). Glucose uptake was not inhibited by
acetic acid, indicating that lowering of the blood glucose level by acetic acid is not due
to inhibition of glucose transport. Thus, we studied effects ofacetic acid on the activity
of glycosidases. Acetic acid treatment suppressed the increase of glycosidase activity
during cell culture. Our finding suggests that disaccharides in food are not hydrolyzed to
monosaccharides in the intestine owing to reduced activity of glycosidases by chronic
administration of vinegar. This leads to the decrease of the bioavailability of sugar and
subsequently lowering of the blood glucose level. In the present study we characterized
the suppression of glycosidase activity by acetic acid using Caco-2 cells.

2. Methods and Materials

The composition of a medium used was DMEM supplemented with 10% FBS,
1% non essential amino acid, 2% glutamine, 100 U/ml of penicillin and 100 mg/ml of
streptomycin. The medium pH was adjusted to 7.4 with NaHCO03. Cells for study were
seeded at a density of 0.14 million cells per well in 24-well microplates coated with
collagen and cultured with a medium containing acetic acid. Fresh medium was given
every two days. The passage of the cells was the 64th-78th.

A buffer containing a substrate was placed on the monolayer of Caco-2 cells,
incubated at 37°C for a predetermined time and collected to measure the activity of
hydrolases. The activity of glycosidases was determined by Dahlqvist's method with a
minor modification (Dahlqvist A., 1964). The activity of ALP, AP-N, DPP-IV and y-
GTP was assayed by using p-nitrophenol phosphate, ala-7-amino-4-methylcoumarin,
gly-pro-7-amino-4-methylcoumarin and L-glutamic Yy-p-nitroanilide as substrates,
respectively. Cell proliferation was estimated by the increase of cell number and cellular
protein determined by Bradford method. The viability of cells was assessed by their
ability to reduce alamarBlue (Biosource int., CA, USA) and to maintain LDH inside
cells (Wako, Osaka, Japan).
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Total RNA extracted from Caco-2 cells was electrophorated on formaldehyde
agarose gel and blotted on a nylon membrane. A DNA probe for sucrase-isomaltase was
synthesized by PCR and labeled by using 32P-ATP with klenow polymerase. The DNA
of B-actin was used as an internal control of northern analysis.

For western analysis, cells were harvested from two 10 cm dishes and
homogenized in the presence of NP-40. Sucrase was immunoprecipitated with a
monoclonal antibody generously provided by Dr. Hauri. The precipitant was subjected
to SDS-PAGE electrophoresis and sucrase protein was detected by an ECL method.
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FIGURE 1 Effect of acetic acid on the activity of sucrase in Caco-2 cells. The resuts are
given as means with bars representing S.EM. for 6 determinations. Cotrol.  (O); acetic acid, (®@).
* Significantly different fiom control (p<0.001).

3. Results and Discussion

Figure 1 shows the increase of sucrase activity in Caco-2 cells during culture. In
control cells cultured in acetic acid-free medium, the activity of sucrase was 3.14 £ 0.22
pmo1/hr/mg protein on the 3rd day, increased monotonically and reached 11.90 + 1.02
pumol/hr/mg protein on the 15th day. In cells treated with 5 mM acetic acid sucrase
activity was 2.80 = 0.41 umol/hr/mg protein on the 3rd dayd. But thereafter the
increase of sucrase activity was very slow and barely reached 4.70 = 0.80 pmol/hr/mg
protein on the 15th day. These data show that acetic acid suppresses the increase of
sucrase activity during the growth of Caco-2 cells. When cells were treated with acetic
acid of 1,2.5 and 5 mM for 15 days, sucrase activity decreased to 61 + 1,48 + 2 and
41 £ 1 % of the control, respectively, showing that acetic acid suppresses the activity
of sucrase in a dose dependent manner.

We measured the activity of glycosidases and other hydrolases after 15-day
treatment with 5 mM acetic acid. As shown in Table, the activity of sucrase and
maltase was suppressed to 45 £ 5 and 40 = 4% of the control, respectively. The
activity of trehalase and lactase was drastically decreased to 8 + 9 and 4 + 22 % of the
control, respectively. However, the activity of ALP, AP-N, DPP-IV and y-GTP was
not affected by acetic acid. The results indicate that the suppression of increase of
glycosidase activity by acetic acid may be specific.
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Table Effects of acetic acid on the activity of hydrolases in Caco-2 cells

Activity

Hydrolases

Control Acetic acid %

(umol/hr/mg) (pmol/hr/mg)

ALP 0.45 £+ 0.04 0.51 +£0.02 113
AP-N 30.23 + 1.44 31.51 = 1.90 104
DPP-IV 73.67 £ 1.98 69.52 + 2.40 94
r “GTP 1.21 +0.11 1.22 £ 0.13 101
Sucrase 10.20 + 1.08 454 £ 0.53* 45
Maltase 55.73 £ 8.10 2140 £ 2.11 * 40
Lactase 4.42 + 0.22 0.37 £039 * 8
Trehalase 1.39 £ 0.19 0.05 £ 030 = 4

Cells were treated with S mM acetic acid for 15 days. The data are given as means + S.E.M. for
twelve determinations. * Significantly different from control (P< 0.001).

To examine the effect of acetic acid on the growth of Caco-2 cells, cell number
and cellular protein were determined while cells were cultured with 5 mM acetic acid for
15 days. Acetic acid did not give any effect on the increase of cellular protein (protein
on the 3rd, 7th, 11th and 15th days: 193 + 8§, 248 + 7,291 £ 9 and 291 + 4 mg/well
in control cells, 181 + 11, 216 + 6, 270 £ 9 and 290 = 7 mg/well in acetic acid
treated cells, n = 9). The number of cells was 2.7 + 0.1 and 2.9 + 0.1 million cells per
well (n =4) in control and acetic acid treated cells, respectively, on the 15th day. Cell
viability was estimated by the reduction of alamarBlue and release of LDH after cells
were treated with 5 mM acetic acid for 15 days. In cells treated with acetic acid, the
value of reduced alamarBlue was 100 = 6 % (n = 4) when that value of control cells is
set at 100%. The percentage of LDH released from over remained in cells was 3.5 +
0.3 and 2.9 + 0.4 % (n = 3) in control and acetic acid treated cells, respectively. The
data show that acetic acid in the medium does not only disturb the growth of Caco-2
cells but also decrease their viability. The suppression of the increase of glycosidase
activity by acetic acid is not due to non-specific damage of cells.

To understand mechanisms underlying the suppression of increase of glycosidase
activity in Caco-2 cells cultured with acetic acid, we performed northern and western blot
analyses of sucrase. The results are shown in Fig. 2. Cells were cultured with 5 mM
acetic acid for 15 days and total RNA was prepared. The message level of sucrase was
not decreased in acetic acid treated cells in comparison with control cells (panel A). The
panel B shows the results of western analysis. A similar treatment with acetic acid did
not decrease the protein level of sucrase expressed in the cells either. These results
demonstrate that acetic acid does not inhibit a de novo synthesis of glycosidases at either
transcription or translation process during cell growth.
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Taken together. culturing Caco-2 cells with acetic acid at millimolar
concentration causes the suppression of increase of glycosidase activity during cell
proliferation. Because glycosidases hydrolyze disaccharides and produce monosaccharides
which are efficiently absorbed from the small intestine, this suppression may partially
account for lowering of the blood glucose level observed in animals chronically
administered with vinegar. In this study we tried to understand mechanisms underlying
the suppression of glycosidase activity by acetic acid, Though the data indicates that
acetic acid may interfere a biological step following transcription and translation, we fail
to point out an exact step and delineate molecular mechanisms of acetic acid inhibition.
Hauri et al. (1985) have reported that the transport of glycosidases from the rough
surfaced endoplasmic reticulum to the trans-Golgi apparatus was considerably slower
than that of peptidases in Caco-2 cells. Therefore, we assume that glycosidases and
peptidases utilize different trafficking pathways after protein synthesis and acetic acid
may intercept only the pathway for glycosidases. Consequently, glycosidase proteins
incorporated into the brush border membrane decrease and their activity becomes small.
Further experiments are necessary to shed light upon molecular mechanisms underlying
the suppression of glycosidase activity by acetic acid during cell proliferation.
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FIGURE 2 Effects of acetic acid on mRNA and protein levels of sucrase. The message for
sucrase was detected as mRNA of sucrase-isomaltase complex. C and A.A. represent control and
acetic acid, respectively. S-I: sucrase-isomaltase. Panel A. northem blot: panel B. western blot.
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1. Abstract

The bovine skim milk digested with cell free extract of yeast (Saccharomyces cerevisiae
X2180-1A) was found to exhibit the proliferation inhibition activity toward HL-60 cells.
The optimum pH for digestion of skim milk and production of the inhibition factors
was pH4.8.  Analysis of this cell proliferation inhibition activity was revealed to be
due to the induction of apoptosis which was demonstrated by the formation of apoptotic
bodies and fragmentation of DNA in treated cells. The proliferation inhibition factors
produced were recovered in the soluble fraction of 92% ethanol, suggesting that the
factors are hydrophilic low molecular weight substances derived from skim milk.

2. Introduction

Apoptosis, a highly regulated process of cell death, occurs in response to many
physiological and biochemical stimuli that activate a series of genetic events and
culminate in the death and efficient disposal of a cell (Wyllie, 1993).

Recent research has been showing some food components which may not have any
nutritive role but biologically active and can regulate cell growth, differentiation, and
apoptosis(Kuo et al., 1996; Sakamoto et al. 1997). Some milk components for example
lactoferrin, immunoglobulins, lysozyme, fatty acid, glycoconjugates have been actively
investigated over the past two decades specially for antibacterial activity (Hakansson et
al., 1995; Fiat et al., 1989; Andersson et al., 1983; Matthews et al., 1976). Recently
inhibitory actions of milk components on the proliferation of transformed cell lines have
beendrawing considerable attention in connection with the prevention of carcinoma.
Hakansson et al., 1995 reported multimeric a-lactalbumin of human milk induce
apoptosis in variety of transformed cell lines where raw bovine milk was reported
inactive and no effect on cell viability. However fermented milk has been proved to
contain active factors that perform some physiological functions (Tamai et al.,1995;
Kuwabaraet al., 1995; Yamamoto et al., 1994a). The active factors which are believed
to be peptides possibly produced by the proteolytic activity of some fermenting
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organism.  Peptides derived from different milk proteins have also been shown to
perform several physiological function.  Karaki et al. showed tryptic hydrolysate of
bovine milk casein exert antihypertensive effects on hypertensive rats. Antibacterial
peptides have been identified in pepsin hydrolysed bovine lactofenin (Dionysius et al.
1997). Previously we studied fermented milk preparedby various lactic acid bacteria and
a yeast have proliferation inhibitory activity towards HL-60 cell lines where as a single
strain of lactic acid bacteria for example Bifidobacterium longum cultured milk was
inactive. In this study we investigated bovine skim milk digested with cell free extract
of yeast Succharomyces cerevesiae X2180-1A have proliferation inhibitory activity on
acutemyeloid leukemia (HL- 60) cells.

3. Materials and methods

Cell proliferation assay (MITS assay) system was purchased from Promega. = RPMI
medium, Dulbecco’s PBS(-), BL-agar medium, and (GAM-broth were purchased from
Nissui (Tokyo). Bovine skim milk was from Shikoku Milk Product Co Ltd (Kawauchi,
Ehime). Otherchemicals used were purest grade available.

3.1. PREPARATION OF CELL FREE EXTRACT FROM YEAST AND
DIGESTION OF SKIM MILK

Yeast (S. cerevisiae X2180 1A) was grown for 36 hours on YEPG (glucose 2%, yeast
extracts 1%, peptone 2%) medium at 30°C with shaking. The early stationary phase
cells were collected and clear cells (wet weight, 30 gm) were broken by shaking with
glass beads (100 gm, diameter 0.3 mm) at O°C for 20 min with Vibrogen homogenizer.
The homogenate was centrifuged at 15000 x g for 10 min and the supernatant was
dialyzed at 0°C against distilled water. The resulting precipitates were removed by
centrifugation and clear supernatant (protein, 4.5 mg/ml) was used as cell free extract.
Protein  content of the sample was measured by Micro BCA protein assay kit
(PIERCE) using bovine serum albumin as a standard Skim milk digestion was
conducted through following way: 1% skim milk (5 ml) suspended in distilled water was
mixed with lyophilized cell free extracts (4.5 mg) and adjusted pH to 3.6, 4.4, 4.8, 5.2,
56, 6.0 with acetic acid and nonadjusted suspension (PH 6.8) and then incubated at 37°C
for3 hours with shaking. After incubation samples were heated at 90°C for 5 min to
inactivate enzymes, and readjusted pH at 7.0 with 8N NaOH The resulting precipitates
were removed by centrifugation at 15,000 x g for 10 min and clear supernatant was
lyophilized after filtration through a sterilized filter paper (0.45 um).  The lyophilizate
was dissolvedin 0.5 ml (1/10 th volume of initial skim milk suspension) RPMI 1640
medium prior to assay cell proliferation activity.

3.2. PROLIFERATION INHIBITIONACTIVITY, DNA FRAGMENTATION ASSAY-
AND MORPHOLOGICAL EXAMINATION OF HI-60 CELLS

Human acute myeloid leukemia (HL-60) cells were obtained from the Japanese Cancer
Research Resources Bank (JCRB) and routinely cultured in RPMI-1640 medium as
described before (Ito et al., 1998). Cell proliferation activity was measured with cell
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titer 96™ aqueous non-radioactive cell proliferation assay (MTS assay) and by counting
viable cells using trypan blue exclusion method with a minimum of 100 cellsl/field
under light microscope. For DNA  fragmentation assay HL-60 cells (2 x 109
suspendedin 9 ml culture medium were added with 1 ml DSM and cultured for 5, 12,
16, 24 and 30 h. The DNA was extracted with ApopLadder Ex™ kit, Takara
Biomedicals. Obtained DNA fragments were loaded onto a 1.5% agarose gel in TBE
buffer (89 mM Tris, 89 mM boric acid, and 2 mM EDTA) and electrophoresed at
constant voltage (100 V). The gel was stained with ethidium bromide and photographed
on a UV transilluminator. Morphological examination of HL-60 cells incubated
for 24 hours in the presence or absence of DSM was observed under a light microscope.

33. ETHANOL FRACTIONATION OF DIGESTED SKIM MILK

Skim milk (100 ml) digested with lyophilized crude yeast extract (90 mg) at pH 4.8
was heated at 95°C for 5 min then readjusted pH to 7.0 with NaOH. The resulted
precipitates were removed by centrifugation. Ice-cooled ethanol was added to the
supernatant to make ethanol concentration up to 93% and kept overnight at -20°C.
Following centrifugation at 15000 x g for 10 min precipitation (EtOH ppt) was
lyophilized and supernatant was evaporated. Obtained materials (EtOH sup) were
lyophilized by dissolving it with distilled water. Prior to study both EtOH ppt and
EtOH sup were dissolvedin 10 ml culture medium.

