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PREFACE 

Once again we have gathered to discover and evaluate 
advances made in our ability to understand. diagnose and 
possibly treat breast cancer with the new reagents provided by 
monoclonal antibody techniques. 

In the last two years since our first International Workshop 
on Monoclonal Antibodies and Breast Cancer there has been an 
enormous surge in the number and quality of applications for 
these new reagents. Solid achievements have been made in 
identification and quantitation of estrogen and progesterone 
receptors. in histopathological diagnostic procedures. in serum 
diagnosis. and we are witnessing now the first attempts to treat 
breast cancer with immunoconjugates. 

Cytosolic estrogen receptors can now be quantitated with 
monoclonal antibodies. and also their cellular distribution can 
be directly assessed histologically. In addition. monoclonal 
antibodies to progesterone receptors have been generated that 
show promise in having similar uses as those to the estrogen 
receptor. 

In the field of diagnosis. the use of monoclonal antibodies 
has permitted the development of serological approaches for 
early diagnosis by identifying and measuring breast epithelial 
antigens in serum. and of histological approaches for 
establishing criteria for breast cancer dissemination and 
prognosis. 

With great expectations we are all following developments in 
the area of breast cancer treatment using conjugates of 
anti-breast epithelial monoclonal antibodies which are now 
confirming earlier reports in affecting breast tumor control. 
The recent creation of newer monoclonal antibodies and 
conjugates await experimentation and clinical trials to 
determine their value. 

As a whole. we are at the threshold of an explosive 
development in uses of these reagents and the many contributions 
to this 2nd International Workshop attest to this fact. The 
enthusiasm and investment of many laboratories worldwide in 
these new techniques and approaches stems also no doubt from the 
steady progress made in basic aspects of the field for which we 
have evident proof here. 

This 2nd Workshop was made possible by the generosity of our 
Sponsors. the commitment of the members of the Program and 



Organizing Committee. and the strong dedication of the John Muir 
Cancer & Aging Research Ins~itute staff. A special mention 
should be made of the effort and care put into the preparation 
of this volume by Ms. Shannon Jackson. 

Evidence of the progress made is presented in this volume 
and the excitement generated by these accomplishments make us 
believe in the important role to be played by reagents produced 
with monoclonal antibodies in breast cancer diagnosis and 
treatment in the near future. 

Roberto L. Ceriani 

vm 
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SESSIONS I AND II 



CHARACTERIZATION OF CROSS-RELATED ANTIGENS OF HUMAN MILK FAT 

GLOBULE MEMBRANE AND BREAST TUMORS DETECTED BY A NEW MONOCLONAL ANTIBODY 

PANEL 

Arnold S. Dion, Pierre P. Major*, and Masao Ishida* 

Institute of Molecular Genetics 

Center for Molecular Medicine and Immunology 

One Bruce Street 

Newark, NJ 07103 USA 

*McGill Cancer Centre 

McIntyre Medical Sciences Building 

3655 Drummond 

Montreal, PQ H3G IY6 Canada 

INTRODUCTION 

The initial impetus for the generation of antisera versus milk fat 

globule membranes (MFGM) was to provide immunological reagents for the 

identification of differentiation markers specific for breast epithelial 
1 cells. In view of the paucity of such reagents and their potential for 

defining normal ontogenic processes comprising mammary gland development 

and function, this was a logical approach. What was perhaps less obvious 

at the inception of this strategy, however, were the observations by 
1 

Ceriani et al. and others, as cited later, that mammary tumor cells and 

MFGM expressed common antigens associated with highly differentiated 

functions. Not unexpectedly, therefore, antibodies prepared against 

breast tumor cells or subcellular components were likewise found to 

frequently react with MFGM preparations (vide infra). 

Recently, a panel of ten monoclonal antibodies was prepared and 

selected for reactivity against membrane fractions of a moderately 

3 



differentiated breast tumor as w~ll as poor!y differentiated breast 

tumors metastatic to liver, and eight of these preparations were found to 

also react, in various degrees, with MFGM components.2 A primary goal of 

these and subsequent studies was to define various biological and 

biochemical parameters of these cross-related tumor and MFGM antigens 

vis-a-vis analogous observations of others. In particular, the present 

investigations were focused on determining cell and organ-type antigen 

distributions, physicochemical characteristics, and the nature of 

immunoreactive determinants shared by these tumor and MFGM antigens. 

PREPARATION AND INITIAL CHARACTERIZATION OF MONOCLONAL ANTIBODY PANEL 

Immunogens for the generation of monoclonal antibodies consisted of 

cellular membrane components3 of either primary or metastatic breast 

tumors, reSUlting in a total of 1,938 hybridomas derived from 33 

fusions. 2 As summarized in Table 1, 10 of these hybridomas were selected 

for further study by the criteria of: a. reactivity with the cognate 

immunogen and at least one additional tumor membrane preparation; 

b. greater reactivity with membranes from tumors than normal breast 

tissues (reduction mammoplasties); and c. lack of reactivity with normal 

liver cells or membranes, bile ducts, vascular endothelium, lymphocytes 

or granulocytes. 

As reviewed later, the finding of cross-related antigens that are 

shared by both breast tumors and MFGM has been frequently noted. Because 

of this phenomenon and for the purpose of immunoreactivity ordering, 

antibody-binding to equivalent amounts of primary (PT3) and metastatic 

breast tumor membranes (MBS and MB6), as well as MFGM, was evaluated by 

the enzyme-linked immunosorbent assay (ELISA) and by dot blotting. For 

both assay techniques, similar results were obtained and a representative 
2 dot blot assay is shown in Figure 1. Cumulatively, the ELISA and dot 

blot techniques demonstrated that the monoclonal antibody panel (MAl to 

10) could be grouped according to their reactivities with these four test 

antigens (Table 2), and corresponded to reactivities with distinct 

antigenic molecular weight species, as discussed later. 

BIOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF THE MILK FAT GLOBULE 

MEMBRANE 

The lipid-rich fractions of all milks are typically composed of milk 

fat globules (1 to 10 microns in diameter) which share similar 
4 

ultrastructural features. The structural model initially advanced by 

4 



Table 1. Immunogens and Monoclonal Antibody Isotypes 

Mouse Antibody 

Immunogen Strain Designation Isotypes 

Primary Breast Tumor A MAl* IgGI k 

Primary Breast Tumor A MA2* IgGl k 

Primary Breast Tumor Balb/c MA3 IgG3 k 

Metastatic Breast Tumor 1 A MA4+ IgGl k 

Metastatic Breast Tumor 1 A MA5+ IgGI k 

Metastatic Breast Tumor 1 Balb/c MA6 IgGl k 

Metastatic Breast Tumor 1 Balb/c MA7 IgGI k 

Metastatic Breast Tumor 5 A MA8' IgGI k 

Metastatic Breast Tumor 5 A MA9' IgGI k 

Metastatic Breast Tumor 5 A MAIO' IgM k 

For immunization, membrane preparations from either a primary 

breast tumor (moderately differentiated) or breast tumor 

metastasis (poorly differentiated) were used as immunogens. 

*,+,'; Antibodies derived from the same fusion. 

5 
Bargmann and Knoop proposed that milk fat droplets were progressively 

enveloped by the cellular plasma membrane. This model has been generally 
6 verified by current evidence, reviewed by Anderson and Caws ton and 

4 
Patton and Keenan, that milk triacylglycerols are secreted from mammary 

epithelial cells as discrete droplets surrounded by a surface membrane, 

termed the milk fat globule membrane (MFGM) , which is derived from the 
7 

apical pole of secretory alveolar cells. Consistent with this scheme, 

bovine MFGM is enriched with components typical of the plasma membrane, 

viz. sphingomyelin, 5'-nucleotidase, phosphodiesterase and alkaline 
8 phosphatase. Human MFGM, as well, contains enzymes characteristic of 

plasma membranes of the Golgi apparatus and endoplasmic reticulum. 9 . 
SDS-polyacrylamide gel electrophoretic (SDS-PAGE) analyses of the MFGM's 

isolated from the milks of several species have indicated the presence of 
4 

8 to 10 major protein/glycoproteins, as reviewed by Patton and Keenan. 

Two components, xanthine oxidase and butyrophilin, account for 50% of the 
. 7 10 11 

total proteins/glycoproteins stainable w1th Coomassie blue.' , 

Xanthine oxidase, although present in the cytoplasm of secretory 

epithelial cells, occurs in higher concentrations in the cellular apical 

5 



Table 2. Relative Antibody Reactivities Versus 

Four Test Antigen Preparations 

Group Antibody Relative Reactivity 

I MAl PT3 > MB6 > MB5 > MFGM* 

II MA2 PT3 = MFGM > MB5 = MB6 

III MA3 to 6 MFGM > MB5 = PT3 > MB6 

IV MA7 MFGM > MB5 = PT3 > MB6 

V MAS and 9 MB5 > PT3 = MFGM > MB6 

VI MAIO MB5 > PT3 .. MB6 = MFGM 

*Underlining indicates an ELISA value <0.05 optical 

density units and is scored as non-reactive. 

11 pole. Therefore, xanthine oxidase exists in both soluble and 

membrane-bound forms of isolated MFGM's.11-13 In contrast, butyrophilin 

is found primarily in the apical plasma membrane and is firmly bound to 
the MFGM. 7,10 

With specific reference to human MFMG, more than 35 

protein/glycoprotein components have been observed following 
14 two-dimensional separations. However, there is no general agreement as 

to the number of molecular weight species of proteins/glycoproteins 

associated with human MFMG. [Undoubtedly, these varied conclusions are the 

result of different MFGM-preparation procedures, amounts analyzed by 

SDS-PAGE, differences in electrophoresis conditions, and detection 

6 
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Figure 1. Monoclonal antibody (MA) binding to dot blotted 

membrane preparations derived from a metastatic breast 

tumor (MB5) and milk fat globule (MFGM). 



sensitivities. This situation is further complicated by the fact that 

Coomassie blue often does not stain, or poorly stains, membrane 
15 16 

glycoproteins.] The initial studies of Martel et a1. demonstrated the 

association of at least six major Coomassie blue-staining bands within the 

molecular weight range of approximately 160 and 15.5 kd; the 160 and 84 kd 

bands were identified as glycoproteins on the basis of periodic acid 
17 

Schiff (PAS)-staining. Sasaki et a1., in contrast, reported that human 

MFGM consisted of four major molecular weight species of 150, 75, 60, and 

48 kd, and the 60 and 48 kd components were PAS-positive. 

The finding that 8 of the 10 monoclonal antibodies produced against 

tumor membranes also reacted with MFGM (Table 2) prompted us to 

investigate the protein/glycoprotein complexity of the latter. Initial 

results (not shown) employing disc gel electrophoresis and detection of 

protein and glycoprotein species by Coomassie blue and PAS-staining, 

respectively, revealed a relatively simple profile of proteins/g1yco-
. 16 17 proteins as previously descr1bed.' However, the use of more sensitive 

18 
techniques involving slab gel electrophoresis, blotting to 

19 20 
nitrocellulose, and visualization by india ink staining and reaction 

with Lens cu1inaris hemagglutinin (LcH) revealed a more complex pattern, 

as illustrated in Figure 2. Also, these data demonstrate that components 

of MFGM isolated from milks of 4 separate individuals are relatively 

constant. Most of the variable components are lower molecular weight 

1 234 432 1 

17kd-

44kd-

25kd-

INDIA INK LECTIN 

Figure 2. SDS-PAGE analysis of proteins/g1ycoproteins of 

MFGM's prepared from the milks of four separate 

individuals by the technique of Ceriani et a1. 1 

Following electrophoresis, separated components were 

transferred to nitrocellulose by two-dimensional 

diffusion, resulting in mirror images, and stained 

with india ink and lectin (Lens cu1inaris 

hemagglutinin, LcH). 

7 



species that are glycosylated, i.~. bind LcH~ and probably represent 

variable contamination with skim milk components or possible breakdown 

products. As noted by Imam et al.,2l the predominant glycoprotein 

constituent of human MFGM possesses an apparent molecular weight of 70 kd 

(gp70). In addition to LcH-binding, we should note that concanavalin A 

(ConA), wheat germ agglutinin (WGA), Ricinus communis agglutinin-I 

(RCA-I), and peanut agglutinin (PNA) bound to multiple human MFGM 

constituents, and will be reported elsewhere. 

BIOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF RECOGNIZED ANTIGENS 

With regard to mammary epithelial cells, previous studies2 of this 

antibody panel established that recognized antigens were, in general, 

distinguishable by the criteria of membrane polarity and intensity. 

Specifically, recognized antigens were moderately expressed and confined 

to the apical surface of normal breast cells, whereas secretory breast 

epithelial cells displayed increased expression at the apical surface of 

most acini and ducts. In distinct contrast, antigen expression was most 

intense for tumor cells, associated with a diffuse cytoplasmic 

localization for most tumors while others displayed accentuation of 

peripheral staining. 

2 
Previous studies also established cell- and organ-type antigen 

distributions. In brief, antigens recognized by this antibody panel were 

not expressed in connective tissue, smooth or striated muscle, endocrine 

tissues, or lymphoid or hematopoietic tissues. However, these antigens 

were generally expressed, at lower levels than those of normal breast 

epithelial cells, in other secretory epithelia as well as in other 
2 

epithelial tissues. From this survey, only sebaceous and sweat glands 

possessed a level of expression commensurate with that found for normal 

breast epithelium. 

Diffuse cytoplasmic expression or peripheral localization of 

recognized determinants for tumor cells, as compared to polarized surface 

expression in normal cells, suggested the possibility of aberrant 

biosynthesis and/or processing of these antigens as a function of 

malignancy. Therefore, Western blot analyses were performed to address 

this question and to provide preliminary characterization of recognized 

antigens. From the results given in Figure 3A, antibody reactions versus 

breast tumor membrane antigens revealed that MAl (Group I, see Table 2) 

and MA2 (Group II) recognized a single component (MW = 300kd), whereas MA3 

8 



Table 3. Group Designations of Monoclonal Antibodies According 

to Origin and Molecular Weights of Immunoreactive Antigens 

(Determined by Immunoblotting) and Reactivity with MCF-7 Cells. 

Antigen Source: 

Milk Fat Globule Membrane 

Metastatic Breast Tumors 

Primary Breast Tumor 

MCF-7 Immunofluorescence: 

Antibody Group:* 

Molecular Weight: I II III IV V VI 

330,000 

300,000 

280,000 

300,000 

280,000 

Treatment 

Before Trypsin 

After Trypsin 

- + + ND + 

+ + + - + 

- + + 

+ + + - + 

- + - + 

+ + + + + 

+ + + + + 

* Antibody Groups Include: I (MAl), II (MA2), III (MA3-6), IV 

(MA7), V (MA8&9), VI (MAIO). 

and MAS (Group III) and MA9 (Group V) reacted with two bands (MW's = 300 

ftnd 280 kd); MA7 (Group IV) demonstrated reactivity with at least three 

bands (MW range = 230 to 300 kd). 

Similar analyses were employed to assess whether cross-related 

antigens in tumor and milk fat globule membranes differed with regard to 

molecular weights. As shown in Figure 3B, MA3 (Group III) reactions with 

tumor or MFGM preparations differed significantly, i.e. two bands with 

MW's of 300 and 280 kd were detected in the tumor preparation while a 

single band of 330 kd was detectable in the MFGM. Cumulatively, group 

designations, originally assigned on the basis of antibody-binding to 

various tumor and milk fat globule membranes (Table 2), could be further 

refined on the basis of immunoreactivities with specific antigens and 

MCF-7 cells with and without prior trypsin treatment (Table 3). 

Furthermore, these results suggest that this panel of 10 antibodies 

recognizes at least 6 distinct epitopes. 

The finding of related epitopes on antigens displaying molecular 

weight heterogeneity suggested the possibility that differences in 

post-translational glycosylation could, at least in part, be responsible 

9 



for this phenomenon. To clarify this point, studies were initiated to 

obtain preliminary characterizations of the carbohydrate moieties. This 

was accomplished by in situ lectin-binding to e1ectrob10tted glycoproteins 

of tumor membranes and MFGM following SDS-PAGE, and by lectin affinity 
24 

chromatography. Both of these techniques yielded similar results, viz. 

immunologically related antigens from both tumor and MFGM have low 

affinities for ConA and high affinities for WGA; however, differential 

binding to PNA and RCA-I was observed. Specifically, PNA affinity for 

the 280 and 300 kd tumor antigens was clearly less than that observed for 

the 330 kd MFGM antigen, and enhanced affinity resulted from sialic acid 

removal. For binding to RCA-I, only the 280 kd antigen failed to bind 

significantly and this also was enhanced by the removal of sia1y1 

residues. From these results and the known structural requirements for 
25 

lectin-binding, we have tentatively assigned the oligosaccharide 

structures given in Figure 4 to each of these antigens • 

10 
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Figure 3. Molecular weight determinations for antigens 

recognized by monoclonal antibodies. Left Panel: Tumor 

antigen (MB5) was electrophoresed on a 4 to 20% SDS­

polyacrylamide gel containing 4M urea under reducing 

conditions and e1ectrob10tted to nitroce11u10se. 22 

Nitrocellulose strips were then reacted with MAl (lane 

1), MA2 (lane 2), MA3 (lane 3), MA5 (lane 4), MA7 

(lane 5), and MA9 (lane 6). Right Panel: Immunob10t 

reactivity of MA3 with 100 ug of tumor preparation MB5 

(lane 1) or MFGM (lane 2). Thick arrows denote bands 

of 280 and 300 kd in lane 1, whereas only one band of 

330 kd is stained in lane 2. Thin arrows indicate 

molecular weight standards (330 and 220 kd). 



For the present, these assignme~ts are con~istent with the lack of 

binding afifinity to ConA, i.e., N-asparaginy1-1inked oligosaccharides with 

at least a triantennary structure. These terminal structures are also 

compatible with increased sialylation of the N- and O-linked carbohydrate 

moieties of the tumor-associated antigens, resulting in an increased 

affinity for PNA and RCA-I following desialylation. In this regard, we 

have observed decreased electrophoretic mobilities of the 280 and 300 kd 
24 

antigens following neuraminidase treatment. The lower apparent molecular 

weights of these antigens, as compared to the normal (330 kd) antigen, 

therefore,are likely explainable in whole or in part by increased 

sia1ylation of the former. 

N-GLYCOSIDIC LINKAGES: 

330kd (milk): (NANA) 2-6 Gal-GlcNac-

(NANA) 2-6 Gal-GlcNac-

(NANA) 2-6 Gal-GlcNac-

300kd (tumor): (NANA) 2-6 Gal-GlcNac-

(NANA) 2-6 Gal-GlcNac-

NANA 2-3 Gal-G1cNac-

280kd (tumor): NANA 2-3 Gal-GLcNac-

NANA 2-3 Gal-GLcNac-

NANA 2-3 Gal-GLcNac-

O-GLYCOSIDIC LINKAGES: 

330kd (milk): Gal-GaINac-(Ser/Thr) 

300kd (tumor): (NANA)-Gal-GaINac-(Ser/Thr) 

280kd (tumor): NANA -Gal-GaINac-(Ser/Thr) 

Figure 4. Tentative assignment of terminal 

oligosaccharide structures associated with recognized 

antigens. NANA, N-acety1 neuraminic acid; Gal, 

galactose; GlcNac, N-acetyl glucosamine; GalNac, 

N-acetyl galactosamine. Parentheses indicate the 

possible presence or absence of sialyl residues. 

11 



NATURE OF IMMUNOREACTIVE DETERMINANTS 

The purpose of this phase of our studies was to broadly address the 

nature of the immunoreactive determinants, i.e., whether the recognized 

epitopes consisted of covalently attached carbohydrate moieties or peptide 

sequences. To accomplish this goal, we have of necessity employed several 

approaches, some of which are noted here. To obtain unequivocal answers, 

however, will require additional investigations which are in progress. 

Our initial studies consisted of controlled periodate oxidation of 

carbohydrate structures, a technique which was recently devised 
23 

~pecifically for application to glycoproteins blotted to nitrocellulose. 

The results shown in Figure 5 demonstrate that dot blotted tumor membrane 

antigens extensively lose (>90%) the ability to bind peroxidase-conjugated 

LcH lectin following periodate treatment. In contrast, the binding of the 

indicated monoclonal antibodies was only slightly inhibited. Considering 

the fact that periodate treatment of antigens virtually eliminated 
26-28 

antibody-binding in previous studies, is evidence that our antibody 

panel recognizes primarily peptide determinants. Variability in the. 

degree of sialylation (Fig. 4) and the lack of effect of neuraminidase 
2 treatment on antigenicity similarly support this conclusion. 

For MAS, three additional approaches have indicated that a peptidyl 

determinant is recognized. These include the findings that: 1. total 

human milk oligosaccharides (215 ug galactose equivalents/ml) do not 

12 
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Figure 5. Antibody binding to antigen before (-) and 
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compete for antibody (4 ug/ml) reacti~ity for do~ blotted MFGM; 2. prior 

reaction of dot blotted MFGM with WGA does not abrogate reactivity with 

antibody; 3. MA5 does not react with glycolipid extracts from human milk, 

and MA's 2,5 and 8 display similar reactivities to metastatic breast tumor 
2 membrane preparations with or without prior methanol extraction. 

CONCLUSIONS AND DISCUSSION 

From results accumulated to date, the salient characteristics of this 

monoclonal antibody panel include: 1. recognition of at least six 

epitopes, most of which are shared by antigens common to both tumor cell 

membranes and MFGM; 2. preferential expression of recognized antigens is 

characteristic of secretory and malignant breast epithelial cells; 

however, low antigen expression was found for resting breast cells as well 

as for sebaceous and sweat glands; 3. expression of these antigens in 

other secretory epithelial cells occurred at trace levels; 

4. cross-related antigens of normal secretory and malignant breast cells 

differ with regard to molecular weights which appears to be due, at least 

in part, to increased sialylation of tumor-expressed antigens; 

5. intracellular processing of antigens is aberrant in tumor cells 

reSUlting in diffuse cytoplasmic or peripheral surface localization as 

compared to the asymmetrical surface expression on normal cells; 

6. peptidyl determinants are primarily recognized. 

Table 4 summarizes previous results with regard to antibody reagents 

which recognize antigens shared by breast tumor cells and MFGM. Consonant 

with the possibility that some of these antisera (Table 4) are specific 

for differentiation antigens, heterogeneity of antigen expression has been 

generally observed for both normal and malignant breast epithelial 

cells. 38 In addition, an asymmetric distribution of at least some 
26 32 39 

MFGM-related antigens has been noted. " In general, differences in 

antigen expression between normal and malignant cells have also been 

found, i.e., a cytoplasmic localization in less well-differentiated tumor 

cells. 14 ,26,40,41 Also, Burchell et al. 42 and Abe and Kufe40 observed that 

MFGM-related antigens differed with regard to molecular weights, i.e., of 

significantly lower mass in tumor cells as compared to MFGM. In this 
context, these biological and biochemical characteristics are consistent 

with data presented here and may be generally applicable for 

differentiation-specific antigens. 

As summarized in Table 4, the nature of recognized epitopes, when 

determined, were invariably identified as carbohydrate moieties by lectin 
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Table 4. Some characteristics of antisera which recognize 
antigens shared by tumor cells and MFGM. 

Antibody Recognized 
Immunogen Desig!!;ation T;Y:I!e Determinant Reference 

MFGM a-HMEC pI ND2 1 

MFGM a.-EMA P Carbohydrate 26,29 

MFGM HMFG-l M Carbohydrate 30,31 
HMFG-2 

MFGM LICR-LON-M8 M ND 32,33 
LICR-LON-MI8 Carbohydrate 
LICR-LON-M24 Carbohydrate 

Tumor MBrl M Carbohydrate 27 
membranes 

MFGM Mc3/Mc5 M ND 34 
McR2 

MFGM-gp70 a-MFGM-gp70 P NO 14 

Tumor OF3 M Carbohydrate 35,37 
membranes 

MFGM Various M Carbohydrate 28 

MFGM IU05 M NO 36 

1 
p = polyclonal; M = monoclonal 

2 NO = not determined 

" i 31" d "d" 26-28 b bl d compet~t on assays, per~o ate ox~ at~on or y 00 group 
33 

oligosaccharide binding or inhibition. It is noteworthy, therefore, that 

antibodies generated versus cell surface antigens associated with 

embryogenesis, differentiation or oncogenesis often recognize carbohydrate 

structures of surface-expressed glycoproteins and/or glycolipids. 
38 

Furthermore, Edwards has suggested the possibility that almost all 

existing monoclonal antibodies to surface-expressed antigens of epithelial 

tumors may have carbohydrate specificities. As reviewed by Feizi,43 this 

phenomenon may be intimately related to important roles of glycoconjugates 

in growth, development and neoplasia. From this perspective, our 

tentative conclusion that recognized epitopes consist primarily of peptide 

sequences clearly distinguishes these antibodies from those previously 

generated (Table 4), and offers the prospect of utilizing these reagents 

for ONA cloning protocols. 
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A MULTIPARAMETRIC STUDY BY MONOCLONAL ANTIBODIES IN BREAST CANCER 

M.I. Colnaghi, S. Menard, M.G. Da Dalt, R. Agresti, 
G. Cattoretti, S. Andreola, G. Di Fronzo, M. Del Vecchio, 
L. Verderio, N. Cascinelli al1d F. Rilke 

Istituto Nazionale Tumori, Via Venezian 1, Milan, Italy 

INTRODUCTION 

Al though the relative 5-year survival rate of breast cancer 
patients has improved over the past few years, the age-adjusted 
mortality rate has remained stationary because the age-adjusted 
incidence rate has increased. A local recurrence or the development of 
distant metastases after therapy is part of the natural course of the 
disease. Reliable factors capable of predicting which patients will 
develop metastatic cancer, and when, are not available yet. Clinical, 
pathological and biochemical studies contribute to the identification 
of a number of parameters which can help us predict early recurrences 
of the disease after radical surgery in women with operable disease. 
In fact, prognosis seems to be correlated, to a certain extent, with 
some of them, evaluated separately or in combination. The prognostic 
factors most commonly taken into consideration include the clinical 
stage, nodal status and hormone receptor levels (1,2). However, even 
well-established parameters are not entirely dependable. 

For example, in clinically cured T1 T2N 000 patients a relapse 
usually occurs in 25% of cases. As far as hormone receptors levels are 
concerned some studies report a significantly longer relapse-free 
interval in patients wit? estrogen-receptor-posi tive tumors in 
comparison to those with estrogen-receptor-negative ones (3,5), other 
studies show no differences at all (6,7), and still others only give 
evidence of some differences during the early months of 
(8,9). Contradictory results also came from studies 
relationship between progesterone-receptor (PgR) status 
relapse-free interval (9,10). 

follow-up 
on the 

and the 

There are several factors which, other than their bearing on 
prognosis, are also important for a better understanding of the 
natural history of a tumor. For example, the nodal status and hormone 
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receptor levels have a certain biological significance. The first 
seems to reflect the age of the ,disease frem inception to the time of 
diagnosis (11), the second helps us deduce valuable information on the 
disease long after their first measurement in the primary tumor. In 
fact, the hormone receptor levels can inform us of the growth 
characteristics of the tumor and for this reason ER and PgR assays 
have now widely replaced clinical parameters for selective hormone 
therapy in patients with advanced breast cancer. Furthermore, they can 
supply us with information on the first possible sites of metastases: 
a patient with an ER positive tumor is more likely to develop bone 
metastases, whereas those with ER negative tumors tend to develop 
visceral metastases (12,13). 

Breast cancers do differ, as far as their biological behaviour is 
concerned, and fundamental biological questions such as whether the 
disease in patients without relapse is different from the disease in 
patients which develop metastases and die, or whether early breast 
cancers are chronologically early or biologically indolent, still have 
no answer. It is therefore unlikely that a single therapy should be 
appropriate for tumors with different natures. Only a better knowledge 
of the behaviour of the individual tumor would allow improvement in 
therapy and may have a great impact on the ability to cure the 
disease. 

Today there is still a great need to discover new reliable 
factors that can provide us with a better insight of the biology of 
tumors and help us identify different subgroups of patients which will 
undergo different courses of the disease and therefore require 
different kinds of treatment. 

In this multiparametric study we evaluated the expression of 
antigenic determinants identified by some of the MoAbs we produced, on 
breast tumors in relation to different parameters known to have a 
certain predicting or biological significance, with the aim of finding 
new factors with high prognostic values and obtaining further 
biological information on breast carcinoma. 

MATERIAL AND METHODS 

Monoclonal antibodies 

Monoclonal antibodies reacting with breast carcinomas, were 
obtained by fusing the murine myeloma P3 with spleen cells from mice 
immunized with cell membrane preparations from the human breast cancer 
cell line MCF-7 or from surgical specimens of epithelial tumors 
(14-18) • 

Tissue specimens 

The prospective study was carried out on frozen sections from 
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surgical specimens. Immunologic tests and DNA content evaluation for 
each single case were carried out on serial sections of the same 
surgical specimen. 

The retrospective study was carried out on histological sections 
of mammary tumors from 40 specifically selected patients in follow-up 
from 5 to 12 years. 

Immunologic tests 

Immunoperoxidase (IPX) and immunofluorescence (I.F.) tests with 
MoAbs MBrl, MOv2, MBr8, MOv16 were carried out as previously described 
(14,17,19,20). The ER-ICA test was carried out by indirect IPX 
staining with the commercially available anti-ER rat MoAb (Abbot, 
U.S.A.). Epidermal growth factor and transferrin receptor (EGF-R, 
Trf-R) evaluations were done by indirect IPX staining respectively 
with the MoAb Rl kindly provided by Dr. M. Waterfield (ICRF London) 
and the commercially available anti Trf-R MoAb (Becton Dickinson, 
U.S.A.). The evaluation of p2l and p53 expression was carried out by 
indirect IPX staining respectively with the commercially available 
MoAbs v-H-ras Abl and Ab2 (Oncogene Science, Inc. U.S.A.) and the MoAb 
PAB421 kindly provided by Dr. M. Crawford (ICRF London). 

In all of the cases a tumor was considered positive when at least 
10% of the cells stained positively. 

Hormone receptor and DNA content assays 

The hormone receptor levels (DCC method) were evaluated as 
previously described (21). The DNA content was evaluated essentially 
according to the method described by Vindelov et al. (22). 