4. Results and Discussions

In the present study we demonstrated skim milk digested with crude yeast enzyme inhibit
cell proliferation of HI-60 cells and the morphological changes for example shrinkage,
membrane belbing, formation of apoptotic bodies are compatible with the occurrence of
apoptosis. Prior to cell proliferation assay we measured optimum digestion condition for
active materials production from skim milk with yeast extract by conducting digestion at
different pH up to 12 hours at 37°C.  During digestion sample was taken at different
time intervals and absorbance at 240 nm of 5% TCA soluble fraction was measured and
highest value was found when digestion was conducted at pH 4.8 for 3 hours (data not
shown). The result is correlated with the activity as the materials formed at pH 4.8
inhibited cell proliferation of HL-60 cells most extensively (fig-I) measured by MTS
assay. Ina separate study we found crude enzyme itselfhave no inhibitory effect on cell
proliferation where as nondigested skim milk (NDSM) exhibited minor inhibitory effect
on proliferation activity (data not shown). The results suggest cell proliferation
inhibition factor latently present in skim milk, and yeast enzyme(s) can release the
factors most specifically at pH 4.8. 'These factors are usually considered low molecular
weight hydrophilic compounds as the materials were recovered from DSM in 92%
ethanol and the insoluble materials were found inactive (data not shown). While
investigating cell proliferation by counting viable cells we found number of dead cells
linearly increased within 24 hr. incubation period (fig-2) in DSM treated HL-60 cells.
Whereas proliferation of human normal dermal fibroblast (Fb) cells was not affected by
DSM (datanot shown).
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Fig: Characterization of DSM induced proliferation inhibition in HL-60 cells. 1.Effects of DSM prepared at
different pH (O, control; V, pH 3.6; 0, pH 4.0: a, pH 4.4; ™. pH 4.8; ©-, pH 5.2; ® pH 5.6;@®. ph 6.8; +, ph

6.0) in the formation of formazan (MTS assay). 2. Time course analysis of DSM induced cell death (O: in
the presence of DSM; O in the absence of DSM), 3a. Non treated Cells. 3b. DSM treated cells and 4.
Agarose Gel electrophoresis of DNA extracted from HL60 cells (lane 1, molecular size marker: lane 2,
non-treated cells cultured for 12 h: lane 3, cells cultured with actionmycin D for 5 h; lane 47, cells cultured
with DSM for Sh, 12 h, 16 h and 20 h respectively.

Morphological examination under light microscope of the treated cells (fig-3a)
apparently shows typical apoptotic characteristics such as cell shrinkage, membrane
belbing whereas nontreated cells maintained their normal morphology (fig-3b) during
investigation period. Agarose gel electrophoresis of the DNA of DSM treated HL-60
cells showed a ladder like pattern of DNA fragments consisting multiples of around 200
base pairs (Fig-4). The results provide us to consider DSM contains active materials
that can inhibit cell proliferation activity as well as can induce apoptosis in HL-60 cell



EFFECTS OF DIGESTED MILK ON HL-60 (ELL,S 37

lines. Whereas NDSM exerts minor effects on cell proliferation of HL-60 cell lines.
So the active fragments, derived from skim milk by yeast enzymes are relatively inactive

within the structure of precursors molecules of bovine skim milk. During study me
observed DNA fragmentation (ladder DNA was occurred within 5 hours after incubation
of HL-60 cells with DSM.  But proliferation inhibition was not clearly found within
this time. We consider this behavior as DSM earlierly collapse chromatin structure of
HL-60 cells and then diminish the activity of dehydrogenase enzymes.

Physiological properties of milk have been elucidating from long before and in
most cases’ milk proteins or the peptides liberated from were found active. Peptides
derived from bovine casein, a main milk protein by hydrolyzing with trypsin or
protenase of Lactobacillus helveticus has been shown to exert various biological
activities (Chiba & Arai 1988, Yamamoto et al., 1994). S. cerevisiae is used widely for
the production of fermented milk product in food industries. So the interest is in the
enzymes of S. cerevisiae that can release these factors from bovine milk proteins. Their
carbohydrae fermenting activity is well known but proteolytic activity e.g. protein
degradation ability during fermentation not yet fully understood.  Yeast vacuole, a
lysozome like organism contains several kinds of protease. ~ Protease A, an aspartyl
endoprotenase active towards azocasein, azocol, hemoglobin and shows optimum
activity around pH 5.0 (Yokosawa et al., 1983).  Protease B is a serine endoprotenase
with a pH optimum near neutrality has molecular weight range from 31000 to 44000
(Fugishiro et al.,, 1980; Huse etal., 1982). Rotease B is also active towards azocasein,
azocol, hemoglobin. Several otherproteases such as aminopeptidases, carboxypeptidses
have also been identified in S. cerevisiae.  The specificity of these enzymes towards
milk proteins not yet investigated properly. =~ We are trying to identify the enzymes
particularly involved in the process in addition to isolate the active components from
digested skim milk.
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DIFFERENTIATION-INDUCING ACTIVITY OF HUMAN LEUKEMIA CELL
LINES BY EXTRACTS OF WILD PLANTS, SEAWEED AND MUSHROOMS
IN AKITA

KEISHI HATA, KYOKO ISHIKAWA. KAZUYUKI HORI
Akita Resrearch Institute ofFoocl & Brewing (ARIF)
1-26 Sanuki, Araya-machi, Akita 010-1623, Japan

The differentiation-inducing activity of 38 wild plants, 28 types of scaweed and 6
mushrooms was tested using the human leukemia cell line, HL60. Seven water, 6 hot
water. 11 ethanol and 23 methanol extracts were found to differentiate the cells. After
incubation with extracts of Cirsium japonicum, Laportea macrostacha. Osmunda
Japonica. Symphytum oficianale Solieria mollis and Undaria pinnatifia, the
differentiation of over 30 % of HL60 cells was induced. Furthermore. HL60 cells
differentiated into mature granulocytes following treatment with an aqucous extract of
O. japonicaat 25-50 ng/ml, as demonstrated by light microscopic examination .

1. Introduction

The human leukemia cell line, HL60 differentiates into mature granulocytes or
monocyte/macrophages following treatment with vitamins. cytokines and other
chemical compounds (Collins, 1987). By monitoring cellular properties such as
nitroblue tetrazolium (NBT) reduction activity. the potential of test agents to induce
cell differentiation can be readily measured. Recently, plant extracts were screened Tor
their cell differentiation activity and the anticancer compounds were isolated from
some plants and crude drugs using these cells or other leukemia cells (Mazur etal.,1996.
Suh etal., 1995, Umehara etal.,1996).

In Japan, wild plants, seaweed and mushrooms have been utilized as the traditional
food material after food-processing. Some plants, such as Glehnia littoralis, have been
recognized as “ Kanpou” in Japan and China. We examined the biological activity in
such food materials in Akita. We previously investigated the differentiation-inducing
activity of cells induced by extracts of 22 edible wild plants (Hata etal., 1998). We
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report here, the results of screening for the induction of HL60 cell differentiation by
extracts of 72 plants and mushrooms and the effects of extracts from 0.japonica on the
cell differentiation .

2. Materials and Methods

2.1. MATERIALS

Wild plants and mushrooms from Akita were collected between 1996 and 1998 and the
seaweed samples were a generous gift from Akita Fishery Corporative. All-trans-
retinoic acid and nitroblue tetrazolium were purchased from Wako Pure Chemical
Industry. o-naphthol AS-D-chloroacetate and o-naphthylbutyrate were purchased from
Sigma Chemical Co., Ltd and RPMI-1640 medium was purchased from Nissui
Pharmaceutical Co., Ltd.

2.2. CELLCULTURE

The human leukemia cell line, HL60 was provided by Institute for Fermentation.
Osaka. The cells were maintained in RPMI-1640 medium supplemented 10 % heat-
inactivated fetal bovine serum (EQUITECH-BIO; INC.), 100 units of penicillin /ml
and 100 pg of streptomycin /ml in a 5 % CO, humidified atmosphere at 37°C.

2.3. DIFFERENTIATION-INDUCING ASSAY

Phosphate buffered saline (PBS), hot PBS. ethanol and methanol extracts were
prepared for 72 plant and mushroom samples. In brief. the samples (10 g) were
homogenized in 3 volumes of the solvent and the extract was recovered by
centrifugation. NBT assay and esterase activity of the cells were measured as
previously described (Hata etal., 1998).

2.4. EFFECT OF AQUEOUS MATERIALS OF O. JAPONICA ON HL60 CELLS

O japonica (500 g) was homogenized in 1 L ofdistilled water and the supernatant was
collected by centrifugation. The water soluble materials were lyophilized (9.5 g).
HL60 cells were incubated with the materials for 72 h at 10 - 100 pg/ ml. After the

incubation period. the morphology: NBT reduction activity and esterase activity of the
cells were examined.

3. Result and Discussion

The effects of 72 plant and mushroom materials (x 4 solvents) on HL60 cells
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TABLE 1. Summary of differntiation-inducing activity of HL60 cells by extracts of wild plants
and seaweed

Percentages of NBT-positive cells

Sientific name (Japanese name) Water Hotwater EtOH MeOH
Wild plants
Anemone flaccia (Nirinsou) 13.1 17.4
Angelia ursina (Ezonyuu) 153
Anthricus sylvestris (Shyaku)
Aliium grayi (Nobiru) 25.9
Aralia cordata (Udo) 213
Aralia elta (Taranoki) 23.0
Asiasarum sieboldii (Usubasaishin) 21.5 11.2 253
Astilhe thunbergii (Toriashishyounia) 29.2
Brasenia shreberi (Jyunsai) 11.6
Cirsium japonicum (Noazami) 30.0 13.4
Cirsium purpuratum (Fujiazami) 19.9
Equisetum arvense (Sugina) 26.7 19.6
Eutrema wasabi (Mizuwasabi) 20.8 11.4
Hemerocalli fiilva (Yabukanzou) 21.7 12.1
Laportea macrostacha (Miyamairakusa) 28.7 10.3 314 16.5
Matteuccia struthiopteris (Kusasotetsu) 25.0
Osumunda japonica (Zenmai) 34.0 12.7 28.7 314
Pilea hamaoi (Mizu) 253
Pueraria lobata(Kuzu) 14.2 11.3 11.3
Sambucus sieboldiana (Niwatoko) 26.0 22.7
Smilax riparia (Shiode) 30.7
Symphytumofficianale (Konfrii) 11.2 14.6 30.0
Seaweed
Ceramium kondai (Igisu) 23.0
Chondrus ocellatus (Tsunomata) 14.6
Codiumfragile (Miru) 11.7
Gelidium amansii (Makusa) 132 13.0 23.3
Gracilaria verrucosa (Ogonori) 18.5
Grateloupia okomurai (Kyounohimo) 11.0
Gjmnogongrus flabelliformis (Okitsunori) 12.3
Lomentaria hakodatensis (Fushitsunagi) 10.0 18.1
Solieria mollis (Hosobamirin) 45.5 39.5 33.6
Undaria pinnatifida (Wakame) 383

differentiation were examined. The results are summarized in TABLE 1.
NBT reduction activity of HL60 cells was induced by treatment with 7 water and 5

hot water extracts. The induction was decreased or inactivated by heat treatment

except with the extract of Solieria mollis. The findings suggested that the active
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substances were unstable under this condition.
After incubation with various concentrations of the aqueous materials of O.
Jjaponica for 72 h. the morphological and histochemical properties of HL60 cells were
investigated. HL60 cells were mainly composed of promyelocytes (Figure 1. left) and
some mature granulocytes. The cells were induced to differentiate in vitro to a several
cell types. The induced cells exhibited the appearance of mature granulocyytes as w ell

as cells treated by retinoic acid (Figure 1, right).

HLBO cells Induced cells

Figure 1. Morphological change of HI 60 cells treated with aqueous materials of O. japonica.

Control HL60 cells (left) and induced cells incubated with the matalails at 50 ug/ml for 72 h (right)

Concerning NBT reduction ability, 36 % of HL60 cells were induced by treatment
for 72 h at 50 pg/ml The percentage of the induced cells at this concentration was
loner than that by retinoic acid (> 70 %) Over 50 uLg/ml the ability could not be
detected by cytotoxic effects (Figure 2)

To confirm the types of the induced cells. the esterase activities expressed in the

cells w ere exmined Usually c-naphthol AS-D chloroacetate esterase is expressed in
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40

20

% NBT-positive cells

0

Figure 2. NBT reduction activity of HL60 cells treated with the water soluble materials of
O.japonica. HL60 cells were incubated with none ( [} 10 pg ml (E51: , 25ug ml (EE) or
50 pgml (M1 for 72 h

HL60 cells and nonspecific esterase activity can not be detected. Following treatment
with the samples, the induction of nonspecific esterase was not observed. The result

indicated that the aqucous extracts differentiated HL60 cells into mature granulocytes.
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ANTI-TUMORIGENIC PROTEIN FROM ARALIA ELATA
The Induction of Apoptosis in Transformed Cells

MAKOTO TOMATSU, KYOKO ISHIKAWA& NORIO SHIBAMOTO
Akita Research Institute of Food and Brewing
4-26, Sanuki, Arayamachi, Akita 01 0-1 623, Japan

We purified a novel anti-tumorigenic protein, araliatumoricin (ATM), from shoot buds
of Aralia elata. ATM is a tetrameric protein that consists of two A-chains (33kDa)
and two B-chains (36kDa) and is selectively cytotoxic against human transformed
cells. In particular, the N-terminal sequence (25 amino acid residues) of the B-chain
showed 52% similarity with that of the B-chain of ricin, a toxic lectin isolated from
caster beans known to induce apoptosis. ATM also exhibited lectin activity, which
was inhibited by lactose and galactose. Due to the presence of ATM, the TUNEL
reaction was positive in VA13 cells and DNA fragmentation was observed in HL60
cells, indicating that ATM also induces apoptosis particularly on SV40-transformed
cells.

1. Introduction

Many growth-inhibitors of human tumor cells have been isolated from plants.
Among them, diallyl disulfide which was isolated from garlic oil increases
intracellular free calcium levels and Ca-ATPase activity and simultaneously induces
apoptosis of human tumor cells (Sundaram& Milner, 1996). These compounds were
found to be effective against several tumor cells, although the susceptibility to normal
cells was not examined.

In northeast Asian countries, plants belonging to the Araliaceae family are widely
cultivated as ingredients of medical herbs. Particularly in Japan and China, bark and
root cortex of Aralia elata have been traditionally collected for medicines with tonic,
anti-arthritic, and anti-diabetic activities. In addition, shoot buds of Aralia elata
(called “Taranome” in Japan), are a popular garnish especially in the spring in Japan.
Various compounds of relatively-low molecular weight with interesting biological
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activities have been isolated from this family: two diterpenes from Aralia cordate with
anti-tumor activities (Ryu et al., 1996) and saponins and elatosides from Aralia elata
with blood-sugar lowering and hypoglycemic activities (Yoshikawa et al. 1995),
respectively.

In this paper. we present the physical and biological properties of the novel anti-
tumorigenic protein ATM with particular reference to induction of apoptosis in
transformed cells.

2. Materials and Methods

2.1. Cell culture

WI38 (human lung) and VA13 (SV40-transformed WI38) were obtained from the
RIKEN cell bank; Flow2000 (human lung), Hs68 (human foreskin), and HL60
(human lymphocyte) were obtained from the Institute for Fermentation, Osaka; and
MKN15 (human stomach cancer) and MIA PaCa2 (human pancreatic cancer) were
obtained from the Health Science Research Resources Bank.  All cell lines except for
HL60 were cultured in Eagle's minimal essential medium (MEM) supplemented with
10% fetal bovine serum (FBS), penicillin (100pg/ml), and streptomcin (100ug/ml) at
37°C under 5% CO, in a humidified atmosphere. HL60 cells were cultured in
RPMI-1640 in place of MEM under the same conditions described above.

2.2. Assay of selective cytotoxicity

Selective cytotoxicity was estimated by observing viable cells of VA13 and W138 cells
in the presence and absence of test samples using the WST-1 assay. Specifically,
using 96-well plates. cell suspensions ( 100ul) were pre-incubated under the conditions
described above for 24 hours at a concentration of 1.0X 10* cells/ml. After the
addition ofthe sample solution (10p1), incubation was performed for 44 hours. Then,
the WST-1 solution (10ul) was added, and incubation was continued for an additional
1 hours. Subsequently. the absorbance at 150nm was measured with that at 655 nm
as a reference, and the viability index (VI) was calculated by the following equation;
Viability index (%) = (A—B)/A X 100

where A and B were the absorbance in the absence and presence of samples,
respectively. In the primary screening, we selected samples whose Vls were less than
10 on VA13 cells and greater than 50 on WI38 cells.
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2.3. Purification of ATM

All the procedures described below were performed at 4°C.  Shoot buds of Aralia
elata were homogenized with five volumes of buffer A [0. 1M Tris-HCI(pH7.4), 1mM

EDTA] in a MAXIM homogenizer (Nihon Seiki Co., Tokyo). The homogenate was
centrifuged at 8,700 X g for 30 min, and ammonium sulfate was slowly added onto the
supernatant with stirring to bring it to 80% saturation. The mixture was allowed to
stand for 60 min and centrifuged again at 8,700 X g for 30 min. The precipitate was
dissolved in a small volume of buffer B [SOnM Tris-HC1 (pH 7.4), ImM EDTA]. and
dialysis was performed against the same buffer using a Stirred Cell 8400 and a YM10
membrane (Amicon Co.). The dialyzed protein solution was loaded onto a QAE-
Toyopearl 550C (Tosoh Co.) column (4 X33 cm), previously equilibrated with buffer
B. After thorough washing with the same buffer; an elution was made with a linear
gradient of NaCl (2,000 ml) from 0 to 500 mM at lml/min. Subsequently, the
collected active fractions were pooled and Concentrated using the Stirred Cell 8400
(YM10 membrane), followed by dialysis against buffer B. = The resulting protein
solution was analyzed by native PAGE, and ATM was electroeluted from the separated
band with a Maxyield-NP (Atto Co.). The eluted protein solution was concentrated
and loaded onto a TSK-GEL G3000 SWXL column (Tosoh Co.), previously
equilibrated with buffer C [O. 1M Phosphate buffer (pH7.4), 0.IM Na,SO,] and eluted
with the same buffer at 0.5ml/min. Finally. the active fractions were pooled and
dialyzed against 10mM Tris-HC1 (pH7.4) .

2.4. Molecular weight determination

The purified protein sample was analyzed by 5-20% gradient gel electrophoresis for
10 hours with a NPG520L gel (Atto Co.) to determine the native molecular weight
using molecular markers (Pharmacia). The sample was also analyzed by SDS-PAGE
(12.5% gel) to determine the size of the subunits.

2.5. Amino acid sequence analysis

The purified ATM was transferred onto a PVDF membrane, and the N-terminal amino
acid sequence of A- and B-chains was analyzed with a Shimazu PPSQ-10 protein
sequencer. The protein sequence was examined using databases of FASTA software
and the AFFRC server (http://www. dna.affrc.go.jp).

2.6. Other analytical methods

Apoptosis was determined by the DNA fragmentation assay using the Apoptosis
Ladder Detection Kit (Wako Co.) and TUNEL reaction using the Apoptosis in situ
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Detection Kit (Wako Co.). The amount of protein was determined by the method of
Lowry with bovine serum albumin as a standard. Lectin activity was measured by
the observation of cytoagglutination of red blood cells.

3. Results and Discussion

During the course of screening, we found strong selective cytotoxicity in the water-
extracted phase of shoot buds of Aralia elata. After a series of chromatographic
purifying procedures detailed in the preceding section, we obtained 0.5 mg of ATM
from approximately 500 g of the shoot buds. Gradient gel electrophoresis revealed
that ATM is 140 kDa in molecular weight. and SDS-PAGE analysis demonstrated that
the ATM is made up of two subunits: A-chain (33kDa) and B-chain (36kDa).
Simultaneously, density analysis of these two bands on SDS-PAGE indicated that the
ratio of A- to B-chains was almost 1:1. ATM, therefore, is a tetrameric protein with
two A-chains and two B-chains.

The N-terminal sequences of the B-chain showed 52 % similarity towards that of
the B-chain ofricin, a toxic lectin isolated from caster beans (Ricinus communis), in
the first 25 amino acid residues. Ricin is a hetero-dimeric protein with A- and B-
chains. However, no distinct homology was observed between A-chains of ATM and
ricin in their N-termini.

The 50% growth inhibitory values (LDsy) of ATM on VA13 and WI38 were about 1
and 10ng/ml, respectively. The selective cytotoxicity of ATM was evaluated using
tumor cell lines such as MKN45 and MIA Paca2 and normal cell lines such as
Flow2000 and Hs68 cells. Significant growth inhibition was observed in only the
two tumor cell lines. The LD50 values on MKN45 and MIA PaCa2 were 7 and
15ng/ml, respectively. while the values on both the two normal cell lines were over
100ng/ml. These results indicated that ATM is selectively toxic to tumor cells.

During the cytotoxic studies, we observed that in the presence of ATM, 24-hour
cultivated VA13 cells formed membrane blebbing, which was indicative of apoptosis.
The effect of ATM on apoptosis, therefore, was studied by the TUNEL reaction in
VAl3cells. As shown in Figure 1, the number of positive cells increased with
increasing concentrations of ATM. In addition, DNA fragmentation was induced by
ATM treatment in HL60 cells. These results strongly suggested that ATM induced
apoptosis in human tumor cells.

As described above, the N-terminus ofthe ATM B-chain was homologous to the B-
chain ofricin. ~ Since ricin is a representative lectin, we also studied lectin activity on
ATM. As a result, we confirmed that ATM caused cytoagglutination of red blood
cells and that the reaction was inhibited by lactose and galactose. ~ATM, therefore,
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belongs to the lectin family and is recognized by lactose and galactose. It should be
noted that ricin was reported to induce apoptosis on tumor cells (Kim ef al., 1993; Qda
etal.,, 1997).

In conclusion, ATM is the first anti-tumorigenic protein isolated from the shoots of
Aralia elata. although several bioactive compounds of relatively-low molecular weight
have already been isolated from this plant family ~ATM belongs to the lectin family,
and structurally, ATM is a 140kDa tetrameric protein with two A-chains and two B-
chains. Of the lectins, ATM shares a strong structural homology with ricin in their
N-terminal domains of their B-chains. Lectin activities of ATM and ricin recognize

lactose and galactose, and furthermore, the two lectins induce apoptosis. The
correlation between ATM and ricin in their detailed structures and bioactivities should
be investigated in the future.

165ng/ml

e "
ATM-treated VA13 cells by TUNEL-reaction.

Figure 1. Apoptosis detected in
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SUPPRESSION OF W DAMAGE-INDUCED APOPTOSIS OF HUMAN
MELANOMA CELLS BY A FERMENTED MILK, KEFIR
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Kiichiro Teruya', Yoshinori Katakura!, David W. Barnes’,
Sennosuke Tokumaru?, Sanetaka Shirahata!

!Laboratory of Cellular Regulation Technology, Graduate
School of Genetic Resources Technology, Kyushu University,
Hukozaki,  Higashi-ku,  Fukuoku  812-8581,  Japan;
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USA; SNihon Kefir Co. Ltd., Asahi-cho, Fujisawa 251-0054,
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ABSTRACT

Kefran-Kefir powder was suspended in distilled water and centrifuged
to remove insoluble fraction. The supernatant was sterilized by
filtration, and named Kefir extract. Human melanoma HMV-1 cells
were  UV-irradiated, and the DNA damage-induced apoptosis and
thymine dimer formation were examined. The Kefir extract remarkably
suppressed UV irradiation-induced apoptosis. This effect was observed
in all cases of Kefirtreatment that was done before, during, and after
UV irradiation. Furthermore, we examined the effect of Kefir on UV-
induced thymine dimer formation, which 1is the main cause of cell
death by UV irradiation. UV-induced thymine dimer lormation was
suppressed by Kefir-treatment before and during UV irradiation. Kefir-
treatment after UV irradiation resulted in rapid decrease of the
amount of thymine dimer. In conclusion, these results demonstrate
that Kefir components enhance repair of UV-damaged DNA and
protect DNA from UV-damage.

1. Introduction

It has been known that ultraviolet ray (UV) produces free radicals, or
reactive oxygen species in a cell, which damage chromosomal DNA.
This damage results in genetic mutation, cell death or cellular
carcinogenesis. For human skin, UV-irradiation may cause cell death

385



386

or precancerous lesions. Kefir is the fermented milk originating from
the Caucasus mountains and is known to have numerous benefits. It
has been  demonstrated that sphingomyeline derived from  Kefir
augmented the interferon-B production in cells in  which  virus
infection is mimicked by stimulation with poly I: poly C, demonstrating
that Kefir-derived components can activate the immune system to
avoid virus infection [1, 2]. Here we report that Kefir can suppress
apoptosis of human melanoma cells caused by UV damage.

2. Materials and Methods
2.1. Cells

A human melanoma cell line HMV-1 cell was provided by Japanese
Cancer Research Resources Bank (JCRB). This cell line is deficient to
produce melanin pigment and relatively resistant to irradiation.

2.2. Preparation of a Kefir extract sample

Kefran-Kefir powder was obtained from Nihon Kefir Co. Ltd. The power
was suspended in distilled water and centrifuged to remove insoluble
fraction. The supernatant was sterilized by filtration, then mixed with
F12 medium. We used it as a Kefran-Kefir extract sample.

2.3. Kefir extract treatment

Treatment of human melanoma HMV-1 cells with the Kefir extract
before UV irradiation: after incubation HMV- 1 cells with culture
medium including Kefir for 5 hours, we aspirated medium, washed
cells, and charged medium to fresh one. UV irradiation was performed
by UVC at the dose of 600J/m*> for a minute to HMV- 1 cells. Treatment
of HMV-1 with Kefir during UV; Kefir was added to medium only
during UV irradiation. Treatment HMV-1 cells with Kefir after UV, after
UV irradiation, HMV- 1 cells were incubated with medium including
Kefir for 5 hours.

2.4. Detection of apoptosis
We wused Apoptosis Detection System, Fluorescein Kit (Promega) to

detect apoptosis. Apoptic cell was detected by TUNEL method, which
detects 3’OH end of chromosomal DNA breakage by apoptosis [3].
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2.5. Detection of thymine dimer

We detected thymine dimer formed on chromosomal DNA by mouse
monoclonal anti-thymine dimer antibody (KYOWA) [4,5]. Fixed cells
were treated with the antibody, and labeled with FIX-conjugated
anti-mouse IgG antibody.

3. Results and Discussion
3.1. Suppressive effect against apoptosis
Kefir remarkably suppressed UV irradiation-induced  apoptosis.  This

effect was observed in all cases of Kefir-treatment that was done before,
during, and after UV irradiation. (Fig. 1)

4 UV irradiation
SO T ;
) poplosis
Kefir—&)__{() observation |
\_ =+ 0 W (hours) Control Kefir
;o UV irradiation
e * apoplosis
Kefir, . observation
é 0 'S(huurs]

== apoptosis
observation

4 0 B (hours) Control  Kefir

Figure 1. Suppressive effect against apoptosis Top figure shows the
effect of Kefir treatment before UV irradiation against cell apoptosis by
UV damage. Center figure shows the effect of Kefir treatment during
UV irradiation against cell apoptosis by UV damage. The bottom figure
shows the effect of Kefir treatment after UV irradiation against cell
apoptosis by UV damage.
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3.2. Suppressive effect of Kefir against UV-induced thymine dimer
formation

Furthermore, we examined the effect of Kefir on UV-induced thymine
dimer formation, which is the main cause of cell death by UV
irradiation. Pretreatment of human melanoma HMV- 1 cells with Kefir
extract before UV irradiation resulted in suppression of the thymine
dimer  formation (Fig. 1). The results from Kefir pretreatment suggest
that Kefir gives cells the resistance against UV damages and/or
stimulates the repair of UV-damaged chromosomal DNA. Treatment of
HMV-1 cells with Kefir extract only during UV irradiation suppressed
the apoptosis and thymine dimer formation (Fig.2). These results
suggest that Kefir has protection effect from UV irradiation. Treatment
of HMV-1 cells with Kefir extract after UV irradiation caused that the
number of thymine dimer in the cell rapidly decrease. These results
suggest that Kefir stimulate the repair of UV-damaged chromosomal
DNA.

UV irradiation
e Thymine dimer
Kefir— (+) observation
L i ' ) 8
-5 0 2 4 (hours)

Control Control  Kefir Control  Kefir

Figure 2. Suppressive effect of Kefir against thymine dimer formation
(Kefir treatment after UV irradiation)
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Fatty acid transporter (FAT) protein and its mRNA. originally expressed in adipose
tissue, were found in the tongue of rats. ~ Northern blot analysis showed a significant
expression of FAT mRNA in the epithelial layer of circumvallate papillae.
Immunohisto chemical staining revealed that immunoreactivity for FAT is specifically

localized in the apical part of taste bud cells, possibly gustatory cells, in the circumvallate
papillae.

Fat in food is not only a source of essential nutrients. but also plays an important
role in taste sensation. It is generally known that some laboratory animals, such as rats
and mice. have a preference for high fat diets [1].  Recently, several studies strongly
suggest that dietary fatis recognized in the oral cavity and thatlong chain fatty acid
(LCFA) may be apotential taste stimulus [2,3].  In mammals, five kinds of proteins
have been identified as LCFA-binding proteins present on the cell membrane [4-9].  Fatty
acid transporter (FAT) is one of the above proteins and 85% similar to human CD36
glycoprotein[8,9].  Previously we showed the selective expression of FAT in the brush
border of jejunal epithelial cells which participates in the fat-sensory mechanism of
intestinal epithelialcells[10]. FAT mRNA in the small intestine is increased by a
LCFA-rich diet, suggesting the participation of FAT in the sensation or absorption of
dietary fat [11]. We considered that if FAT or related proteins are involved in the
sensation of dietary fat in the oral cavity, they must be expressed in taste organ. In this
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study. we examined the expression and distribution of FAT mRNA and protein in taste
buds of circumvallate papillae in rats.

MATERIALS AND METHODS
Northern blot analysis

The tongue and epididymal fat pad for control were dissected out from twenty male
Wistar rats weighing about 180g. The lingual epithelium was isolated from the tongue
according to Striem et al. [12], and the epithelial layer were divided into three parts: the
circumvallate papillae, the epithelium covering the posterior one thud of the tongue except
circumvallate papillae (tongue nonsensory epithelium), and the epithelium covering the
anterior two thirds of the tongue (anterior tongue epithelium). RNA after fractionation
on agarose gel was transferred onto nylon membrane, and hybridized with randomly primed
32P-labeled rat FAT cDNA probe or rat b-actin cDNA probe at 42°C. After washing, it
was subjected to autoradiography at -70°C using Fuji AIF X-ray film.

Immunohistochemical staining

Another five rats were perfused via the aorta with a physiological saline, followed by
4% paraformaldehyde in 0.1M phosphate buffer, pH 7.3. Lingual tissues containing the
circumvallate papillaec were dissected out and immersed in the same fixative for additional
6hr. Afterdippingin 30% sucrose overnight. the tissues were quickly frozenin liquid
nitrogen. Cryostat sections, about 15 mm in thickness, were prepared and processed to
avidin-biotincomplex (ABC) methodusingtheanti-FATserum. Thesectionswere
incubated with the antiserum dilutedin 1 : 3,000 overnight. The antigen-antibody
reaction was detected using a streptavidin-biotin kit (Histfine, Nichirei, Tokyo).

RESULTS AND DISCUSSION

To examine whether FAT gene is expressed in lingual epithelium, Northern blot
analysis using FAT cDNA was performed for RNAs obtained from circumvallate papillae,
surrounding nonsensory epithelium which lacks taste buds (tongue nonsensory
epithelium), and anterior tongue epithelium. where fungiform papillac with a few taste
buds are scattered.  Adipose tissue RNA from the epididymis was also used as an internal
control. In circumvallate papillae, a small but significant amount of FAT mRNA was
expressed (Fig. 1, lane 3). However, no FAT mRNA was detected in the tongue
nonsensory epithelium and the anterior tongue epithelium (Fig. 1, lane 1, 2).