Statistical methods 

Associations between antigen expression and each prognostic 
factor were investigated by means of the CHI-SQUARE tests in 
contingency tables. Survival curves were drawn according to the 
Kaplan-Meier method (1958). By convention, p <. 0.05 was taken to be 
significant. 

RESULTS AND DISCUSSION 

Table 1 summarizes the multiparametric prospective study in 
progress at the Istituto Nazionale Tumori, Milan. A series including 
14 different monoclonal antibodies raised in our laboratory and 
reacting with breast tumors were chosen to be tested on 191 cases of 
ductal and lobular infiltrating primary carcinomas of the breast and 
their reacti vi ty will be correlated with some of the many factors 
proven or suggested to have some prognostic value. 
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Table 1. A multiparametric study 

14 MoAbs produced at the Istituto Nazionale Tumori, Milan, tested on 
191 cases of ductal and lobular primary breast carcinoma 

Reactivity investigated in relation to: 

Tumor size (86%<2.5cm) 
Tumor margin (61% infiltrating) 
Lymphnode involvement (59% N-) 
Grade (8%1; 49%11; 43%111) 
Kinetic index (77%..c: 2.8) 
Menopausal status (39% pre) 
p53 expression (16% pos.) 
p21 expression (75% pos.) 

Estrogen receptor 
DCC-methbd (81% pos.) 
ER-ICA method (78% pos.) 

Progesterone-receptor (71% pos.) 
EGF-R (38% pos.) 
Trf-R (73% pos.) 
DNA content (39% diploid) 
Disease progression 

In this paper we report some preliminary results which refer to 4 
MoAbs, namely MBr1, MBr8, MOv2 and MOv16 , whose characteristics are 
listed in Table 2. 

Table 2. Description of MoAbs used in the multiparametric study 

MoAb Immunogen MoAb Isotype Ag recognized 

MBr1 cell membrane preparation IgM polysaccharide epitope 
from the MCF-7 cell line on a glycolipid, 

glycoproteins. mucins 

MBr8 cell membrane preparation IgM unknown 
from a breast carcinoma 
surgical specimen 

MOv2 cell membrane preparation IgM polysaccharide epitope 
from an ovarian carcinoma on a glycolipid, 
surgical specimen glycoproteins, mucins 

MOv16 cell membrane preparation IgG1 glycoprotein 
from an ovarian carcinoma 
surgical specimen 

Table 3 summarizes information regarding the expression of CaMBr1 
on breast epithelial cells. According to its distribution it seems to 
be an antigen related to a functional status: it is, in fact, strongly 
expressed on normal breast epithelium during the second part of the 
proliferative phase and the first part of the secretory phase of the 
menstrual cycle, Le. from the 8th to the 22nd day. During this 
period, following the resting status, under hormonal stimulus the 
breast gland shows a progressive increase of cytoplasmic vacuoles and 
mi toses (23). 
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Table 3. Expression of CaMBr1 on breast epithelial cells 

Antigen associated with the proliferating and secreting activity of the 

human mammary gland 

High expression on: Normal breast epithelial cells during the 
proliferative and secretory phase of the 
menstrual cycle (from 8th to the 22nd day) 

Breast glands during pregnancy and lactating 
mammary glands. 

MOv2, MBr8 and MOv16 MoAbs react on normal breast epithelial 
cells, on the breast glands during pregnancy, on lactating mammary 
glands and on benign tumors; as regards their relationship with the 
menstrual cycle, CaMOv2 expression is independent, whereas CaMBr8 and 
CaMOv16 have not yet been analyzed. 

Previously reported data (14,17,19,24) regarding the heterogeneous 
expression of CaMBr1, CaMOv2, CaMBr8 and CaMOv16 on breast carcinomas 
are summarized in Table 4 which shows that none of the 4 MoAbs were 
able to react with the totality of the tumors of a given oncotype. 
They were therefore considered sui table for an analysis regarding 
their predicting potential. 

Table 4. Expression of CaMBr1, CaMBr8, CaMOv2, and CaMOv16 on breast 
cancer 

Oncotype Percentage of positivity 

CaMBr1 CaMBr8 CaMOv2 CaMOv16 

Ductal 80 70 52 61 

Lobular 78 75 65 75 

Mixed 86 77 57 50 

Others 56 23 44 31 

In Figures 1 and 2 is reported the relationship between the 
reactivity of each single MoAb and the tumor grade, and, among the 
fac tors listed in Table 1, only those which resulted significantly 
correlated according to the statistical analysis. 

Tumors expressing CaMBr1 included a statistically significant 
higher percentage of ER-ICA and Trf-R positive tumors and of tumors 
from patients in premenopausal status when compared with those which 
were MBr1 negative. Moreover, almost all the well differentiated 
carcinomas (grade I) were MBr1 positive (Fig. 1A). 
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MBr8 reactivity was significaptly stron~er on Trf-R, p53 and p2l 
positive tumors, and significantly lower in ER (DCC evaluation) and 
PgR posi ti ve tumors in comparison to the negative ones. As far as 
grade is concerned, no significaht difference was observed, but there 
seemed to be a tendency towards a lower expression in grade I tumors 
(Fig. lB). 

CaMOv2 became significantly prominent, in tumors from premenopause 
patients and in Trf-R and p53 positive tumors (Fig. 2A). 

ER (ER-ICA evaluation) and PgR positive tumors, as well as tumors 
from node negative patients, expressed a significantly higher level of 
CaMOv16 in comparison to hormone negative tumors or tumors from node 
positive patients. Finally, as in the case of MBrl, CaMOv16 showed a 
tendency towards higher expression in grade I tumors (Fig. 2B). 

Table 5. 

Analyzed 
parameters 

Stage 

I 
II 
IIIa 
IIIb 
IV 
X 

ER (DCC) 
(+) 
(+/-) 
(-) 
(N.D.) 

Nodal status 
(+) 
(-) 

Retrospective study on 40 breast cancer patients in 
premenopausal status treated, after relapse, with 
oophorectomy 

20 patients with a 100% 20 patients with a 0% 
survival after 5 years survival after 5 years 
(Median survival time of (Median survival time of 
patients dead after patients dead after 
relapse: 7 years) relapse: 2.5 years) 

No. % No. % 

1/20 5 1/20 5 
10/20 50 12/20 60 

5/20 25 3/20 15 
3/20 15 3/20 15 

1/20 5 1/20 5 

9/20 45 8/20 40 
3/20 15 4/20 20 
0/20 2/20 10 

8/20 40 6/20 30 

14/20 70 16/20 80 
6/20 30 4/20 20 

In brief, the expression of the determinant defined by the MBrl 
MoAb seems to be associated with functional changes in the breast 
gland related to hormonal stimuli, CaMOv16 appears to be related to a 
pattern of differentiation, whereas CaMOv2 and CaMBr8 tend to be 
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present in less differentiated ~umors in ~hich the hormonal regulatory 
function seems to be bypassed or integrated by other factors such as 
transferrin or oncogene-related products. Only the results of the 
follow-up now in progress will clarify the meaning of these results. 
However, 3 of our reagents (MBrl, MBrB and MOv2) , due to their 
persistent reactivity on paraffin sections, were analyzed in a 
retrospective study which revealed a predicting capability for two of 
them and suggested interesting biological implications. Table 5 
summarizes some information on the 40 selected patients in follow-up 
from 5 to 12 years who entered the retrospective study and on their 
tumors on which the three reagents were tested. MBrl gave 43% 
positivity, MBrB 59% and MOv2 54%. Patients were divided into two 
groups according to their survival evaluated 5 years after diagnosis 
(100% versus 0%) and the median survival rate of those dead after 
relapse (7 years versus 2.5 years). Known prognostic factors such as 
clinical stage, hormone receptor levels and nodal status did not help 
to identify the population with a poor prognosis; in fact the 
percentages referring to the various parameters were almost identical 
in both groups (Table 5) due to the adopted selective criteria. 
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Fig. 3. Relationship of CaMBrl expression with survival (A) and disease 
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As reported in Figures 3 and 4, the survival was associated with 
the expression of CaMBrl and CaMBra, whereas no relationship was found 
with MOv2 (Fig. 5). Despite the small case material the results were 
statistically significant (p <0.006) in the case of MBrl. 
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Fig. 5. Relationship of CaMOv2 expression with survival (A) and disease 
free survival (B). 

When MBrl and MBrB which gave evidence of a correlation with a 
poor prognosis were evaluated together, i.e. the survival of 10 
patients with MBrl and MBrB posi ti ve tumors was compared to the 
survi val of 10 patients with MBr1 and MBrB negative tumors, the 
difference after 10 years was even stronger: a 20 versus about BOO)' 

survival rate (Fig 6). 
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It therefore seems that two of the three reagents tested in the 
retrospective study have a strong predicting capability even in those 
cases where already validated prognostic factors failed; however these 
data need to be confirmed by the results of the wider prospective 
study. With reference to the other reagent, MOvI6, which correlates 
wi th known prognostic indicators such as node status and hormone 
levels, unfortunately it could not be tested retrospectively and we 
must therefore wait for the results of the follow-up of the 
prospective study to establish its predicting value. 

From our study we can also deduce some interesting biological 
speculations which however still require further clarification. For 
example, with reference to the MBrl receptor, which is strongly 
associated with a poor prognosis and whose expression fluctuates in 
relation to the menstrual cycle, we found that it may be expressed in 
different molecular forms according to various functional situations. 
In fact, CaMBrl was .only found on glycoproteins in the resting glands 
in postmenopausal status; whereas in tumors, in the breast during 
pregnancy and in lactating mammary glands it was also associated with 
glycolipids (data not shown). It has been reported that membrane 
glycolipids have an important role in the maturation (25) or 
regulation (26) of cell growth factor receptors. In keeping with this 
finding we found that CaMBrl and Trf-R expressions were strong:t.y 
associated on tumors and now further studies are in progress in order 
to elucidate the meaning of this association. 

A clearer understanding of the MBr1 receptor influence on some 
important functions of the cell life and of its interference in 
proliferative processes could help us reach a better understanding of 
the biology of breast cancer. 
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The mammary gland is a complex tissue containing several lineages, 
including the luminal or secretory epithelial cells and the basal or 
myoepithelial cells which line the ducts and alveoli. These two cell types 
can be distinguished in tissue sections by immunohistochemical staining 
with monoclonal antibodies to structural components and to functional 
products characteristic of each cell type. Such studies have focused 
attention on the luminal or secretory epithelial cell lineage, since the 
dominant cell in breast cancers expresses both the simple epithelial 
keratins and the mulin molecules expressed by the luminal epithelial cells 
in the normal gland. In these particulars the breast cancer cell 
resembles other adenocarcinomas, such as those from the colon, lung and 
ovary. 

A large number of antibodies have been developed which react ~ith the 
mucins expressed by normal and malignant mammary epithelial cells , and 
some of these antibodies are being used in the clinic in the diagnosis and 
treatment of cancer. Few of the epitopes recognized by these antibodies 
have been identified, and many are characterized only by their spectrum of 
reactivity with normal tissues and with tumours. Even using these 
ill-defined reagents, however'3it is becoming clear that the mucins are 
expressed in a complex fashion and that there is a need to find approaches 
to analyze these molecules at the structural level. 

THE MILK OR MAJ~Y MUCIN 

Mucins are characterised as large glycoproteins, containing 50-60% 
carbohydrate in which the sugar side chains are O-linked to serines and 
threonines through the sugar N-acetyl-galactosamine. A component with 
these characteristics is present in milk ~d the MFG and has been purified 
by Shimizu and5Yamauch~, and termed PAS-O. Other workers have called this 
component NPGP or EMA. Using an antibody affinity column we have 
purified the material carrying the HMFG-1 epitope from human milk. On 
Western blots the component shows a diffuse band of high molecular w~ight 
(>400K) which is reactive with both the HMFG-1 and HMFG-2 antibodies • 
Using a silver stain for glycoproteins other bands are apparent in the 
purified preparations, including a glycoprotein of MW 68kd, but these can 
be selectively removed by size exclusion chromatography to give a pure 
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preparation of the high molecular weight material. The purified component 
is rich in glycine, serine and proline and shows an amino acid composi~ion 
similar to the material biochemically purified by Shimizu and Yamauchi . 
This component we have called the milk or mammary mucin. 

Glycoproteins Immunologically Related to the Milk Mucin Expressed by Breast 
Cancers 

When antibodies reactive with the milk mucin are used to detect 
components produced by breast cancer cells on Western blots, more than one 
band is generally observed and the mobility of these bands in acrylamide 
gels is faster than that of the milk mucin. There is also individual 
variability in the apparent molecular weight of the components between 
different tumours and cell lines. Figure 1 shows the reactivity of a 
series of antibodies with gel separated extracts of MCF-7 cells on a 
Western blot. All the antibodies appear to be recognising the same 2 bands 
of molecular weight 320kd and 430kd. If other cell lines are used these 
high molecular weight bands show differing mobilities and certain 
antibodies! such as HMFG-2 and MS, can detect lower molecular weight 
components. Recently, a mucin has been identified in urine which carries 
the epitopes defined by HMFG-1 and HMFG-2 and a number gf other t~our 
associated antigens recognised by monoclonal antibodies. This urinary 
mucin was originally identified by its lectin binding ability ~d shows a 
genetic polymorphism which is inherited in a Mendelian fashion. 
Immunoblotting analysis using HMFG-1 and HMFG-2 to probe tumour and urine 
samples from the same individual indicates that the heterogeneity observed 
among tumours in the high molecular weight components is due to this 
genetic polymorphism (MS in preparation). However, this does not explain 
the presence of lower molecular weight bands observed in some tumours which 
may reflect abortive processing of the mucin. Such abortive processing is 
indicated by the observation that HMFG-2 reac~ive components accumulate in 
the Golgi of certain breast cancer cell lines. A difference in the 
processing of the mucin in the lactating mammary gland may also explain the 
apparent higher molecular weight (low mobility in gels) of the component 
produced in vivo by the fully differentiated secretory cell. 
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Fig. 1. Immunoblot of MCF-7 whole cell lysates with various 
monoclonal antibodies. Cell lysate from MCF-7 cells was 
separated on SDS acrylamide gels, transferred to 
nitrocellulose paper and incubated with the antibodies 
indicated in the figure and described in reference 2. 



Purification of HMFG-2 Reactive Material from Breast Cancer Cell Lines 

Although it is assumed that the components expressed by breast cancer 
cells which are immunologically related to the milk mucin are coded for by 
the same gene(s) as that coding for the mucin, this has not been formally 
proven. In an attempt to obtain material for amino acid analysis, we 
purified the antigen carrying component from T47D and MCF-7 cells using an 
HMFG-2 affinity column. Although the material obtained was not in fact 
sufficient for accurate analysis, an interesting observation was made. 
Thus while immunoblotting of the purified material with HMFG-2 showed only 
high molecular weight bands, a periodic acid silver stain demonstrated the 
presence of a glycoprotein of similar molecular weight (68kd) to that which 
co-purified with the milk mucin. It is still not clear whether this 
glycoprotein is a subunit of the mucin or an unrelated artefact. It is 
however immunologically related to the high MW component since monoclonal 
antibodies raised ag~inst the HMFG-2 purified material show a reactivity 
with both components • 

Another approach to obtaining structural information about the core 
protein of the putative mucins expressed by breast cancer cells is to 
select for cDNAs coding for the protein from a library made from a breast 
cance; cell line. We have taken this approach and our strategy has been to 
use antibodies developed against the core protein of the milk mucin to 
select clones from a ~ gt11 expression library prepared from mRNA of MCF-7 
cells. 

Stripping of the Milk Mucin and Preparation of Antibodies to the Core 
Protein 

Because the carbohydrate in the milk mucin is attached by O-linkage to 
serines and threonines and forms more than 50% of the content of the 
molecule, it is not possible to remove it with enzymes or mild chemical 
procedures. Deglycosylation was accomplished however by treating the mucin 
with hydrogen fluoride for 3 hours at room temperature (carried out by D. 
Lamport, Michigan State University). A partially stripped preparation was 
also obtained by treating the purified material with HF for 1 hour at 4·C. 
That the mucin was totally stripped of carbohydrate by the three hour 
treatment was confirmed by the lack of reactivity of the product with 
lectins including Helix pomatia aglutinin (HPA) , a lectin that specifically 
binds to the linkage sugar N-acetylgalactosamine. The partially stripped 
material showed an increased reactivity with HPA and decreased reactivity 
with peanut aglutinin indicating that the peripheral oligosaccharides had 
been removed. The iodination of stripped material followed by gel 
electrophoresis and autoradiography showed that while the partially 
stripped material was of high molecular weight, the totally stripped 
material contained a major band around 68kd and a minor one at 72kd. Amino 
acid analysis of 7th is material showed it to be the same as that of the 
unstripped mucin • 

The two preparations of partially and totally stripped mucin were used 
to prepare polyclonal and monoclonal antibodies. Monoclonal antibodies 
were selected by their reaction with the stripped material and two which 
were unreactive with the unstripped mucin but strongly reactive with both 
the totally and partially stripped material were chosen for use in 
screening Pt~ques from a ~gt11 cDNA expression library constructed from 
MCF-7 cells • 
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Selection and Characterisation of Partial cDNA Clones Coding for the Core 
Protein of the Mammary Mucin Gene 

Using first the polyclonal antiserum to the stripped milk mucin 
followed by screens with the monoclonal antibodies which were selected as 
described above, seven cross-rea9yive clones were selected from the 
library, the largest being 1.8kb • This cDNA recloned into pUC8 has been 
termed pMUC10 and used in Southern blots of restriction enzyme digests of 
DNA from different individuals. The results show that there appears to be 
one gene which exhibits extensive restriction fragment length polymorphisms 
(figure 2). Northern blots (carried out under conditions of high 
stringency) of RNA from breast cancer cell lines, normal breast tissue and 
cultured cells from milk show that hybridizing messages around 4.7kb and 
6.4kb are expressed in all these breast epithelial cells. Figure 5 shows a 
Northern blot of breast cancer cell lines probed with pMUC10. No 
mucin-related message was detectable in fibroblasts or the non-epithelial 
breast cancer cell line Hs578T. The polymorphism and tissue specific 
expression of the gene are in agreement with the observations made at the 
glycoprotein level, and support the idea that we have indeed isolated a 
cDNA corresponding to part of the gene coding for the mammary mucin as 
expressed in MCF-7 cells. The fact that the antibodies used to select the 
cDNA were raised against the core protein of the milk mucin also indicates 
that the core proteins of the molecules expressed by normal and malignant 
breast epithelial cells are immunologically related. 

Reaction of antibodies to the core protein with breast tissues and tumours 

One of the antibodies (SM-5) which was developed against the core 
protein and used in the above cloning studies has been found to react with 
sections of breast cancers in an immunohistochemical staining technique, 
and initial studies with normal breast tissues and benign tumours indicate 
that the reaction with breast cancers is highly specific. Results obtained 
so far show a negative or weak focal reaction with normal resting, pregnant 
and lactating breast and most benign tumours. Of the latter the papillomas 
showed the most reactivity, which was still weak and heterogenous compared 
to the strong reaction shown by this antibody on 20 out of 22 breast 
carcinomas. 

The determinant recognised by the antibody is destroyed by formalin 
fixation, although it is resistant to fixation in methacarn; the results 
illustrated in Figure 4 were therefore obtained using methacarn fixed, 
paraffin embedded tissues. For comparison the reaction of the antibody 
HMFG-2 was also examined on the same tissues using identical fixation 
procedures. This antibody is widely used in cancer diagnosis and had 
previously been thought to be preferentially expressed by breast cancers as 
compared to normal breast tissue and benign breast tumours. However, the 
studies leading to this conclusion had been done using formalin fixed 
tissues and tumours. A reexamination of the reaction of HMFG-2 with 
methacarn fixed material showed that in most benign tumours, around 60% of 
normal lobules in the resting breast and all of the epithelial structures 
in the pregnant and lactating breast gave a positive reaction with this 
antibody. Similarly, the range of normal tissues giving a positive 
reaction with HMFG-2 was also increased using methacarn fixed material. A 
reaction with antibody SM-5, however, was only detectable (and then as a 
weak focal stain) in salivary gland and sebaceous gland and in the distal 
kidney tubules. Figure 4 illustrates some of the staining patterns seen 
with the antibody SM-5 as compared with the antibody HMFG-2. 

The lack of reaction of the SM-5 antibody directed to the core protein 
of the mammary mucin with most normal tissues, together with its consistent 
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Fig. 2. Polymorphic human DNA fragments detected by hybridization 
with pMUC10 probe. Genomic DNA samples prepared from the 
white blood cells from 4 individuals (tracks 2-5) and 
from 4 cell lines (track 6 = ZR-75-1, 7 = BT20, 8 = 
fibroblasts, 9 = MCF-7) were digested to completion with 
EcoRI, fractionated by electrophoresis through 0.6% 
agarose and transferred to Biodyne nylon membrane. The 
filter was hybrid~2ed to the pMUC10 DNA insert which was 
labelled with [a- P]dCTP by the method of random 
priming. Track 1 is DNA of 1353, 1078, 872, 603bps. 
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Fig. 3. Northern blot hybridization analysis of mammary breast 
mucin mRNA. 10~g of total RNA from MCF-7 cells (tracks 
1,2,3, three preparations), T47D cells (track 4), normal 
mammary epithelial cells from human milk (track 5), 
fibroblasts (track 6) and the carcinosarcoma cell line 
Hs578T (track 7) were separated in a 1.3% agarose/glyoxal 
gel, blotted onto nitrocellulose paper3~d hybridized to 
the pMUC10 EcoRI insert labelled with PdCTP. 
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Fig. 4. Indirect immunoperoxidase staining of mammary tissue. 
Methacarn fixed sections of breast carcinoma (A,B), 
normal resting (C,D) and lactating breast (E,F) were 
reacted with the monoclonal antibodies HMFG-2 (A,C,E) and 
SM-3 (B,D,F) and the binding visualized by incubating 
with peroxidase conjugated rabbit anti~mouse followed by 
the substrate. 



reaction with breast cancers (>90%) suggest that this antibody could be an 
extremely important tool in the diagnosis and therapy of breast cancer. 
Moreover, since SM-3 is directed to the milk mucin core protein and reacts 
with breast cancers but not with normal breast tissues the reactive epitope 
must be masked in normal tissue, but not in cancer tissue. This suggests 
that the mucin molecule is underglycosylated in most breast cancers. 

COMMENTS 

Many of the tumour associated determinants defined by monoclonal 
antibodies have been found to be carried on epithelial mucins. Much of the 
work relating to these molecules and the characterisation of epitopes on 
them has been concerned with the carbohydrate component. A different 
spectrum of carbohydrate epitopes appear to be present on mucins expressed 
by different epithelial tissues and the carcinomas derived from them, and 
it has also been suggested that tissues and carcinomas may be classifiable 
by the detailed structure of the oligosaccharide component of the mucin 
they express. In contrast to the work emphasizing the carbohydrate 
component, we have begun to study the core protein of the mammary mucin and 
to develop antibodies to this portion of the molecule. Our results suggest 
that the core protein of the mammary mucin is coded for by one polymorphic 
gene, indicating that the core protein for other tissue mucins is either 
identical to that of the milk mucin or coded for by genes which do not 
cross-hybridize. Cloning of genes from libraries prepared from epithelial 
tissues other than breast should resolve this question. 

A dramatic observation with far reaching implications coming from these 
studies is that epitopes on the core protein normally masked in 
non-malignant breast tissues are exposed in a high proportion of breast 
cancers. It will be of interest to see whether underglycosylation of 
mucins is a general feature of carcinomas, and whether this reflects a 
general defect in glycosylation of proteins in these cells. 
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SINGLE CELL HETEROGENEITY IN BREAST CANCER 

Jerry A. Peterson 

John Muir Cancer & Aging Research Institute 
2055 N. Broadway 
Walnut Creek. CA 94596 USA 

INTRODUCTION 

Although single cell heterogeneity in breast and other 
tumors has become a well-established observation. neither the 
underlying reasons for it nor its biological significance are 
yet clearly understood. However. it exemplifies the dynamic 
nature of a tumor cell population: it may play an important 
role in the effectiveness of breast cancer therapy. especially 
with the new possibilities for monoclonal antibody (MoAb) 
therapy: and it also could be used in improving diagnosis and 
prognostic evaluation. The type of single cell heterogeneity 
addressed in this paper is quantitative heterogeneity. 
especially that which has been revealed with monoclonal 
antibodies to surface antigens. but it must be emphasized that 
quantitative single cell heterogeneity has also been observed 
for other cell components. such as enzymes (1). secretory 
products (2). and hormone receptors (3). 

Since the production of the first monoclonal antibodies to 
breast epithelial cells in 1980 (4). the most antigenic 
component on the surface of these cells has been found to be a 
high molecular weight mucin-like glycoprotein complex (5). 
Most monoclonal antibodies produced to date that have some 
specificity to breast (tumor and/or normal). that have been 
made either against breast epithelial cell membranes [usually 
the human milk fat globule membrane (4.5.6)] or breast tumor 
cells (7-13). have been found to identify epitopes on this 
mucin-like complex. Our present studies in single cell 
heterogeneity presented here have been carried out with the 
monoclonal antibody Mc5 which identifies this mucin (5). This 
MoAb. identifies an epitope that is present on almost all 
breast carcinomas. both as cultured breast epithelial cells and 
in histological sections. 

MATERIALS AND METHODS 

Breast cell lines (BT-20. MCF-7. T47D. SKBR-3) were cultured 
in Dulbecco's modified medium plus 10% fetal bovine serum and 
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penicillin/streptomycin as .describeq previously (14). Primary 
cultures of breast epithelial cells were prepared as described 
previously (15). For determination of rate of phenotypic 
variability (RPV). single cell suspensions were seeded on glass 
coverslips in culture dishes. allowed to form colonies 
(approximately 5 days). fixed with acetone. stained by 
immunoperoxidase techniques with Mc5. the colonies scored for 
quantitative variants. and the RPV determined as described 
previously (14). For effect of hormone treatments on RPV. the 
cell suspensions were seeded in the above medium but containing 
"stripped serum" and the appropriate steroid concentrations. 
fixed and scored as above. The "stripped serum" was fetal 
bovine serum treated with activated charcoal to reduce the 
endogenous steroid concentrations (16). The single cell antigen 
concentration was determined with a photometer (Microscope 
Spectrum Analyzer. Farrand Optical Co .• Valhalla. N.Y.) attached 
to a standard microscope. where relative fluorescent intensity 
was read at 535 nm for fluorescein (15) and relative immuno­
peroxidase staining read as percentage transmittance at 540 nm 
and expressed as absorbance (14). In the histological sections 
the readings were taken through a circular area of 2p~ in the 
cytoplasm of each cell. One hundred percent transmittance was 
set on unstained tumor cells. or if none were present. on 
adjacent unstained connective tissue. Histopathological 
paraffin-embedded sections were obtained from the Pathology 
Department of John Muir Memorial Hospital. Walnut Creek. CA 
from primary breast tumors diagnosed as infiltrating ductal 
carcinomas in the years 1976. 77. 78. All patients had estrogen 
receptor determinations and to date follow-up and/or cause of 
death to be the result of the breast cancer. Glucose 6-phosphate 
dehydrogenase and 6-phosphogluconate dehydrogenase were 
detected on a single cell basis using histochemical staining 
procedures (17). and quantitative variants scored in clonal 
colonies for determination of RPV as described elsewhere (2). 

RESULTS AND DISCUSSION 

Quantitative assessment of single cell heterogeneity 

The monoclonal antibody. Mc5. which was prepared using 
delipidated human milk fat globule membranes as the immunogen. 
binds to breast epithelial cells from both normal breast and 
breast carcinomas (5). The large mucin-like glycoprotein 
identified by Mc5 has been designated NPGP (non-penetrating 
glycoprotein) because it does not enter a 7% polyacrylamide gel 
upon electrophoresis due to its large molecular weight 
(> 400.000 daltons) (5). Using a microphotometer attached to a 
microscope the single cell NPGP content detected by 
immunoperoxidase techniques in normal and cancerous breast 
epithelial cells in culture was measured. revealing a 10-fold 
or greater range in the single cell distribution for both 
normal and tumor cells (Figure 1). Therefore. single cell 
heterogeneity in breast epithelial surface antigens is a normal 
property that is also exhibited in breast carcinomas. An 
unusual aspect of the staining of breast carcinoma cells with 
Mc5 is that in some tumors the staining was cytoplasmic as well 
as on the cell surface. In contrast. for normal breast tissue. 
NPGP was detected only on the apical surface of the epithelial 
cells facing the lumen and in some secreted material in the 
lumina of the ducts and alveoli. 
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Figure 1. Single cell distribution in specific surface 
antigens (NPGP) in normal breast epithelial cells 
cultured from a reduction mammoplastie (A) and a 
breast carcinoma cell line. SKBR-3 (B). The 
cultured cells were stained. using 
immunoperoxidase techniques. with McS that 
identifies the large molecular weight mucin-like 
glycoprotein (NPGP). Relative NPGP content in 
single cells was determined with a microscope 
photometer. 

In order to assess the significance of single cell 
heterogeneity of surface antigen expression in breast cancer we 
have devised two quantitative methods for measuring and 
comparing breast cell heterogeneity. Both methods rely on 
assessing the single cell NPGP content in cells stained by 
either immunoperoxidase or immunofluorescence techniques. In 
the first method where degree of heterogeneity is expressed as 
the coefficient of variation (C.O.V.). breast cells can be 
evaluated as a monolayer cultures or in histological sections. 
Routinely. fifty to a hundred cells chosen at random are 
mea·sured with a microscope photometer for single cell NPGP 
content and the coefficient of variation (standard deviation 
divided by the mean absorbance = C.O.V.) is calculated. The 
C.O.V. is an expression of the range of single cell variation 
in the breast tumor cell population at a fixed moment in time. 
The second method relies on the ability to obtain cultures of 
breast epithelial cells and to clone them. Single cells are 
cloned on the surface of a culture vessel and allowed to form 
small colonies. The colonies are fixed and stained by 
immunoperoxidase or immunofluorescence techniques and the 
colonies scored for the presence or absence of visually 
discernible quantitative variants (14.1S). From the proportion 
of colonies that have no variants we determine the rate of 
phenotypic variability (RPV) which is an expression of the rate 
per cell per generation that quantitative variants arises in a 
colony (2). Both C.O.V. and RPV are quantitative assessments 
of cell heterogeneity: however. C.O.V. reflects the range of 
cell heterogeneity at a moment in time. while RPV is a measure 
of the rate of single cell diversification (18.19). 