Since FAT mRNA was found to be expressed specifically in the epithelium of
circumvallate papillae, immunohistochemical analysis of the tongue was performed using
anti-FATantibodyto identify the expressionsite of FAT in circumvallate papillae.
Immunoreactivity for FAT was localized exclusively in taste buds, in which
immunoreactive cells and immunonegative cells were intermingled (Fig. 2). In
immunoreactive taste bud cells. the apical part of cells were intensely labeled (Fig. 2).
Western blot analysis using the same anti-FAT scrum failed to detect the band
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corresponding to FAT in circumvallate papillae as well as in the tongue nonsensory
epithelium and the anterior tongue epithelium (data not shown), indicating that a very little
amount of FAT protein may be expressed in circumvallae papillae.

In the rat tongue, mRNA of FAT was specifically expressed in the epithelium of
circumvallate papillae, and the immunoreactivity for FAT was restricted to taste buds,
mainly in the apical part of taste bud cells. These finding strongly suggest the
involvement of FAT in taste sensation of the circumvallate papillac. FAT, which was
isolated and purified from adipocytes. increases the uptake of fatty acid when expressed in
the Ob17PY fibroblast, and combines with LCFA reversibly [8, 14]. Since FAT and
CD36 differ in structure from most of the membrane carriers with many transmembrane
regions, they are considered to function as receptors for LCFA rather than LCFA
transporters. The fact that FAT has a region which interacts with Src kinase at the C-

Fig. 1. Northernblotanalysis of

FAT in tongue epithelium and
285 — adipose tissue of rat. Electrophoresis
—— FAT was obtained using 7 mgtotal RNA
188 - obtained from lingual epithelium

separated into anterior tongue
fungiform (lane I), tongue
nonsensory epithelium (lane 2), and
circumvallate papillae (lane 3). Lane
4 shows RNA from adipose tissue.

<@ B-Actin

Fig.2. Immunohistochemical
staining of rat circumvallate papillae
withanti-ratFAT. Some cells in
each taste bud are stained positively
with more intense labelinginthe
apical part of cells.
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terminal suggests a role in the signal-transferring process initiated by binding with LCFA
[9, 15, 16]. Therefore, FAT may play arole in cellular signal transmission by binding
diet-derived LCFA at the apical cell surface of taste buds rather than responding at the
basolateral cell surface.

For detection of fat by taste buds, fat must be digested into LCFA in the oral cavity.
The circumvallate papillae are associated with the proper salivary glands called Ebner's
glands. The excretory ducts of the glands are open to the bottom of circular furrow. All
taste buds lined along the furrow are exposed directly to the fluid secreted from Ebner's
gland. Several studies revealed rich existence of lipases in the secretions from the Ebner's
gland [17-19].  Therefore, LCFA gencrated from triglyceride may be carried to taste cells
by lipophilic carrier molecules, and sensed as the presence of fat in the diet.

The intake of food is known to be rapidly regulated through chemoperception of
diet-derived molecules before absorption in the small intestine [20]. a-gustducin, which
is the a-subunit of trimeric GTP-binding protein complex expressed in taste buds [21], is
also found in the intestinal epithelium [22]. Since o-gustducin participates in
intracellular signal transfer of bitterness and sweetness by acting with the taste receptors on
cell membrane [23], the chemoperception mechanism for the diet-derived molecules in
taste cells is considered similar to that in the digestive tract.  Previously, we suggested the
participation of receptor protein in the fat-sensory mechanism of intestinal epithelial cells
[24, 25]. And, selective expression of FAT in the brush border of jejunal epithelial cells
suggests that FAT participates in sensation or absorption of dietary fat [10, 11]. In
addition, we showed that the rat's preference for fat is quite similar to the recognition of fat
in small intestinal epithelial cells [26]. Thus, we conclude that some dietary fat detecting
system similar to that in the intestinal epithelium exists in taste cells, and that FAT
participates in the sensory mechanism.  These findings provide clues to the long-sought
molecular and cellular basis for chemoreception in the oral cavity.
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Abstract.  Effect of Rose Bengal (RB) on immunoglobulin (Ig) production by
mouse B lymphoma WEHI-279 cells was examined. At 100 puM, RB increased IgE
concentration in the culture medium but decreased the levels of IgG and IgM. To
examine whether RB affect to the secretion of IgE from WEHI-279 cells or its
synthesis, intracellular and extracellular Ig levels were compared. Cytoplasmic IgE
level in the cells treated with 100 uM RB was higher than in the cells cultured
without RB. Reverse transcriptase-poly merase chain reaction (RT-PCR) experiment
show ed that the level of productive € transcripts of RB-added group was higher than
that of control but RB did not affect germ-line € transcripts. These results suggested
that RB enhancement of IgE was due to the increase of the Ig synthesis by WEHI-
279 cells, neither to the increase of secretion activity of Ig from the cells nor to the
enhancement of class-switching to IgE producing cell.

1. Introduction

Food additives are used for coloring, preservating, flavoring, and so on for our
benefit. But many adverse reactions are reported when ingested.  For instance,
sulfites causes asthmatic attack and Tartrazine revcal urticaria (Tarlo and Sussman,
1993; Weber, 1993; Wiithrich, 1993). However, only a few of these agents are
currently known to play a role in promoting allergielike reactions and few
information about the mechanism of allergic reaction to the additives are known.
Therefore, we focused on the effect of food additives on immunoglobulin
production. Allergies against food or environmental allergens are mainly induced
by the reaction classified as type I allergy, in which the induction of allergen-
specific IgE plays an essential role (Metcalfe, 1991). In this paper, we report the
effect of Rose Bengal on Ig production by WEHI-279, mouse B lymphoma cell.
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2. Materials and Methods
2.1 REAGENTS

Rose Bengal was purchased from Wako Pure Chemicals (Osaka, Japan). Mouse
IgG, M antibody, goat anti-mouse IgG and HRP-conjugated goat anti-mouse IgG
were provided from Zymed Lab. (San Francisco, CA) and mouse IgE from
Seikagaku Co. (Tokyo, Japan). Rat anti-mouse IgE was purchased from
Experimental Immunology (Brussels, Belgium) and goat anti-mouse IgM and HRP-
conjugated goat anti-mouse IgM from Cappel (West Chester, PA). Biotin-
conjugated rat anti-mouse IgE was provided from Experimental Immunology and
HRP-conjugated avidin from Dakopatts (Glostrap, Denmark).

2.2 CELLS AND CELL CULTURE

Mouse B lymphoma, WEHI-279 cells were kindly gifted from Medical Institute of
Bioregulation, Kyushu University (Fukuoka, Japan). The cells (1 x 10° cells/ml)
were cultured with RB or PBS in RPMI1640 medium supplemented with 10% fetal
bovine serum at 37°C in 5% CO0, circumstance. Then culture supernatants were
harvested for Ig measurement. To examine the cytoplasmic Ig level, the cell
homogenate prepared by Handy Sonic (model UR-20P; Tomy Seiko co., Ltd.;
Tokyo, Japan) was centrifuged at 2000 x g for 25 min and the supernatants were
recovered. Ig concentration in the culture supernatants or the cell lysates was
measured by ELISA, as reported previously (Yamada et al., 1993). Data were
analyzed by a one-way analysis of variance followed by Duncan's new multiple-
range test to evaluate significant differences (Duncan, 1955).

TABLE 1. Primers sequences used in this experiment.

Amplified RNA Primer sequence Size of amplified product
(Position)
IgE mRNA sense:5-TGGACTACTGGGGTCAAGG-3' 365bp

(no numbered)
antisense:5-AGCGATGAATGGAGTAGC-3'
(991-1008)

& germ-line transcripts sense:5*~ACTAGAGATTCACAACG-3' 423 bp
(771-778)
antisense: 5~AGCGATGAATGGAGTAGC-3'
(991-1008)

p-Actin sense: 5-TGGAATCCTGTGGCATCCATGAAAC-3' 348 bp
antisense: 5-TAAAACGCAGCTCAGTAACAGTCCG-3'

2.3 AMPLIFICATION OF mRNA USING RT-PCR

After the culture, mRNA extracted from cells were amplified by RT-PCR.  The
primers used in this experiment was summerized in Table 1. The temperatures and
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reaction periods used during amplification were 94°C for 30 sec for DNA
denaturation, 55°C for | min for primer annealing and 72°C for | min for primer
extension and the reaction in the RT-PCR was performed in 35 cycles. The PCR
products were separated by agarose gel electrophoresis and visualized by staining by
ethidium bromide to take electronical pictures using digital devices (Eastman Kodak
Co., Rochester, NY).

3. Results and Discussion

3.1 EFFECT OF ROSE BENGAL ON IMMUNOGLOBULIN PRODUCTION BY
WEHI-279 CELLS

We have already reported that RB increased IgE production and inhibited IgG and
IgM production by rat spleen lymphocytes (Kuramoto et al., 1997). To investigate
the mechanism regulated by RB, we used WEHI-279 and excluded the possibility of
T cell commitment. At first, we examined dose-dependent effect of RB on Ig
production by WEHI-279 cells.
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Fig. 1. Time-courses of Ig production by WEHI-279 cells. Cells were cultured with PBS (as vehicle of
RB; O). 1 uM of RB(®). 10 pM of RBi(m). 100 uM of RB (?), or | mM of RB (A) for various times
and the culture supernatant was collected to measure the Ig concentrations by ELISA (n=3). Both IgG
and IgM concentrations were indicated as ng/ml and IgE as optical density (A415). The results indicated

here were the mean+SE.

As shown in Fig. 1, Ig concentration in the culture supernatant increased to 60 ng/ml
for IgG and 300 ng/ml for IgM when cultured for 4 days with 0-10 uM RB. When
cells were cultured with 100 pM RB, these Ig levels increased gradually until 8
days. In both cases, the cell viability was over 90% (data not shown). On the other
hand, IgE level in the culture supernatant increased to 0.8 in O.D. when cultured for
1 days with 100 uM RE and then the level decreased gradually. When cells were
cultured with 10 uM RB, the IgE level increased more gradually than that with 100
uM RB, while 0-1 uM RB did not affect IgE level strongly.
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32 EFFECT OF ROSE BENGAL ON INTRACELLULAR AND
EXTRACELLULAR IMMNOGLOBULIN LEVELS

To clarify whether RB affect to production or secretion of these Igs, WEHI-279 cells
were cultured for 24 hr in the presence of RR and intracellular and extracellular Ig
levels were determined. = WEHI-279 cells were cultured with or without various
concentrations of RB for 24 hr and culture supernatant was collected to apply to
ELISA. On the same time, the cells were homogenized to measure cytoplasmic Ig
concentration.

Control a H a | a
RB 1uM |
@ | Ja [ Ja a
RB 10uM i b 4 ) 4
RB 100uM ld la b
00020406080 5 10 15 O 20 40 60 80 100
IgE (415nm) IgG (ng/mil) IgM (ng/ml)
Control ] a H 3 | a
®) RB 1uM _ja 5 a
RB1OAM |}, i 3
RB 100uM b b b

0002040608 0 5 10 15 0 20 40 60 80 100
IgE (415nm) IgG (ng/ml) IgM (ng/ml)

Fig. 2. (A) Effect of RB on Ig production by WEHI-279 cells and (B) effect of RB on cytoplasmit Ig
concentration in WEHI-279 cells. ~ Cells were cultured for 23 h in the absence or presence of RB and t, e
Ig concentration in the culture supernatant were determined (for result of A) or were lysed by sonication
to determine the Ig concentration in the cells (for result of B) by ELISA (n=5). Both IgG and IgM

concentrations were indicated as ng/ml and IgE as optical density. at415 nm. a-cValues in the same
group without a common letter are significantly) different at p < 0.05.

As shown in Fig. 2, RB elevated both intra- and extracellular IgE level at 100 uM
and weakly at 10 uM.  On the contrary, RB did not affect both intra- and
extracellular IgG level at 1-10 uM, however 100 uM RB suppressed intracellular
IgG level weakly.  The effects were also seen in the case of both intra- and
extracellular I[gM level. These results suggest that RB enhancement of IgE at 100
pM was due to the increase of the Ig production by WEHI-279 cells, not to the
increase of secretion activity of Ig from the cells.
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3.3 THE EXPRESSION OF € TRANSCRIPTS FROM WEHI-279 CELLS

WEHI-279 cells were cultured for 72h with or without RB to clarify the effect of RB
on transcription of IgE gene. In addition to IgE mRNA, the level of germ-line €
transcripts, which is expressed in the course of class-switching to IgE producing
cell, is also determined. As shown in Fig. 3, the IgE mRNA level was enhanced in
the presence of RB, while germ-line € transcripts were expressed irrespective of the
presence of KB. Thus, it is suggested that RB enhances IgE production of WEHI-
279 cells through the increase of IgE mRNA expression and not through the
stimulation of class-switching to IgE producing cell.

1 2 3 4
423bp > W 4 o g ©germline transcripts

IgE mRNA

p-actin

Fig. 3. Effect of RB on the expression of Pe and Ge of WEHI-279 cell. Cells were cultured for 72 h in
the presence or absence of RB at each concentration and RNA was extracted from the cells to apply to
RT-PCR. Each lane indicates: Lane 1: Control (PBS as a vehicle of RB): Lane 2: I uM of RB: Lane 3:

10 uM of KB; Lane4: 100 uM of RB.
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Abstract We have previously reported that Rose Bengal (RB) can dance IgE
production in rat spleen lymphocytes without increasing the production of IgG and IgM.
To examine the effect of RB in human B cell lines, U-266 (IgE producer), H\My-2 (IgG
producer) and NAT-30 (IgM producer) cells were cultured with RB, and the medium
immunoglobulin (Ig) level was measured by ELISA. Though RB enhanced IgE
production in rat lymphocytes, it inhibited IgE production in U-266 and IgG productionin
HMy-2 cells in dose dependent manner. In NAT-30 cells, RB slightly inhibited IgM
production at 0.1 pM, while it enhanced production at 10 pM. These results suggest that
RB directly modulates Ig production in B cells, and that the modulatory effect is different
between rat lymphocytes andhuman cell lines. Therefore, we examined the effect of RB
on Ig production in human peripheral blood lymphocytes. We found that RB did not
enhance IgE production in lymphocytes as well as human cell lines.

Introduction

Allergic reactionsareusually classifiedinto 4 types andtype I allergyplays an important
role in the expression of allergies against food allergens. In this type of allergy, IgE
triggers the allergic response by stimulating mast cells and basophils, which release
inflammatory chemicalmediators. Conversely, [gG inhibit allergic reactions through the
competition with IgE. It has been reported that some food components, such as bile acids
(Lim et al., 1994) and unsaturated fatty acids (Yamadaet al., 1996), enhance Ig Esecretion
and suppress the production of IgG and IgM in ratlymphocytes. In addition, it has been
reported that some food additives exert an adverse effecton allergic diseases (Weber, 1993;
Tarlo ef al., 1993; Fuglsang ef al., 1994). Thus, it is important to clarify the effect of
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food components on the regulation of allergic responses.

Among food additives, Rose Bengal (RB) has been shown to exert strong regulatory
control on the production of Ig in rat lymphocytes (Kumoto et al., 1997), but the
mechanism by which RB replateslg productionhas not beenclarified. In this study, we
compared the effect of RB on Ig production in human established cell lines andperipheral
blood lymphocytes to measure the influence of RB on human Ig production.

Materials and Methods

RB, 4, 5, 6, 7-tetradoro-2', 4', 5', 7'-tetraiodofluorescein (C20H2ClslsNa20s, M.W.
1017.64) was purchasedfrom WakoPure Chemical Industries (Osaka,Japan)anddissolved
in phosphate bufferedsaline, pH 7.4.

We used the following human cell lines to examine the regulatory control of RB on Ig
production; the IgE producing myeloma cell line U-266, the IgG producing B
lymphoblastoid cell line HMy-2 and the IgM producing Burkitt’s lymphoma cell line
NAT-30. These cells were culturedin ERDF medium (Kyokuto Pharmaceutical, Tokyo,
Japan) supplemented with 5% fetalbovine serum (FBS; IntergenCo., W) at 37°C under
humidified 5% C02-95% air. Cells were in oculated at 1x10° cells/ml and cultured with or
without RB for 144 hr. Human peripheralblood lymphocytes (PBL) were isolatedfrom
two volunteers, as previously mentioned(Murakami ez al., 1997). PBL wereinoculated
at 1x10° cells/ml and cultured in 10% FBS-ERDF medium containing 0 to 100 uM RB for
72 hr.

Cell number was counted using a hematocytometer and cell viability was determined
using the trypan blue staining method. Ig content in culture medium was determinedby
ELISA, according to the method described previously (Yamada et al., 1993).

Results
Effect of RB on proliferation andlg production in various human cell lines

First, we examined the effect of RB on proliferation and IgE production in U-266 cells.
As shown in Fig. 1, a decrease in cell viability was not seen in the cells culturedwith either
0.1 or 1 uMofRB. Ontheotherhand,cellproliferationwasinhibitedwhenculturedwith

10 uM RB and cell viability declined to 87% after a 144-hr continuous cultivation. RB
did not affected the level of IgE in the culture medium during the first 72 hr, but dose-
dependently inhibited the production there after.

Next we examined the effect of RB on proliferation and IgG production in HMy-2 cells.
As shown in Fig. 1, the cells exponentially proliferated during the first 72 hr and then the
cell number ceased to increase. With the cell number reaching a plateau, a linear decrease
in cell viability was observedirrespectiveof the concentrationof RB. Medium IgG level
increased linearly after a 24-hr lag period and inhibition of IgG accumulation became
significant at the 96 hr point after inoculation in the presenceof 1 or 10 uM RB.
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When NAT-30cells were cultured with RB, inhibition of cell proliferation was observed

only at a concentration of 10 uM.  Interestingly, RB slightly inhibited IgM production at
0.1 uM, while production was enhanced at 10 pM (Fig. 1).

Human Myeloma U-266 Cells
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Fig 1. Effect of Rose Bengal on Proliferation and Immunoglobulin Productlon of
Human B Cell Lines

Cells were inoculated at 1x105 cells/ml in 5% FBS-ERDF medium supplemented with 0
(0).0.1 (@), 1 (A)and 10 (@) uM of Rose Bengal and cultured for 144 hr. In the left
figures, solid lines show cell density and broken lines show cell viability
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Effect of RB on Igproduction by human PBL

To investigate the effect of RB on Ig production in human primary cultured cells, PBLs
were cultured in 10% FBS-EXDF medium with or without RB for 72 h.  Cell viability
was maintained above90% throughout the entire culture time period when cultured without
RB, but decreasedto 70% when cultured in the presence of 100 uM RB after the 72-hr
cultivation (data not shown). As shown in Table 1, RB significantly decreased IgE
production in PBL isolated from donor 1 at all concentrations used here, but not in those
from donor2. When measuring IgG andIgM production, the inhibitory effect of RB was
observed at 100 uM in both donors.

Table 1. Dose-dependent Effect of Rose Bengal on Immunogloblin
Production by Human Peripheral Blood Lymphocytes

Ig concentration (ng/ml)

Rose Bengal Donor 1 Donor2
cone. (k eE G IgM eE g6 IgM
None 11£1 53+2 2342 3+1 33+4 2642
0.1 6£2%**  5]£3 284+2% 2+1 3242 2242
1 S+ I*** 5042 22+ 1 2+1 31+1 2343
10 O6£2%**  4543%* 224D 3+1 30+1 2142%
100 SE2¥*F DSEA¥FEF St TREE 34 16£2%** L] ***

Human PBL were indicated at 1x10cells/mlin 10% FBS-ERDF medium
supplemented with none or various cencentration of Rose Bengal and cultured
for 72 hr. Then, the amount of IgE, IgG and IgM in each culture medium was
measured by ELISA. bta are meam+SD (n=4 and significantly dilferent from
none at *p <0.05, **p <0.01 and ***p <0.005.

Discussion

In the previous study, Kuramoto et al. (1997) reported that RB class-specifically
regulates Ig production in rat spleen lymphocytes. Because various types of cells are
present in splenocytes, identification of target cells form is difficult using lymphocytes.
Thus, we used three different human B cell lines each producing only a single Ig class to
investigate the direct effect of RB. We found that RB does module the production of Ig in
all three of these cell lines. Recently, similar regulatory control of Ig production has been
reported in diesel exhaust particles (Tsien ef al., 1997), enolase and alcohol dehydrogenase-I
(Sugahara et al., 1998,97). These results suggest that RB modulates Ig production in B
lymphocytes through its direct interaction with B cells.

However, the modulatory effect of RB observedin the human B cell lines used here is
different from that reported in rat spleen lymphocytes (Kuramoto ez al., 1997). RB inhibited
IgE production in human myeloma U-266cells, whereas it enhanced IgE production in rat
spleenlymphocytes. Furthemore, RB concentration thresholds needed to modulate Ig
production were much lower in human cell lines (0.1 to 100 pM) than in rat lymphocytes
(50 to 1000 u M). When assaying human lymphocytes, RB suppressed IgE production in
PBLs from donor 1 at relativelylow concentrations between 0. 1 to 100 pM. It is known
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that sensitivity to physiologcal active components is different between animal species
(Veronesietal., 1993). Theseresults suggest that RB regulates Ig production in human
B cells through a different manner than in rat B cells.
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INHIBITORY ACTION OF CAROTENOIDS IN CRAB SHELL ON
THE INVASION OF HEPATOMA CELLS CO-CULTURED WITH
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ABSTRACT

The effects of crab shell extract and related carotenoids on the invasion of hepatoma
(AH109A) cells were studied in a co-culture system of AH109A with mesentery-
derived mesothelial cells. Extracts from both raw and boiled crab shell showed
significant inhibition of the AH109A invasion. Both astaxantin and B-carotene,
carotenoids with antioxidative activity and identified in crab shell extract, inhibited
the invasion of AH109A at a concentation of 5 uM without affecting the
proliferation of the hepatoma cells. The loss of anti-invasive activity due to boiling
was more prominent in astaxanthin than in B-carotene. This supports an assumption
that compounds with antioxidative activity would generally suppress the invasion of
cancercells.

1. Introduction

Cancer cells possess two biological characteristics, namely, endless proliferation and
metastasis. Among the complicated and sequential steps of metastasis, the invasion
of cancer cells is regarded as an important and characteristic step [1]. The inhibition of
these biological events is expected to prolong the life span of a host with cancer. We
have recently reported that extracts of two popular beverages, tea [2] and coffee [3],
and sera obtained from rats orally given tea [4] or coffee [5] extract suppress the
invasion of hepatoma cells in vitro. Both tea and coffee contain polyphenolic
components with antioxidative activity. From the results of these and other works,
we assumed that compounds with antioxidative activity would generally suppress the
invasion of cancer cells. One means to verify this assumption is to investigate the
effects of antioxidants structurally unrelated with polyphenols. Astaxanthin is a
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carotenoid with antioxidative activity [6] and is contained in crustaceans [7]. In the
present study, the effects of crab shell extract and related carotenoids on the invasion
ofhepatoma cells were studied in a co-culture system.

2. Materials and Methods

Cell culture and invasion assay. As model cancer cells, an ascites hepatoma cell line
of AK109A was used [8,9]. AHIO9A cells were maintained in DM-160 medium
containing 10% calf serum (10% CS/DM-160). The effects of crab shell extract and
related carotenoids on the proliferation of hepatoma cells were measured by WST-1
method [4]. Their effects on the invasion of hepatoma cells were measured by co-
culture system of AH 109A with mesentery-derived mesothelial cells (M cells)
according to the procedure of Akedo et al. [ 10] with slight modifications as described
previously [2]. Briefly, primarily cultured M cells from mesentery of rats were
cultured in 10% CS/DM-160 for 7-10 days to attain a confluent state. AH109A cells
were then seeded on the monolayers and cultured for 48 hr. Invading AH109A cells
arid colonies underneath M cells were counted with a phase-contrast microscope.
Usually at least 10 areas were counted and the invasive activity of AHI09A was
indicated by the number of invading cells and colonies/cm?.

Preparation of crab shell extract and experimental medium. Crabs were washed with
water and cut into two pieces. One piece was heated in boiling water (boiled crab),
while the other was not (raw crab). Shells were removed from raw and boiled crabs,
frozen in liquid nitrogen, and ground up. From the resultant powder of the crab shell,
carotenoids were successively extracted with methanol and ethyl acetate. The pooled
solvents were evaporated to dryness and dissolved in dimethyl sulfoxide (DMSO). The
DMSO solution of raw crab extract was heated for 5 min in boiling water if
necessary. Astaxanthin (Sigma) and B-carotene (Sigma) were also dissolved in
DMSO. The DMSO solutions ofthe carotenoids were allowed to stand for 5 min in
boiling water when necessary. The DMSO solution of crab shell extract and
carotenoids was added to 10% CS/DM-160 at a final DMSO concentration of 0.5%.
After being sterilized by membrane filtration, the effects of samples on the
proliferation and invasion of AH109A were tested in vitro. The pooled extract
solvents were also subjected to analysis by thin-layer chromatography using a Silica
gel 60F,s, TLC plate (Merck). Corotenoids were developed in a solvent of hexane-
ethyl acetate (1:2, by volume) and visualized with ultraviolet lamp (2536A).

Statistical anyalysis. Data were expressed as means + standard errors. Statistical
analysis was done using one way analysis of variance followed by Tukey’s Q test.
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3. Results and Discussion

Examination of the effects of extracts from both raw and boiled crab shell showed
significant inhibition of the AHI09A invasion by 47.3% and 40.4%, respectively
(Exp. 1A in Table 1). Crab extract boiled after extraction from raw shell also
significantly inhibited the invasion of hepatoma cells (Exp. 1B in Table 1). In
contrast, they had little effect on the AH109A proliferation at the same concentration
(data not shown).

Table 1. Effects of crab shell extract on the invasion of AH109A cells.

Boiled
Treatment before extraction™® after
extraction**
Exp. 1A Exp. 1B
% of control

Vehicle (control) 100.0+ 9.1a 100.0+£5.3a
Raw crab shell extract 52.7410.2b 51.5+7.8b
Boiled crab shell extract®.** 59.6+11.W 46.5H30Db

Each value represents the mean = SEM for 10 areas. Raw or boiled crab
shell extract was added to experimental medium at a concentration of 52
ng/ml. Control values are 2633 + 239 (Exp. IA) and 5323 + 285 (Exp.
1B) (mean + SEM. number of invading cells and colonies/cm?). Values
not sharing a common letter are significantly different at p < 0.05 by
Tukey's Q test.

These results indicate that a thermostable component(s) with anti-invasive
activity might be contained in the crab shell extract. To identify such component(s),
the extract was chromatographed with a Silica gel 60F,s4 TLC plate. At least two
main bands were detected under a UV lamp; their Rf values were 0.43-0.45 and 0.90-
0.93, being equivalent to those of astaxanthin and B-carotene used as markers,

respectively. Thus, we next examined the effects of astaxanthin and B-carotene on
hepatoma cells.

Table 2. Effects of astaxanthin and B-carolene on the invasion of AH109A cells

Treatment Astaxanthin B-Carotene
Exp, 2A Exp. 2B
% of control
Vehicle (control) 100.0+ 9.1a 100.0+ 9.1a
Carotenoid (without boiling) ~ 60.0+ 7.7b 59.6+11.8b
Carotenoid (with boiling) 86.1x15.1a 70.2+10.0b

Each value represents the mean = SEM for 10 areas. Carotenoids with or
without boiling were added to experimental medium at the concentration of 5
#M. Control values are 5418 +491 (Exp. 2A) and 2633 + 239 (Exp. 2B) (mean
+ SEM, number of invading cells and colonies/cm?). Values not sharing a
common letter are significantly different atp < 0.05 by Tukey's Q test.
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Astaxanthin commenced to suppress the AHI09A invasion at 2.5 M and
maintained the suppressive effect up to 20 uM, whereas it exerted no influence on the
AHI109A proliferation at the same concentrations (data not shown). Selecting the
concentration of 5 uM, thermostability of astaxanthin was examined together with
the effect and thermostability of B-carotene. As shown in Table 2, the suppressive
effect of astaxanthin and B-carotene on the invasion weakened when they were boiled.
However, the loss of anti-invasive activity due to boiling was more prominent in
astaxanthin than in 6-carotene. Thus, B-carotene seems to be a thermostable
component in crab shell extract that suppresses the invasion of AH109A cells. Both
carotenoids had little effect on the proliferation of AH109A (data not shown).

From the present results, astaxanthin and (3-carotene were found to suppress the
in vitro invasion of hepatoma cells, although the thermostability seemed to be
slightly different between the two carotenoids. This supports our assumption that
compounds with antioxidative activity would generally suppress the invasion of
cancer cells. Astaxanthin has recently been reported to suppress a stress-promoted
metastasis of mastcytoma in mice [11], this finding being well consistent with our
present results. The precise mechanism of the inhibitory action of the carotenoids on
the AH109A invasion remains to be elucidated.
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1. Introduction

Glycolipid-type biosurfactants are known as microbial extracellular or cell-associated
biosurfactants. and it is commonly isolated type of biosurfactant. Mannosylerythritol
lipids, MEL-A and MELB, were produced by Candida antarctica T-34 in soybean oil with
aproduction of 40 g per liter of culture broth . MEL-A and MEL-B were identified as 4-0-
(di-O-acetyl-di-O-alkanoyl--D-mannopyranosyl)-erythritol and 4-O-(mono- O-acetyl-di-
O-alkanoyl--D-mannopyranosyl)-crythritol, respectively. Polyol lipid was produced by
Aureobasidium sp. A-21 with a productivity of about 35 g per liter of culture medium
containingno CaC05 as a neutralizing agent, which is a mixture of fatty acid esters of

arabitol and mannitol, and the two main components ofthe lipophilic moiety ofthe lipids
proved to be 3,5-dihydroxy-decanoic and 5-hydroxy-2-decenoic acids as identified by their
lactones, (+)-3-hydroxydecan-5-olideand (R)-(-)-2-decenc-5-olide, that is, R-(-)-
massoilactone, respectively. Rhamnolipid was reported as a growth stimulant), having
surface activity and emulsifying capability, produced in the culture broth by a hydrocarbon-
using bacterium, Pseudomonas aeruginosaS7B1, which consisted of rhamnose and B
hydroxydecanoic acid. Sophorose lipid was producedby Torulopsis bombicola ATCC
22214 in a mixture of glucose and safflower oil with a production of 70 g per liter, which
contains the dimeric sugar sophorose and a long-chain carboxylic acid with a hydroxyl
function on the penultimate or terminal carbon. Two succinoyl trehalose lipids, STL-1
(2,3,4,2'-di-O-succinoyl-di-O-alkanoyl-o-o-trehalose) and STL-3(2,3,4,2'-2
monosuccinoyl- trialkanoyl-trehalose) were by Rhodococcus erythropolis SD-74 and
Rhodococcus sp. TB-42 with a production of about 30 to 40 g per liter, respectively.