Using RPV to compare cultured normal and malignant breast 
epithelial cells (14.1S). we have determined that breast 
epithelial cells cultured from breast carcinomas have about a 
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10-fold higher RPV than cells cultured from normal breast 
(Table 1). Cells cultured from normal appearing areas of a 
breast. peripheral to a breast carcinoma. have intermediate 
values (Table 1). With regard to the comparison of level of 
NPGP expression and heterogeneity among normal patients or 
among breast cancer patients. there is considerable variation 
in both the means and in the C.O.V.s with both groups (Table 
2). Although the breast carcinomas and also the normal cells 
peripheral to a carcinoma tend to have higher C.O.V.'s than 
normal epithelial cells from reduction mammoplasties (Table 2). 

Table 1. Comparison of rates of phenotypic variability (RPV) in 
expression of a breast cell surface antigen (NPGP) in 
clonal colonies of epithelial cells cultured from 
normal and cancerous tissues 

Cell source 

Normal breast (7)a 

Tissue peripheral to 
breast carcinoma (5) 

Breast Carcinomas (7) 

Mean 

<0.119 ± 0.021 

0.310 ± 0.055 

1.21 ± 0.46 

(Range) 

«0.047 - 0.159) 

(0.192 - 0.368) 

(0.175 - 3.4) 

aNumbers in parenthesis are number of tissue samples 
(patients) in each group. 

Comparison of antigen content. RPV. and C.O.V. in different 
breast carcinoma cell lines 

In order to assess the heritability of NPGP content and 
single cell heterogeneity (C.O.V. and RPV). we have compared 
three different breast carcinoma cell lines BT-20. MCF-7. and 
T47D. We have done this since in our initial studies. we 
observed that although breast carcinoma cells had a higher RPV 
then normal breast epithelial cells there was considerable 
variation among different tumors (15) and cell lines (14). It 
is of interest to determine if this observation has any 
prognostic significance and/or if there are genetic differences 
among patients. As shown in Figure 2. the three breast 
carcinoma cell lines had different mean NPGP contents where 
BT-20 < MCF-7 < T47D. It was also observed that BT-20 was more 
heterogeneous. having a higher C.O.V .• T47D was the least 
heterogeneous (lowest C.O.V.) and MCF-7 had an intermediate 
value (Table 3). In order to evaluate if both C.O.V. and RPV 
were consistent in measuring quantitative heterogeneity. we 
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Table 2. Quantitation of a cell surface antigen (NPGP) in 
normal. peripheral. and neoplastic breast epithelial 
cells. 

NPGP content/cell 
Cell Source (relative fluorescence)a c.o.v. b 

Normal 
51E (33\)C 55.8 ± 5.9d (25)e 53 
48E (40%) 37.4 ± 2.8 (42) 49 

123E (94\) 139.1 ± 8.6 (50) 44 
ll2E (100%) 66.7 ± 3.1 (50) 33 
191E (73\) 116.5 ± 5.1 (50) 31 
337E (51%) 118.2 ± 10.7 (50) 64 

344LE (93\) 210.6 + 18.4 {SOl 62 
Means 106.3 ± 7.8 48 ± 5 

Peripheral to carcinoma 
90P (79%) 22.1 ± 1.6 (50) 51 

173P (23\) 83.3 ± 8.0 (50) 68 
336P (17%) 113.8 ± 15.2 (50) 94 
346P (36%) 163.6 + 20.4 {SOl 88 

Means 95.6 ± 11.3 75 ± 10 

Carcinoma 
336T (7%) 143.7 ± 20.2 (43) 92 
346T (36%) 132.2 ± 11.1 (50) 59 
343T (26%) 263.7 ± 26.8 (51) 72 

PH140f (36%) 71.8 + 5.4 {SOl II 
Means 152.7 ± 15.9 69 ± 9 

a The relative NPGP content is estimated in individual cells 
stained with the monoclonal antibody Mc5. by 
immunofluorescence techniques. using a microscope spectrum 
analyzer (wave length, 535 mm). Only cells deemed positive 
by eye were measured. 

b 

c 

d 

e 

f 

C.o.v. = Coefficient of variation 

Numbers in parentheses indicate percentage positive cells. 

Mean ± Standard error of mean. 

Numbers in parentheses indicate number of single cells 
measured. 

PH140 is from a metastasis of breast carcinoma to skin. 
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single cell distribution in specific surface 
antigen (NPGP) content in three breast carcinoma 
cell lines. BT-20 (A). MCF-7 (B) and T47D (C). 
The cultured cells were stained with the 
monoclonal antibody. McS. using immunoperoxidase 
techniques. NPGP content per cell was determined 
with a microscope photometer. 

compared them in these three cell lines and as seen in Table 3 
there is a direct correlation between RPV and C.O.V. Also. it 
was observed that there was an indirect correlation between the 
mean NPGP content and cell heterogeneity. expressed either as 
C.O.V . or RPV (Table 3). The significance of this latter 
indirect correlation is not yet clear. although a similar 
indirect correlation is observed when NPGP content and its 
heterogeneity (C.O.V.) was assessed in histological sections of 
breast carcinomas (see below). Since these three cell lines 
have been cultured extensively and still maintained their 
characteristic antigen contents and RPV's. we can conclude that 
antigen content and the rate of single cell diversification 
(RPV) are heritable properties in these cell lines. The 
question still remains as to whether this represents genetic 
differences among the patients from which the-cells were 
derived or differences among unique characteristics of the 
tumor cell populations. 
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Table 3. Comparison of single cell heterogeneity as measured by 
coefficient of variation (C.O.V.) and rate of 
phenotypic variability (RPV). and antigen content in 
three breast carcinoma cell lines. BT-20. MCF-7. and 
T47D. stained by immunoperoxidase technique with the 
monoclonal antibody Mc5 that identifies the large 
mucin-like surface glycoprotein. NPGP. 

Cell Line NPGP Content C.O.V. RPV (X10-2 ) 

BT-20 (5)a 0.112 ± O.Olb 54 ± 3 5.0 ± 0.29 

MCF-7 (8) 0.212 ± 0.018 47 ± 6 3.53 ± 0.5 

T47D (6) 0.360 ± 0.014 24 ± 3 0.93 ± 0.14 

a Number in parentheses indicate number of independent assays 

b Means ± standard error of mean 

Single cell heterogeneity and prognosis 

In order to evaluate the possible importance of single cell 
heterogeneity in prognosis in breast cancer. we have undertaken 
a retrospective study of a group of breast cancer patients with 
infiltrating ductal carcinoma diagnosed in the years 1976. 1977 
and 1978. Paraffin-embedded sections of the breast tumors from 
initial surgery were stained by immunoperoxidase techniques 
with the MoAb. Mc5. As mentioned earlier. an unusual but often 
occurring aspect of the staining pattern of these mucin-like 
molecules in breast carcinomas is that in some tumors there is 
considerable cytoplasmic staining. while normal breast 
epithelial cells stain only on the surface. In order to assess 
in a quantitative manner the degree of single cell 
heterogeneity. for each stained tumor section we measure the 
intensity of cytoplasmic staining in single cells using a 
microscope photometer. For each patient. cytoplasmic staining 
intensity of 50 tumor cells selected at random was measured per 
slide and the mean absorbance calculated. From the mean and 
standard deviation. the C.O.V. was determined (see Materials 
and Methods). As can be seen in Figure 3. there was 
considerable variability from patient to patient in both the 
mean intensity of cytoplasmic staining and in the degree of 
cell heterogeneity (C.O.V.). There was also a tendency for the 
more heterogeneous tumor cell populations to be among the 
tumors that have the lower mean intensity of staining (Figure 
3). recalling the results with the cell lines. There was no 
correlation between the degree of differentiation of the tumors 
and either the cytoplasmic staining intensity or the cell 
heterogeneity (C.O.V.) (Figure 3). In order to attempt to 
sub-divide the patients with regard to the degree of cell 
heterogeneity in cytoplasmic staining we divided Figure 3 into 
four quandrants. All of the patients fell into three of them. 
group A. Band C which represented tumors with: low mean 
intensity. high heterogeneity (group A); low mean intensity. 
low heterogeneity (group B); and high mean intensity. low 
heterogeneity (group C). respectively. The dividing lines 
making up the quadrants were at the average C.O.V. and average 
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intensity of the studied patients. respectively. By analyzinq 
the percentaqe of patients in the three qroups that were alive 
after 8 years it was found that the best survival was for 
patients in qroup B where 74% (17/23) were alive at 8 years. A 
lower percentaqe survival was seen in the other qroups: for 
qroup A it was 29% (3/8) and for qroup C it was 26% (4/11). 
Group A was siqnificantly different from qroup B (p < 0.05) and 
qroup C siqnificantly different from qroup B (p < 0.01) as 
analyzed by the chi-squared test on a 2 x 2 Continqency Table. 
These preliminary results suqqest that detailed analysis of 
sinqle cell heteroqeneity in histoloqical sections can have 
proqnostic siqnificance. and leads to a new approach to 
proqnosis takinq into consideration the sinqle cell 
heteroqeneity of the breast tumor cell population. 

1.0 

.9 

.8 
c 
0 .... .7 
0 
I... 

a 
> .6 

..... 
0 

.... . 5 
c 
Q) 

u A 
OJ 
0 
u .3 

.2 

.1 

a 

" 

a 
a 
• 

® 
( . ) Well - and moderately 

we ll - di f ferentiated 

"" o. • o 
(0) Modera te ly and poorly 

differentia ted 

'" a " a a , 
', . : ...................... ....... "';:. ...• .................... ; .. ....................... .............. ............. ........ .. .. ....... ........ .. 

" a J'. : 
a 8 Q : 

',0 : • a 
• 0OO-~<C co 
• a :& a : ........ a 

t/O ! .................... 
.... 

o 

a • © o 

•• a 

® 
o • • 0 ......................................... : _ (0) 

• (· l 

.1 . 2 .3 .4 .5 .6 .7 .8 
Mean va lue, absor bance 

Fiqure 3. Relationship between mean intensity of 
cytoplasmic staininq with Mc5 and heteroqeneity 
(C.O.V.) in sinqle tumor cells of histological 
sections of infiltrating ductal carcinomas. 
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Single cell heterogeneity and monoclonal antibody therapy 

With the development of monoclonal antibodies that have 
tissue and tumor specificity. the prospects for using them in 
therapy of breast cancer has become evident. An obvious 
problem in obtaining the effective killing of all tumor cells 
in the body would be the expected heterogeneity of breast tumor 
cell populations and the presence of antigen negative cells. 

A strategy for overcoming the heterogeneous nature of most 
epitopes identified with monoclonal antibodies is the cocktail 
approach. whereby a collection of monoclonal antibodies to 
different epitopes of the same molecule or of different 
molecules would be used in combination. The rationale behind 
this approach is that even though each monoclonal antibody 
identifies epitopes that are not present on some tumor cells. 
most cells should have at least one of the several epitopes 
identified by the "cocktail". An alternative approach to 
overcoming the problem presented by tumor cell heterogeneity is 
to use radiolabelled antibodies. whereby the tumor tissue or 
metastasis would be destroyed even though the antibody does not 
bind to each cell by the fact that the radioisotope will 
irradiate and kill cells within the immediat~ area around which 
the antibody binds. A third approach could be to use various 
means to manipulate either the antigen content thereby 
increasing the number of cells within the tumor that have an 
effective antigen level. or to use various drugs or hormones to 
manipulate the rate of cell diversification (e.g .• RPV) whereby 
theoretically slowing down the rate of generation of phenotypic 
variants (phenotypic drift). 

With regard to antigen density and effectiveness of 
monoclonal antibody therapy. it would be expected that the 
greater the density of the antigen target the more likely 
effective killing with the monoclonal antibody would be 
obtained. Selecting MoAbs to high prevelence antigens and also 
finding factors that increase antigen target concentration 
could be approaches to improving therapeutic effectiveness. 

With regard to the selection of epitopes that are more 
prevalent in a tumor we have found as a result of our 
production of a collection of antibodies against the large 
mucin-like glycoprotein (NPGP). that some epitopes are more 
prevalent than others. This suggests a cell heterogeneity in 
the synthesis. completion. and complexity of this molecule(s}. 
An example is the comparison of binding to breast cells of a 
rat monoclonal antibody and the mouse monoclonal antibody McS. 
both of which identify this mucin-like complex. MCF-7 cells 
stained simultaneously by immunofluorescence techniques with 
these two antibodies demonstrates that they recognize different 
epitopes and that some cells will have both epitopes while 
other cells will have either one or the other. The monoclonal 
antibody. McS. stained almost all of the MCF-7 cells while the 
rat monoclonal antibody stained only a small percentage 
(2-S%). This double staining was possible by using two 
different secondary antibodies. a goat-ant i-mouse antibody 
labelled with fluoroscein and a goat-ant i-rat antibody labelled 
with rhodamine. 

Another approach to improving monoclonal antibody therapy 
would be to select target antigens that exhibit less cell 
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heterogeneity or a reduced rate of cell diversification. Even 
for the same antigen. diffetent patients may present different 
degrees of cell heterogeneity which may reflect different 
genetic make-ups. This latter possibility is suggested by the 
comparison presented above for the three breast cell lines. 
Preliminary evidence suggesting that different components of 
the same tumor cell population can have different RPVs is found 
in the comparison of RPV for surface antigens and for two 
enzymes detected by histochemistry. For example. BT-20 cells 
have similarily high RPVs with regard to NPGP content and also 
two enzymes. glucose 6-phosphate dehydrogenase and 
6-phosphogluconate dehydrogenase (Table 4). On the other hand. 
MCF-7 cells have a high RPV for NPGP content. but have a lower 
RPV for the two enzymes (Table 4). In contrast. T47D cells 
have a low RPV with regard to NPGP content but higher RPV for 
the enzymes (Table 4). 

Table 4. Comparison of rates of phenotypic variability (RPV) 
for surface antigens and constitutive enzymes in 
different human breast carcinoma cell lines. 

Cell Line 

BT-20 

MCF-7 
T47D 

a NPGP 

b G-6-PD 
c 6-Ph-D 

Rate of Phenotypic Variability 

NPGpa G-6-PD 
5.0 4.0 
4.6 1.2 
0.92 5.2 

Nonpenetrating glycoprotein 

Glucose 6-phosprrate dehydrogenase 
6-phosphogluconate dehydrogenase 

b 
(X 10-2 ) 

6_Ph_Dc 

5.4 
1.9 
3.2 

In order to explore the possibility of manipulating cell 
heterogeneity. we have examined various steroid hormones and 
their effect on RPV. As shown in Figure 4. estrogens reduced 
the RPV by at least 2-fold with physiological concentrations of 
the hormone compared to control medium. The fetal bovine serum 
used in the experiments was treated with charcoal to remove the 
endogenous steroid hormones (16). Very low concentrations of 
17B-estradiol reduced the RPV significantly; however. 
unnaturally high concentrations again increase the rate of 
phenotypic variability (Figure 4). A biphasic effect of 
steroid hormones is often observed (20). In contrast. the 
antiestrogen. tamoxifen. increases the RPV and the effect is 
dose dependent. while progesterone has no effect on the RPV 
with MCF-7 cells (Figure 4). The differential effects of these 
three sex hormones appears to be specific to the action of the 
hormones on this cell line. since MCF-7 cells are known to have 
high levels of estrogen receptors. but they have very low 
levels of progesterone receptors (21). In order to further 
examine the significance of the presence of specific receptors 
on the effect of steroid hormones on RPV we treated T47D cells 
with progesterone and examined the effect on RPV. T47D cells. 
in contrast to MCF-7 cells. have high levels of progesterone 
receptors (21). As shown in Figure 5. progesterone increased 
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the RPV and the effect was dose dependent. This ability of 
steroid hormones to alter the RPV suggests that the rate of 
generation of phenotypic variants can be manipulated and that 
by combining specific hormones and other treatments with 
therapuetic drugs. it may be possible to improve the 
effectiveness of the treatment. 
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MONOCLONAL ANTIBODY STUDIES OF DRUG RESISTANCE 

William L. McGuire, Suzanne A. W. Fuqua, and Lynn G. Dressler 

Department of Medicine/Oncology, University of Texas Health 
Science Center at San Antonio 

7703 Floyd Curl Drive, San Antonio, Texas 78284 

INTRODUCTION 

A major problem in the control of metastatic disease is the outgrowth of 

cells which display simultaneous resistance to a number of therapeutic drugs. 1 

This multidrug resistance (MDR) involves resistance to some of the most 

commonly used anticancer drugs. Several mammalian cell lines are available 

which model this human pleiotropic cross-resistance to chemotherapeutic 

agents.2- 7 These drug-resistant cell lines afford an in vitro system to study 

molecular mechanisms of resistance. Studies in such model systems indicate that 

reduced cellular accumulation of the affected drugs is a major factor, so that 

membrane alterations may be involved in drug resistance. In the well­

characterized colchicine-resistant Chinese hamster ovary (CHO) system selected 

by Bech-Hansen et al.,3 it is clear that multidrug resistance has a genetic basis. 

The degree of both drug resistance and reduced membrane permeability is 

correlated with the elevated expression of a plasma membrane glycoprotein with a 

molecular weight of 170,000 daltons, termed P-glycoprotein or PI70.8- 13 Recent­

ly, a 600-base pair (bp) complementary DNA (cDNA) encoding part of the P­

glycoprotein was obtained from a>- gtll expression vector library of a multidrug 

resistant CHO cell line. 12 Using this cDNA as a probe in Southern blot analyses, 

it was shown that P-glycoprotein gene sequences are conserved among hamster, 

mouse, and human DNA. 

Using the novel approach of in-gel DNA renaturation,14 Roninson et al. 

provided direct evidence that gene amplification underlies the process of drug 

resistance in CHO cells. 15 These authors showed that the degree of drug 

resistance correlates with the number of copies of the amplified domain. 

55 



Utilizing a probe from one of the commonly amplified segments, they cloned a 

continuous domain of about 120 kilo bases (kb) from the hamster genome that is 

amplified in CHO MDR.16 Within the domain a gene was identified which encodes 

a messenger RNA (mRNA) transcript of 5 kb, whose level of expression correlates 

with the degree of drug resistance in CHO cells. The presence of common 

amplified sequences in resistant human KB carcinoma cells was also identified 

using the in-gel DNA renaturation technique.17 Segments of human DNA 

sequences homologous to the CHO MDR gene were cloned and designated mdrl 

and mdr2. l8 

It is clear that gene amplification appears with drug selection; human tumor 

cells in vivo and human tumor cell lines amplify their genes with relative ease. 19 

For e~mple, amplified cellular oncogenes have been found in human patients20 

and clinical resistance to methotrexate can be achieved via amplification of the 

dihydrofolate reductase (DHFR) gene.2l But in clinical studies in which the 

increase in DHFR gene copy number has been established, the amplification is 

only 5_fold.2l ,22 In human MDR cell lines it is hypothesized that resistance is 

initially accompanied by elevated expression of the mdrl gene without major 

amplification of the genomic sequences.23 Thus, gene amplification may not be 

the only mechanism for the development of drug resistance in human tumor cells. 

We recently reported the production and characterization of the 265/F4 

monoclonal antibody, which reacts with the P170 protein in colchicine-resistant 

CHO cells.24 Unlike P 170 monoclonal antibodies described by others,13 this 

antibody is able to detect the P-glycoprotein in live, unfixed resistant cells.24 

This permitted us to examine the hypothesis that sorting for increased 

P-glycoprotein expression by fluorescence-activated cell sorting techniques 

should select cells with increased drug resistance. 

We report here the cloning of a cDNA encoding P170 utilizing our mono­

clonal antibody. We show that the P170 gene is expressed in an adriamycin­

resistant subline of the human MDA-23l breast cancer cell line, but not control 

drug-sensitive human breast cancer cells. 

RESULTS 

Drug Resistance Enrichment 

We confirm that sorting live CHO cells for increased P-glycoprotein 

increases drug resistance. This was made possible with our 265/F4 monoclonal 

antibody, which has the ability to recognize the P-glycoprotein on live, intact 
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cells. By flow cytometry, we were able to enrich the percentage of cells . -
expressing Pl70 from 31 % to 63%. Western blots provided further evidence that 

the sorted, cloned cells were enriched for P 170. The P 170 enrichment was 

accompanied by a remarkable increase in drug resistance. The resistant "parent" 

CHofC5 was only 117-fold less sensitive to colchicine than the drug-sensitive 
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Fig. 1. Drug resistance profile of cell lines enriched for P170. Methodology to be 
published elsewhere (T. Shenkenberg et al.). 

CHof AB. In the sorted, cloned cells (Clone C, Figure 1), however, 1333-fold 

increase in drug resistance was observed. The correlation of degree of drug­

resistance with the amount of P-glycoprotein has also been suggested by other 

investigators studying a variety of CHO resistant mutants and revertants. 
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In vitro data also indicate a correlation between P-glycoprotein and 

pleiot~pic drug resistance in various other mammalian species. 13 In human cells, 

increased expression of P-glycoprotein with concomitant multidrug resistance has 

been demonstrated in a leukemic lymphoblast line.25 Bell et al. recently reported 

the detection of P-glycoprotein in two patients with ovarian cancer who were 

clinically resistant to chemotherapy.26 Thus, it appears that the multidrug 

resistance phenotype associated with the P-glycoprotein may occur in human 

tumors. Detection of this membrane glycoprotein in human tumor biopsies might 

therefore predict for drug-resistance and allow for better treatment strategies. 

Isolation of a cDNA which Detects P 170 Expression in a Human Breast Cancer 

Cell Line 

We have used a specific monoclonal antibody24 to isolate a P-glycoprotein 

cDNA clone from an expression vector library. This clone has the potential to be 

a powerful tool to study the molecular mechanisms of acquired drug resistance. 

Though the degree of cross-resistance and the drugs involved in the process of 

drug resistance vary among different cell lines, suggesting a multicomponent, 

complex system, there is considerable evidence to link the overproduction of the 

P-glycoprotein to drug resistance.8- 13 Elevated expression of the P 170 protein 

correlates with the degree of amplification in the CHO system,12 and the P170 

gene is the only one of five genes consistently amplified in independently-derived, 

drug-resistant hamster cell lines.27 Others have reported the cloning of a P170 

cDNA utilizing a monoclonal antibody which recognizes an epitope that is 

conserved between mouse and human proteins.12 The monoclonal antibody used in 

the present study differs in that it recognizes an epitope on the CHO antigen 

which is not conserved, at the protein level, in the human antigen.24 In addition, 

this monoclonal antibody is able to detect P 170 on the surface of intact, live CHO 

MDR cells. These results suggest that our cDNA clone encodes a P170 sequence 

at least partially exposed on the exterior of the cell. 

We have demonstrated elevated expression of the P-glycoprotein gene in 

human breast cancer cells selected for resistance to adriamycin. P 170 gene 

probes recognize two mRNA species in hamster and one mRNA in human cell 

lines.28 We find that the human P170 mRNA is slightly larger than the 

corresponding mRNA species in hamster cells. The smaller hamster mRNA may 

represent a spliced message; a distinct, but related gene; or an artifact of RNA 

degradation. At least two related genes, the overexpression of one or all, may be 

associated with the drug-resistant phenotype. Future studies are directed at 

determining if there is a correlation between the level of expression of the P170 

gene(s) and the extent of drug resistance in resistant human breast cancer 
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sublines. A clear parallel was seen between the extent of drug resistance and 

expression of the mdrl gene in KB carcinoma cells;23 but there is conflicting 

evidence in other human cell lines.28 

Elevated expression of the P 170 gene is not solely the result of gene 

amplification in human cell lines, as in the CHo/p 170 system. Increased 

expression of the P170 sequence in human cells can occur without gene amplifica­

tion.23 Amplification of the DHFR gene in patients receiving conventional 

dosages of methotrexate is only five_fold,21,22 suggesting that amplification 

during the course of chemotherapy is not a prerequisite parameter for the 

development of resistance as activation and expression of specific genes. Expres­

sion of P170 gene(s) may be a common mechanism of multidrug resistance in 

human cell lines. It is not known what transcriptional control mechanisms 

activate expression of the genes involved in MDR in human tumor cells; it may be 

that regulatory mutations in P 170 gene(s) or other genes are necessary to turn on 

the MDR phenotype in the clinical setting. The P170 cDNA described here, 

combined with additional MDR gene probes,12,18,27,28 will be invaluable in 

defining these mechanisms. 

Only limited studies have been reported examining the expression of P 170 in 

clinical tumor samples.26 Experiments are in progress to assess parameters of 

tumor aggressiveness (steroid receptor status, proliferative rate, and ploidy) in 

relation to specific MDR gene expression in clinically resistant human breast 

tumors. 
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THE USE OF MULTITUMOR/TISSUE (SAUSAGE) BLOCKS FOR 

IMMUNOHISTOLOGIC SCREENING OF MONOCLONAL ANTIBODIES 

ABSTRACT 

Hector Battifora 

City of Hope National Medical Center 

Duarte, California 91010 

We have developed a method of embedding 100 or more dif­
ferent tissue samples in a multi-compartmentalized paraffin 
block averaging 1 cm. in diameter, the multitumor/tissue 
(sausage) block. These blocks allow the simultaneous immuno­
histologic testing of numerous tissue samples on a single slide 
with one drop of antibody. Because all of the tissue samples 
are treated equally during immunostaining, most sources of 
variation are removed and comparative and semiquantitative 
studies are facilitated. 

The composition of the sausage blocks vary according to 
their intended use. Sausage blocks containing a wide spectrum 
of neoplasms and normal tissues are suitable for screening of 
hybridoma supernatants during the early phases of monoclonal­
antibody production. This permits economical and rapid screen­
ing for antibody specificity and sensitivity and simultaneously 
selects those useful for immunohistochemistry. Tissues fixed 
with various fixatives as well as unfixed, freeze-dried tissues 
can be incorporated in the same sausage block. This makes pos­
sible the identification and selection of the most appropriate 
specimen handling method for each antigen/antibody system. 
Sausage blocks prepared with tumor samples from preselected 
groups of patients with established clinical behavior may be 
used to screen for markers of biological significance. 

INTRODUCTION 

The somatic hybridization method to produce monoclonal 
antibodies in vitro1 has resulted in great advances in the 
clinical applications of immunohistology. Monoclonal antibodies 
to molecules of possible clinical value can now be produced 
with relative ease. However, the development of techniques for 
efficient screening and fast determination of clinical applica­
tions of these new antibodies has lagged behind. Most current 
methods of screening for monoclonal antibodies are based on 
solid phase assays which allow only a limited identification of 
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specificity. Immunohistologic studies thus become necessary as 
a secondary screening procedure. These are usually done on 
slides whicn contain one or, at best, a few specimen samples, a 
costly and time consumingsystem2 Placement of multiple tissue 
samples in a single slide increases the efficiency of 
immunohistologic evaluation of antibodies. 2 

We have developed a method by which a large number of 
normal or tumor tissues can be mounted on a paraffin block of 
conventional size, the multi-tumor/tissue ~sausage~ block 
(MTTB). Such blocks facilitate rapid and lnexpenSlve 
immunohistologic testing of antibodies against a large group of 
different tissues and/or neoplasms mounted on a single 
conventional glass slide, and they require a minimal amount of 
antibody solution. Direct screening of hybridoma supernatants 
by immunohistology using sections from sausage blocks thus 
becomes a practical means to ascertain the specificity, and 
approximate sensitivity of antibodies. In addition, if tissues 
with a variety of fixatives are incorporated into the sausage 
block, the choice of optimal fixative can be identified at the 
same time. 

MATERIALS AND METHODS 

The method of preparation of the sausage blocks has been 
previously published3 and will be only briefly outlined here. 

Tissue Samples 

Portions of tissues which have been pre-embedded in paraf­
fin, are selected, removed from their paraffin blocks, deparaf­
finized in xylene, and rehydrated in ethanol to a final concen­
tration of 50%, cut into slender, ro~-like pieces which have an 
average cross-sectional area of 1 mm and are about 10 mm long. 
Alternatively, prospectively collected, fixed or freeze-dried 
tissues may be used with appropriate adjustments to the method. 

Method of preparation 

Combinations of rods obtained from as many as 100 
different paraffin blocks are stacked in parallel over a piece 
of sausage casing or comparable membranous tissue. The tissue 
rods are tightly wrapped in the casing, the resulting sausage 
is routinely processed back to paraffin, and is embedded with 
the tissue rods perpendicular to the face of the block. 
Multiple compartments can be created during the rolling of the 
tissue rods into the sausage casing, thus separating the tissue 
samples by predefined criteria, (fig 1). 

Between 750 and 1,000, 5 micron thick slides can be pre­
pared from an average sized MTTB. If care is taken to keep all 
of the rods in a straight, parallel stack during preparation of 
the MTTB, the tissue samples are positioned nearly identically 
in all of the sections. This facilitates comparative studies 
and identification of the various tissue samples by their 
relative position in the section. 
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Figure 1. section of a sausage block containing samples of 
various types of neoplasms within discrete compartments created 
during preparation of the block. Stained with antiserum to S100 
protein which has stained all samples in the melanoma compart­
ment (arrows). Hematoxylin counterstain, bar = 0.1 cm. 

DISCUSSION 

One of the best-known advantages of the hybridoma tech­
nique is that it enables the production of monoclonal 
antibodies without the need for identification or prior 
purification of the antigens. However, because a mixture of 
many immunogens is used, the number of antibodies generated to 
irrelevant molecules vastly exceeds the number of those that 
are generated to molecules of interest. Moreover, rapid 
decisions have to be made during the early screening of hy­
bridoma cultures so that desired hybridomas are selected and 
cloned and overgrowth of irrelevant colonies is avoided. 2 

Direct screening of hybridoma supernatants by 
immunohistologic methods has the advantage over the commonly 
used RIA and ELISA-based screening, that one can ascertain cell 
specificity while simultaneously optimizing the search for 
antibodies which perform well with immunohistochemical methods. 
However, immunohistologic screening is impractical unless a 
large number of tissues can be grouped within a small surface 
area. 4 Thus, one of the most useful applications of sausage 
blocks is in the detection of tissue-specific antigens or tumor 
markers during the early stages of hybridoma preparation 
(figure 2). 

65 



Fig 2. section of sausage block containing many samples of 
adenocarcinoma of breast origin in the middle compartment, 
fibroadenomas in the right compartment and normal breast tis­
sues in the left one. Immunostained with supernatant of mono­
clonal antibody Mc5 (prepared by Dr. Roberto Ceriani, John 
Muir Cancer and Aging Research Institute, Walnut Creek, CAl. 
Hematoxylin counterstain, bar = 0.1 cm. 

In addition, in the diagnostic immunohistochemistry 
laboratory, sausage blocks permit rapid and inexpensive 
evaluation of new reagents for specificity and sensitivity as 
well as being a practical multipurpose routine control 
preparation. 

There is no evidence that the steps needed to prepare the 
sausage blocks have deleterious effects on tissue antigenicity. 
We have investigated the effect of re-processing of paraffin 
embedded material on antigen preservation with a large number 
of antibodies which detect antigens of common clinical use. 
When the sausage sections were compared with sections of the 
original paraffin blocks, no reduction in the immunoreactivity 
with any of the antibodies tested was detected. 

One possible objection to screening of monoclonal antibod­
ies by immunohistology is that important antigens may be des­
troyed or masked by the fixation step. Recent methodological 
advances which permit the preparation of freeze-dried paraffin­
embedded blocks using unfixed tissues and with excellent 
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antigen preservationS can be readily adapted to the preparation 
of sausage blocks. Sausage blocks prepared with a com­
prehensive group of, freeze dried, normal organ samples from 
several individuals would be particularly useful in the 
screening of normal tissues to detect unexpected reactivities, 
an essential step prior to the parenteral administration of 
monoclonal antibodies. Currently this can only be achieved by 
examination of numerous individual frozen sections, a tedious 
and costly procedure. 

The small size of the tumor samples in sausage blocks has 
not been a serious obstacle to their use. Individual tissue 
samples measure about 1 mm2 , and therefore are not smaller than 
many endoscopic biopsies. Furthermore, sampling errors can be 
avoided by careful selection of the tissues to be used in the 
preparation of the block. Another cause for concern would be 
possible errors due to heterogeneity of antigen expression, 
particularly in neoplastic tissues. However, these drawbacks 
are compensated for, in considerable measure, by the large num­
ber of samples included in the block. In our laboratory, many 
monoclonal antibodies have now been screened by this means, 
moreover comparative studies using larger, single-slide 
sections of the same neoplasms used in the preparation of the 
sausage block have consistently yielded good agreement between 
the results of the sausage blocks and those of the conventional 
blocks. 

Given the large number of tissues, many with similar 
histologic appearance, within a sausage block, it is not 
possible to identify the source of each individual tumor 
sample. On the other hand, because the tissues may be separated 
into numerous compartments, it is not difficult for 
inexperienced observers to identify the various components of 
the tissue section by referring to a pre-prepared sausage 
"map". The inability to trace each tumor sample to its patient 
source is not a serious impediment to the use of the method 
because it is designed for screening purposes and not for 
definitive studies. Blocks containing larger but fewer tissue 
samples, arranged in a way that the individual patient sample 
can be recognized, with the help of a computer program, are 
used routinely in our laboratory for comprehensive antibody 
testing after screening with sausage block slides. 

Another advantage of the use of sausage blocks is that 
they ensure that all the histologic sections are treated 
equally during processing and immunostaining. This eliminates 
variations from sample to sample and may permit a more accurate 
semiquantitave approach to immunohistology. Moreover, because 
the geographical distribution of the tissue samples varies 
little from slide to slide, the sections are amenable to 
computer-aided automatic screening. 

Retrospective immunohistologic comparison of defined pa­
tient populations, in search for markers of biological signifi­
cance can be achieved by a system which uses sections from 
sausage blocks of tumor samples from the groups being compared, 
within separate compartments. Screening with these sections may 
help to rapidly and economically identify marker substances of 
possible prognostic value and worthy of a larger and more de­
tailed study using conventional tissue samples. 
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ADVANCES TOWARDS CLINICAL RELEVANCE OF BREAST CARCINOMA 

ASSOCIATED ANTIGENS 

ABSTRACT 

Fernando A. Salinas 

Advanced Therapeutics Department, Cancer Control Agency of 
British Columbia, and Department of Pathology, University 
of British Columbia, Vancouver, B.C. VSZ 4E6, Canada 

Use of monoclonal antibodies Mc 3 and Mc 8, and the respective human 
mammary epithelial antigens (HME Ags), has enabled the isolation, 
characterization and identification of free and bound antigenic moieties 
extracted from breast carcinoma (BC) patients' sera immune reactants. As a 
result we have been able to compare and identify reactive similarities 
encountered with either source of antigens. Both isolated antigens 
(BCAA), and Mc 3 and Mc B monoclonals have been reacted with BC patients' 
sera grouped according to tumor burden by use of an in vitro model of 
tumor burden change. Results of this interaction have provided insight 
into relative concentration of free antigen:antibodies at differing tumor 
burden load. The effects of Circulating immune complexes (CIC) ,and 
antibodies on free Circulating BCAA levels, and their relationship to 
tumor burden have resulted in a better understanding of clearance, 
pathogenetic deposition and ultimate fate of CIC. An evaluation of free 
circulating BCAA in BC patients' sera demonstrated that despite BCAA not 
correlating linearly with tumor burden, BCAA represent a useful marker to 
clinically monitor tumor burden changes. 

INTRODUCTION 

Our recent studies have been concentrated on the often deranged 
immune response encountered in cancer patients harboring solid tumors. 
The diagnostic, prognostic, and therapeutic implications for a better 
understanding of such an immune response have been overwhelmingly demon­
strated in recent reported information concerning biological response 
modifiers 1 • We have selected breast carcinoma (BC) because of the impact 
of this disease on the affected population involved. Among the several 
immune components under study, the humoral reactants have attracted our 
attention to a greater extent. The novelty of our approach consisted in 
dealing with the effects of circulating immune complexes (CIC) and anti­
bodies on free circulating antigens and their relationship to tumor 
burden. To that extent, we have dissected each of the components into its 
variables to learn more about their relationship. In each case, every 
effort has been made to maintain the integrity of the in vivo relation­
ship. 
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Since our earlier reported observations have emphasized primarily the 
effect of CIC and antibodies on 'their relationship to tumor burden2 , the 
present article will concentrate on the antigenic components. These 
antigens, which have been detected with increased prevalence in fluids 
from breast carcinoma patients, have been called breast carcinoma 
associated antigens, denoted hereafter as BCAA. In summary, the isolation 
techniques used, the preliminary biochemical characterization, the 
specificity of the moieties detected, and the functional interaction of 
BCAA and two of the respective monoclonal antibodies raised against human 
mammary epithelial antigens (HME Ags) with selected breast carcinoma and 
control sera will be outlined in the following paragraphs. An analysis on 
the occurrence of free circulating BCAA including details about the 
detection techniques used will be included, as well as preliminary 
indications concerning the potential prognostic and tumor-marker roles of 
BCAA during follow-up of breast carcinoma patients. 

Monoclonal Antibodies 

The IgG2a monoclonal antibodies (hereafter called Mc 3 and Mc 8) 
used, kindly supplied by Dr. R.L. Ceriani, John Muir Cancer and Aging 
Research Institute, Walnut Creek, CA, were prepared against 1Jl:!EAgs of 
human milk-fat globule membranes as per details described elsewhere3 • Mc 3 
and Mc 8 biotinylation with biotin-p-nitrophenyl ester (control # 34828, 
US Biochemical Corp., Cleveland, OH) was performed as described by Kendall 
et a1. 4 

Patient Population under study 

One hundred and thirty five BC patients with primary 
histopathological confirmation of diagnosis were assigned to groups on the 
basis of objective evaluable tumor burden, as previously described2 ' s. 
Briefly, Group I included forty-six patients with no evidence of residual 
tumor at 4 to 6 weeks after surgical excision of all known carcinoma; 
Group II comprised forty-three patients with limited recurrent disease 
confined to the chest wall with a tumor mass estimated at < 5 gm; and 
Group III consisted of forty-six patients known to have advanced regional 
or distal metastatic disease, with estimated tumor mass at > 5 gm. Serial 
sample determinations were performed on ten BC patients' sera selected on 
the basis of known objective clinical episodes of tumor burden changes. 

All patients were participants in the breast carcinoma program of the 
Cancer Control Agency of British Columbia. They were evaluated at 1 to 3 
monthly intervals for objective evidence of tumor burden reduction, 
stabilization, or increase according to criteria reported elsewheres,s in 
the absence of BCAA results. 

In view of reported mUltiple marker evaluation advantages, and in 
order to examine how other markers relate to circulating BCAA, patients 
were monitored for CIC by the fetal liver cell (FLC) or Raji-cell radio­
immunoassay (RIA)7, and anti-XOFA antibodies by isotopic antiglobulin test 
(IAT)2,8. Thirty-five benign breast disease (BBD) patients having biopsy­
proven diagnosis of fibrocystic disease or fibroadenoma were similarly 
evaluated. Seventy normal control sera (NCS) from healthy non­
hospitalized volunteers with no known medical illness, were selected for 
comparison, from the serum bank maintained at the Advanced Therapeutics 
Department of the Cancer Control Agency of B.C. Also, included from the 
same source were pretested malignant melanoma, colon and ovarian carcinoma 
serum samples. 
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Fig. 1 Schematic representation of BCAA isolation procedure by use of 
monoclonal antibodies. 

TECHNIQUES FOR THE ISOLATION OF BCAA 

BCAA have been isolated as free and bound forms from selected breast 
carcinoma patients' sera in order to achieve further discriminatory 
capacity. Free circulating BCAA have been isolated by use of monoclonal 
antibody-coated immunobead procedure. CIC-bound BCAA have been isolated 
by the polyethylene glycol and the Raji-cell techniques from selected 
patients' sera with increased (3 to 5-fold over NCS) CIC concentration. 

Isolation of BCAA using immunobeads 

Both the preparation of monoclonal antibody-coated immunobeads as 
well as the isolation procedure used were performed as previously 
described9 • Briefly, BC patient's serum was incubated with an equal 
volume of Mc 3 or Mc 8 coated Sepharose-4B immunobeads in PBS, pH 7.2. 
Immunobeads carrying BCAA recovered from the serum were labeled with 1251, 
and washed to eliminate unreacted isotope. Bound 125I-BCAA were released 
from the monoclonal by incubating the immunobeads with sodium thiocyanide 
or acetate buffer, and dialyzed overnight (Figure 1). A parallel antigen 
isolation procedure was performed using selected BBD patients' sera. 

Results from this isolation technique and the characterization of 
BCAA from selected BC patients' sera from each tumor burden group was 
achieved by in situ radio iodination of BCAA-coated immunobeads followed by 
antigen release and subsequent sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) analysis. BCAA demonstrated increased hetero­
geneity, while a similar isolation procedure, but using selected BBD sera 
showed less heterogeneity of breast benign disease antigens (BBDA), as 
depicted in Figure 2. 

Polyethylene Glycol (PEG) Precipitation Method 

The test was performed by precipitation of patients' sera containing 
elevated CIC with 4% polyethylene glycol (PEG-6000, Sigma Chemical Co., 
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St. Louis, MO) as described by. Digeon et, al. 10 and modified by Chia et 
al. 11 Briefly, precipitates were analyzed by SDS-PAGE as reported earlier8 

for molecular size determination, and characterized by isoelectric 
focusing. Parallel preparations were evaluated for C3 and IgG by radial 
immunodiffusion12 . These results were compared for statistical 
significance (Student's t test) with normal sera in which the percentages 
of immunoglobulin and complement components have been previously 
established. The percentage of these components precipitated by 4% PEG in 
excess of the normal mean plus two standard deviations was considered to 
represent immune complexes. 
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Fig. 2 Representative SDS-PAGE profiles of isolated 1 25I-BCAA (0---0) and 
125I-BBDA (e---e). Standard3proteins listed at top were used as reference 
markers. Estimated Mr (X 10 ) noted on major peaks. 

Raji-cell bound CIC Method 

This procedure was performed essentially as previously described13 . 
The recovery of cell-bound BCAA was accomplished by either: a) incubation 
of Raji-cell bopnd radio iodinated CIC with isotonic citrate buffer. After 
sedimentation, radioactivity associated with both pellet and supernatant 
was determined, or b) Raji-cells with bound radioiodinated crc were 
solubilized with triton in Tris-NaCl-EDTA buffer, and the separation of 
antigen from antibody was achieved by fractionation on a linear sucrose 
density gradient 5-35% W/V in dissociation buffer formed in 5 ml cellulose 
nitrate tubes as described earlier7 or by SDS-PAGE analysis. 

Both separation techniques were demonstrated to retrieve relevant 
information. The Raji-cell bound CIC method yielded 0.2 to 0.5 mg BCAA/ml 
serum and 0.4 to 0.9 mg IgG/ml serum. Results of a representative set of 
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Table 1 Isolation and'Characteri~ation of BCAA 

CHARACTERISTICS SELECTED BREAST CARCINOMA PATIENTS 

DETERMINED Raj i-cell Method PEG Precipitation Method 

TUMOR BURDEN 
GROUPa I II III I II III 

ANTIGEN MOIETY 
Total protein 
yield (mg/ml) 0.2 0.3 0.5 1.2 0.8 0.9 

Isoelectric 
focusing, pI 4.5-5.0 4.5-5.0 4.5-5.0 5.0-5.5 5.4-5.7 5.0-5.3 

Mr x 103 

by SDS-PAGE 34 & 70 31 & 68 34 & 70 34 & 72 34 & 72 34 & 72 

ANTIBODY MOIETY 
Total protein 
yield (mg/ml) 0.4 0.5 0.5 0.8 0.6 0.7 

Isoelectric 
focusing, pI 8.5-8.8 8.5-8.8 8.5-8.8 9.3 9.3 9.3 

a Grouped by tumor burden as per text. 

serum samples from 3 patients are shown in Table 1. Also shown in the 
same table are results from the PEG precipitation method. This technique 
demonstrated a higher yield for BCAA (0.8 to 2.0 mg/ml serum) and 
associated IgG (0.6 to 0.8 mg/ml serum) than the first method described. 
Raj i-cell isolated BCAA demonstrated a common broad isolectric focusing 
point (pI = 4.5 to 5.0), while associated IgG moieties showed a pI = 8.5 
to 8.8. SDS-PAGE determined apparent molecular weights showed hetero­
geneous moieties approximately at Mr = 34000 and 70000 for BCAA. 
Similarly determined molecular weights and isolectric focusing points with 
PEG-extracted BCAA demonstrated minor differences as illustrated in Table 
1. The differences observed, although most likely accounted for by the 
different isolation approaches used, remained to be further investigated. 

The specificity of BCAA binding to Mc 3 and Mc 8 

The specificity of isolated BCAA from 9 selected BC patients' sera (3 
from each tumor burden group) to both Mc 3 and Mc 8 were examined by use 
of slab gel SDS-PAGE Western blotting procedure, essentially as previously 
reported14 • The samples after peroxidase-conjugated goat anti-mouse IgG 
enzyme-linked immunodetection were measured for band density by a 
densitometer, model 620 (Bio-Rad Inc., Richmond, CA). The results showed 
a major single-band reactivity at Mr = 33000 for all BCAA tested. Regard­
less of tumor burden of patients' sera used for BCAA extraction, a 10-fold 
stronger band density was observed with Mc 8 than Mc 3. Parallel analysis 
performed with antigens isolated from 9 selected BBD patients' sera 
demonstrated minimal reactivity with either monoclonal used (Figure 3). 
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Fig. 3 Immunoblot profiles of Mc 8-detected BCAA isolated from Groups I, 
II and III (left to right) BC (solid lines) and BBD (broken li,nes) 
patients' sera, as determined by densitometer. Prote1n markers: A, 
trypsin inhibitor, Mr 21,500; B, carbonic anhydrase, Mr 31,000; C, 
ovalbumin, Mr 45,000; D, bovine serum albumin, Mr 66,200; and E, 
Phosphorylase B, Mr 92,500). 

Functional Characterization of BCAA, Mc 3 and Mc 8. 

The interaction of isolated antigens or monoclonal antibodies with 
selected BC patients' sera was studied by use of an in v1tro model that 
simulates tumor burden changes2 ,15. By using this model, CIC size changes 
were examined by titration of either Mc 3 or Mc 8 with selected Group I, 
II and III BC patients' sera. Conversely, this model was used to simulate 
defined increases in tumor burden by addition of BCAA to autologous or 
allogenic patients' sera. The reaction mixture was analyzed for CIC size 
changes by the 8D8-PAGE technique. 

The results showed that when serially diluted (50 ul of 1: 32 to 
1:2048) Mc 3 or Mc 8 were mixed with each of selected Group I, II or III 
BC patients' sera, changes in patients' sera CIC levels were observed. 
Maximal CIC changes were achieved with Mc 3 and Mc 8 at 1:128 dilution for 
Group I, 1: 2048 and 1: 32 d11ution for Group II, and 1: 512 and 1: 32 for 
Group III sera, respectively. At optimal Mc 3 and Mc 8 dilution effects, 
CIC levels were reduced by 32 and 28% for Group I, reduced by 64 and 65% 
for Group III, but increased by 89 and 41% for Group II patients, 
respectively (Table 2). However, in a parallel experiment, no eIC change 
was observed by use of an "indifferent" monoclonal anti-p 97a melanoma 
associated antigen (Hybritech Inc., La Jolla, CA). Upon addition of 
125I-BCAA to BC patients' sera, size analysis of major CIC moieties by 
8D8-PAGE demonstrated a 1 to 8-fold dissociation of eIC, as compared to 
unreacted BC serum samples. Autologous comb1nations resulted in mainly 
small (7.78) CIC for Group I and III and intermediate size (9 to 128) for 
Group II patients' sera. However, BCAA in allogenic combinations resulted 
in. small eIC for Group I, and intermediate size for Groups II and III. A 
parallel control determination was performed on BBD sera with two sets of 
BCAA 1s01ated from BC Groups I, II and III patients. The results showed 
lack of reactivity as demonstrated by unchanged CIe size moieties in all 
combinations tested. 
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Table 2 CIC concentration changes, in BC patients serum upon reaction 
with Mc 3 and Mc 8a . 

a 

b 
c 

BC b 
Group 

CIC CONCENTRATION CHANGES c 

Mc 3 Mc 8 Mc 3 Mc 8 

Initial CIC Final CIC % Change 

I 96 65 69 32 28 

II 74 139 104 89 41 

III 176 61 63 65 64 

50 tJI of 1: 8 diluted patients' serum was reacted with optimally 
diluted Mc 3 and Mc 8. 
Patients' tumor burden grouped as per text. 
Average of triplicate determinations of CIC concentration evaluated 
by Raji-RIA, expressed as tJg AHG/ml of serum. 

DETECTION OF BCAA IN TUMOR-BURDEN GROUPED BC PATIENTS 

One hundred and thirty five BC, twenty each of sarcoma and malignant 
melanoma, ten each of colon and ovarian carcinoma, thirty-five BBD 
patients and seventy NCS were evaluated for free circulating BCAA 
concentration. Reference standard curves made by use of Raji-cell 
isolated BCAA as well as HME Ags demonstrated minimal quantitative 
differences when reacted with either Mc 3 or Mc 8, thus the use of BCAA 
standard reference curves as illustrated in Figure 4 was implemented for 
the three-step radio-ligand assay. This assay was performed essentially as 
previously described9 with minor noted modifications 16 . Test sera (50 ul 
undiluted) from cancer patients and controls were incubated with packed 
immunobeads (100 ul). Beads were then reacted with biotin-conjugated Mc 8 
or Mc 3 (50 ul). After washing, beads were again incubated with 3 ug of 
125I-Iabeled avidin (control II 28227, US Biochemical Corp.), and their 
radioactivity determined. The least detectable BCAA concentration was 
approximately 5 ng/ml serum with a combined intra- and interassay 
coefficient of variation = 9%. The cut-off value «20 ng/ml serum) used 
for classification of results as either normal or elevated was selected on 
the basis of preliminary results, as analyzed by the Statland et a1. 17 
technique to minimize the cost of misclassifications. 

The results using Mc 8 as detection agent showed significant elevated 
levels (p = 105 ng/ml, p < 0.001, Mann-Whitney test) of BCAA in one 
hundred and two of one hundred and thirty-five (76%) BC patients as 
compared to background levels «20 ng/ml) in twenty each sarcoma and 
malignant melanoma patients, and seventy NCS. Slight increases in BCAA 
levels were observed in ovarian and colon carcinoma, and BBD samples. In 
95% of Group II patients elevated BCAA concentration was 3-fold higher 
than that observed in Group I patients, and 4-fold higher that that of 
Group III patients tested (Table 3). There was a relationship between 
tumor burden and their respective mean free-BCAA levels. 
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Fig. 4 Typical standard curves for Raji-cell extracted BCAA by a three­
step radio-ligand assay. Each point (0 = Mc 3, ~ = Mc 8) represents the 
mean of triplicate determinations. 

Table 3. Evaluation of BCAA levels in BC sera by the three-step radio­
ligand immunoassay technique. 

Samples BCAA ng/ml n elevateda Percent vsNCSb 
tested" (mean ± s.e.) n tested Elevated 

BC Gp. I c 70 ± 14 31/46 67 p ~ 0.04 
BC Gp. II 197 ± 21 41/43 95 p ~ 0.04 
BC Gp. III 50 ± 7 30/46 65 p ~ 0.04 
BBD 48 ± 9 20/35 57 p ~ 0.04 
M. Melanoma ~ 20 0/10 0 N/S 
Sarcoma ~ 20 0/10 0 N/S 
Ovarian Ca 32 ± 10 3/10 30 N/S 
Colon Ca 28 ± 6 3/10 30 N/S 
Normal Controls ~ 20 0/70 0 

BCAA elevated values are > 20 ng/ml serum. 
a 
b 

c 

Statistical significance determined by Mann-Whitney test, N/S = not 
significant. 
Patients' tumor burden grouped as per text. 
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Adsorption of CIC from sera and testing of residual BCAA 

The question of whether the BCAA evaluated was free circulating 
antigen or bound to CIC or other serum molecules was further investigated. 
Selected BC patients' sera adsorption with FLC or Raji-cell was performed 
essentially as described earlier18 . Both cell types are known to express 
C3 receptors on the cell surface, tbus capable of high affinity immune 
complex binding7. Briefly, 5 X 10 FLC or Raji-cells were used for 
adsorption and then aliquots of sera prior to and after adsorption were 
evaluated for BCAA. Cell-adsorption pellets enriched in CIC resulting 
from these procedures were subsequently treated with isotonic citrate 
buffer, pH 3.2, in order to release bound BCAA. Resulting BCAA samples 
were concurrently evaluated by the 3-step radioligand assay. The results 
demonstrated minimal differences between levels of BCAA before and after 
adsorption, as illustrated in Table 4. It also demonstrated that target­
cell CIC pellets consistently showed minimal BCAA levels. 

PREDICTIVE VALUE OF BCAA 

Twenty-six patients' sera were retrospectively evaluated for 
circulating BCAA during intervals at which there were changes in clinical 
course as reflected by either objective evidence of tumor burden increase 
or reduction, as compared to twenty-six patients whose tumor burden and 
BCAA ratio (mean = 1.03) remained unchanged (Table 5). The BCAA ratio for 
those twenty-six patients whose tumor burden changed, depended on initial 
and final tumor burden. For six patients with early episodes of 
increasing tumor burden (Group I to II), there was a concurrent decreased 
BCAA ratio (mean = 0.25) (Table 6). For eight patients with late episodes 
of increasing tumor burden (Group II to III) there was concurrent 
increased BCAA ratio (mean = 8.3) in all. Also those patients who 
experienced tumor burden regression to Group I showed decreased BCAA 
levels 4 to 8 weeks later (Table 7), and in four patients presenting tumor 
burden reduction from Group III to II, there was decreased BCAA ratio 
(mean = 0.3) 

Table 4 

a BC Group 

I 
I 
I 
I 
II 
II 
II 
II 
II 
II 

BCAA Levels in BC Patients' Sera before and after CIC 
adsorption 

Original 
BCAA ng/ml 

214 
104 
86 

380 
340 
232 
200 
250 
420 
225 

BCAA post-adsorption 
FLC Raji-cells 

243 240 
104 112 

80 150 
290 385 
320 440 
250 240 
210 214 
268 300 
336 432 
214 232 

BCAA in CIC pellet 
FLC Raji-cells 

< 20 < 20 
35 < 20 

< 20 < 20 
35 24 
50 42 
32 35 
24 35 
31 30 
31 28 
28 < 20 

a Patients' tumor burden grouped as per text. 
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TABLE 5 Serum BCAA in BC patients at timed intervals 

a 

Tumor 
Burden 

STABLE ---c 
Group I 
Group II 
Group III 

Timea 

7 ± 4 
6 ± 4 
8 ± 5 

b BCAA ng/ml 
Initial Final 

26 ± 8 
179 ± 72 

36 ± 30 

26 ± 8 
190 ± 72 

32 ± 21 

BCAA Ratio 
Initial/Final 

1.0 ± 0.2 
0.9 ± 0.1 
1.1 ± 0.2 

blnterval between serum samples (months) ± S.D. 
No statistical differences between initial and final BCAA levels (mean ± 
S.D.) as calculated by Mann-Whitney test. 

CPatients' tumor burden groups I, II, & III, n = 14, 5, & 7. 

Serial sample determinations were performed on twelve selected BC 
patients over a 21 to 66-month (median = 28) period. The overall BCAA 
results demonstrated a tendency to fluctuate with increased values for 
tumor burden Group II, and lower levels for both Group I and III patients. 
Using the criterium for evaluation of tumor burden size change (50%), an 

TABLE 6 Serum BCAA in BC patients at timed intervals 

Tumor Burden a Time b BCAA ng/mlc BCAA Ratio 
PROGRESSION Initial Final Initial/Final 

I to II 6 < 20 42 0.5 
I to II 12 30 no 0.3 
I to II 3 27 144 0.2 
I to II 4 31 132 0.2 
I to II 15 < 20 150 0.1 
I to II 6 22 140 0.2 
II to III n 200 60 3.3 
II to III 2 no 36 3.1 
II to III 9 220 20 11.0 
II to III 5 no 36 3.1 
II to III 2 660 < 20 33.0 
II to III 3 298 52 5.7 
II to III 1 236 < 20 11.8 
II to III 5 290 120 2.4 

~Patients' tumor burden grouped as per text. 
Interval between serum samples (months). 

CStatistical differences, initial and final BCAA levels for group changes 
I to II, P ~ 0.004; II to III, P ~ 0.002; by Mann-Whitney test. 
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TABLE 7 Serum BCAA in BC patients at timed intervals 

Tumor Burdena 
REGRESSION 

II to I 
II to I 
II to I 
II to I 
II to I 
II to I 
II to I 
II to I 
III to II 
III to II 
III to II 
III to II 

BCAA ng/mlc 
Initial Final 

4 200 < 20 
5 330 < 20 
2 340 40 
6 470 54 
2 69 < 20 
3 350 40 
2 232 42 
4 104 < 20 
2 37 124 
1 lOB 292 
2 52 340 
1 35 200 

~Patients' tumor burden grouped as per text. 
Interval between serum samples (months). 

BCAA Ratio 
Initial/Final 

10.0 
16.5 

B.5 
B.7 
3.5 
8.B 
5.5 
5.2 
0.3 
0.4 
0.2 
0.2 

CStatistical differences, initial & final BCAA levels for group changes 
II to I, P ~ 0.001; & III to II, P ~ 0.02, by Mann-Whitney test. 

assessment of how BCAA changes related to tumor burden was undertaken. 
The results showed that in nine of twelve patients, BCAA changes antedated 
9 times (3 regressions and 6 progressions) clinical objective evidence of 
tumor burden changes by 8 to 24 (mean = 16) weeks. Concurrent changes in 
BCAA levels and tumor burden were observed in three patients, while a 
2-month delay was noted in the remaining patient. In all patient follow­
ups, an irregular inverse relationship between BCAA and CIC levels was 
noted. A profile representative of one of these patients, including 
ongoing clinical and therapeutic interventions, is illustrated in Figure 
5. 

OVERVIEW AND CONCLUDING REMARKS 

The availability of monoclonal antibodies (Mc 3 and Mc 8) and the 
respective antigen, HME Ags, has enabled the isolation, characterization, 
and epitope identification of free and bound antigenic moieties extracted 
from immune reactants occurring in BC patients' sera. This feature has 
allowed us to compare and identify the qualitative reactive similarities 
encountered with either antigen source. Whereas, HME Ags consistently 
demonstrated components at Mr = 95000, 66000 and 33000, patient-extracted 
antigens (BCAA) more frequently showed moieties at Mr = 33000, and some­
times at Mr = 66000. Whether, this is an expression of monomer-dimer 
aggregation phenomenon or rather that of precursor moieties, is yet to be 
investigated. Regardless of the ultimate outcome, HME Ags and BCAA account 
for a single band reactivity upon Western blot analysis by use of either 
Mc 3 or Mc B. Monoclonal antibodies prepared against HME Ags, as well as 
free and bound BCAA extracted antigens were interacted with Be patients' 
sera, grouped according to tumor burden, by use of an earlier described 
in vitro model of tumor burden change2 '15. Under the defined experimental 
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Fig. 5 Representative profile of a BC patient for BCAA (~), FLC 
determined CIC (.), anti-XOFA (0), CEA (D) and sialic acid (+), including 
ongoing clinical and therapeutic interventions (CMF = adjuvant 
chemotherapy) . 

conditions described, the present evaluation with Mc 3 and Mc 8 (Table 2) 
and that of BCAA, suggested that Group III patients' CIC were close to or 
at antigen: antibody equivalence, Group II patients' CIC were in antigen 
excess, while Group I patients' CIC were in relative antibody excess. By 
addition of optimal concentration of BCAA to selected BC patients' sera, 
we assessed how tumor burden changes related to BCAA concentration, size 
and composition of immune complexes. We have observed that CIC formation 
and dissociation illustrated a kinetic balance of CIC-size changes as they 
relate to antigen and antibody concentration. In addition, results of the 
effects of CIC and antibodies on free circulating BCAA levels, and their 
relationship to tumor burden may have direct implications on the under­
standing of clearance, pathogenetic deposition and ultimate fate of CIC. 