415
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In this study, we investigated whether several microbial extracellular glycolipids including
MEL-A, MEL-B, PL, RL, SL, STL-A and STL-B induced apositive neurite initiation of
PC12 cells. The PC12 cell line, derived from a rat pheochromocytoma, provides a
relatively simple, homogenous system for studying various aspects of neuronal
differentiation. PC12 cells canalso survive and proliferate in vitro without requiring the
presence of neurotrophic factors. Application of NGF causes PC12 cells to differentiate
into aneuronal like phenotype characterized by numerous morphological and physiological
changes. InPCI12 cells, nerve growth factor (NGF) interacts with two dinstinct plasma

membrane receptor proteins: p75NCGFR  acysteine-rich glycoprotein having a relatively low
affinity for NGF, and p140trk, a receptor tyrosine kinase which bound NGF with a high
affinity and activated by NGF, and resulting in the rapid tyrosine autophosphorylation of
the receptor and activated of signal-transducing proteins.

In this report, we indicate the neurite-initiating effect of microbial extracellular
glycolipids in PC12 cells, and discuss on the mechanisms of such function.

2. Materials and Methods
2.1. Materials

Nerve growth factor (NGF), 2.55, was purchased from Funakoshi, Tokyo, Japan.
The anti low affinity p7SNGFR antibody was purchased from Cosmo Bio, Tokyo, Japan.

2.2. Production of microbial extracellular glycolipids

Microbial extracellular glycolipids were produced by the methods as described in
Isoda et al., (1997).

2.3. Cells and Cell culture

PC12 cell line was obtained from Riken Cell Bank (Tsukuba, Ibaraki, Japan) and
routinely grown in Dulbecco's modified Eagle's medium (DMEM; Nissui Pharmaceutical
Co., LTD, Tokyo) supplemented with 5% fetal bovine serum (Sanko Junyaku, Tokyo),
10% horse serum (Sanko Junyaku, Tokyo), 100 p/ml streptomycin
(GIBCO BRL, USA), and 100 units/ml penicillin (GIBCO BRL, USA)in tissue culture
flasks at 37 °C humidified 5% CO,incubator. For the neurite outgrowth assay, the PC12

cells were washed and plated at2 X 10* cells /cm?in serum free RPMI 1640 supplemented
5 w/ml insulin, 10 p/ml iron-free human transferrin, 25 pM ethanolamine and 25 nM
selenite (RD-1; Kyokuto Pharmaceutical Kogyo Co., Tokyo, Japan) onto fresh collagen-
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coated dishes (IWAKI GLASS Co., Tokyo, Japan) with various glycolipids and/or 40
ng/ml of NGF.

2.4. Determination of neurite differentiation of PC12 cell

We classtfied the cells morphologically as to the number of neurites by the
methods of Saito ezal. (1988).

3. Results
3.1. Effect of glycolipids onneurite outgrowth

We tested several glycolipids including MEL-A, MEL-B, Polyol lipids,
Rhamnolipid, SL, STL-1 and STL-3, and found that MEL-A, MEL-B and SL induced the
neurite initiation during 48 h treatment with low concentration of glycolipids. The
potentiations of MEL-A, MEL-B and SL were with a maximal effect of this induction of
MEL-A was observed at the concentrations of5.0 uM, 5.0 uM and 6.3 pM, respectively.

A maximal response was observed at 48 h after treatment with MEL-A, with about 30% of
the PC12 cells extended the neurites. We also examined the glycolipids on the neurite
outgrowth of PC12 cells in the presence of NGF, and found that MEL-A, MELB, PL, SL
stimulated the action of NGF to produce the extension ofneurite. The costimulation of

MEL-A and NGF of PC12 cells resulted the most additional enhancement of the number of
cells extended the neurites (Fig. 1).

3.2. MEL-A could induce neurite outgrowth alter treatment with anti- low affinity
p75NGFR antibody

After treatment with anti- low affinity p75NGFR antibody, NGF or MEL-A was
treated on PC12 cells. The numbers of cells with neurites were decreased in NGF treated
cells (38% to 8%), while slightly decreased in MEL-A treatment (28% to 25%). Treatment
with antibody alone, there was hardly effective on neurite outgrowth (Fig. 2). From these
results, MEL-A could induced neurite outgrowth aftertreated PC12 cells with anti- low

affinity p75NSfR antibody which obstructed NGF action.
4. Discussion

In the previous study, we have found that microbial extracellular glycolipids,
Succinoyl trehalose lipid (STL-A) induced monocyloic differentiation while
Mannosylerythritol lipid (MEL-A) induced granulocytic differentiation of human
promyelocytic leukemia cell line HL60 (Isoda et al., 1997), and both STL and MEL at the
Concentration which induced differentiation of HL60 cells exhibited a significant decrease
ofprotein kinase C activity (Isoda etal., 1997). Furthermore, we reported that
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Fig. 1. Effect of microbial extracellular glycolipids on neurite outgrowth.
PC12 cells were treated for 48 h with 5.0 uM MEL-A, 5.0 uM MEL-B,
12.5 ug/ml PL, 25.0 uM RL, 6.3 uM SL, 15.0uM STL-A,
3.8 uM STL-B in the presence or absence of 40 ng/ml NGF.
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Fig.2. Effect of antibodies against p75SNGFR on neurite extension of PCI12 cells
treated with NGF or MEL-A. Cells were treated with MEL-A or NGF after
pretreatment of 10 ug/ml antibody against p75SNGFR and scored the percentage

of neurite-bearing cells.
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Mannosylerythritol lipid induced granulocytic differentiation and inhibits the tyrosine
phosphorylation of human myelogenous leukemia cell line K562 (Isoda etal., 1997). In
this paper, we showed the neurite-initiating effect of microbial extracellular glycolipids in
PC12cells.

Compared with neurites induced by other known molecules (NGF, bFGF,
dBcAMP), MEL-A-induced neurites were unique with respect to morphology, and time
course appearance and disappearance. The transitory neurite outgrowth induced by MEL-
A suggests that MEL-A may play a role as a neurite initiation factor, whereas NGF is
responsible for the stabilization and long-term maintenance of the differentiated state.
MEL-A caused the growth of one ortwo long neurites per cell, and this restricted neurite
number could not be caused by NGF, bFGF or dBcAMP. To clarify the physiological
significance of fewer neurites, it is necessary to examine in more detail the morphological,
biochemical and functional changes caused by MEL-A, and to investiagate the type of
intracellular signalling that is involved after MEL-A inhibits the target protease. Since
dBcAMP could not mimic the MEL-A response, it is expected that the first intracellular
system stimulated by MEL-A does not use cAMP as a messenger. Tsuji efal. (1988)
reported that addition of ganglioside (GQIb) to neuroblastoma cells induced one long
neurite, and that some protein kinase systems on the plasma membrane (ecto-type)may
play an important role in GQ1b-induced neurite outgrowth. That is, there is a possiblity
that MEL-A activated mechanisms included an ecto-type kinase and consequently make
PC12 cells grow one or two long neuritres.

MEL-A is amphiphilic moiety, therefore MEL-A has both hydrophobic and
hydrophilic moieties. It may be taken up by the all kinds of cell components such as cell
membrane, cyloplasm, nuclear, efc. Further studies on cellular and molecular mechanisms
of triggering of microbial extracellular glycolipid signal transduction, and comparison of a
role of microbial extracellular glycolipids structure in induction ofneuronal differentiation
of PC12 cells are needed.
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INDUCTION OF BASOPHILIC AND EOSINOPHILIC
DIFFERENTIATION IN THE HUMAN LEUKEMIC CELL
LINE KUS812

A. ICHIKAWA, Y. MOCHIZUKI, Y. KATAKURA, K. TERUYA,
ANDS. SHIRAHATA

Graduate School of Genetic Resources Technology, Kyushu University,
6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan

ABSTRACT. Wehad demonstratedthat the basophilicleukemia cellline KU812canbe
induced to differentiate into basophil-like cells with the expression of high affinity Fce
receptor (FceRI) when cultured with hydrocortisone (HC). In this study, we report that
sodium nitropruside (SNP), an intracellular NO donor, also induces the expression of
FceRI on the cell surface. FceRI expression was detected in about 20 % of KU812 cells2
weeks after the addition of SNP as well as the cells treated with HC. It was suggested from
reverse transcription-PCR (RT-PCR) analysis that the enhancement of FceRI expression
was due to the increase of FceRIy chain expression. The SNP treated KU812 cells
expressed both eosinophil derived neurotoxin and eosinophil peroxidase. Moreover, it was
observed that some important transcription factors, such as AP- 1, NF-KB and NF-AT, were
all activated in HC treated KU812 cells, but remarkably inactivated in SNP treated cells.
These results strongly suggested that KU812 possess bi-directional cell differentiation
ability depending upon extracellular factors and that intracellular NO is an important factor
to decide the eosinophilic differentiation of KU 12 cells. KU8 12 cells may be a good model
for not only basophilic but also eosinophilic differentiation.

1. Introduction

Mast cell and basophil play central roles in allergic diseases. Cross-linking of cell
surface high-affinity IgE receptors caused by the binding of IgE with polyvalent antigens
results in degranulation of mast cells or basophils and the release of various inflammatory
mediators that trigger allergic inflammation. Thus, activation of mast cells or basophils
through FceRI is necessary to initiate allergic reactions. However, no human basophil and
mast cell line which possess physiological functions in vitro exists even today. Human
leukemic cell line KUS8 12is known to be immature basophilic cell. However, to date, there
have been no reports on inducibility of differentiation to mature basophils of this cell line.
If mature basophils, mast cells or eosinophils are induced from KUS812 cells, it will be
useful to study allergic reaction and to analyze physiologically functional substances in
allergy.
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2. Materials and Methods

Cells and cell culture. KU813 cells were maintained in RPMI-1640 medium
supplemented with 10 % heat-inactivated fetal bovine serum,2 mM L-glutamine, 10 mM
HEPES buffer and antibiotics (100 U/ml penicillin G and 100 mg/ml streptomycin). The
cells were passaged every 3-4 days.
Detection of cell surface and intracellular antigens by flow cytometry. To
detect cell surface FesR1. cells (1 x 10° cells) were incubated with mouse monoclonal
antibody (mAb) specific for human FeeRI & chain (CRA- 1), stained with FITC-conjugated
goat anti-mouse immunoglobulins andanalyzed by a flow cytometer. Mouse IgG were used
as isotype-matched control antibodies. To detect intracellular antigens, we used a FIX &
PERM Cell permeabilization kit (Caltag Labpratories, CA, U.S.A.). Cells (1 x 10 cells)
were incubated with Reagent A ( fixation medum) for 15 minutes at room temperature.
After centrifugation and removal of supematant, cells were incubated with Reagent B
( permeabilization medium) and mouse mAb specific to human FceRI o chain or human
tryptase for 15 minutes at room temperature. Afterwashinig with PBS, cells were incubated
with FITC-conjugated goat anti-mouse immunoglobulins or FITC-conjugated goat anti-
rabbit immunoglobulins for 30 minutes at 4 °C and analyzed by a flow cytometer.
Induction of differentiation of KU812 cells. To test forbasophilic differentiation,
KU812 cells were culturedat 1 x 105 cells/ml in 90 mm dishes. Eachdish contained 10 ml
of medium supplemented with 100 nM HC as described previously (3). After 7 days of
culture, the cells were resuspended and samples were harvested for analysis. To test for
eosinophilic differentiation. KUS 12 cells were cultured with 1 pM to 1 nM SNP. After 14
days of culture, the cells were resuspended and samples were harvested for analysis.
Detection of mRNA by R T- PCR. Total RNAs were isolated from KUS 12 cells using
TRIZOL reagent(GOBCO BRL, MD, USA). cDNA was synthesizedfrom the total RNAs
with oligo(dT) primers. Each cDNA was served as template for PCR amplification using
specific primers. The primer pairs for FceRI o chain, ¥ chain, tryptase, EDN and EPO were
as follows: FceRI o chain (sense) 5’-ATG AAG AAG ATG GCT CCT GC-3’. (antisense)
5’-KIT GTG GAA CCA TTT GGT GG-3’, FceRI v chain (sense) 5’-GAT GAT TCC
AGC ACT GG'T CTT GCT-3’, (antisense) 5’-TAG GGC CAG CTG GTG TTA ATG
GCA-3’, tryptase (sense) 5’-AGC AAG TGG CCC TGG CAG CTG A-3’. (antisense)
5’-AGA GGA AAT GGC GGTGGG AGG C-3°, EDN (sense) 5’-CCA GCA CATCAA
TAT GAC CTC C-3°, (antisense) 5’-GTG AAC TGG AAC CAC CGG ATA-3’, EPO
(sense) 5’-CTG CTG GAT GCT GCC TAC AAT T-3’, (antisense) 5’CAA GAG GGA
GAA AGC CATT-3".
Nuclear extract preparation and electrophoretic mobility shift assays
(EMSA). Cells cultured with HC or SNP for 4 or 8 days were harvested and pelleted in 15
ml of phosphate-buffered saline by centrifugation for 5 min at 1000 x g. Nuclear extracts
were prepared according to Dignam ef al. (1) with minor modifications. Protein
concentrations were measured according to the method described by Bradford (2) with a
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commercial reagent (Bio-Rad). The double stranded oligonucleotides containing the NF-
kB, NF-ATand AP-1 consensus sequenceswere usedin EMSA, and were end-labeledwith
[y->*P]dATP. Binding reactions (in total 10 pul) were performed by incubating 0.8 pg of the
nuclear extractwith the reaction buffercontaining 10 mM Tris-HC1 (pH7.5). 50 mM KCl,

1 mM DIT, 1 mM EDTA, 12.5 % glycerol. 0.1 % Triton X-100. 250 p/ml BSA, 50

p/ml poly(dI-dC). poly(dI-dC) and [ 32P]-labeled double-stranded oligonucleotide containing
the NF-kB, NF-AT or AP- 1 consensus sequences in the presence orabsence ofa competitor
for 15 min atroom temperature. The resulting DN A protein complexes wereanalyzed using
5 92 native polyacrylamidegel electrophoresis. Bandswere visualized by autoradiography.

3. Results and Discussion

We examined the expression of FceRI on untreated KU812 cells by flow cytometry.
Cell surface expression of FceRI was very low (Fig. 1). However, FceRI accumulated in
the cytoplasm of KUS8 12 (data not shown). These results suggested that additional signals
require to induce the expression of FceRI on the cell surface.

In our previous study, we found hydrocortisone (HC), one of the steroid hormones,
could induce the expression of FceRI on the cell surface (3). In this study, we report that
sodium nitropruside (SNP), intracellular NO donor, also induced the expression of FceRI
on the cell surface. After several days culture of KU812 cells in the presence of various
concentrations of HC or SNP, the cells were analyzed the expression of FceRI on the cell
surface. KUX 12 cells cultured with 100 nM of HC for 7 days expressed FceRI on their
surface (Fig. I). Similarly, KUS8 12 cells treated with 10 pM SNP for 14 days also expressed
FceRI on their surface (Fig. 1).
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Fig. 1 Induction of FceRI expression on KUS812 cells by hydrocortisone (HC)
and sodium nitropruside (SNP)

Since the y and/or B chain is required for the expression of the o chain, it was likely
that KU812 treated with HC and SNP expressing FceRI o chain posess y and/or 8 chain
To clarify this point, we measured the mRNA level of a and y subunit by RT-PCR. o
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Chain mRNA wasdetected in KU812cells treated with or without HC and SNP. Whereas
a significant increase of 7y chain mRNA was observed when HC and SNP were added to the
culture (Fig. 2). These results demonstrate that the lack of FceRI expression was due to
deficient y chain transcription and that HC or SNP up-regulated FceRI 7y chain expression
at the gene transcription level.
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Fig. 2 RT-PCR analysis for specific gene expression
in HC or SNP treated KU812 cells

Hydrocortisone and SNP have brought about the same change with respect to
enhancement of FceRI expression on the cell surface. However. enhancement of FceRI
expression not always means differentiation into the same cell types. In orderto examine
the morphological changes of KU812 cells by the treatment with SNP, we performed the
Wright-Giemsa staining. KU812 cells cultured with HC showedno apparent changes in
morphology. However, SNP induced the differentiation of KUS 12 cells to cosinophil-like
cells in 4 to 9 days (Table I). These results suggested that the effect of SNP on the induction
of differentiation in KU812 cells was different from that of HC and that the KU812 cells
cultured with SNP differentiated into eosinophils.

Table 1 Counts of KU812 cells differentiated to eosinophils
by SNP on Wright-Giemsa stain

SNP (nM) Day 4 Day 9
0.1 429 % 4.1 %
1 378 % 162 %
10 131 % 79 %

To further characterize the eosinophilic differentiation on KUS812 cells by SNP, we
analyzed the expression of eosinophil specific granule proteins, such as eosinophil derived
neurotoxin (EDN) and eosinophil peroxidase (EPO). Gene expressions of EDN, EPO and
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tryptase, which is mast cell marker protein, were detected by RT-PCR using specific
primers. Gene expression of tryptase decreased in the KUS 12 cells treated with SNP and HC
depending on the culture periods. Gene expressions of EDN and EPO were detected in the
KUB812 cells cultured with SNP, but not with HC (Fig. 2). Decrease of tryptase gene
expression indirectly suggested that KU8 12 cells cultured with HC and SNP wereinduced
into basophilic and eosinophilic differentiations, respectively. These results are consistent
with the data obtained by Wright-Giemsa staining analysis.
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Fig. 3 Electrophoretic mobility-shift assay for
transcription factor-binding activities

We expected that the bi-directional cell differentiation ability depending on
extracellular factors, such as HC andSNP, affected to the intracellular signal transduction
pathways. Then, we analyzed the activation of some transcription factors concerning with
activation of immune cells by the electrophoretic mobility sift assay. It was observed that
some important transcription factors, such as AP- I, NF-AT and NF-KB, were all activated
in HC treated KU8 12cells, but remarkably inactivated in SNP treatedcells (Fig. 3). These
results suggested that the different signals introduced into the nuclei caused different genes
expression in the KU8 12 cells cultured with HC and SNP.
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MANNOSYLERYTHRITOL LIPID INDUCED APOPTOSIS AND
DIFFERENTIATION OF MELANOMA B16 CELLS
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Abstract We report here that an extracellular glycolipid, mannosylerythritol lipid
(MEL), from yeast inhibited the growth of mouse melanoma B16 cells markedly in a
dose-dependent manner. Exposure of B16 cells to MEL at 10 uM and higher
concentrations caused the condensation of chromatin, a hallmark of cells that are
undergoing apoptosis. Moreover, exposure of MEL stimulated the expression of
markers of the differentiation of melanoma cells such as tyrosinase activity and the
enhanced production of melanin, an indication that MEL triggered both apoptotic and
cell-differentiation programs. Forced expression of Bcl-2 protein in stably transformed
B 16 cells had a dual effect: it interfered with MEL-induced apoptosis but increased both
tyrosinase activity and the production of melanin as compared with these phenomena in
vector-transfected MEL-treated control B16 cells. These results provide the firstevidence
that growth arrest, apoptosis and the differentiation of mouse malignant melanoma cells
can be induced by a microbial extracellular glycolipid.

Introduction

Mannosylerythritol lipid (MEL), a microbial extracellular glycolipid, is
produced by Candida antarctical-34(1). We have recently reported that the exposure of
MEL could induce the differentiation of human leukemia cells HL60 (2). This
observation prompts us the possible use of MEL for the therapeutic reagents for not
only leukemia but other cancer cells resistant to chemotherapy. Apoptosis has become
a focus of attention in studies of the biology of cancer cells and it has been proposed
that the progression of a tumor might not only be a function of cell proliferation but
might also be a product of the aberrant survival of cells that results from the
inappropriate suppression of apoptosis (3). Various compounds can trigger apoptic
events. To our knowledge, there are no reports of induction by microbial extracellular
glycolipids of an apoptotic response in mammalian cells.

In this present study, we found that the treatment of malignant melanoma B 16
cells with MEL resulted a dose-dependent inhibition of growth. MEL was also found to
be a potent inducer of both apoptosis and the differentiation of BI16 cells.
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Overexpression of human Bcl-2 conferred resistance to MEL-induced apoptosis but
further enhanced the expression ofthe differentiation-associated markers. These findings
might provide the groundwork for the use of microbial extracellular glycolipids as novel
therapeutic reagents in the treatment of melanoma.

Materials and methods

Preparation of MEL MEL was prepared and purified essentially as described by
Kitamoto et al. (1).

Cell culture. Mouse melanoma B16 4A5 cells (referred as B16 cells), obtained from
the RIKEN Cell Bank (Tsukuba, Ibaraki, Japan), were maintained in Dulbecco Modified
Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) at 37 °C.
For treatment with MEL, cells were cultured in serum-free DMEM-ITES medium (RD-
1; Kyokuto Pharmaceutical Kogyo Co., Tokyo, Japan). MEL was dissolved in distilled
water and administered to cells at the indicated concentrations. A cell-counting kit
(WST-1; Dojin Laboratories, Kumamoto, Japan) was used to monitor numbers of viable
cells.

Detection of chromatin condensation. B16 cells, cultured in the presence or in
the absence of MEL, were collected and washed with phosphate-buffered saline without
Mg?* and Ca*" ions (PBS). For detection the condensation of chromatin, cells were
fixed in formalin, stained with 100 pM Hoechst 33342 (Sigma Chemical Co., St
Louis, MO) and examined with a fluorescence microscope (Olympus Inc., Tokyo,
Japan).

Transfection with the bcl-2 gene. B16 cells were cotransfected with pCAGGS
vector (4) that included the full-length human bcl-2 gene and pcDNA3, which conferred
resistance to geneticin (G418; GIBCO BRL, Rockville, MD). Control cells were
cotransfected with pcDNA3 and pCAGGS without the bcl-2 gene. After selection with
500 pg/ml G4 18, expression of bcl-2 was confirmed by the reverse transcription-
polymerase chain reaction (RT-PCR; one-step RT-PCR kit; TOYOBO Co., Osaka,
Japan) using total RNA as template and the following pair of primers, which are
specific for human bcl-2: sense primer, 5'-ACGCTGGGAGAACGGGGTAC-3'; and
antisense primer, 5'-GCGGCTGTATGGGGCGTGTG-3".

Melanin content and tyrosinase activity Melanin content of cells was
determined by the method of Johnston (5). Tyrosinase activity was analyzed according
to the method of Shoji (6) with slight modification. One unit of tyrosinase activity is
defined as the activity which could increase 0.001 at A280 nm per minute.

Results

MEL inhibits the growth of Bl16 melanoma cells in a dose- and time-
dependent  manner. We examined the effects of MEL on the proliferation and
viability of melanoma B16 cells. We incubated B16 cells with MEL of concentrations
from 2.5 to 10 uM and monitored changes in the number of viable cells during a 3-day
incubation in the absence of serum (Fig. I). At 2.5 uM, MEL had no significant
inhibitory effects on cell proliferation. At 5 pM, MEL suppressed growth
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significantly during exposure of cells to MEL for 48 to 72 h, with a slight effect on cell
viability, as determined by the trypan blue exclusion test. At 10 uM, MEL completely
blocked cell proliferation, with cytotoxicity being apparent after exposure to MEL.
MEL induces apoptosis of B16 Melanoma cells. We next examined whether
the accumulation of dead cells that occurred in response to 10 puM MEL was a result of
apoptotic cell death. we analysed the changes in the condensation of chromatin.
Staining of cells with Hoechst 33332 revealed nuclear condensation and the
fragmentation of cells after treatment with 10 uM MEL for 24 11, while untreated cells
appeared normal (Fig. 2). DNA fragmentation and the sub-G1 peak of histogram of
flow cytometry, which are other hallmarks of cells that are undergoing apoptosis, were
also be detected (data not shown). These results demonstrated that MEL, acted as a
potent trigger of apoptotic cell death.

Fig.2 Induction of apoptosis of bl6 cells by MEL. Photographsof Hoechst 33342- stained
B 16 cells after incubation without (a) and with (b) 10 uM MEL tot- 24 h.
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Ectopic expression of Bcl-2 prevents MEL-mediated apoptosis. In an
attempt to gain some insight into the molecular pathways that lead to cell death in
response to MEL, we induced the overexpression of Bcl-2 in B16 cells by stably
transfecting them with full-length cDNA for human Bcl-2 and then challenged the cells
with MEL. Ectopic expression of Bel-2 effectively blocked MEL-induced apoptosis, as
assessed the numbers of cells in the sub Go/G1 peak by flow cytometry (Fig. 3).

MEL triggers not only apoptosis but also the differentiation of
melanoma cells. Differentiation of melanoma cells towards melanocytes can be
followed by monitoring the accumulation of melanin and increased tyrosinase activity
(7). Tyrosinase activity of B16 cells that had been treated with 10 uM MEL for 24 h
was about three times that in untreated cells (Fig. 4A). Under the same conditions, we
detected a slight but significant increase in melanin content (Fig. 4B). A more profound
effect was observed when MEL-induced differentiation was examined in cells that
overexpressed Bel-2 (Fig. 4A, B). Our results suggested that cells had escaped MEL-
induced apoptosis as a result of the protective expression of Bcl-2 and that they had
undergone further differentiation indicated that MEL can trigger both cell death and
differentiation.
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Fig4 Analysis of Tyrosinase activities (A) and melanin content (B) of B16 cells after
treatment with MEL in control (vector-transfected) and bcl-2-transfected cells.

Discussion

In this study, we found that MEL had a dose-depcndent anti-proliferative effect
on mouse B16 melanoma cells. The growth-suppressive effect of MEL on B16 cells
was significantly greater at 5 uM MEL than that at 2.5 uM. The critical micelle
concentration (CMC) of MEL in aqueous solution is 2.7 puM (8). Thus, the
concentration at which MEL was effective in inhibiting the growth of B16 cells was
above the CMC. MEL is a glycolipid-type biosurfactant, the mechanistic links between
the formation of micelles of MEL on cell membranes and the observed biological effects
are yet to be clarified.
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This report is to our knowledge the first that demonstrated the induction of apoptosis in
cancer cells by a microbial extracellular glycolipid. MEL at 10 puM stimulated
tyrosinase activity and the production of melanin, which are markers of the
differentiation of melanoma cells. Thus, MEL had various effects on B16 melanoma
cells, inducing apoptosis, as well as differentiation.

By introducing a bcl-2 expression plasmid into B16 cells, we found that the
extent of MEL-induced apoptosis in melanoma cells was diminished by Bcl-2. It has
been reported that Bcl-2 protects against multiple signals that lead to cell death
suggesting that Bcl-2 regulates a common cell-death pathway and functions at a point
where various signals converge (9). The mechanism(s) by which MEL acts to induce
apoptosis in B 16 cells remain to be elucidated.

In conclusion, microbial glycolipid MEL induced apoptosis in melanoma
cells. Enhanced expression of Bcl-2 interfered with MEL-mediated apoptosis and
stimulated the MEL-induced differentiation of B 16 cells. Further studies are needed to
elucidate the precise mechanism(s) of action of MEL in apoptosis and cell
differentiation.
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Abstract

A non-radioactive, cell culture-based in vitro bioassay was developed to measure the
biological activity of recombinant human interleukin-11 (rhIL-11). The bioassay
measures induced proliferation of T-10 cells using the WST-1 colorimetric detection
system. The precision of the bioassay was improved by randomization of the sample
and standard positions in 96-well microplates. This randomization was accomplished by
making two mirror-image microplates in which serially diluted sample and standard
lines were interleaved. This method without using radioactive reagents such as *H-
thymidine is simple, sensitive and quantitative. Although the precision of a bioassay is
greatly inferior to that of a physicochemical analytical method in general, the
coefficient of variation for this bioassay was less than 10%. Consequently, the stability

ofrhIL-11 can be evaluated accurately with this bioassay method.

1. Introduction

IL-11 is a multifunctional cytokine which affects the proliferation, differentiation and
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maturation of various types of hematopoietic cells in synergy with other endogenous
growth factors [1, 2]. It also has been shown to exert effects on ostcoclastogenesis and
neurogenesis. Reombinant rhIL-11 (des-Pro hIL-11 [3]) has been developed as a
biotechnological protein drug for the prevention of thrombocytopenia. To evaluate
quality of a biotechnological drug, a bioassay is the most critical method among many
analytical methods available. However, a major concern with using a bioassay is its
precision. Improvement of bioassay precision would be of great benefit to accurately
evaluate quality and stability of biotechnological drugs. In this study, a simple and
quantitative bioassay for rhIL-11 was developed and the precision of this bioassay was
improved by randomization of the sample and standard positions in 96-well

microplates.

2. Experimental

2.1.Cells

The T-10 cell line was obtained from the Genetics Institute, which is subline of the IL-

6-dependent murine plasmacytoma T-1165 cell line [4].

2.2.Bioassay

Sample and reference materials were diluted to a concentration of 50 ng/mL and then
serially diluted two-fold with the RPMI 1640 medium, supplemented with 10% fetal
bovine serum, 1% L-glutamine, 1% penicillin, 1% streptomycin, and 0.1% 8 -
mercaptoethanol, on a 96-well microplate. Following addition of the T-10 cell
suspension containing 3.5 X 106 cells/mL, the microplate was incubated for 2 to 3
days at 37 °C in a humidified 5% CO0, atmosphere. The WST-1 solution was then
added, and incubation continued for an additional day. The optical density was

measured using a microplate reader at a wavelength of 450 nm with a reference
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wavelength of 650 nm. The data were fit to a sigmoidal dose-response curve using a

four parameter logistic function. The biological activity of a sample was then

determined by comparing the mid-points of the dose-response curves of the sample and

the standard.

3. Results and discussion

3. 1. Dose-responserelationship

The proliferation of T-10 cells was dependent on the concentration of rhIL-11. A

typical dose-response curve with this method is shown in Fig. 1.

Optical density

3. 2. Plate format

2

.5

0.1

1
rhil-11 {ng/m.)

Fig. 1. Dose-response curve of T-10 cells for rhIL-11. o

Two kinds of sample layout formats: shown in Fig. 2, were assessed. Two independent

plates were used in each format. In format A, sample and standard lines were

interleaved on 96-well microplates, and inverted in the two plates. In format B, the

samples were allocated to the top half of each microplate, and standards were allocated

to the bottom half.
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Fig. 2. Positions of samples and standards on 96-well microplates.

Abbreviations: Sa, samples; St, standards; B, blank.

3. 3. Assay precision

Analyst-to-analyst intermediate precision was examined using these two plate formats.

The results are shown in Table 1.

Tablel  Analyst-to-analystintermediate precision with Formats A and B
Analyst Format A Format B
(X 108 units/mL) (X 10® units/ml)

1.99 2.08

A 2.15 1.63
1.81 2.20

1.72 2.10

B 1.75 1.84
1.69 1.74

1.83 1.75

C 1.67 1.80
1.68 1.51

1.84 1.67

D 1.86 1.53
1.79 1.61

Average 1.81 1.79
RSD (%) 7.7 12.8

The coefficients of variation were 7.7% in case of format A, but 12.8% in case of the
format B. These results show that the positions of samples and standards on 96-well

microplates affect the precision of this bioassay and that the precision with format A is
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superior to that with format B.