A modified three-step radioligand immunodetection assay for 
quantitation of free circulating BCAA in patients' sera has been 
developed 1S • An overview of assay results demonstrated that although BCAA 
levels do not correlate linearly with tumor burden, BCAA represent a 
useful marker to monitor tumor burden. The clear pattern emerging from 
our studies demonstrated that, associated increased BCAA level to Group II 
tumor burden, and decreased BCAA level to Groups I and III, was further 
substantiated by results from our serial sample BCAA determinations. In 
view of the above results, an extended retrospective survival study to 
further examine the role of BCAA concentration at diagnosis, as well as 
during follow-up of BC patients, is currently underway. By use of 
univariate and multivariate analyses, an evaluation of the role that BCAA 
and other clinical parameters may have in predicting disease-free 
interval, and overall survival, is contemplated. Preliminary results of 
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this study suggested BCAA as a prospective adjunct tumor marker for the 
clinical monitoring of BC patients. 
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The importance of estrogens in stimulating the growth of human 
breast cancer is now well recognized, even though the molecular 
mechanisms of estrogen action are not fully understood (1). Monoclonal 
antibodies to estrogen-regulated antigens in breast cancer may therefore 
be of interest both as prognostic markers for breast cancer management 
and as a means of understanding how breast cancer growth is controlled. 
Antibodies to the estrogen and progesterone receptors are now available 
to help clinicians select optimal breast cancer therapies (2). Monoclonal 
antibodies raised against estrogen induced proteins may also be useful, 
since some of these proteins can potentially mediate the stimulatory 
effect of estrogens on breast cancer cells (3,4). The secreted proteins 
are particularly interesting in this respect since they may display both 
autocrine and paracrine functions and modulate the growth and invasion of 
breast cancer cells. We have focused on one of these proteins of 52,000 
daltons (52K) which is induced specifically by estrogens and secreted by 
the MCF7 and ZR75-1 human breast cancer cell lines (5). We first 
summarize our knowledge of the structure and function of this protein 
which provides a basis for understanding its use as a marker. We then 
review the first clinical studies in benign and malignant mastopathies 
indicating the potential of this protein as a marker of cell 
proliferation and possibly of tumor invasion. 

STRUCTURE AND FUNCTION OF THE 52K PROTEIN 

Estrogens stimulate the production of a 52K protein in the culture 
medium of MCF7 and ZR75-1 human mammary cancer cells, whereas 
anti estrogens have no agonist effect on this protein (4). Since this 
finding, our laboratory has raised monoclonal antibodies against this 
protein (6), purified it to homogeneity (7) and identified it as the 
precursor of a cathepsin-D-like lysosomal protease bearing mannose 6-P 
(phosphate) signals on its N-glycosylated chains (8,9). It can be 
reinternalized in the same cells which secrete it. Two in vitro 
biological activities of the protein have been detected. It is able to 
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stimulate the growth of MCF7 cells (10), and when activated by the 
removal of the N-terminal fragment (giving a 51K protein), both the 
secreted and its processed cellular forms (48K, 34K, and 14K) show an 
acidic protease acti vi ty on various substrates including proteoglycans 
(8) and basement membrane (Morisset et al., in preparation). In the 
hormone-dependent MCF7 cells, estrogens markedly increase the amount of 
secreted 52K protein (5) and also the synthesis of the corresponding 
cellular proteins (11) which are produced at a basal level, in the 
absence of estrogens. 

2 Figure 1. Western immuno-
blot of the cellular 52K-
related proteins. MCF7 

·66K cells were lysed in NP40 
buffer and the cell 

52K-
lysate was partially 

48K-
purified on Con-A-
Sepharose. Aliquots of 

·43K the eluate containing 

34K- 200, 200, 500, and 300 ng 

·31 K of the 52, 48, 34, and 
17K proteins, respec-
tively, were separated by 
SDS-PAGE and transferred 
to nitrocellulose. Nitro-
cellulose strips were 
immunodetected with the 
culture supernatants of 

· 14 K either M1G8 hybridomas 
(Igi) or myelomas (Ign) 
and revealed by a 
peroxidase conjugated 
anti-mouse IgG antibody. 

Igl Ign Reproduced from ref. 7 by 
permission of the Editor. 

MONOCLONAL ANTIBODIES TO THE 52K PROTEIN 

Two series of antibodies have been developed, recognizing two 
distinct parts of the molecule. The first generation of antibodies (6) 
recognizes both the secreted (52K) and the processed cellular forms (48K 
and 34K) (Fig. 1). Seven antibodies have been purified and characterized. 
They recognize three different domains located on the 34K moiety (C 
terminal) of the 52K precursor (Fig. 2). All clinical studies reviewed 
here have been performed with these antibodies. The second generation of 
antibodies has recently been screened by their ability to recognize only 
the cellular 52K precursor and not the processed products. Two have been 
purified and characterized (Freiss et al., in preparation); they 
recognize two different epitopes located on the pro fragment of the 
molecule (N-terminal end) and therefore interact exclusively with the 52K 
proenzyme (Fig. 2). With these antibodies, two double-determinant 
immunoassays have been developed for specifically measuring in cell 
extracts and biological fluids, the total 52K related proteins (52K, 48K, 
34K) on one hand and exclusively the 52K precursor on the other hand. 
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52K ----+ 48K ----+ 34K 
Pro Mature cathepsin 

1 2 

I 4K 12K 32K 

YI I II 
Antibodies 2 Antibodies 1 

! ! 
52K precursor, the only Total cellular proteins 

secreted protein (52 + 48 + 34) 
in ce I I extracts 

Figure 2. Double-determinant immunoassay of the 52K proteins. The 
structure of the 52K protein is schematically represented. The two 
high-mannose N-glycosylated chains of approx. 2,000 daltons each are not 
represented. Cleavage of the 52K p~ecursor first gives a 48K protein by 
removal of the pro fragment and then a 34K protein corresponding to a 
mature cathepsin-D-like enzyme. Two series of antibodies, 1 and 2, 
interacting with the 32K and the 4K fragments, respectively, can be used 
to assay either the total immunoreactive cellular proteins (series 1 
antibodies) or exclusively the 52K precursor, which is the only protein 
to be secreted (series 2 antibodies). Solid phase double-determinant 
immunoassays have been monitored in both cases (6, Freiss et al., and 
Rogier et al., in preparation). 

IMMUNOPEROXIDASE STAINING OF THE 52K-RELATED CELLULAR PROTEINS IN 
NON-CANCER TISSUES 

Using these monoclonal antibodies, we have examined frozen sections 
of several human tissues (12) with the peroxidase-anti-peroxidase 
technique of Sternberger. Negative controls were routinely performed with 
an excess of antigen, or with irrelevant IgG antibodies showing the 
staining specificity. Most of the staining was granular in the cytoplasm 
and corresponded to lysosomes. No plasma membrane staining was detected. 
Among the different normal tissues studied, the protein appeared to be 
mostly concentrated in sweat glands and liver, but not in normal uterus 
or normal resting mammary glands collected by reduction mammoplasties 
(12). By contrast, immunostaining was observed in 43% of 127 biopsies of 
benign mastopathies (13). Gynecomastias, fibroadenomas, and fibrous 
lesions were most often negative. Lobular structures were also mostly 
negative (adenosis, sclerosing adenosis, atypical lobular hyperplasia). 
The two groups of mastopathies that were highly stained consisted of 
cysts over 3 mm in diameter and ductal hyperplasias. 

When the different histological types (Table 1) were pooled into 
proliferative (high-risk) and nonproliferative (low-risk) lesions, 
according to cri teria defined by Dupont and Page (14) , we found a 
significant correlation between proliferation and 52K protein staining. 
Among the 23% of the lesions that were proliferative, nearly 80% were 
positive for the 52K protein. The negative cases were all lobular 
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hyperplasia. In the nonproliferative group, only 32% of the tumors were 
stained. This positivity was due mainly to the presence of cysts. The use 
of 52K protein staining in predicting high-risk (proliferative) 
mastopathies therefore appears to be useful, since 91.5% of the 
52K-protein-negative lesions were non-proliferative and 60.5% of the 
52K-protein-positive (non-cystic) lesions were proliferative. 

Table 1. Immunodetection of the 52K protein and breast cancer risk in 
benign breast disease 

Disease nO 52K immunostaining Risk b 
cases 0 +a ++ factor 

Gynecomastia 4 4 x1.0 
Fibroadenoma 16 11 4c 1c x1.0 
Adenosis 23 22 1 x1.0 
Sclerosing adenosis 6 5 1 x1.0 
Fibrous mastopathy 39 30 8c 1c x1.0 

TOTAL 1d 88 72(82%) 13(15%) 3(3%) 

Cystic disease 
< 3 mm 13 2 3 8 
> 3 mm 5 2 3 x1.4 to 4.0 

Ductal hyperplasia 21 7 14 x1.8 to 3.0 
Solitary papilloma 1 1 1 x2.7 
Atypical lobular 1 1 x4.0 hyperplasia 

TOTAL 2 41 3(7%) 12(30%) 26(63%) 

TOTAL 1 + 2 129 75(58%) 25(19%) 29(22.5%) 

a b +, 1 to 5% positive epithelial cells; ++, 5% positive epithelial cells 
c Relative risk factor according to Azzopardi and Haagensen 
d Staining in ductal structure 

Staining percentages of groups 1 and 2 are significantly different 
at P < 0.001 

Reproduced from Ref. 13 with the permission of the Editor. 

Table 2. The 52K protein is a marker of mammary cell proliferation. 

1. Not detected in resting normal mammary cells, but detected in these 
cells proliferating in vitro. 

2. Higher in proliferative ductal mastopathies (13). 
3. More secreted during exponential growth than at confluency in MCF7 and 

ZR75-1 cells (Derocq D., unpublished) 
4. In vitro autocrine mitogenic effect on MCF7 cells (10). 

Normal mammary glands are not stained when directly analyzed after 
surgery (12), but their concentration in 52K-related proteins is markedly 
increased when they grow in primary culture after collagenase digestion, 
where 52K immunostaining is generally observed (unpublished results). 
From the results summarized in Table 2, we conclude that the 52K protein 
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is associated with the proliferation of ductal mammary cells and with 
cysts, two characteristics that have been shown to increase breast cancer 
risk (14,15), and that its high cellular concentration is not specific to 
transformed cells. 

IMMUNOHISTOCHEMICAL DISTRIBUTION IN BREAST CARCINOMAS AND ABSENCE OF 
CORRELATION WITH CYTOSOLIC STEROID RECEPTORS 

Among the cancer tissues examined, approximately 64% of the breast 
carcinomas were stained in tumor cells but not in stroma. Some of the 
melanomas were also stained. In order to see whether this protein is a 
marker of hormone responsiveness, we studied 232 primary breast 
carcinomas collected from April to September 1985, in three French cancer 
centers (Institut Gustave Roussy, Villejuif; Centre Antoine Lacassagne, 
Nice; Centre Paul Lamarque, Montpellier). The 52K protein was evaluated 
in frozen sections by immunohistochemistry, and the concentration of 
estrogen receptors and progesterone receptors were assayed in the cytosol 
by the classical dextran-coated charcoal method (16). 

Altogether, the 52K protein was detected in 64% of the 232 tumor 
biopsies. In 80% of the 52K-posi ti ve tumors, the staining was very 
heterogeneous and affected only 1 to 30% of the epithelial tumor cells. 
The staining was generally less homogeneous in breast cancer cells than 
in proliferative benign mastopathies and in cells bordering the lumen of 
large cysts. In the four categories of tumors defined according to their 
positivity for estrogen and progesterone receptors (Table 3a), a similar 
proportion of tumors was found to be positive for the 52K protein. 

Table 3. Absence of correlation between 52K protein and estrogen and 
progesterone receptors 

a. In 232 breast carcinomas(16) 

Cytosolic 
Receptors 

RE-/RP­
RE-/RP+ 
RE+/RP­
RE+/RP+ 

52K immunostaining 
cases nO % 

37/54 
14/21 
23/31 
75/126 

68 
67 
74 
59 

b. Double immunostaining 
of 35 fine-needle aspirates 

of breast cancers (17) 

Groups cases nO 

RE+/52K+ 18 
RE-/52K+ 9 
RE+/52K- 4 
RE-/52K- 4 

% 

52 
26 
11 
11 

a. Accessible estrogen (RE) and progesterone (RP) receptor sites 
were assayed in tumor cytosol by the dextran-coated charcoal technique. A 
concentration of 10 fmoles/mg protein is defined as the limit between 
receptor-positive and receptor-negative patients, both for RE and RP. The 
amount of cellular 52K protein was evaluated on tissue sections by 
immunoperoxidase staining. The tumors containing more than 1% stained 
cells were considered to be 52K-protein-positive tumors. 

b. Double-immunostaining of the nuclear RE (Abbott Laboratories, 
ERICA kit) and of the cytoplasmic 52K protein was performed on breast 
cancer cell aspirates. The RE was stained in greyish blue by Abbott 
antibodies (ERICA) and the 52K protein stained red by the D7E3 antibody 
of series 1. Positivity was defined as more than 3% stained-cells. The 
validity of this semiquantification is described in (17). 
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The RE+/RP+ group was not significantly different from the RE-/RP­
group or the total population (64%) with respect to 52K-protein 
immunostaining. Moreover, when the percentage of the 52K-protein-stained 
cells was plotted against the cytosolic RE and RP concentrations, no 
statistical correlation, ei ther posi ti ve or negative, was observed 
between the estrogen or progesterone receptor concentration and the 
amount of 52K positive cells. The absence of correlation between these 
two types of markers was also shown directly using fine-needle aspirates 
of breast carcinomas to perform double immunohistochemical staining of 
the nuclear RE and cytoplasmic 52K protein in the same sample (17). The 
first results from 35 patients also indicate that the two markers are not 
correlated. (Table 3b). There were tumor cells with 52K protein and 
without RE staining, and others with RE and without 52K protein. These 
data suggest that the amount of 52K protein is not correlated with that 
of the estrogen receptor in breast cancer cells and that the information 
given by the evaluation of the 52K protein is different and complementary 
to that given by the assay of hormone receptors. In order to obtain a 
better quantification of the concentration of the 52K protein, we then 
used a solid phase double-determinant immunoassay of the total 52K 
proteins (13 and H. Rogier et al., in preparation). 

IMMUNOASSAY OF THE 52K PROTEIN ACCUMULATED AND SECRETED BY BREAST 
CANCER CELL LINES 

Using two different antibodies recognizing two domains of the 34K 
cellular product (6), both the precurso~ (52K) and its cellular products 
(48K + 34K) are assayed (Fig. 2). The technique was applied both in the 
culture medium and in the cytosol, to assay the secreted and the total 
cellular forms, respectively. The concentration of the 52K protein was 
determined by reference to a standard purified 52K protein assayed by 
silver staining. 

The production and secretion of the 52K protein were compared in 
several estrogen-receptor-positive (RE+) and negative (RE-) cell lines 
cultured in 10% fetal calf serum containing estrogens (Fig. 3). 

All RE-posi ti ve cell lines tested at confluency produced the 52K 
protein in the presence of estradiol, but its secretion varied markedly 
according to the cell line. For instance, the secretion by T47D cells was 
lower that that of MCF7-1 cells, whereas their cytosol concentrations 
were not very different. The secretion of the protein also varied 
markedly according to the subline species. For instance, the secretion of 
52K protein by the two MCF7 species was quite different. A ZR75-1 line, 
obtained by courtesy of Dr R.J.B. King, also produced less 52K protein 
than the one shown here. 

Interestingly, this protein was also produced and secreted by the 
two RE-negative breast cancer cell lines (BT20, MDA-MB231). The secretion 
of 52K protein by RE-negative cell lines varied according to their degree 
of confluency and number of passages, and their intracellular 
concentrations were sometimes higher than in some RE-positive cell lines. 
The only human mammary cell line producing no measurable 52K protein was 
the HBLI00 line, which was immortalized from normal cells isolated from 
milk. Other human cancers such as melanoma (M1477) and uterine cervix 
cancer (Hela) were found to produce and secrete the protein 
constitutively. 
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Figure 3. Concentrations of the 52K protein in the culture medium and 
cytosol of RE-posi ti ve and RE-negati ve epithelial cell lines. The 52K 
protein was quantified by immunoradiometric assay in the 
4-day-conditioned medium and the cytosol of the indicated cell lines. The 
human cell lines were derived from breast cancers (ZR75-l, R27, MCF7-1, 
T47D, MCF7-2, BT20, MDA-MB231), melanoma (H1477), cervix carcinoma (Hela) 
and normal milk mammary cells (HBL-100). The two rat cell lines were from 
mammary cancer (RBA) and normal kidney (NRK). The cell lines are 
classified as estrogen receptor positive (RE+) or negative (RE-) 
according to data in the literature. 
Reproduced from (16) by permission of the Editor. 

52K PROTEIN CONCENTRATION IN 175 BREAST CANCER CYTOSOLS 

We have also completed the first clinical study on 175 cytosols 
prepared from primary breast cancers in which the 52K protein and the RE 
and RP sites were assayed (18). The tentative conclusion of this study is 
summarized in Table 4. The concentration of 52K protein varied markedly 
according to the patient, as did the proportion of the 52K precursor. The 
absence of correlation with the estrogen receptor was confirmed. The 
slight correlation with axillary lymph node invasion indicates that the 
assay of 52K protein in cytosol may be valuable as a prognostic marker 
for predicting the degree of invasiveness of breast cancers. This is in 
full agreement with the proteolytic acti vi ty of the protein on basal 
membrane and proteoglycans. 
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Table 4 

lEMA OF 52K PROTEIN IN CYTOSOL FROM 175 PRIMITIVE BREAST CANCERS 

1. A prospective study starting February 1985. Pre- and post-menopausal 
patients (Centre Paul Lamarque, Montpellier and other Languedoc 
Hospitals). 

2. Concentration of total 52K (secreted + cellular) from 52 to 2,800U/mg 
cytosol protein (mean=400). 

3. No correlation with RE (r=0.15) and slight correlation with RP 
(r=0.41). 

4. High concentrations of 52K (> 700 U/mg proteins) are correlated with 
lymph nodes invasion (p < 0.01). 

5. Variable proportion of the 52K precursor 0% to 42% of the total 52K 
cellular proteins (52+48+34). 

6. Not correlated with Scarff and Bloom grading, tumor size and age of 
patients. 

Cytosol was prepared from nonirradiated breast cancers. The 
concentration of the 52K protein (total and precursor) was measured by a 
double-determinant immunoenzymatic assay using our first series of 
antibodies (see Fig. 2). The concentration of RE was determined by a 
similar enzymatic assay using Abbott antibodies (kit ER-EIA) and that of 
RP sites by the classical charcoal assay. Axillary lymph nodes invasion 
was defined by the pathologist following radical mastectomy. Detailed 
informations in Ref. 18. 

CONCLUSIONS AND PERSPECTIVES 

From current studies, it is clear that the 52K protein is not a new 
marker of hormone depp.ndency but rather a marker associated with tumor 
proliferation and possibly invasiveness. A retrospective study with the 
Finsen Institute of Copenhagen on 149 patients clinically followed up for 
8 years has recently shown a significant shorter disease-free interval in 
patients with high total 52K protein concentration (> 400 u/mg protein) 
than in patients with low concentrations « 400 u/mg protein) (S. Thorpe 
et al., in preparation). These preliminary results are further analysed 
to determine whether or not the 52K protein is an independent prognostic 
factor. Since the 52K protein concentration is not correlated with the 
estrogen receptor, its assay in the cytosol of breast cancer may usefully 
complement that of the sex steroid receptors. Other studies on a larger 
number of patients, with clinical follow-up for 5 to 10 years, are needed 
to confirm the usefulness of this marker. The 52K protein can also be 
detected and semi-quantified in isolated cells collected by fine-needle 
aspiration before any therapy. By contrast, its assay in the plasma using 
available antibodies does not seem to be useful since the basal level in 
normal patients, probably due to liver secretion, is too high. The assay 
and detection of the 52K precursor alone using the second series of 
antibodies may provide information supplementary to that obtained with 
the antibodies recognizing both the precursor and the processed cellular 
products, since the precursor is the only one to be secreted and to 
potentially act on neighbouring cells and extracellular matrix. Finally, 
a better knowledge of the structure of the breast cancer 52K protein 
compared to that of other cathepsin D proteins may guide us in the 
development of new antibodies recognizing epi topes more specifically 
related to the 52K breast cancer protein. In addition to other growth 
factors (19) and proteases (20) the 52K estrogen-induced protease may 
have important autocrine and paracrine functions in regulating breast 
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cancer growth and invasion. The first clinical studies support this 
assumption, since this protease appears to be useful, via its different 
monoclonal antibodies to predict high-risk mastopathies and invasive 
breast cancers. More generally, the 52K protein illustrates how a 
rational approach can be used to develop better markers. It also 
indicates that basic research aimed at understanding the structure and 
function of proteins possibly involved in mammary carcinogenesis can lead 
to medical applications. 
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Mouse monoclonal antibodies were generated to membrane preparations 
of human primary breast carcinomas. The reactivity patterns were studied 
on frozen sections of malignant and benign mammary tumors and normal 
breast tissues by immunoperoxidase staining and on cultured mammary 
tumor cell lines by immunofluorescence reactions. The diversity of 
reactivities indicated distinct, unique specificities of the 
monoclonals. 

In the normal mammary epithelium a broad range of binding patterns 
was found. Several antibodies exclusively stained the luminal 
epithelium, others reacted with both luminal and myoepithelial cells, 
and one antibody (130E5) was preferentially reactive with myoepithelium. 
Four antibodies represent unique markers for epithelial cells: 126E7 is 
specific for the apical memb~ane of luminal cells, 125B5 and 126H3 stain 
the cytoplasm and the lateral-basal membranes of epithelia, whereas 
126G5 binds to the cytoplasm of luminal epithelium. 

The monoclonals showed a range of positive reactions from 30 to 100 
percent in about 30-35 breast cancer cases tested. Seven monoclonals 
proved to be strongly reactive in a high percentage of malignant cases. 
All of them had a significant binding also to normal or benign 
epithelium. However, distribution in malignant cells often lacked the 
polarized pattern found to be characteristic in normal epithelium. 

On in vitro cell lines most antibodies reacted with cell surface 
determinants; two reacted exclusively with the cytoskeletal network in 
immunofluorescence test. Several antibodies showed heterogeneous 
reactivity, revealing a phenotypic diversity among cells in normal 
mammary epithelium, in primary breast carcinomas and tumor cell lines. 
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INTRODUCTION 

A great variety of antigenic determinants can be found on the cell 
surface, in the cytoskeleton, in the cytosol or in extracellular 
products of tumor cells, and their complex composition is characteristic 
of the histocompatibility phenotype, the tissue origin, the 
differentiation and functional state of the cell. The cell type and 
differentiation antigens display a complex distribution in non­
neoplastic tissues (Foster et al., 1982b). Malignant cells may express 
determinants in an elevated concentration compared to normal cells 
(Ashall et al., 1982, Koprowski et al., 1979, Loop et al., 1981) or to 
the cells of the corresponding normal tissue (Teramoto et al., 1982, 
Stramignoni et al., 1983). However, no particular determinant has proved 
to be able to reliably distinguish between all kinds of normal and 
malignant cells. A tumor-associated antigenic determinant can be present 
on a variety of normal cells as well (Atkinson et al., 1982). On the 
other hand, no individual determinant has been found to be useful for 
reliable histogenetical identification of a tumor, as both 
differentiation and tumor-associated antigens can be expressed on a 
variety of tumors of different organs (Foster et al., 1982, McGee et 
al., 1982). An antibody raised by White et al. (1985) against the MCF-7 
human mammary carcinoma cell line shows organ specificity for breast 
tumors, with the exception of one cross-reacting colon carcinoma, but as 
yet only a limited number of tumors from other sites has been tested. 

Monoclonal antibodies (MoAbs) are an unique means for recognizing 
individual determinants (Kohler and Milstein, 1975). A range of MoAbs 
with known tissue, cell-type and functional specificity helps to 
identify the tissue or cell type origin of a tumor and to characterize 
its differentiation stage and cellular composition (Neville, 1982). 
Monoclonals as differentiation and behavioral markers can be effectively 
used for distinguishing between the component cell types of an organ, 
like the mammary gland (Taylor-Papadimitriou et al., 1983, Foster et 
al., 1982b, Edwards et al., 1982, Hand et al., 1983). 

Various antigenic sources have been used for generating MoAbs to 
normal and neoplastic breast epithelium. The milk fat globule membrane, 
representing the luminal cell surface of lactating epithelium, has been 
extensively used for producing polyclonal (Heyderman et al., 1979, 
Sloane and Ormerod, 1981, Imai and Tokes, 1981) and monoclonal 
antibodies (Arklle et al., 1981, Taylor-Papadimitriou et al., 1981, 
Foster et al., 1982, Hilkens et al., 1981, 1984 and Ceriani et al., 
1983). Monoclonal antibodies raised to cultured human mammary tumor 
cells (Papsidero et al., 1983, Thompson et al., 1983, Soule et al., 
1983) recognize determinants on various normal and neoplastic tissues. 
Metastatic mammary tumors cells were applied as immunogen for MoAbs 
(Colcher et al., 1981), from which one was claimed to detect a 
determinant associated with carcinomas (Schlom et al., 1980, Stramignoni 
et al., 1983), but which also reacts with normal breast tissue. 

We report a range of MoAbs to primary breast carcinomas with 
different distribution patterns of binding to the normal and malignant 
breast epithelium, demonstrating a broad diversity of antigenic 
determinants which are simultaneously expressed by tumor cells. Some of 
the antibodies proved to provide new differentiation marker of normal 
mammary epithelium. 
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MATERIALS AND METHODS 

Primary mammary tumors from two different surgical cancer cases 
were used for membrane preparations no. 1 and no. 2. The tumor tissue 
was cut into pieces in ice-cold PBS, homogenized in 0.25 M sucrose 
solution containing protease inhibitors (0.005% phenyl-methyl­
sulphonylfluoride, 50 ~g/i soybean trypsin inhibitor and 1 unit/i 
aprotinin. After a centrifugation of 10,000 g for 20 minutes, the 
membranes were pelleted by 100,000 g for 60 minutes, resuspended in a 
cold sucrose solution and were kept frozen until use. The protein 
content was determined by the Lowry method. 

Immunization 

BALB/c mice were immunized by intraperitoneal inoculations of 
membrane enriched preparations containing 200 ~g protein in 50 ~i PBS. 
Membrane preparation no. 1 was injected 6, 3 and 2 days before fusion 
126 (hyperimmunization protocol according Hilkens et al., 1981). For 
fusions 125 and 130 membrane preparation no. 2 was applied. Fusion 125 
was preceeded by three injections 6, 3 and 2 days before the fusion 
day. In the case of fusion 130, the animals were immunized three times 
once a week and boosted on week 7, 5-3 days before fusion. 

Generation of monoclonal antibodies 

Spleen cells from mice immunized with membrane enriched 
preparations were fused with SP2/0-Ag14 mouse myeloma cells according to 
the protocol of Oi and Herzenberg (1980). Briefly, 108 spleen cells and 
2x10 7 myeloma cells were mixed, pelleted and resuspended in 0.5 ml of 
50% solution of polyethylene glycol-1500 in serum free Dulbecco's 
modified Eagle's medium (DMEM). After one minute, 40 ml serum free DMEM 
was gradually added. The cells were pelleted at 800 rpm for 6 minutes, 
resuspended in 40 ml DMEM containing hypoxanthine-aminopterin-thymidine 
(HAT) and 15% horse serum and distributed in four 96-well tissue culture 
plates (Falcon). The above selective medium was applied during the first 
three weekS, and it was first reversed to hypoxanthine and thymidine 
containing medium followed by DMEM with 15% horse serum. The 
supernatants were tested for antibody production in an ELISA assay 
against the immunizing antigen and against ghosts of human red blood 
cells. The cells from cultures reacting with mammary tumor membrane but 
not with blood cell membrane were transferred to 1 ml culture and/or 
cloned by limiting dilution in the presence of 2x10 6 normal mouse spleen 
cells/ml as feeder cells. The 1 ml cultures were further tested on 
frozen sections of human mammary carcinomas by an indirect 
immunoperoxidase test. Hybridomas showing reactivity with the tumor 
and/or the normal mammary gland were subcloned. Clones strongly reacting 
with connective tissue were discarded. The cloned cultures were first 
screened by ELISA assay and 8-12 positive wells containing one clone 
were tested on frozen sections. The hybridomas were usually 3, in 
certain cases 2 or 5 times subcloned. The hybridoma lines were 
considered stable and monoclonal when at least in two subsequent 
clonings all the investigated subclones showed an antibody production 
with identical histological pattern. The stable hybridomas were grown in 
large amounts and BALB/c mice were i.p. inoculated for ascites 
production. 
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Nomenclature 

Monoclonal antibodies are designated with a number (125, 126 and 
130) corresponding to the serial number of fusion done in the Division 
of Tumor Biology at The Netherlands Cancer Institute and with a 
character and number (e.g. E7) referring to the place of primary clone 
in the microculture plate. 

ELISA assay 

The membrane enriched preparations in a concentration of 0.2 mg 
protein/50 ~~ PBS was dried overnight at 37° C into the wells of Falcon 
microtiter plates. After one washing with PBS, the wells were incubated 
at 37° C for 60 minutes with 200 ~~ 0.5% gelatin solution in TEN buffer. 
50 ~~ solution of monoclonal antibody was added for 30 minutes at 37° C 
followed by three washes with PBS containing 0.5% Tween-20. 50 ~~ goat 
anti-mouse Ig peroxidase conjugate (TAGO) in a dilution of 1:2500 was 
added for 30 minutes at 37° C followed by repeated rinsing. The color 
reaction as developed with 100 ~~ substrate solution containing 20 mg 0-
phenylendiamine-dihydrochloride in 10 ml 0.1 MpH 6 phosphate buffer and 
5 ~~ 30% H2 02 • After a 5-10 minute incubation at room temperature in the 
dark the reaction was stopped with 50 ~~ 2 M H2 02 and the intensity was 
measured at 492 nm in a flow multiscan photospectrometer. 

Tissues 

The tissues were obtained from the Department of Pathology of the 
Netherlands Cancer Institute, Amsterdam and from the Oncopathological 
Re~earch Institute, Budapest. About 30 surgically removed neoplastic and 
12 non-neoplastic tumors as well as 6 infiltrated axillary lymph nodes 
were evaluated in this study. To examine the normal breast epithelium, 
tissues from four sources were evaluated: a) malignant tumors containing 
preexisting ducts and acini with preserved structure; b) tissue samples 
from the area behind the nipple and far from the tumor derived from 
surgically removed breast of cancer patients; c) benign lesions with 
preserved normal ducts, and d) a limited number of breast tissues from 
plastic surgery cases. The tissues were freshly frozen in liquid 
nitrogen and kept at -700 C. The cryostat sections were allowed to 
attach to the slides at 37° C, then fixed for 5 minutes in acetone and 
kept at -70° C until use. 

Immmunoperoxidase test 

The sections were covered with a solution of monoclonal antibody 
containing 10% normal goat serum. Undiluted spent medium of hybridoma 
cultures was applied for 60-120 minutes at 40 C and 1 unit/ml Trasylol 
was added to avoid the digestion of tissue material. Ascites fluids were 
generally diluted to 1 :100 in PBS, although some of them reacted also in 
a dilution of 1:10,000 and the reaction was done at room temperature for 
30 minutes. After rinsing in three changes of PBS, peroxidase conjugated 
goat anti-mouse immunoglobulin (TAGO, affinity chromatography purified) 
in a dilution of 1 :20 in PBS with 10% goat serum was added at room 
temperature for 30 minutes. Following a rinse in three changes of PBS, 
the color reaction was developed within 10 minutes with a freshly 
prepared substrate solution of 2 mg 3-amino-9 ethylcarbazole solubilized 
in 0.5 ml dimethylformamide and diluted in 9.5 ml 0.05 M acetate buffer 
pH 4.9 and 1 ~~ H2 0 2 was added. The sections were slightly 
counterstained with haematoxilin (10 sec) and mounted with aquamount. 
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Human mammary tumor cell lines 

The following breast carcinoma cell lines, maintained in DMEM 
supplemented with 10% FCS and insulin, were applied: MCF-7 (obtained 
from F. Prop, University of Amsterdam), BT20, Hs578T (from J. Taylor­
Papadimitriou, IRFC, London), CAMA 1 (from U. Koldovsky, Dusseldorf), 
T47D (from American Type Culture Collection, Rockville, MD), SKBR-3 
(obtained from Naval Bioscience Laboratory, Oakland, CA). The MPL13 cell 
line was established from pleural effusion fluid of a breast cancer 
patient by J. Hilkens (The Netherlands Cancer Institute, Amsterdam). 

Immunofluorescence assay on cell lines 

For membrane immunofluorescence studies the subconfluent monolayers 
were washed once with PBS, then detached with 0.2% EDTA in PBS for 5 
minutes and washed twice with PBS. The cells were resuspended in 100 ~~ 
solution of monoclonal antibodies (undiluted spent medium or ascites 
fluid in a dilution of 1 :100 in PBS), and incubated for 30 minutes on 
ice. After one washing in PBS, 100 ~~ FITC labeled goat anti-mouse 
immunoglobulin (DAKO) was added in a dilution of 1:20 for 30 minutes at 
0° C in dark. Following washing the positive cells were counted under a 
fluorescent microscope. Immunofluorescence staining of fixed cells (IF) 
was done either after harvesting the cells as in MIF studies, followed 
by drying onto microscopic slides and fixing for 5 minutes with acetone, 
or by visualizing the cell structure on growing cells. In the latter 
case the cells were grown overnight on microscopic slides and fixed with 
acetone. The slides, after subsequent incubations with the monoclonal 
antibody and the FITC conjugate for 30 minutes at room temperature, were 
covered with aquamount and checked under a fluorescence microscope. 

Immunoglobulin class and subclass determination 

The class and sub-class as well as the light chain type of 
antibodies was determined from the culture medium of hybridomas by the 
double diffusion method of Ouchterlony using 1% agar gel in PBS. 
Specific anti-mouse antisera were obtained from Nordic, Tilburg, The 
Netherlands. 

RESULTS 

Generation and selection of hybridomas 

In the three fusions 260 hybridomas producing antibodies against 
the membrane enriched human mammary tumor preparations were obtained. 64 
clones, having no reactivity against red blood cells in ELISA assays 
were selected and further screened on frozen sections of neoplastic 
breast tissues for their reactivity against breast epithelial cells. 
During the subsequent clonings, in the case of about 40 monoclonals a 
significant reactivity against tissues of mesenchymal origin was 
observed. These hybridomas were discarded. Altogether 17 independent 
hybridoma lines producing antibodies reactive with neoplastic or with 
normal mammary epithelium or with both were chosen, 3-5 times cloned and 
stabilized. Four monoclonals are IgM and thirteen IgG's of various 
subclasses (Table I). The light chains of all antibodies were of kappa 
type. 
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Reactivity against membrane enriched preparations 

The monoclonals were tested for their reactivity to the immunizing 
antigens and against delipidated human milk and milk fat globule 
membrane by ELISA assay. The highest dilution of ascites fluids showing 
reactivity and the strength of reaction referring to the antibody 
reactivity and to the antigen concentration in the preparations were 
evaluated (Table 1). All of the antibodies reacted with membrane 
preparation 1, but monoclonal antibodies generated to preparation 1 had 
considerably weaker and in one case no reaction with preparation 2. Two 
antibodies generated against preparation 2 reacted weaker with 
preparation 1 than with 2. 

These findings demonstrate that the two immunogens represent 
different compositions of antigenic determinants. The concentration of 
certain antigens in the two preparations showed non-coordinated 
differences, suggesting that these determinants are independent of each 
other. Only 126E7 had a significant reaction with HMFG membrane. Three 
other MoAbs reacted weakly and the others did not recognize antigens 
present in human milk. 

Immunohistochemical reactivity on breast tissue 

Two antibodies, 125B4 and 126E7, also reacted with formalin fixed 
tissues. The antigenic determinants recognized by the other antibodies 
did not resist the formalin fixation and embedding procedure, but the 
tissue distribution could be tested on frozen material fixed with 
acetone only. For a better comparison all the antibodies were examined 
on frozen sections in this study. 

The immunoperoxidase reactions were considered to be positive when 
any significant color reaction was found in the cells. In evaluating the 
strength of reaction, the percentage of stained cells and the 
intratissue and intracellular localization of staining were recorded. 

Staining incidence in neoplastic and non-neoplastic tumors 

The reactivity of monoclonals on human mammary tumor material is 
summarized in Table II. In primary malignant tumors 7 antibodies had 
very strong reactions: 125B5, 125H3, 126E7 and 126H12 stained all tumors 
tested and 125B4, 126G5 and 130B9 reacted with a high (87-95) percentage 
of the cases. 125E1 and 126A8 were positive in 70-80 percent of 
malignant tumors, but the reaction was often weak or focal. 126B6, 130E5 
and 126E8 had a strong, often heterogeneous reaction in about 40-50 
percent of the specimens tested. The remaining 5 antibodies reacted 
weakly and often only focally, making the evaluation uncertain. 
Monoclonal antibodies that had the same incidence of positive reactions 
often stained different specimens. 

The tumor cells in lymph node metastases were recognized by all 
antibodies that were positive on the primary tumors, however, the 
reactions were often weaker and more homogeneous than in primary tumors. 
Antibodies 126G5 and 126E7 had a remarkably strong staining, recognizing 
all the tumor cells. 
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In benign mammary tumors the incidence of positivity was similar to 
that found in carcinomas. The only exceptioh was 126A8 reacting in 
higher percentage and stronger in benign lesions than in carcinomas. 
However, the binding pattern of some antibodies showed individual and 
characteristic shifts from benign cases through the better 
differentiated carcinomas to the infiltrating cells, as it will be 
described in more detail in the paragraph "Staining patterns". 

Reactivity in normal mammary glands 

To describe the localization of antibody binding sites in the 
breast epithelium, we distinguished the luminal epithelium lining the 
glandular lumen and the basal or myoepithe1ium bordered by the basement 
membrane (Figure 1). The luminal epithelium consists of cuboidal cells 
being radially polarized to the lumen and the cell membrane at the lumen 
is termed as apical membrane. The myoepithe1ium is formed by one often 
not continuous thin layer of elongated cells which are longitudinally 
polarized along the course of the duct and often have long protrusions. 
In addition, another cell layer was frequently distinguishable between 
the luminal and myoepithelial cells. This continuous cell layer 
consisted of cuboidal cells with longitudinal orientation. 

The reactivities and staining patterns are summarized in Table III 
and Figure 1. Eleven antibodies had strong reactivity with the component 
cells of the mammary gland. Monoclonal antibodies 126E7, 125E1, 126G5 
and 126B6 stained the luminal epithelium only and showed no binding to 
the myoepithe1ium. 125B5, 123H3, 126A8, 126H12, 130B9 and 125B4 stained 
both typee of epithelia. 130E5 was predominantly reactive with the 
myoepithe1ium. One antibody, 126E8, had no reaction in the normal 
epithelium, but it strongly stained the occasionally occurring secreted 
material in the lumen. The intracellular localization of reactivity 
showed individual patterns at the different antibodies, as it is 
described in "Staining patterns". 

Staining patterns 

126E7 stained the apical cell membrane of normal luminal epithelium 
cells and the secreted material in the lumen. It reacted with all benign 
and malignant tumors tested. The staining pattern varied according to 
the degree of differentiation. In benign lesions the staining was 
predominantly confined to the luminal membranes (Fig. 2 and 3). The well 
differentiated papillary carcinomas showed a strong luminal membrane 
staining accompanied by a slight reaction in the apically situated part 
of the cytoplasm. In invasive carcinomas a strong cytoplasmic reaction 
was observed being often irregularly polarized within the cells, and the 
inter- and intracellular lumina were especially strongly stained. Single 
invading cells showed increased concentration of 126E7 determinants 
(Fig. 7). In tumor cell groups, however, many cells often remained 
unstained. Pre-existing normal glands in or near to the malignant tumors 
often contained only minute amounts of antigen, especially if they 
exhibited no secretory activity. 

125B5 and 125H3 have a staining pattern similar to each other, 
showing a strong binding to all cells of epithelial origin and to no 
other components in the breast tissue. In the normal gland they strongly 
and uniformly stained the luminal cells. The determinants were 
localized, contrasted with those of 126E7, on the adjacent cell 
membranes being in contact with one another and with the myoepithe1ium, 
whereas the apical membrane showed decreased expression of determinants 
(Fig. 4). The reaction was always accompanied by a strong, uniformly 
distributed staining in the cytoplasm. The predominant affinity to the 
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Figure 2. 126E7: reacts with 
apical membranes of luminal cells 
of duct in fibroadenoma of the 
breast. Bar: 10 ~. 

Figure 3. 126E7: stains mainly 
apical membranes of apocrine 
metaplasia of the breast. 
Bar: 10 ~. 

laterally and basally situated membranes was conserved in the benign 
lesions (Fig. 5) and in more differentiated carcinomas, where the 
orientation of epithelial cells was preserved (Fig. 6). In infiltrating 
cells and poorly differentiated tumors a circumferential membrane 
staining was observed. All the tumor cases tested were positive. 
Using a higher (1:1000 - 1 :10,000) dilution of ascites fluid an elevated 
concentration of determinants on tumor cells compared to the normal 
glands could be established. 123H3 showed some more heterogeneity in 
strength of reaction within a tumor and between normal and cancer cells 
than 125B5. 

126G5 represents a specific marker for luminal epithelium, showing 
no binding to myoepithelium and to any other component of the breast 
tissues. The antibody recognized cytoplasmic determinants, which were 
more polarized to the luminal side of the normal cells, whereas the 
basal side of the cells often remained negative. This staining pattern 
characterized several benign lesions, such as fibroadenomas (Fig. 8). 
Pre-existing glands in carcinoma tissues were often considerably weaker 
in their staining than the malignant cells, or in some cases, a very 
heterogeneous pattern with strongly stained and completely negative 
luminal cells adjacent to each other was found (Fig. 9). The same 
heterogeneous pattern characterized the reactivity in dysplasias. In 
carcinomas 126G5 had a strong, diffuse binding in the cytoplasm and the 
nuclear membrane was strongly visible. The adjacent cell membranes were 
less pronouncedly stained than with 125B5. The carcinoma cells were 
mainly uniformly stained (Fig. 10), but some heterogenous patterns and a 
few negative cases were also found. The antibody had a remarkably strong 
reaction in metastasizing carcinoma cells. 
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5 

Figure 4. 125B5: reaction on baso­
lateral membranes in normal mammary 
duct. The apical membrane of the 
luminal cells is negative (arrow). 
Bar: 10 ll. 

Figure 5. 125B5: strong staining 
of lateral and basal membranes in 
an apocrine metaplasia of the 
breast; the apical membrane of 
of the cells is negative. 
Bar: 10 ),I. 

125B4 stained the circumferential membranes and the cytoplasm. In 
normal glands it had a very heter.ogeneous pattern, staining the 
myoepithelium around the ducts but not around the acini (Fig. 11). In 
the luminal epithelium often strongly stained and completely negative 
cells were found near to each other without any reactivity of 
intermediate strength (Fig. 12). In addition, in some cases completely 
unreactive or homogeneously stained luminal epithelium was obtained. 
If more layers of ductal epithelium could be distinguished, the basally 
situated one proved to be always negative. In the dysplasias the cells 
showed a heterogeneous pattern. In 94% of malignant tumors 125B4 was 
reactive, staining mostly all the malignant cells. In some tumors the 
reactivity was restricted to cells resembling cells of myoepithelial 
origin. 125B4 had a very pronounced reactivity in blood and lymph 
vessels and in capillaries. 

126H12 and 130B9 stained strongly and uniformly the whole mammary 
epithelium and reacted with all benign and malignant tumors tested. Both 
antibodies reacted in the cytoplasm and with the cell membranes. 126H12 
had a tendency for apical staining. Both antibodies had, however, a 
slight reaction with connective tissue and blood vessels. 
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Figure 6. 125B5: stains cells of 
invasive carcinoma of the breast. 
Note the absence of apical staining 
(arrow). Bar: 10 ~. 

Figure 7. 126E7: reacts strongly 
with invading cells of a lobular 
mammary carcinoma. In pre­
existing normal ducts the reac­
tion is weak or absent (arrow). 
Bar: 10 ~. 

125E1 stained the secreted material in the normal glands and a 
focal-reactivity along the luminal membranes also often appeared. In 
about the half of the tumor cases 125E1 had a moderately strong, 
sometimes granulated staining in the cytoplasm. If the tumor cells 
produced an extracellular matrix, it was predominantly visualized by 
this antibody. The determinants often appeared in layers in the 
connective tissue, surrounding the tumor groups and the preserved 
lobuli, but they were absent from other areas of connective tissue. 
125E1 stained the blood vessel walls but not the capillaries. 

126A8 reacted strongly with the luminal epithelium and weaker with 
the myoepithelium. The reaction was localized in the cytoplasm and to 
the apical membrane. A preferential reactivity for various benign 
lesions compared to malignant cases was found. In carcinomas the pre­
existing ducts were often stronger stained than the malignant cells. 
126A8 reacted with blood vessels and capillaries. 

130E5 is a specific marker for myoepithelial cells exhibiting a 
consistent, strong reaction in the basal layer along the course of ducts 
and acini (Fig. 13). The luminal cells stained very weakly and the other 
tissue components did not react. In benign lesions and in the more well­
differentiated carcinomas a pronounced basal polarization of reactivity 
was detected. In malignant cases a moderately strong, sometimes 
heterogeneous cytoplasmic binding was observed. 
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Figure 8. 126G5: reactive material 
is located in the cytoplasm at the 
luminal side of the cells in fibro­
adenoma of the breast. Bar: 100 ~. 

Figure 9. 126G5: heterogeneous 
staining, strongly positive cells 
(arrow) border completely negatlve 
epithelial cells in a normal 
mammary duct. Bar: 10 ~. 

126E8 strongly stained the secreted material wheras epithelium or 
other tissue components of the normal breast were negative. However, 40 
percent of the cancer cases were positive. Often only some tumor cells 
were stained, and large areas of the tumor remained negative. 

126B6 was often negative in both normal and cancer cells. In the 
normal gland, if it reacted, only the luminal cells showed affinity to 
126B6. In cancer cases the circumferential membrane and the cytoplasm 
were stained. 126B6 had a characteristic, strong staining in the 
sclerosing elements of the connective tissue. 

126E6, 125D9, 130A3, 130F2 and 130C4 had weak and often only focal 
staining in the tumor. 130C4 reacted with lymphocytes and macrophages as 
well. 

Reactivity on in vitro cell lines 

The cell surface determinants were detected by membrane 
immunofluorescence test on living cells and the intracellular expression 
of determinants was visualized after fixing the cells with acetone 
(Table IV). Monoclonals showing a high incidence of staining in primary 
mammary tumors proved to be strongly reactive also on cultured mammary 
tumor cells. Antibodies 125B5, 125H3, 126E7, 126H12 and 130B9 had a 
strong reaction in all cell lines of carcinoma origin, while the line 
Hs578T, derived from a carcinosarcoma (Hackett et al., 1977) was 
negative or weakly stained. All of the above mentioned antibodies 
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Figure 10. 126G5: homogeneous 
staining of epithelial cells in 
breast carcinoma. Bar: 10 ~. 

Figure 11. 125B4: strong reaction 
in myoepithelium. In this duct 
all epithelial cells are also 
positive. Bar: 10 ~. 

recognized determinants on the cell surface exhibiting a smooth 
confluent layer (125B5 and 125H3) or roughly distributed granules 
(126H12) on the cell membrane. 

Two antibodies (126G5 and 125B4) visualized an intracytoplasmic 
filamental structure in acetone fixed cells. 126G5 was characterized by 
an extremely strong binding to the cytoskeletal network and by a 
complete lack of cell surface staining (Fig. 14). In five cell lines all 
the cells were uniformly stained, whereas in Cama and Hs578T lines a 
heterogeneity could be revealed by 126G5. In the cell line Hs578T the 
majority of cells were of elongated shape and completely negative for 
126G5 determinants. A very small proportion of cells with more round 
shape and finger-like protrusions, often with two nuclei well 
distinguishable, were strongly positive. The binding of 125B4 was also 
predominantly localized in the cytoskeletal structure, but the cell 
surface was not always completely negative. The reaction in cell line 
Hs578T was similar to that observed in the case of 126G5. 

The myoepithelial cell marker, 130E5, exhibited a cytoplasmic 
staining in 6 cell lines, including the Hs578T line and often a fine 
network structure could also be distinguished. The antibody did not 
recognize cell surface determinants. 

Evaluating the results with regard to the cell lines it could be 
stated that the cultured mammary tumor cells expressed a variety of 
determinants that are also present in primary tumor cells. The determi­
nants showed a remarkable heterogeneity in their expression among cell 
subpopulations of certain tumor lines. The phenotypic diversity of the 
cells of Cama cell line was well demonstrated by the monoclo- nal 
antibodies that distinguished cell subpopulations within the culture 
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Figure 12. 125B4: heterogeneous 
staining in duct in a case of 
lobular carcinoma of the breast. 
Bar: 100 ll. 

Figure 13. 130E5: positive 
reaction of myoepithelial cells 
in normal duct in case of 
lobular carcinoma of the breast. 
Bar: 10 ll. 

Figure 14. 126G5: Cytoskeletal staining of a mammary epithelial 
cell in tissue culture. Immunofluorescence. 
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DISCUSSION 

MoAbs were raised to crude plasma membrane preparations of human 
primary breast carcinoma. The reactivity against the immunizing antigen 
in ELISA assay demonstrated that some determinants appeared 
independently of each other in the two membrane preparations. A non­
coordinated distribution of determinants was observed in the primary 
cancer and benign tissues: different ranges of positive cases were found 
and the localization of staining showed individual patterns with the 
various antibodies. These findings indicate distinct specificities of 
the monoclonals. Several tumors and in vitro cell lines were positive 
for all antibodies demonstrating a broad range of antigenic determinants 
that simultaneously can be expressed by a tumor cell. 

The MoAbs reacted with the plasma membrane or with distinct parts 
of it, with the cytoplasm, or with the extracellular matrix. Various 
combinations of the former reactivities were also observed. The binding 
pattern of this set of antibodies exhibited considerably greater 
diversity than those generated to milk fat globule membrane. The latter 
ones are mainly directed to carbohydrate determinants, which appear to 
be very immunogenic. These structures are strongly expressed on the 
apical membranes of the lactating breast epithelium (Gooi et al., 1983) 
and they are also present in the resting mammary gland and in various 
normal and malignant cells of epithelial origin. The various anti-HMFG 
antibodies, in spite of the differences in the chemical composition and 
tissue distribution of the determinants, resemble each other, staining 
only or predominantly the apical cell surface of the glandular 
epithelium (Sloane and Ormerod, 1981, Arklie et al., 1981, Foster et 
al., 1982 a&b, Burchell et al., 1983, Hilkens et al., 1984). 

From our panel only one antibody, 126E7, is directed to an HMFG­
related, formalin resistant antigenic determinant. The importance of 
this antibody in detection of neoplastic breast cells i~ given by the 
strong reactivity to all mammary tumor cases tested. In ELISA assay 
126E7 reacted with HMFG membrane preparation. The histological binding 
pattern was characterized by a tendency for apical staining in normal 
and neoplastic breast epithelium. According to preliminary results not 
reported here, the staining of 126E7 showed significant similarities in 
extramammary normal and tumor tissues to several other antibodies. Among 
these are the polyvalent antiserum that recognizes the determinant on 
"epithelial membrane antigen" (Sloane and Ormerod, 1981), the MoAb 
115D8, generated against HMFG, which reacts with the antigen designated 
MAM-6 (Hilkens et al., 1984), and the antibody MBr1, raised against the 
mammary cancer cell line MCF7 (Mariani-Costantini et al., 1984). 

Two antibodies, 125B5 and 125H3, revealed determinants that are 
predominantly expressed in the cytoplasm and on lateral and basal 
membranes of the luminal epithelium. The opposite staining pattern of 
126E7 versus 125B5 and 125H12 demonstrates, that in the normal mammary 
gland the apical and adjacent cell membranes of the luminal epithelial 
cells express distinct sets of determinants. In malignant tisues this 
polarization of staining often proved to be lost. 

The fourth epithelial marker, 12605, is specific for luminal cells. 
As this antibody had no reactivity to any non-epithelial tissues and it 
stained exclusively the cytoskeletal network of the cells, the antigenic 
determinant is supposed to be associated with intermediate-sized 
filaments. In preliminary stUdies (not shown here) the antibody reacted 
with a variety of simple epithelia in different normal tissues but it 
was negative in the epidermis. In this respect the reactivity of 126G5 
resembles that of the MoAb LE61 raised to cytoskeleton extracts of a 
non-primate derived epithelial cell line (Lane, 1982). 
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125B4 also reacted with cytoskeletal fibrillar components. The 
staining pattern in normal and ma~ignant tissue sections was often 
heterogeneous and different from that of 126G5. The MoAb 130E5 was 
predominantly reactive in the myoepithelium. The above mentioned 
antibodies and some others showed cell-type specificity within the 
breast epithelium. These antibodies, as differentiation markers for the 
mammary (and extra mammary) epithelium, offer means for studying the 
development and differentiation of epithelial tissues. 

Several MoAbs showed a polarized staining in the normal mammary 
gland, having a restricted binding to the apically (126E7, 126H12, 
126G5), laterally-basally (125B5, 125H3) or basally (130E5) oriented 
determinants. The intracellular distribution pattern of these 
determinants proved to be a marker for the differentiation stage of 
tumors. In benign lesions, where the epithelial cells are organized in 
glandular structures, or in fibroadenomas, the polarized staining 
pattern was preserved. In carcinomas where the tissue organization is 
partly or completely disintegrated, a loss of orientation properties of 
cells was revealed by the antibodies. The determinants exhibited a more 
extended distribution; the cell surface antigens appeared also in the 
cytoplasm and along the circumference of the membranes. The 126G5 
determinants were more homogeneously distributed within the cytoplasm in 
malignancies and also in dysplasia than in normal cells. 

A remarkable quantitative difference was also observed between 
normal and malignant cells in the expression of several determinants: 
generally the 126E7, 126G5, 125E1, 125B4 antigens appeared in higher 
concentration in cancer than normal cells. However, some of the tested 
tumors did not express all of these determinants. 

The MoAb 126E8 showed a reactivity in 40 percent of primary breast 
cancer cases and benign lesions, but it was scored to be negative within 
the normal mammary epithelium. In a preliminary screening on various 
extramammary epithelia no or very restricted reactivity was observed. 
Similar properties were reported for the MoAb B72.3 (Nuti et al., 1982) 
generated to metastatic mammary tumor cells (Colcher et al., 1981). The 
specificity of the two antibodies is, however, different. Both of them 
exhibited a heterogeneous staining pattern, but the reactivity of 126E8 
was often restricted to a few cells only. The 126E8 determinant was 
sensitive to formalin fixation. 126E8 reacted with the secreted material 
of mammary gland and also with gastrointestinal mucin components. 

The 130E5 antigen, the marker for normal myoepithelium, was 
expressed by the majority of cells in the 60 percent of carcinoma 
specimens, in spite of the fact that these mainly invasive ductal tumors 
were not of myoepithelial origin. These tumors were also positive with 
antibodies, that are markers for luminal epithelium. This finding 
reveals that special caution is required when conclusions are drawn 
about the cell-type origin of a tumor on the basis of the expression of 
a single determinant. The origin of 130E5-positive tumors may be a more 
primitive cell, which has the ability to develop both luminal and 
myoepithelial characteristics. 

In the normal mammary gland and also in reactive glands a layer of 
epithelial cells was often recognizable, located between the cell layer 
lining the glandular lumen and the myoepithelium. Considering their 
position, these cells are supposed to have neither secretory nor 
contractive function. Therefore, they may represent a lower grade of the 
differentiation lineage of breast epithelia. This layer of cells reacted 
neither with luminal nor with myoepithelial cell markers. Malignant 
cells, although representing a low grade of differentiation and exerting 
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intense metabolic and proliferative activity, displayed considerably 
higher concentrations of certain antigens than th4s cell layer. This 
finding indicates that the expression of certain antigens depends on the 
functional state of the cells. 

Numerous data indicate, that monoclonal antibodies may reveal 
phenotypic, possibly functional heterogeneity between morphologically 
identical cellular subsets of normal mammary tissues (Foster et al., 
1982b, Edward et al., 1983) or of tumor cells (Miller, F.R., 1982, Nuti 
et al., 1982, Hand et al., 1983). Several antibodies reported here 
revealed intratumor heterogeneity, as most of the determinants were 
unevenly distributed among the cells of a primary tumor and of tumor 
cell lines. Some antibodies such as 125B4 or 126G5 often had a 
heterogeneous staining in normal luminal epithelium. 

The present study demonstrates that MoAbs with distinct 
specificities against various determinants of breast carcinoma cells 
could be raised against plasma membrane preparations of primary tumors. 
Some of the monoclonals represent epithelial markers; several of them 
can be applied as cell-type markers within the human mammary gland. 
Antibodies, recognizing determinants present in elevated concentration 
and/or altered distribution in malignant compared to normal cells, offer 
means for detecting tumor cells and for studying the differentiation and 
functional characteristics of neoplasias. 