3. 4. Stability studies

To confirm this effect, both formats were used to evaluate the stability of thIL-11. The

results are shown in Fig. 3. These results show that format A is superior to format B in

practice.
e =S e
iy
- —_—
% | |
56
i ——Format A
4 | Format B
4 i i - —— o
0 3 12 1 2
Timepoint (months)
Fig.3. Results ofthIL-11 stability studies with Formats A and B.
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Abstract. We established the assay system forimmunoregulatory factors using whole cell
culture of mouse splenocytes to screen immunoregulatory factors and to clarify the
mechanisms by which they regulate immunoglobulin (Ig) production. Adhesive cells such
as macrophages and antigen-presenting cells enhanced Ig production of B lymphocytes in
the presence of lipopolysaccharides, but the susceptibility to adhesive cells was different
with Ig classes. In the absence of adhesive cells, mitogens, such as lipopolysaccharides,
pokeweed mitogen and phytohemagglutinin stimulated Ig production, and adhesive cells
enhanced the stimulatory effect of mitogens. The effect to mitogens and adhesive cells was
different with Ig classes. Milk proteins, such as lactoferrin, B-lactoglobulin, oi-casein and
[B-casein stimulated IgA production, and adhesive cells modified their IgA production
stimulating activities. These results indicate that the assay system is useful for screening of
immunoregulatory factors andclarification ofthe mechanisms by which they regulate Ig
production of mouse splenocytes.

1. Introduction

Humoral immune responses is mediated by Ig producedby Blymphocytes andprevent from
pathogen infections. /n vivo, Blymphocytes interactwith T lymphocytes, macrophages or
other immunocompetent cells. Ig production by B lymphocytes is class specifically
regulated by cytokines, such as IL-4, IL-5 and IFN-y [I-3]. It was reported that mitogens,
some bioproducts and food components regulate Ig production of rat lymphocytes [4, 5].
Such modification in Ig productivity of Blymphocytes may be affected by adhesive cells,
such as macrophages or antigen-presenting cells, as well as T lymphocytes. To clarify the

439
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mechanisms by which they regulate Ig production, mouse orhuman cell culture systems are
useful, because of the abundance of immunological reagents. To examine not only direct
effect on B lymphocytes but also indirect effect on interaction among immunocompetent
cells, we established the assay system for immunoregulatory factors using whole cell
culture of mouse splenocytes.

2. Materials and Method
2.1. MATERIALS

Concanavalin A (Con A)andpokeweed mitogen (PWM) wereobtained from EY Lab. (San
matco, CA), lipopolysaccharides (LPS) from Difco Lab. (Detroit, MI), phytohemagglu-
tinin (PHA) from Vector Lab. (Burlingame, CA). 0-Lactoglobulin (8-LG), o-, B-, k-Casein
(CA) and transferrin (TF) were purchased from Sigma Chemical Co. (St. Louis, MO)and
lactoferrin (LF) from Wako Pure Chemicals (Osaka, Japan). These compounds were
dissolved in a phosphate buffered saline (pH 7.4) and used for cell culture experiments. All
other reagents used were analytical grade.

2.2 CELLS AND CELL CULTURE

Mouse spleen was excised from male 8-9 weeks old BALB/c mice under diethyl ether
anesthesia and splenocytes were squeezed out into RPMI1640 medium. The cells were
incubated at 37°C for 0 to 6 hr to remove adherent cells and then the cells suspension was
recovered. The non-adhesive cells were rinsed three times with medium and cultured in the
RPMI1640 medium supplemented with 10% fetal bovine serum FBS) in humidified
atmosphere containing 10% C02 at 37°C. After cultivating the cells in the presence or
absence of various mitogens or milk proteins, culture supernatants were isolated by a
centrifugation at 400 x g for 5 min and Ig content in the solution was determined by
enzyme-linked immunosorbent assay.

3. Results and Discussion

3.1 EFFECT OF ADHESIVE CELLS ON IMMUNOGLOBULIN PRODUCTION BY
MOUSE SPLENOCYTES

Mouse splenocytes were cultured for various periods with 25 pg/ml of LPS with or without
30 min incubation to remove adhesive cells (Fig.1). In the absence of adhesive cells, IgA
and IgM concentrations in the culture medium of splenocytes were very low and slightly
increased during the 10-days cultivation. On the other hand, IgG concentration was increased
markedly at day 7 after a 5 days lag period and reached plateau level. Adhesive cells enhanced
the production of these Igs, though the susceptibility was different with Ig classes.

To examine the effect ofadhesive cells on Ig production, splenocytes were incubated at
37°C for various periods to remove adhesive cells, and cultured for 7 days in the presence of
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Fig.1. Effect of adhesive cells on immunoglobulin production by mouse splenocytes
Open circle; without adhesive cells, closed circle; with adhesive cells.
Values are means + SE (n=3 or 4).

25 pug/ml of LPS. As shown in Table 1, IgA, IgG andIgM productivity decreased sharply
during the first 2 hr adhesion period and was lost almost completely after 6 hr adhesion.

Adhesion period to give half Ig productivity in the presence of adhesive cells was 1.23 hr in
IgA, 0.58 hr in IgG and 0.35 hr in IgM, respectively. This suggests that the effect of
adhesive cells is different with Ig classes. This may be due to the difference in the sensitivity
of Beells to cytokines produced by adhesive cells, or the difference of sensitivity to signals
from T cells which stimulated by adhesive cells. We used the 6-hr adhesion period for
complete removal ofadhesive cells, thereafter.

TABLE 1. Effect of adhesion period on immunoglobulin production by mouse splenocytes
stimulated with lipopolysaccharides

i Adhesion period (hr)
& 0 05 1 2 4 6
IgA  100+9.5 808+6.5 57.3+6.4  22.14£24  11.3£2.2  4.8+0.5

IgC 100+£3.9 543+34 164+t1.2 8.6+43 3.6 £0.3 0.1 20.0
1gM  100+10.0 30.3+0.8  19.3+0.1 11.6+1.0 5.6+£0.4 1.4+£20.2

Cells were cultured for 7 days in the presence of 25 p/ml of LPS.
Values arc means = SE (n=3 or 4).

3.2 EFFECT OF MITOGENS, MILK PROTEINS AND ADHESIVE CELLS
ON IMMUNOGLOBULIN PRODUCTION BY MOUSE SPLENOCYTES

3.2.1. Effect of Mitogens and Adhesive Cells on Immunoglobulin Production by Mouse
Splenocytes

To examine the effect of mitogens and adhesive cells, splenocytes were cultured in the
presence or absence of 25 pg/ml of mitogens and adhesive cells for 7 days. Data are
expressed as relative values to the level in the absence of both adhesive cells andmitogens
(Table 2). In the absence of adhesive cells andmitogens, Ig concentration was 1.1 ng/ml in
IgA, 5.0 ng/ml, in IgG, 460 ng/ml in IgM. LPS, PWM and PHA stimulated Ig production
in the absence ofadhesive cells, and adhesive cells enhanced the stimulatory effect of
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TABLE 2. Effect of mitogens and adhesive cells on immunoglobulin
production by mouse splenocytes

Without Adhesive Cells
Mitogens IgA IsG IgM
None 1.0£0.5 1.0£0.2 1.0£0.1
LPS 25+4 460+20 340+2
Con A notdetected  0.2+0.0 1.2+0.0
PWM 167 190+36 97+ 3
PHA 39+3 50+6 25+2
With Adhesive Cells
Milogens IgA 1gG IgM
None 5.5+0.3 2.0£0.0 5.0+0.6
LPS 40+ 16 1800£130 890+31
ConA 2.8+0.5 0.8+0.0 2.0+0.1
PWM 4343 650+13 560+16
PHA 50+ 13 58+ 1 58+1

Data are means + SE(n=3 or 4). LPS; lipopolysaccharides,
Con A; concanavalin A, PWM; pokeweed mitogen,
PHA, phytohemagglutinin.

30

Lactoferrin B-Lactoglobulin Translerrin
SNk
£
&
=
<
R )3
L ] [ ]
. L
N . ) s S o sind

a-Casein B-Casein k-Casein
= 20} E
E
=
£
3 —/
= 10 /3

r

.-_...;6/ _J -— e
()OOt PRV W, ) il i

o 107000 et 0 10%e" e e it o et 0t 0t 10®
Protein concentration (pg/mi}

Fig.2. Effect of milk proteins on IgA production by mouse splenocytes
Cells were cultured for 7 days in the presence of various concentrations of milk proteins.
Open circle; without adhesive cells, closed circle; with adhesive cells.

mitogens. But the susceptibility to mitogens and adhesive cells was different with Ig
classes.
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3.2.2 Effect of Milk Proteins on IgA Production by Mouse Splenocytes
Using the assay system we examined IgA production stimulating activity of milk proteins
and TF, an iron-binding protein like LF. Splenocytes were cultured in the presence of
adhesive cells, and various concentrations of milk proteins were added to the medium. As
shown in Fig. 2, 100 pug/ml of LF: B-LG, o-CA and (-CA stimulated IgA production and
adhesive cells modified their IgA stimulating activity. TF and k-CA had little effect on the
production of IgA. Yamada et al. found that IgM production by human-human hybridoma
was stimulated by LF and CA but not by 3-LG [7]. B-LG has been reported to stimulate
specific Ig production of Blymphocytes in vitro and vivo [8, 9], but B-LG-specific IgA was
not detected in this study. These results suggest that these milk proteins enhance IgA
production with a non-specific manner. Such enhancement of IgA production may leadto
the activation of the gut immune system, the first defensive line against the invasion of
allergens or pathogens.

In conclusion the assay system is useful for screening of immunoregulatory factors, and
for clarification of the mechanism which regulate Ig production in mouse splenocytes.
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baculovirus vector
basophil

basophilic cells

bFGF

BHK-21

bioassay

biomaterial
biotechnology
bleedingculture

blood factors

bone marrow cells
bone marrow stromal cells
bovine lactoperoxidase
c-myc

cadherin-11

265,343, 367,379,385,

307

355
361
33
439
307
391
221
199
167
149
203
221
265
379

11, 139, 167

255
319
427
313
379
409
249
203
11
409
93
295
129
301
349
283
133
433
171
1
45
199
177
243
93
265
231
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calcium 295
calcium phosphate 17
cancer 331
cancer cells 219,355
carcinogenecity 273
CD4" T cell clone 99
CD8" Tcell clone 149
cell attachment 39
cell culture 81
cell morphology 33
cell substrate 215
cell transformation 273
chicken 209
China 1
CHO cells 29,33, 39, 63, 105, 123
CHO-K1 17
CHO0320 cell 57
cholecystokinin 313
circumvallate papillae 391
citrinin 273
complimentary cell line 111
complimentary cell line 117
continuous culture 57
COS-7 cells 99
cow 325
crab shell extract 409
Cyclin E-Cdk2 265
cytokine production 149
cytosolic calcium signaling 17
cytotoxicity testing 227
degranulation 301
dialysis 23
differentiaction-inducing activity 373
differentiation 421,427
digested skim milk 367
disabled infectious single cycle HSV-2 111, 117
DNA repair 385
DNA sequence ofmouse connexin 43 181
early developmental embryo 209
electrolyzed reduced water 355
endoplasmic reticulum 5
endothelin-1 325
epithelial cell culture 325
Epstein-Barr virus 167
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erythropoietin 249
estradiol 17 3 325
facility design 221

fatty acid transporter 391
Fee Rl 301, 349,421

fed-batch 23, 51, 69, 75
food additive 403
food safety evaluation 227
Fusarium nivale 155
G1/S transition 265
galactose 139
galactosidase 145
gene expression 289
genetargeting 289
genetherapy 193
Genetic Stability 215
glucose comsumption 23,51
glutamine synthetase(GS) gene 123
glycolipid 415
glycosidase 361
glycosylation 139, 145
ganulosa cell 343
growth control 255
growth factor 171,283

GIP 295
HalLa 355
heat flux 57
HEK293 17, 87
hematopoietic cell 255
hen egg lysozyme 255
heparin 111
hepatoma 261,409

HL-60cells 367,373
Hong Kong 1
house dust mites 161
human B cell line 403
human monoclonal autibody 145
hybridoma 5, 11, 23, 45, 69, 75, 139, 167
hydrocortisone 349,421

hyper-producing cells 123
hypercholesterolemia 203

IgE 161, 397
IGF-1 283

IGF-1II 283
IL-11 433

IL4 301

immuonoglobulin production 403

immobilization 171
immune response 155
immunoaffinity chromatography 99
immunoglobulin 439
immunoglobulin E 155
immunoreylatory factor 439
in vivo gene transfer 209
industry 1
inhibition ofintercellular communication 181
intelligent material 171
interferon y 149
interleukin 10 149
International Conference on Harmonization (ICH
215
intestinal cell line Caco-2 361
intracelluar calcium 5
invasion 261, 409
ischemia 249
Kefir 385
keratinocyte 265
kinetics 69
KUS812 349, 421
lactate 51
lactoperoxidase 93
large scale bioreactors 117
large-scale production 199
laser scanning confocal microscopy 17
lectin 379
lipoproteins 203
long-term perfusion culture 45
Iysophosphatidic acid 63
mannose 139
mannosylerythritol lipid 427
mass production 129
medium components 29
melanoma 427
menadione-catalyzedH,O, production 221
metabolic byproduct 51
metabolic demand 57
metabolic engineering 11
metabolic state 51
microbial 415
microcarriercultures 111,117
milk protein 439
mitochondria 319
mitochondrial DNA 289
mitogen 439



modelling 69
monitor peptide 313
monoclonal antibody 23, 69, 75, 133 161
monocloual antibody production 5
MTT assay 63
mushroom 265
mycotoxin 273
N-acetylglucosamine 145
near-zero growth 75
neurite 415
neuron 249
nitric oxide 249
nivalenol 155
no mutation of connexin 43 181
OAP system 123
ochratoxin 273
on-linefeeding 23
OSF-2 231
osmotic pressure 33
osteoblast 231
osteoclast differentiation factor 243
osteoclastogenesis-inhibitory factor 243
osteocyte 231
osteoprotegerin 243
OVA 155
ovary 343
oviduct 325
oxygen uptake 23
p21WAFI1 265
packed bed bioreactor 87
PCI12 415
perfusion 87
periostin 231
peripheral blood lymphocytes 161, 403
peroxisome proliferator activated receptory 307
PFG-1 343
phosphatidic acid 63
polyphenol 301
polyurethane 181
porous carriers 177
porous microcarriers 39,81
post-radioiodine hypothyroidism 187
posttranslational modifications 105
preclinical safety 215
prion 221
process control 221
product stability 215
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progenitor cells 177
progesterone 325
protein-free culture 133
prostaglandin E, 325
prostaglandin F,, 325
proteinintake 313
protein-free medium 221
prourokinase 81
ras-amplify 133
Rb 265
recornbinant bovine lactoperoxidase 93
recombinant protein 123
recombinant protein in the milk 199
redox regulation 355
replication 319
retinoic acid 307
retrovirus 193
RNA 319
Rose Bengal 397,403
RT-RCR 313
rydnodine 5
seaweed 373
senescence 279,331,337
serum 29
serum-free 193
serum-free culture 63
serum-free medium 221,283
small intestinal cell 391
sodium alginate 145
sodium nitropruside 421
soluble T cell receptor 99
Special Administration Region 1
specific metabolic rates 29
specifications 215
stathmin 261
stromal cells 177
substrate limitation 75
subtraction 337
suppression 361
suspension culture 33
T helper (Th) cells 155
Tap 261
taste bud 391
TCP-1 261
telomarase 279, 331,331, 355
telomere 279, 355

telomere binding proteins 355
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TGF-8
thapsigargin
thiazolidinedione

three dimensional culture

thymine dimer
thyroid organ culture
TIG-1

tissue engineering
TNF receptor family
tPA

transgenic Cow
transgenic rabbit
transglutaminase
transient expression
transient transfection
tumor promotion
TUNEL method
useful proteins

UV damage
validation

vinegar

viral safety

virus

von Willebrand factor
vWF

WEHI-279 cell
wild plants
xenotransplantation

279, 131

5
307
177
385
187
355
171
243

29
199
203
295
99
17
181
343
129
385
221
361
215
221
105
45
391
373
187