REFERENCES 

Arklie J., Taylor-Papadimitriou J., Bodmer W., Egan M., Millis R. 
Differentiation antigens expressed by epithelial cells in the lactating 
breast are also detectable in cancers. Int. J. Cancer 28: 23-29 (1981) 

Atkinson B.F., Ernst C.S., Herlyn M., Steplewski Z., Sears H., Koprowski 
H. Gastrointestinal cancer associated antigen in immunoperoxidase assay. 
Cancer Res. 42: 4820-4823 (1982) 

Ashall F., Branwell M.E., Harris H. A new marker for human cancer cells. 
I. The Ca antigen and the Cal antibody. Lancet ii: 1-6 (1982) 

Burchell J., Durbin H., Taylor-Papadimitriou J. Complexity of expression 
of antigenic determinants, recognized by monoclonal antibodies HMFG-l 
and HMFG-2, in normal and malignant human mammary epithelial cells. J. 
Immunol 131: 508-513 (1983) 

Ceriani R.L., Peterson J.A., Lee J.Y., Moncada R., Blank E.W. 
Characterization of cell surface antigens of human mammary epithelial 
cells with monoclonal antibodies prepared against human milkfat 
globules. Somatic Cell Genet. 9: 415-427 (1983) 

Colcher D., Horan Hand P., Nuti M., Schlom J. A spectrum of monoclonal 
antibodies reactive with human mammary tumor cells. Proc. Natl. Acad. 
Sci. USA 78: 3199-3203 (1981) 

Edwards P.A.W., Brooks I.M. Antigenic subsets of human breast epithelial 
cells distinguished by monoclonal antibodies. J. Histochem. Cytochem. 
32: 531-537 (1984) 

Finan P.J., Grant R.M., DeMattos C., Takei F., Berry P.J., Lennox E.S., 
Bleehen N.M. Immunohistochemical techniques in the early screening of 
monoclonal antibodies to human colonic epithelium. Br. J. Cancer 46: 9-
17 (1982) 

115 



Foster C.S., Dinsdale E.A., Edwards P.A.W., Neville A.M. Monoclonal 
antibodies to the human mammary gland. II. ~istribution of determinants 
in breast carcinomas. Virchows Arch. (Pathol. Anat.) 397: 295-305 
( 1982a) 

Foster C.S., Edwards P.A.W., Dinsdale E.A., Neville A.M. Monoclonal 
antibodies to the human mammary gland. I. Distribution of determinants 
in non-neoplastic mammary and extra mammary tissues. Virchows Arch. 
(Pathol. Anat.) 394: 279-293 (1982b) 

Gatter K.C., Abdulaziz Z., Beverly P., Corvalan J.R.F., Ford C., Lane 
E.B., Mota M., Nash J.R.G, Pulford K., Stein H., Taylor-Papadimitriou 
J., Woodhouse C., Mason D.Y. Use of monoclonal antibodies for the 
histopathological diagnosis of human malignancy. J. Clin. Pathol. 35: 
1253-1267 (1982) 

Gooi H.C., Uemura K.I., Edwards P.A.W., Foster C.S., Pickering N., Feizi 
T. Two mouse hybridoma antibodies against human milk fat globules 
recognize the I(Ma) antigenic determinant B-D-Galp (1~4)-B-D-GlcpNAc­
(1~6). Carbohydr. Res. 120: 293-302 (1983) 

Hackett A.J., Smith H.S., Springer E.L., Owens R.B., Nelson-Rees W.A., 
Riggs J.L., Gardner M.B. Two syngeneic cell lines from human breast 
tissue: the aneuploid mammary epithelial (Hs578T) and the diploid 
myoepithelial (Hs578Bst) cell lines. J. Natl. Cancer Inst. 58: 1795-1806 
( 1977) 

Hilkens J., Buijs F., Hilgers J., Hageman Ph., Sonnenberg A., Koldowsky 
K., Karande K., Van Hoeven R.P., Feltkamp C., Van de Rijn J.M. 
Monoclonal antibodies against human milkfat globule membranes detecting 
differentiation antigens of the mammary gland. In: Protides of the 
Biological Fluids (Ed. H. Peeters) Vol. 29: 813-816 (1981) 

Hilkens J., Buijs F., Hilgers, J., Hageman Ph., Calafat J., Sonnenberg 
A., Van der Valk M. Monoclonal antibodies against human milkfat globule 
membranes detecting differentiation antigens of the mammary gland and 
its tumors. Int. J. Cancer 34: 197-206 (1984) 

Heyderman E., Steele K., Ormerod G. A new antigen on the epithelial 
membrane: its immunoperoxidase localization in normal and neoplastic 
tissue. J. Clin. Pathol. 32: 35-39 (1979) 

Horan Hand P., Nuti M., Colcher D., Schlom J. Definition of antigenic 
heterogeneity and modulation among human mammary carcinoma cell 
populations using monoclonal antibodies to tumor-associated antigens. 
Cancer Res. 43: 728-735 (1983) 

Imam A., Tokes Z.A. Immunoperoxidase localization of a glycoprotein on 
plasma membrane of secretory epithelium from human breast. J. Histochem. 
Cytochem. 29: 581-584 (1981) 

Koprowski H., Steplewski Z., Mitchell K., Herlyn M., Fuhrer P. 
Colorectal carcinoma antigens detected by hybridoma antibodies. Som. 
Cell Genet. 5: 957-979 (1979) 

Kohler G., Milstein C. Continuous cultures of fused cells secreting 
antibody of predefined specificity. Nature 256: 495 (1975) 

Lane E.B. Monoclonal antibodies provide specific intramolecular markers 
for the study of epithelial tonofilament organization. J. Cell BioI. 92: 
665-673 (1982) 

116 



Loop S.M., Nishiyama K., Hellstrom I., Woodbury R.G., Brown J.P., 
Hellstrom K.E. Two human tumor-associated antigens, P115 and p210 
detected by monoclonal antibodies. Int. J. Cancer 27: 775-781 (1981) 

Mariani-Costantini R., Colnaghi M.I., Leoni F., Menard S., Cerasoli S., 
Rilke F. Immunohistochemical reactivity of a monoclonal antibody 
prepared against human breast carcinoma. Vir chows Archiv. (Pathol. 
Anat.) 402: 389-404 (1984) 

Miller F.R. Intratumor immunologic heterogeneity. Cancer Metastasis 
Reviews 1: 319-334 (1982) 

McGee J.O'D., Woods J.C., Ashall F., Bramwell M.E., Harris H. A new 
marker for human cancer cells. 2: Immunohistochemical detection of the 
Ca antigen in human tissues with the Ca1 antibody. Lancet ii: 7-11 
(1982 ) 

Menard S., Tagliabue E., Canevari S., Fossati G., Colnaghi M.I. 
Generation of monoclonal antibodies reacting with normal and cancer 
cells of human breast. Cancer Res. 43: 1295-1300 (1983) 

Neville A.M. Monoclonal antibodies and human tumor pathology. Hum. 
Pathol. 13: 1067-1081 (1982) 

Nuti M., Teramoto Y.A., Mariani-Costantini R., Horan Hand P., Colcher 
D., Schlom J. A monoclonal antibody (B 72.3) defines patterns of 
distribution of a novel tumor-associated antigen in human mammary 
carcinoma cell populations. Int. J. Cancer 29: 539-545 (1982) 

Oi V.T., Herzenberg C.A. In: Selected methods in Cellular Immunology 
Eds. Michell B.B., Shiigi S.M. (Freeman, San Francisco, CA): 351-372 
(1980 ) 

Papsidero D.L., Croghan G.A., O'Connell J.M., Valenzuela L.A., Nemoto 
T., Chu M.T. Monoclonal antibodies (F36/22 and M7/105) to human breast 
carcinoma. Cancer Res. 43: 1741-1747 (1983) 

Rogers G.T. Carcinoembryonic antigens and related glycoproteins. 
Molecular aspects and specificity. Biochem. Biophys. 695: 227-249 (1983) 

Schlom J., Wunderlich D., Teramoto Y.A. Generation of human monoclonal 
antibodies reactive with human mammary carcinoma cells. Proc. Natl. 
Acad. Sci. USA 77: 6841-6845 (1980) 

Sloane J.P., Ormerod M.G. Distribution of epithelial membrane antigen in 
normal and neoplastic tissues and its value in diagnostic tumor 
pathology. Cancer 47: 1786-1795 (1981) 

Soule H.R., Linder E., Edgington T.S. Membrane 126 kilodalton 
phosphoglycoprotein associated with human carcinomas identified by a 
hybridoma antibody to mammary carcinoma cells. Proc. Natl. Acad. Sci. 
USA.80: 1332-1336 (1983) 

Stramignoni D., Bowen R., Atkinson B.F., Schlom J. Differential 
reactivity of monoclonal antibodies with human colon adenocarcinomas and 
adenomas. Int. J. Cancer 33: 543-552 (1983) 

Taylor-Papadimitriou J., Lane E.B., Chang S.E. Cell lineages and 
interactions in neoplastic expression in the human breast. In: 
Proceedings, Breast Cancer Research Conference, Denver: (1983) 

117 



Taylor-Papadimitriou J., Peterson J.A., Arklie J., Burchell J., Ceriani 
R.L., Bodmer W.F. Monoclonal antibodies to-epithelium-specific 
components of the human milkfat globule membrane: production and 
reaction with cells in culture. Int. J. Cancer 28: 17-21 (1981) 

Teramoto Y.A., Mariani R., Wunderlich D., Schlom J. The 
immunohistochemical reactivity of a human monoclonal antibody with 
t1esue sections of human mammary tumors. Cancer 50: 241-249 (1982) 

Thompson C.H., Jones S.L., Whitehead R.H., McKenzie I.F.C. A human 
breast tissue-associated antigen detected by a monoclonal antibody. J. 
Natl. Cancer Inst. 70: 409-419 (1983) 

White C.A., Dulbecco R., Allen R., Bowman M., Armstrong B. Two 
monoclonal antibodies selective for human mammary carcinoma. Cancer Res. 
45: 1337-1343 (1985) 

ACKNOWLEDGEMENTS 
We gratefully acknowledge Greet van Doornewaard, Douwe Atsma, Dick Schol 
and Femke Buijs, The Netherlands Cancer Institute, Amsterdam and Judith 
Osztafin, Research Institute of Oncopathology, Budapest, for their 
excellent technical assistance. We also thank Dr. Arnoud Sonnenberg, 
Netherlands Cancer Institute, Amsterdam for profitable suggestions, Dr. 
Jozef Toth, Research Institute Oncopathology, Budapest, for providing 
mammary tissues. Dr. Henny J. Daams, Netherlands Cancer Institute, 
Amsterdam 1s thanked for his drawings. 

118 
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Recent advances in the preparation of monoclonal antibodies to human 
estrogen receptor (ER) and progesterone receptor (PR) have led to the 
development of new quantitative and histochemical immunoassays for these 
proteins in reproductive tissues and related cancers [1-6]. Such assays 
make use of very specific and sensitive probes that do not· depend upon the 
ability of receptor protein to bind its cognate radiolabeled hormone in 
tissue extracts. In addition, these antibodies can be used to detect and 
quantify ER and PR directly in fixed tissue sections and cell dispersions, 
thereby permitting an evaluation of the type, proportion and distribution 
of cells that contain immunoreactive ER and/or PRo For metastatic breast 
cancer, a major potential clinical application of receptor immunoassays is 
the prediction of response to endocrine therapy and assessment of 
prognosis (disease-free interval and survival). The clinical utility of 
ER and PR steroid-binding assays for evaluating these parameters in 
patients with advanced breast cancer has been well documented [7-9]. 
However, major limitations of current receptor assays are 1) their 
inability to predict response to endocrine therapy in 30-40~ of the breast 
cancers defined as ER- or PR-rich and in 5-10~ of those that are 
receptor-poor, and 2) the difficulty of performing such assays on small 
tumors, metastasies and needle biopsies. In addition, assays performed on 
extracts of breast tumors cannot provide information about the identity, 
proportion and distribution of receptor-containing cells. 

This paper summarizes the preparation and partial characterization of 
monoclonal antibodies to human ER and PR, and their use in the development 
of enzyme immunoassays and immunocytochemical assays for these receptors 
in breast tumors. The specifiCity, sensitivity and utility of current 
assay configurations is described, as well as implications concerning 
receptor-mediated hormone responses in target tissues for estrogens and 
progest ins. 

ESTROGEN RECFPTOR STUDIES 

Structure and Composition of human ER 

During the past several years, substantial progress has been made in 
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the deteD!ination of estrogen receptor structure, composition and 
properties, particularly in hum'an cells. A combination of events has 
contributed to this progress, including the development of suitable 
purification protocols [10], the preparation of a number of monoclonal 
antibodies to human ER [11-13], and the isolation and sequencing of cDNAs 
corresponding to the entire ER mRNA from MCF-7 human breast cancer cells 
[14-16]. At the same time, similar results have been obtained for human 
and rat glucocorticoid receptor [17,18], and more recently for chicken ER 
[19] and PR [20,21], providing a wealth of comparative infoD!ation about 
these steroid receptors. The cytosol fOD! of ER from MCF-7 cells has been 
purified to virtual homogeneity by sequential selective adsorption to 
estradiol-Sepharose and heparin-Sepharose, and by immunoadsorpt ion with 
s~ecific monoclonal antibodies [10] • The highly purified MCF-7 
[ H]estradiol-receptor complex (E*R ) has properties that are similar to, 
if not the same as, the activated ~teroid-recePtor complex found in high 
salt nuclear extracts of MCF-7 cells. Thus, the purified cytosol E*R 
binds DNA and sediments as a 5.3 S species in sucrose gradients containing 
400 mM KCl. In addition, an apparent molecular weight of 140,000, 
calculated from a Stokes radius of 5.74 A and the 5.3 S sedimentation 
coefficient, is consistent with the fOD!ation of a homodimer of two 65K (4 
S) monomers. Chemical crosslinking experiments and dense amino acid 
labeling of unpurified nuclear MCF-7 ER also indicate that activated E*R 
is a homodimer [22]. Interestingly, the purified E*R has lost its 
ability to fOD! an 8-9 S complex in low-salt gradients an! sediments as a 
5.9 S species in 10 mM KCl, indicating that the factors, or factor, 
responsible for the fOD!ation of these larger complexes in cytosols are 
removed during purification. In fact, if purified receptor is added to 
receptor-depleted MCF-7 cytosol, a 7-8 S complex is observed in 10 mM KCl. 
When highly purified receptor is analyzed by SDS-gel electrophoresis under 
reducing conditions, one major silver-stained band, M 65,000, is seen. 
The same band cgn be visualized by autoradiograph§ if bound E* is 
exchanged with [H]tamoxifen aziridine, a 3~ecific covalent tag for 
estrogen receptor [23]. When incubated with P-ATP in the presence of a 
purified cytosolic calcium/calmodulin-dependent protein kinase isolated 
from rat brain (by Howard Schulman, Stanford University), human E*R was 
efficiently labeled, indicating that this receptor can serve is a 
substrate for this enzyme in vitro. There is increasing evidence that 
steroid receptors, including calf [24] and chicken [25] ER, mouse 
glucocorticoid receptor [26], and avian [27,28] and rabbit progesterone 
receptor, are phosphorylated in vivo. 

The isolation of cDNA clones corresponding to human ER mRNA from 
MCF-7 cells has been achieved [14]. ER sequences were identified in 
randomly-primed ),gtlO and ~gtll MCF-7 cDNA libraries by screening either 
with monoclonal ER antibodies or with synthetic oligonucleotides 
corresponding to two peptide sequences obtained from purified MCF-7 ER. 
Among the cDNA clones isolated by oligonucleotide hybridization was a 2.1 
kb cDNA (OR8) which contained the entire translated portion of ER mRNA. 
This cDNA was sequenced and then expressed in chinese hamster ovary 
(CHo-Kl) cells to give a functional protein [15]. An open reading frame 
of 1785 nucleotides in the cDNA corresponded to a polypeptide of 595 amino 
acids and M 66,200, which is in good agreement with published values of 
65-70 kDa Tor ER. Jomogenates of transfoD!ed CHO cells contained a 
protein which bound [H] estradiol and sedimented as a 4 S complex in 
salt-containing sucrose gradients and as a 8-9 S complex in the absence of 
salt. This E*R comp~ex reacted with a monoclonal antibody (D75P3y) which 
is specific for primate ER, confiD!ing the identity of the expressed cDNA 
as human estrogen receptor. Interestingly, although CHO cells do not 
nOD!ally express estrogen receptor, the human E*R expressed by OR8 cDNA in 
these cells fOD!S a 8-9 S complex in low salt gradients, suggesting either 
that this complex is a multimer of steroid-binding subunits or that 
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associated non-steroid-binding components are present in nontarget cells. 
Amino acid seqnence comparisons have revealed significant regional 
homologies among human ER, human and rat glncocorticoid receptor, chicken 
ER and PR, rabbit PR, and the pntative v-erb-A oncogene prodnct, 
indicating that steroid receptor genes and the avian erythroblastosis 
viral oncogene are derived from a common primordial gene [15-21]. The 
cysteine/lysine/arginine-rich homologons region appears to represent the 
DNA-binding domain of this family of proteins. 

Monoclonal Antibodies to ER 

To prodnce monoclonal antibodies to human ER, male Lewis rats were 
immnnized with MCF-7 E*R elnted from the estradiol-Sepharose column 
(5-10" pnre). Fnsion of lplenic lymphocytes from immnnized animals with 
two different monse myeloma lines yielded three cloned hybridomas (D58, 
D75, D547) [11], each of which secretes a nniqne idiotype of antibody that 
l!ODo..snizes a distinct region of the ER molecnle. Snbseqnent fnsions, 
carried ont both in onr own laboratory [12] and at Abbott Laboratories 
[13]. have prodnced a total of 13 monoclonal antibodies, all of which 
(with one possible exception) recognize distinct regi~s of13he receptor 
mo1ecnle. These antibodies have high affinity (Kd=10 -10 M) for both 
steroid-occnpied and nnoccnpied estrogen receptor and recognize nnc1ear as 
well as cytosol forms of the receptor molecnle. Althongh they vary in 
their cross reactivity with estrogen receptors from varions animal 
species, each antibody appears to be completely specific for the 
65,OOO-dalton steroid-binding snbnnit of the estrogen receptor complex, as 
jndged by extensive sncrose gradient and immnnoblot analyses (Fig. 1A) of 
cytosol and nnclear extracts from a variety of tissnes and cell lines. 
Cross reactivity patterns [12] indicate both seqnence homology and 
heterogeneity among mammalian and nonmammalian ERs. Some epitopes (eg. 
H222 and H226) are common to all tested estrogen receptors, whereas others 
(eg. D547 and D58) are present only in mammalian receptors, and one (D75) 
appears to be restricted to primate ER. 

In ongoing stndies to map the location of varions epitopes in 
relation to each other and to the steroid- and DNA-binding domains, the 
relative positions of nine nniqne epitopes have been determined by density 
gradient analysis of antibody-E*R interaction after limited proteolysis of 
MCF-7 cytosol E*R with trypsin, chymotrypsin, or papain [12]. Epitopes 
for three of the monoclonal rat antibodies (D75, D547, H226) are 
snsceptible to selective cleavage by one or more of the enzymes tested. 
Six other antibodies are capable of binding the smallest (2.6 S) 
steroid-binding fragment remaining after cleavage with trypsin. When 
tested for their ability to associate with OX174 donble-stranded DNA in 
sncrose density gradients, none of the E*R fragments was able to bind DNA, 
whereas the intact 5 S nnclear receptor co-sedimented with the DNA. 
Interestingly, the epitopes that are most well conserved across all tested 
species are located either near the steroid-binding domain (H23, H142, 
H165, H221, H222) or the DNA-binding domain (H226). These resnlts are 
consistent with the variable regional homologies fonnd in amino acid 
seqnences derived from cDNAs for human and chicken ER. 

Immnnoassays for ER 

Three monoclonal ER antibodies (D547, D75. H222) have been nsed to 
devise simple immunoradiometric (IRMA) [4] and immnnocolorimetric (EIA) 
[5] sandwich assays for estrogen receptor in reprodnctive tissnes and 
tumors. Polystyrene beads coated with D547 adsorb either occnpied or 
nnoccnpied receptor present in a tissne or tumor extract. Radiolabeled 
(IRMA) or peroxidase-conjngated (EIA) D75 or H222 is then nsed to measnre 
the amonnt of receptor bonnd to the bead. When tumor cytosols from 18 
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Fig. 1. (A) Immunoblot analysis of H222 (ER) IgG specificity. 
Cytosols from MCF-7 (6 pmol E*R/ml) and MDA MB-231 (0 pmol E*R/ml) 
cells were electrophoresed (about 15 III per lane) under red11Cing 
conditions in 15% SDS acrylamide gels. Proteins were 
electrotransferred onto a nitrocellulose membrane and the membrane 
was saturated with milk proteins. The blocked membrane was then cut 
into strips and incubated either with H222 IgG (Lane 1) or with 
polyclonal IgG from a nonimmunized rat (Lane 2)125 Successive 
incubations were with rabbit antibody to rat IgG and l-protein A. 
Dried strips were exposed to Kodak X-omat XAR 5 film. Marker 
proteins were electrophoresed in adjacent lanes and visualized 
colorimetrically. Their relative molecular weights are shown. 
(B) Immunoblot analysis of JZB39 (PR) IgG specificity. Cytosols from 
T47D (2 pmol P*R/ml) and MDA MB-231 (0 pmol P*R/ml) cells were 
electrophoresed (about 40 III per lane) under red11Cing conditions in 
10% SDS acrylamide gels. Proteins were electrotransferred to 
nitrocellulose and strips were incubated either with JZB39 IgG (Lane 
1) or with polyclonal IgG from a nonimmunized rat (Lane 2). 
Subsequent steps were as above. 

human breast cancers were analyzed fOr receptor content by the IRMA method 
(n 51-D75) and the results were compared with ER content determined by 
specific [IH]estradiol binding to receptor on sucrose density gradients. a 
linear correlation (m=O.94. r=O.98) was obtained. This sandwich assay has 
since been modified to an immunocolorimetric assay (ER-EIA) at Abbott 
Laboratories and tested against more than 500 additional breast cancer 
cytosols with equally good results. A concordance of 90% between ER-EIA 
and steroid-binding results has been observed over a broad range of ER 
levels in tumor cytosols [6]. The sensitivity of the D547/H222 
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combination is about 2 fmol of ER per milliliter of cytosol (0.2 fmol/mg 
protein). A commercial version of the ER-EIA diagnostic kit that is 
simple, rapid, and does not depend on the binding of estradiol to its 
receptor is now available. 

The major disadvantage of all quantitative receptor assays performed 
on tissue extracts is their inability to provide information about the 
inter- and intracellular distribution of receptor. As part of our ongoing 
effort to understand the dynamics of ER and PR in target tissues in the 
presence and absence of estrogens and antiestrogens, we have developed 
immunocytochemical assays for visualizing these proteins directly in 
tissues and cells. Five monoclonal antibodies (D547, D58, D75, H222, 
H226) were used individually to localize ER by an indirect 
immunoperoxidase technique in frozen, fixed sections of human breast 
tumors, human uterus, rabbit uterus, and in other mammalian reproductive 
tissues, as well as in fixed MCF-7 cell cultures [1-3]. Specific 
immunoperoxidase staining for receptor in estrogen-sensitive tissues was 
confined to the nucleus of all stained cells, regardless of hormone 
status, as shown in Fig. 2A for an infiltrating ductal breast carcinoma 
known to be ER-rich by DCC assay. Staining was absent in nontarget 
tissues, such as colon epithelium, and in receptor-negative cancers (Table 
1); in addition, it was abolished by the addition of highly purified 
receptor to primary antibody. Heterogeneous staining was observed in 
MCF-7 cells as well as in receptor-poor and receptor-rich breast cancers, 
possibly reflecting either variations in cell cycle or the presence of 
estrogen-sensitive and insensitive cells. Little or no cytoplasmic 
staining for ER has been observed in any of the tissues or tumor cells 
examined thus far, inc 1 uding those deprived of exogenous estrogens. To 
confirm that ER monoclonal antibodies should be able to recognize 
unoccupied receptor, regardless of subcellular location, density gradient 
analyses of MCF-7 ER-antibody interactions were performed in the absence 
of steroid. As shown in Fig. 3 for »547 and H222 IgGs, the formation of 
immune complexes could be demonstrated by post-labeling fractions with E*; 
recovery of E*R was greater than 90~ • 

• 
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Fig. 2. Immunocytochemical stainining of an ER- and PR-rich breast 
tumor section. Serial 8-j.UII frozen sections of a tumor from a 
postmenopausal patient were fixed in picric aCid-paraformaldehyde and 
stained by the indirect immunoperoddase technique [1-3] with H222 
(A), JZB39 (B), or control rat (C) IgG. The cytosolic ER and PR 
content, as determined by DCC assay, were 76 and 231 fmol/mg cytosol 
protein, respectively. Orig. mag., x 400; no counterstain. 
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Table 1. Tissue and tumor specificity of ER-ICA and PR-ICA 

BREAST 

VAGINA 

CERvn 

ENOOMErRIUM 

FALLOPIAN TUBE 

LUNG 

COLON 

STOMACH 

SKELETAL MUSCLE 

SPLEEN 

GALL BLADDER 

PANCREAS 

mYROID 

BREAST CANCER 

ENDOMErRIAL CANCER 

OVARIAN CANCER 

COLON CANCER 

LUNG CANCER 

MENINGIOMA 

MCF-7 

T47D 

MB-231 

TISSUES 

ER-ICA PR-ICA 

+ + 

+ + 

+ + 

+ + 

+ + 

~ 

+ + 

+ + 

+ + 

+ 

CELL LINES 

+ + (induced) 

+ 



In a study of 117 human breast cancers by the ER-lCA method, the 
presence or absence of'specific nuclear staining for ER was significantly 
associated with the concentration of cytosolic estrogen receptor 
determined by steroid-binding assay [3]. A more recent analysis of 
primary breast tumors from postmenopausal patients at high risk for 
recurrence has shown that several quantifiable fe~tures of ER-ICA 
determinations correlate significantly with ER concentrations measured in 
cytosols [29]. The two parameters that contribute the most to this 
correlation are the staining intensity and the proportion of positively 
stained cells in the cancer. Fig. 4 depicts the correlation of predicted 
ER values obtained from a best fit equation of these parameters with 
ER-DCC results; the correlation (R = 0.82) is highly significant (P < 
0.001). The overall ER-ICA status for these breast cancers also 
differentiated two populations of patients with different disease-free 
experience and survival. As shown in Fig. 5, the proportion of patients 
surviving four years after mastectomy is significantly higher (P = 0.001) 

8 . 680 

7.0 3.6 
I I 

<? 
I 6 . 510 0 -x 
z 
0 

\ ..... 
l-
t) 

\ 
<{ 

4 . 340 a: 
u. 
"-
~ 
Q.. 
t) 

I-
W 
Z 2 . 170 

15 20 

FRACTION NUMBER 

Fig. 3. Interaction of unoccupied MCF-7 ER with 0547 and H222 IgGs. 
Aliquots (150 Ill) of unlabeled MCF-7 cytosol ER (0.76 pmol) were 
incubated with 20 Ilg each of purified JZB39 (X-X) (c'ontrol), D547 
(A-b) or D547 + H222 (+-+) for 60 min at 40C. Incubation mixtures 
were then layered onto 10-30~ sucrose gradients (3.5 ml) containing 
10 mM Tris, 400 mM KCL, 1 mM EDTA, 20 mM sod~um molybdate, pH 7.4, 
and centrifuged at 253,000 x g for 15 hr at 2 C. Successive 200-111 
fractions wfre collected in tubes containing 100 Ilg of ovalbumin and 
6 pmol of [ H]estradiol in 50 III of the same buffer, and the mixtures 
were incubated for 60 min at 40 C. The E*R content of each fraction 
was then determined by measuring the specific binding of E*R to 
Cyntrolled-Pore glass beads. The recoveries of post labeled ER as 
[ H]estradiol-receptor complex (E*R) were 0.68 pmol (90~) for JZB39 
(4.9 S), 0.73 pmol t'6~) for D547 (8.1 S), and 0.72 pmol (95~) for 
D547/H222 (9'.5 S). C-labeled ovdbumin (3.6 S) and bovine IgG (7.0 
S) were used as external markers in a separate gradient. 
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for ER-lCA positive tumors than for ER-lCA negative tumors. Although some 
of this difference may be relat'ed to the -improved prognosis of patients 
who received adjuvant tamoxifen therapy. patients with ER-ICA positive 
lesions have a better prognosis whether treated with tamoxifen or not. 
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Fig. 4. Regression analysis of ER-lCA and ER-DCC. Relationship of 
the ER content calculated by the regression equation based on ER-lCA 
intensity and distribution to the actual (measured by DCC) ER. The 
correlation coefficient (R) relates to the fit of the calculated 
results to the actual data. Log(ER + 1) = 0.515 + 0.25(intensity) + 
O.015(~ER-ICA positive). Reproduced from [29]. 
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An additional, and potentially, important, clinical application of 
ER-ICA would be the ability of this assay to identify breast cancer 
patients with advanced disease who are likely to respond to endocrine 
therapy. Thus far, four independent studies with clinical response data 
have been published [30-33]. The results of the correlations between 
ER-ICA status and hormonal response for patients with metastatic breast 
cancer are summarized in Table 2. Overall, approximately 74~ (56/76) of 
ER-ICA positive patients responded objectively to endocrine manipulation 
(complete remission or arrested disease), whereas only S~ (5166) of ER-ICA 
negative patients responded. It is of interest that the results among the 
four unrelated groups are very similar despite the use of different, and 
subj ect ive, criteria for interpretation of ER-ICA status. Clearly, the 
number of patients for which response data and ER-ICA evaluations are 
available is still very low. However, the data suggest that ER-ICA 
status, and possibly one or more semiquantifiable features of 
immunocytochemical staining for ER, may be a useful predictor of response 
to endocrine therapy for patients with advanced breast cancer. 

Table 2. Clinical Correlation of Breast Cancer Remissions to 
Endocrine Therapy and ER-ICA Results 

INVESTIGATOR 

COOMBES [30] 

JONAT [31] 

McCARTY [32] 

PERTSCHUK [33] 

TOTAL 

PROGESTERONE RECEPTOR STUDIES 

21129 (72) 

6/11 (55) 

13/14 (93) 

16/22 (73) 

56176 (74) 

Structure and Composition of Human PR 

RESPONDERS 
(CR and PR) 

1127 (4) 

119 (11) 

119 (11) 

2121 (10) 

5166 (S) 

During the past few years, significant progress has been made toward 
establishing a simple and rapid purification sequence for human 
progesterone receptor. The primary source of PR has been T47D human 
breast cancer cells [34], a cell line that is rich in progesterone 
receptor but deficient in estrogen receptor. Also, in contrast to the 
chicken oviduct, rabbit uterus and MCF-7 cells. progesterone receptor 
expression in T47D cells is not under estrOgen control [35]. The human PR 
complex appears to consist of two dissimilar subunits that 3can be 
photoaffinlty labeled spec ifically with the synthetic progestin H-RS020 
and visualized on autoradiograms of reducing SDS gels at 95 kDa (! 
subunit) and at 120 kDa (I subunit) [36]. At this point it is not clear 
whether these two proteins represent different gene products or whether ! 
is derived from 1 by proteolysis or possibly by an RNA splicing mechanism. 
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In the chicken ovidnct, A is reported to have a high affinity for DNA and 
~ a high affinity for one or mote nonhistone proteins in chromatin [37]. 
However, rabbit uterine PR exists only in the larger form (110K) when 
proper precautions are taken dnring homogenization [38]. We have observed 
both. forms, in agreement with published results, in cytosol and nuclear 
extracts of T47D cells and MCF-7 cells. 

The cytosol and nnchar forms of PR from T47D cells have been 
partially purified either by selective adsorption to deoxycorticosterone 
coupled to Sepharose, followed by ion exchange chromatography, or by 
immunoadsorption to a monoclonal PR antibody (IU601) conpled to Sepharose 
4B. Receptor obtained by affinity and ion exchange chromatography is 
generally 2-10~ pure, whereas material obtained by immunopnrification is 
30-60~ pure. Purified PR consists of the expected two steroid-binding 
components which, when photoaffinity-labeled with IH-RS020, migrate at 120 
kDa (B) and 95 kDa (A) in reducing SDS gels. 

Monoclonal Antibodies to PR 

We have prepared more than 14 monoclonal antibodies to the A and B 
steroid-binding components of the PR complex. Of these, 13 recognize 
epitopes shared by the A and B components. One antibody, KC 146, is 
specific for the B component. Like the ER monoclonal antibodies, the PR 
antibodies have high affinity for steroid-occupied as well as unoccupied 
receptor and recognize both nuclear and cytosol forms. Three of the PR 
antibodies cross react with rabbit PR, bnt not with calf, rat or chicken 
PR. However, the monse monoclonal antibody which is specific for human B 
(KC 146) also recognizes the B component in calf nterine, chicken oviduct, 
and rat nterine cytosol. The specificity of one of the rat IgGs (JZB39) 
is shown in Fig. lB. Only the B (120 kDa) and A (95 kDa) components of 
human PR are recognized by this antibody on a western blot of T47D cytosol 
after fractionation by SDS gel electrophoresis. These components are 
absent in MDA MB-231 cell cytosol, consistent with the reported absence of 
PR in these cells. 

Immunoassays for PR 

In regard to the development of quantitative immunoassays for PR, an 
enzyme immunoassay similar to the one developed for RR (PR-RIA) is being 
developed for PR analysis in extracts of hormone-responsive cancers. 
Several combinations of antibodies have been tested on polystyrene beads 
and at least two combinations appear to have the necessary sensitivity and 
specificity for accurate PR measurement. When 28 human breast tumor 
cytosols were analyzed by a prototype PR-RIA, the resnlts correlated well 
(R = 0.96) with valnes determined by the NEN progestin receptor assay kit 
[39]. The sensitivity of the PR-RIA was 2-3 fmol of PR per ml of extract. 

For immunocytochemical localization of PR in varions tissnes and 
tumors, the JZB39 and KD68 IgGs have proved most usefnl. As shown in Fig. 
2B for JZB39, specific nnclear staining for PR is observed, under the same 
fixation conditions and with the same reagents nsed for ER-ICA, in a 
serial section from an RR- and PR-rich breast carcinoma. The overall 
tissue specificity for this antibody is shown in comparison with RR-ICA in 
Table 1. Several stndies are in progress to evaluate these antibodies as 
probes for PR in breast tumors, especially in comparison to biochemically 
determined PR in cytosols and to RR measurement and localization with the 
ER-lCA method. In a preliminary evalnation of 20 breast tumors by the 
PR-ICA method, a good correlation was observed between measured PR in 
tumor cytosols and the presence or absence of specific nnclear staining 
for PR in frozen, fixed tumor sections (Table 3). 
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Table 3. Correlation of ER-ICA and PR-ICA with DCC Assays for 20 

Breast Cancers 

Prop.+ ER-ICAo PR-ICAo 

Case Tumor H222 ER· JZB39 

1. 0.90 -(0) 1 -(0) 

2. 1.00 ++1+++( .90) 413 ++++( .98) 

3. 0.75 -(0) 2 -(0) 

4. 0.87 ++1+++( .54) 109 ++( .49) 

5. 0.40 ++1+++( .84) 226 +1++( .41) 

6. 0.44 ++1+++(.72) 92 -(0) 

7. 0.76 -(0) 23 -(0) 

8. 0.60 ++1+++( .84) 383 +( .27) 

9. 0.69 ++( .67) 325 -(0) 

10. 0.97 +++( .68) 247 ++( .32) 

11. 0.05 -(0) 0 -(0) 

12. 0.45 ++( .52) 90 wk+( .18) 

13. 0.33 -(0) 15 +(0.33) 

14. 0.10 +++(0.33) 138 ++ 

15. 0.80 wk+( .30) 14 +( .37) 

16. 0.23 ++( .78) 31 -(0) 

17. 0.38 -(0) 2 -(0) 

18. 0.40 ++(0.71) 116 -(0) 

19. 0.29 +(0.35) 122 +1++(0.37) 

20. 0.31 +(0.52) 90 +(0.38) 

+proportion of tissue that is tumor 
*fmol/mg cytosol protein 
°average intensity of specific nuclear staining 

PR* 

2 

1423 

1 

286 

111 

0 

5 

107 

4 

275 

4 

30 

22 

270 

21 

1 

9 

6 

149 

1 

Numbers in parentheses refer to the proportion of tumor cells with 
specific nuclear staining. 

DISCUSSION 

Correlations of patient responses to endocrine therapies with th 
estrogen receptor and progesterone receptor content of breast cancers hav 
clearly established the clinical utility of biochemical ER and PR assays 
While only 25 to 30% of unselected breast cancer patients obtain objectiv. 
remission of metastatic disease following various endocrine therapies, 
more than 75% of the patients whose cancers contain both ER and PR benefit 
[7], whereas there is a 33% response rate when only one of the tW( 
receptors is present [8]. Moreover, patients whose primary cancers are 
ER/PR-rich are more likely to have a longer disease-free interval than 
those whose lesions lack either receptor [9]. Recent data from several 
clinical studies [40] indicate that progesterone receptor, as an end 
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product of estrogen action, i4 an even better marker than estrogen 
receptor for favorable prognosis and endocrine responsiveness in breast 
cancer. All of these results were obtained with biochemical radioligand 
assays. Despite the value of current ER and PR assays, there is a need to 
improve the accuracy of response and prognosis predictions. 

From the results described in this paper, it is clear that 
immunochemical evaluations of ER and PR content and distribution in breast 
lesions are feasible and informative. The quantitative sandwich enzyme 
immunoassays are simple, rapid, sensitive and less likely to be affected 
by chemical and conformational changes in receptor than steroid-binding 
assays. Monoclonal antibodies prepared against both ER and PR have been 
shown to be completely specific for their corresponding receptor, with the 
exception of two PR antibodies that recognize epitopes present on nuclear 
proteins present in nontarget tissues. In addition, all ER and PR 
antibodies used in these assays recognize occupied as well as unoccupied 
receptor, permitting measurement of total receptor in cytosol as well as 
nuclear extracts of tumors. In a recent European multicenter study 
involving eight laboratories and more than 500 breast cancers, a 
comparison of ER-EIA results with steroid-binding results revealed an 
excellent correlation over a broad range of ER concentrations [41]. For 
seven of these studies, the slope of the correlation line was very close 
to 1.0, and the Y intercept was not significantly different from zero in 
five laboratories. Inter- and intralaboratory variation coefficients were 
low, probably due to the standardization of the ER-EIA. Although further 
testing is warranted, the ER-EIA should provide an accurate and sensitive 
means of measuring ER in tumors from pre- and postmenopausal women. 
Preliminary studies with prototype PR-EIAs suggest that this assay will be 
equally useful for measurement of PR in tumor extracts. 

As a complementary, and possibly alternative, approach to receptor 
assessment in breast cancers, direct localization of ER and PR in tumor 
cells by immunoperoxidase staining offers several advantages. First, it 
is possible to distinguish ER- and/or PR-containing tumor cells from 
negative tumor cells and normal tissue. In addition, cytological 
preparations from primary tumors or from metastases at different sites can 
be readily evaluated for ER or PR on relatively few cells. Problems with 
sample storage and handling are also minimized since no homogenization is 
required. Finally, as already shown for ER-ICA, several quantifiable 
features of immunoperoxidase staining, including staining intensity and 
the proportion of tumor cells stained, correlate with the ER content, 
patient prognosis for recurrence and length of survival, and response of 
patients with metastatic breast cancer to hormone therapy. Although 
clinical data is not yet available for PR-ICA, the results shown in Table 
3 and unpublished data from this and other laboratories indicate that 
immunocytochemical evaluations of PR in breast cancers correlate well with 
the PR content of these tumors. It is not clear yet whether the ER-ICA 
and PR-ICA will provide information that is more useful than current 
steroid-binding assays for ER and PRo However, the direct assessment of 
ER and PR in frozen, and possibly paraffin, sections of tumors as well as 
in needle aspirates of lesions will certainly simplify tumor evaluation 
and repeat sampling. Finally, if tumor heterogeneity is an indicator of 
cancers that are less likely to respond to hormone therapy, due to the 
presence of autonomous, ER- and/or PR-negative neoplastic cells, the 
ability to identify such cells may be important in determining the 
appropriate therapy and course of the disease. 

In view of the exclusively nuclear localization of specific 
immunoperoxidase staining for ER and PR in all hormone-sensitive tissues 
and cells studied thus far, it appears that both cytosol and nuclear forms 
of these receptors may reside in the nuclear compartment in the presence 
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and absence of steroid. We have see,n little o_r no increase in nuclear 
staining intensity for ER in MCF-7 cells and in uteri from immature 
rabbits or from postmenopausal women following short-term exposure Qf 
cells or tissue to estradiol. A notable exception is the increase in 
nuclear staining intensity observed by McClellan et a1. [42] in monkey 
endometrium following in vitro exposure to 100nM estradiol. By 
immunoelectron microscopy, ER was localized in the euchromatin, but not in 
the marginated heterochromatin or nucleoli of MCF-7 nuclei and epithelial 
and stromal nuclei of postmenopausal human endometrium [43]. These 
observations suggest that the majority of the unoccupied receptor actually 
resides in the nucleus, rather than in the cytoplasm as previously 
thought. Thus, hormone action may involve binding of the steroid directly 
to receptor loosely associated with nuclear components, followed by 
conversion of the steroid-receptor complex to an activated form which 
becomes more tightly associated with chromatin. This hypothesis is 
supported by the observations of Welshons et a1. [44] and Gurpide [45] 
that cytochalasin-induced enucleation of ER-, PR- and GR-containing cells 
leads to partitioning of unoccupied receptor almost exclusively into the 
nucleoplast fraction. Also, progesterone receptor has been localized to 
the nuclei of hormone-responsive cells in chick oviduct [46] and in rabbit 
uterus [47] with polyclonal and monoclonal antibodies, respectively. In 
contrast, immunoreactive glucocorticoid receptor has been observed both in 
the cytoplasm and in the nucleus of target cells [48]. The reasons for 
this discrepancy are not clear at this time. However, thus far no one has 
been able to demonstrate conclusively the hormone-induced translocation of 
any steroid receptor from the cytoplasm to the nucleus of a target cell. 

Rapid advances are occurring in the utilization of new technologies 
to study gene regulation by steroid hormones in normal and neoplastic 
tissues. Much of the current focus is on the use of immunochemical and 
recombinant DNA techniques to probe the structure, composition and 
dynamics of the intracellular receptor proteins in target tissues. An 
understanding of structure-function relationships is beginning to emerge 
from these studies, in part from mutagenic analyses of ER, PR and GR 
coupled with immunochemical identification of receptor fragments produced 
by expression of cloned cDNAs and/or controlled proteolytic cleavage of 
receptor proteins. The same probes will facilitate investigations of the 
interaction of these receptors and their altered forms with cloned 
enhancer elements of hormon~-responsive genes. Finally,' it is now 
possible to begin to look at the regulation of expression of ER and PR in 
responsive tissues and cancers by northern blot analysis and by in situ 
hybridization techniques, as well as to look for altered genes or possibly 
gene rearrangements in neoplastic cells. As the molecular aspects of 
receptor-mediated steroid responses are elucidated, it is likely that the 
nature of hormone regulation in breast cancer and other hormone-dependent 
neoplasms will be better understood. 
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APPLICABILITY OF MONOCLONAL ANTIBODIES AGAINST ESTROGEN AND PROGESTERONE 

RECEPTORS IN THE IMMUNOCYTOCHEMICAL EVALUATION OF BREAST CARCINOMAS 

INTRODUCTION 

L. Ozze110, C.M. DeRosa, and D.V. Habif 

Arthur Purdy Stout Laboratory of Surgical 
Pathology and Department of Surgery 
College of Physicians and Surgeons 
Columbia University, New York, N.Y. 10032 

The development of monoclonal antibodies against receptor proteins 
for estrogen (ER) and progesterone (PR) has opened a new perspective in 
the endocrinological evaluation of breast cancer patients. Indeed, a 
great deal of information can be obtained by applying these antibodies 
to tissue sections, including information that cannot be provided by 
steroid-binding assays. Of particular interest is the assessment of 
the percentage of receptor-positive cells in any given tumor, which can 
be easily evaluated in stained sections, but cannot be estimated by 
biochemical assays on tissue homogenates. Basic research in this field 
has been done on frozen sections which have proved to be quite reliable 
as documented by several reports presented at a recent symposium on 
Estrogen Receptor Determination with Monoclonal Antibodies (Cancer Res. 
Supp1. 46: 4231-4314, 1986). However, for the purpose of using immuno­
cytochemistry for the practical assessment of the ER and PR status of 
breast cancer patients it should be realized that tissue for frozen 
sections is not always available and for this reason it is important to 
be able to apply these techniques to paraffin embedded tissues or to 
cytological preparations. 

During the past few years we have been interested in establishing 
technical procedures by which monoclonal antibodies against ER and PR 
can be used to generate diagnostic information in the setting of a 
Surgical Pathology service. By testing several modalities we have found 
that different anti-ER and anti-PR antibodies react optimally under 
particular conditions, and that through the proper selection of antibodies 
it is possible to obtain valid information in all kinds of cases. 
Pertinent observations are described below. 

MONOCLONAL ANTIBODIES 

For the visualization of ER we mostly used 2 antibodies: D75-P3Q 
prepared and given to us by Dr. G.L. Greene3 , and H222-Sp~ developed 
by Dr. L.S. Miller and supplied by Abbott Laboratories. Antibodies 
JZB-39 for the immunostaining of PR was' kindly made available to us by 
Dr. G.L. Greene. 
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Fig. 1. Positive nuclear immunoreactivity in an infil­

trating ductal carcinoma (49 year-old woman, 
DCC 650 fmo1/mg). ER-ICA. 

IMMUNOSTAINING OF ESTROGEN RECEPTOR 

Frozen sections 

" . 

Our work on frozen sections of breast carcinomas has been done 
using H222 antibody. It was first carried out in collaboration with 
Abbott Laboratories as part of preliminary testing of the ER-ICA kit. S 
Subsequently, we have continued to use the same technique and obtained 
consistently reproducible results which are described below. 

The technique, an adaptation of the peroxidase-ant i-peroxidase (PAP) 
technique, is that suggested by the manufacturer for the ER-ICA assay.S 
Briefly, cryostat sections 4-6 ~ thick are cut from tissue samples frozen 
at -BOoC. Two adjacent sections from each specimen are fixed in 3.7% 
formaldehyde at room temperature and then passed through cold methanol and 
cold acetone. Following incubation with blocking reagent (normal goat 
serum), one section is incubated with H222 monoclonal antibody for 30 
minutes at room temperature, while the other section is exposed to control 
antibody (normal rat IgG). All sections are then incubated with bridging 
antibody (goat anti-rat antibody) and with PAP complex (rat anti-PAP in 
Tris buffer). Djaminobenzidine is used as chromogen and Harris hematoxylin 
as nuclear counterstain. MCF-7 cells attached to glass slides serve as 
ER-positive controls and are processed simultaneously with the diagnostic 
sections. A quantitative assay for ER (dextran-coated charcoal analysis, 
DCC) is performed on every tumor in another laboratory. 

A positive reaction is characterized by brown staining of the nuclei 
of the carcinoma cells (Fig. 1.). The intensity of the reaction varies 
among the nuclei of anyone case as does the number of positive nuclei. 
Therefore, sections are evaluated as to the overall intensity of the 
reaction and to the percentage of positive nuclei. In terms of correspon­
dence with DCC results, however, we regard the number of positive nuclei 
as the more reliable semiquantitative criterion of the two since in 
previously studied material it was found to correlate with the DCC assay 
in a statistically si3nificant manner (p <0.01) whereas the intensity of 
the staining did not. 
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Table 1. Comparison of immunostaining with DCC 
assay values for 62 breast carcinomas 
(ER-ICA, frozen sections) 

fmo1/mg cytosol protein 
Nuclear staining 

<3 3-50 >50 

Negative 8 2 0 

Borderline 3 2 0 

Positive 
<'1/3 cells 0 6 2 
;;;>1/3 cells 1 11 27 

Table 1 summarizes the results for 62 breast carcinomas. Of 10 tumors 
with no nuclear staining, 8 had no ER by DCC assay, but 2 had borderline or 
low DCC values and were regarded as probable false negatives. Among the 
47 carcinomas with nuclear ER-staining 46 had positive DCC values, the 
largest number of those with more than 1/3 of positive cells having DCC 
values above 50 fmo1s. One case with more than 1/3 of positive nuclei 
had a negative DCC value which in retrospect was found to result from an 
error in the latter. In 5 cases with questionable (borderline) nuclear 
staining, 3 were negative by DCC and 2 had borderline or low DCC values. 
These findings confirm that immunostaining of frozen sections using H222 
antibody according to the ER-ICA technique is reliable and can be 
effectively used for a semiquantitative assessment of the ER status of 
breast carcinomas. 

In some patients, however, the tumors are very small so that the entire 
tissue must be processed for histological diagnosis. Under these circum­
stances we have used 2 alternate techniques: one is to prepare cytological 
touch preparations (imprints) from the cut surface of the tumor, and the 
other is to use frozen sections from the block of tissue used for the 
histological diagnosis. These imprints and frozen sections can be stained 
with the ER-ICA kit either immediately or after storage at -80°C. 
Preliminary results (Fig. 2) suggest that these techniques are promising 
in terms of ER evaluation and of utilizing a minimal amount of tissue 
without jeopardizing the histological work-up. The technique for the 
touch preparations is comparable to that for cytological smears obtained 
through fine needle biopsies,6 but offers the advantage of being feasible 
even in tumors that cannot be properly sampled by fine needle aspiration 
because they are too small or are difficult to localize through the intact 
skin. 

Paraffin sections 

Earlier attempts at staining ER in sections of breast cancers routinely 
processed and embedded in paraffin were carried out in this laboratory 
using monoclonal antibodies D75 alone or in combination with D547 visualized 
either with the PAP or the avidin-biotin (ABC) techniques. In two separate 
studies7 ,8 concordance with the DCC assay ranged from 67 to 90% among 
tumors with positive ER immunoreactivity and from 29 to 83% for tumors 
with negative immunostaining. It was apparent that in these patients 
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Fig. 2. Imprint from an infiltrating ductal carcinoma 
stained with H222 antibody. Frozen sections 
of the same tumor stained with ER-ICA were 
equally positive (58-year-old woman; inade­
quate sampling for DCC). 

the largest proportion of positively stained specimens and the largest 
number of positive nuclei were found in ER-rich tumors, but a number of 
carcinomas with low DCC values were missed by the immunocytochemical 
staining. 

Successful staining of paraffin sections of breast cancers using 
H222 antibody was reported recently by two separate groups. Shimada et al. 9 
used biopsy material especially fixed in cold formalin for 24 hours and 
stained with H222 (10 pg/ml for 30 minutes at 37°C) using the ABC 
technique. They achieved a concordance with the DCC assay of 83.7% for the 
positively stained tumors and of 80.3% for the negative ones. The other 
study was reported by Anderson et al. 10 who stained paraffin sections of 
breast cancers that had been routinely fixed in formalin and stored for 
1 to 5 years. Following trypsinization, they incubated the sections with 
H222 for 16 hours at 4°C and stained them with the ABC method. All of 
their cases with nuclear staining were also positive by DCC assay, but of 
the 18 that showed no immunoreactivity 5 had DCC values ranging from 
28 to 101 fmols. 

A major drawback in using material routinely processed in a surgical 
pathology laboratory is that routine handling and preparation of tissues 
is not uniform especially in laboratories processing a large number of 
cases received from different sources such as operating rooms, clinics and 
surgeon's private offices. Under these circumstances the time interval 
between excision and fixation can vary considerably as do the type, 
duration and temperature of fixation, all variables that can affect the 
immunoreactivity of the tissue. Therefore. in an attempt to improve and 
standardize the results of immunostaining of ER on paraffin sections we 
compared several fixation parameters. 

The tumors were obtained fresh at the time of surgery and, except for 
the fixation, they were processed in the same manner. They were fixed 
within 10 minutes of excision, embedded in paraffin and stained with the 
D75 antibody (25pg/ml for 40 minutes at room temperature) using the ABC 

140 



Fig. 3. Strong ER-immunoreactivity in a paraffin sec­
tion of an infiltrating ductal carcinoma fixed 
in Bouin's for 2 hours at room temperature 
(80 year-old woman, DCC 614 fmo1/mg). ABC 
technique, D75 antibody. 

technique. In a series of experiments we compared Bouin's with buffered 
formalin, the two commonest fixatives in routine diagnostic practice, used 
at different temperatures (room temperature and 4°C) and for different 
lengths of time ranging from 30 minutes to 24 hours. 

With Bouin's the best results were obtained at room temperature for 
1 to 2 hours. Longer fixation times (4-24 hours) were also effective and 
provided information as to whether or not a tumor contained ER-positive 
cells, but in many specimens the staining was weaker in both intensity 
and extent. Formalin was found to be most effective when used at 4°C for 
1 or 2 hours. 

As with other techniques the staining was localized to the nuclei 
of carcinoma cells (Fig. 3,4). Cytoplasmic staining was noticeable in 
about 50% of the specimens fixed in Bouin's for 4 to 24 hours, whereas 
it was negligible with shorter fixation times. 

The correspondence with the DCC assay values proved to be very good 
(Tables 2 and 3). With 1-2 hours fixation in Bouin's at room temperature 
or cold formalin the correspondence was 93.0% and 87.5% respectively for 
the ER-positive tumors. All the carcinomas with no ER staining had DCC 
values below 3 fmo1/mg of cytosol protein. 

Monoclonal antibody H222 gave less constant and much weaker staining 
reactions than D75 when applied in the same manner to corresponding 
paraffin sections of the same specimens. 

IMMUNOSTAINING OF PROGESTERONE RECEPTOR 

In this laboratory monoclonal antibody JZB-39 (Dr. G.L. Greene) has 
been used to stain progesterone receptor on frozen and paraffin sections 
of breast carcinomas from the same specimens prepared for ER-staining 
described above. 
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Fig. 4. Moderate ER-staining in a paraffin section of 
an infiltrating ductal carcinoma, fixed in 
cold formalin for 2 hours (72-year-old patient, 
DCC 27 fmo1/mg), ABC technique, D75 antibody. 

Table 2. Comparison of DCC assay values with 
immunostaining of paraffin sections 
of 21 breast carcinomas fixed in 
Bouin (1-2 hours at room temperature) 

fmo1/mg cytosol protein 

Nuclear staining 

<3 3-50 >50 

Negative 4 0 0 

Borderline 1 0 0 

Positive 

<1/3 cells 0 2 0 

>1/3 cells 1 6 7 



Table 3. Comparison of DCC assay values with 
immunostaining of paraff~n sections 
of 21 breast carcinomas fixed in 
cold formalin (1-2 hours) 

fmol/mg cytosol protein 

Nuclear staining 

<3 3-50 >50 

Negative 4 0 0 

Borderline 0 1 0 

Positive 

-<-1/3 cells 2 2 3 

>1/3 cells 0 3 6 

On frozen sections this antibody was applied at the concentration of 
10 pg/ml using the same reagents and the same technique as for the ER-ICA 
assay. Paraffin sections were stained with 25 pg/ml of primary antibody 
and the ABC technique. Positive PR-immunoreactivity was found to be 
localized to the nuclei of carcinoma cells and displayed varying degrees 
of heterogeneity in the intensity of the staining and in the number of 
stained nuclei. 

Preliminary results indicate that PR-immunostaining can be performed 
with the same techniques utilized for ER and provides a high degree of 
correspondence with DCC assay values. 

CONCLUSIONS 

It is apparent that monoclonal antibodies to ER and PR can be 
effectively used to evaluate the ER and PR status of breast cancers. 
They can be applied to samples of mammary carcinomas prepared in different 
ways including frozen sections, paraffin sections and cytological 
preparations. Therefore, by appropriate adaptations, the techniques can 
be applied to different kinds of samples according to the type and 
amount of material available. The versatility of these techniques is 
of great practical interest since it can provide valuable information 
on the receptor status of specimens even when the latter cannot be 
processed for the conventional steroid binding assays. 
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HETEROGENEITY VS. ASYNCHRONY OF RECEPTOR EXPRESSION IN BREAST CANCER 

AS DETERMINED BY MONOCLONAL ANTIBODIES. 

ABSTRACT 

L.B. Kinsel*, J.L. Flowers,* J. Konrath,**, 
G.S. Leight*,G.L. Greene**, and K.S. McCarty* 

*Duke University Medical Center, Durham, N. C. 
**University of Chicago, Chicago, IL 

The availability of monoclonal antibodies directed against estrogen 
and progesterone receptor proteins have made immunohistochemical study of 
these proteins in human breast tissue possible. Semiquantitative immuno­
histochemical analyses for estrogen receptor (ER) using H222 Sp cor­
related with quantitative biochemical receptor analyses. Two different 
monoclonal antibodies against progesterone receptor (PgR), B39 and KD68 
were compared. Both were found to correlate with biochemical quantita­
tion. Heterogeneity within breast tumors was investigated by comparing 
receptor expression with tumor histology and studying the effect of 
administered steroid hormone on receptor content. Both estrogen and 
progesterone receptor content was found to correlate with histologic 
grade. Within a given specimen, receptor expression often varied between 
different tumor components. A shift toward more homogeneous expression 
of PgR was observed in some tumors with estrogen pretreatment. 

INTRODUCTION 

Sex steroid receptor content has become widely used in the evalua­
tion of breast cancers. Since conventional ligand assays use homogeniza­
tion techniques, the distribution of ER in the tissue cannot be deter­
mined. This has been suggested to contribute to the limitation of the 
predictive value of these analyses. Histochemical techniques for visual­
izing ER distribution have been developed to complement the information 
derived from quantitative biochemical ligand assays. 

Early autoradiographic techniques were cumbersome and histochemical 
techniques, using fluoresceinated estrogens, lacked specificity and 
failed to correlate with biochemical analySis or predict clinical 
response (1-3). The availability of highly specific monoclonal anti­
bodies to the estrogen receptor protein permitted the development of an 
ER immunohistochemical assay (4). Numerous centers have reported that 
this assay correlates well with biochemical assays and reasonably 
predicts clinical response to hormone therapy (5-16). 

In addition to the evaluation of ER, progesterone receptors (PgR) 
have been recognized as an indicator of a functioning ER system (17-20). 
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Studies using biochemical assays for PgR have shown that PgR levels are a 
useful addition in the evaluation' of tumor hormone responsiveness. With 
the purification of PgR and the preparation of monoclonal antibodies to 
this protein, an immunohistochemical assay has been developed. Immuno­
histochemical visualization of PgR using two antibodies, B39 and KD68, 
are compared with the biochemical PgR assay. 

An important potential application of immunohistochemical techniques 
is their use in evaluating tumor heterogeneity. Steroid receptor content 
differs between various components of a tumor (i.e. intraductal vs. 
invasive) and between the cells within a component. Two processes may 
playa role in this pattern of expression: 1) Tumors may develop multiple 
clones which differ in their ability to differentiate and express 
receptors, or 2) tumor cells may be equally capable of expressing 
receptors but cyclic ER changes are asynchronous within cell populations. 
We explored this issue by comparing receptor content with tumor cellu­
larity and histologic grade, and determined if relative cellular receptor 
content can be synchronized in breast cancers with estrogen 
administration given 72 hours prior to mastectomy. 

MATERIALS AND METHODS 

Patient Populations/Tissue Storage: 

Seven cohorts of patients were studied (Table 1): 

1. Seventy-two cases of Stage I primary breast carcinoma which repre­
sented the first 10 cases accessioned in each year from 1976 to 1983. 
Eight cases from the initial 80 cases were excluded due to loss of either 
the primary or the control sections. These tissues were quick frozen 
after being washed in 0.005M 4-(2-hydroxy- ethy1)- I-piperazine 
ethane sulfonic acid-O.OlOM Tris-0.0015 mEDTA-O.Ol M thiog1ycero1-0.02% 
NaN3 buffer, pH 7.4, and were maintained at -70°C in airtight liquid 
nitrogen capsules from the time of excision until sectioning for 
histochemical receptor localization. 

2. Sixty-two primary breast carcinomas from 1983 which were acquired in 
the fresh state immediately prior to routine pathological sectioning for 
immunohistochemical receptor assay. 

3. Two hundred sixty-two cases of primary breast carcinoma were acces­
sioned from 1976-1980. These cases represented all the primary breast 
cancer specimens received by this laboratory for biochemical analysis for 
which sufficient cancerous tissue remained for immunohistochemical 
analysis. These specimens were from Duke University Medical Center, 
and Cabarrus Memorial Hospital. 

4. Twenty-three cases of metastatic breast cancer. This cohort was 
restricted to patients treated only with primary hormone therapy for whom 
objective measures of disease status and response to therapy were 
documented. 

5. Thirty-three fine needle aspirations of breast cancers, representing 
28 primary breast cancers and 5 metastases to regional lymph nodes. Of 
41 consecutive cases seen between April 1984 and January 1985, eight were 
excluded due to either inadequate tissue or paucity of malignant cells. 
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6. One hundred and two cases of primary breast carcinoma accessioned 
from 1977-1985. These represented 10 ·cases selected per year and 5 cases 
per month from January through November 1985 from a pool of tissues with 
previously determined biochemical ER and PgR values and H222 evaluation. 
Forty-three cases were rejected for inadequate residual tumor tissue from 
the original 145 cases pulled. This population was used for analysis of 
PgR using monoclonal antibodies B39 and KD68. 

7. Tissue from sixteen patients with palpable primary breast cancer, 
seen at Duke University Medical Center in 1985, were evaluated for the 
effects of estrogen administration in vivo on receptor distribution. Of 
the sixteen patients, seven completed the full protocol and provided 
adequate tissue for both immunohistochemical analysis (ER and PgR) and 
controls. After full IRB Review, informed consent was obtained from each 
patient and at the time of initial examination a tru-cut needle biopsy 
was performed. Three days prior to mastectomy, patients were placed on 
ethinyl estradiol 2mg.p.o./day. Immediately following surgery, tissue was 
obtained for ER and PgR analyses. 

Table 1. Tumors Evaluated with H222 and/or B39/KD68 

No. of Cases Year(s) accessioned 

Primary breast carcinoma 
72 (Cohort I) 
62 (Cohort II) 

262 (Cohort III) 

Metastatic Breast Carcinoma 
23 (Cohort IV) 

Fine Needle Aspiration Biopsies 
33 (Cohort V) 

Primary Breast Cancer 
102 (Cohort VI) 

Primary Breast Carcinoma Treated With 
Ethinyl Estradiol 

1976-1983 
1983 

19~-1980 

1976-1985 

1984-1985 

1977-1980 

7 (Cohort VII) 1985 

Biochemical Receptor Analysis 

For each case, biochemical estrogen and progesterone receptor 
analyses were performed at the time that the tissue was first obtained. 
The methods used have been described previously (21). Multiconcentration 
titration analysis (dextran-coated charcoal analysis) and/or sucrose 
density gradient analysis of estrogen and progesterone binding were 
used. 

Tissue Preparation 

Cryostat sections of fresh frozen tissue were utilized in all cases 
except from needle aspirations when the biopsy material was placed 
directly on slides. The sections were fixed in 3.7% formaldehyde O.lM 
phosphate buffered saline at 25°C for 10 minutes, followed by immersion 
in 100% methanol at -10°C to -25°C for 4 minutes and acetone at -10°C to 
-25°C for 1 minute. 
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Selection and Use of H222, B39 and KD68 Monoclonal Antibodies 

The monoclonal antibody H222 Sp~was selected because it recognizes a 
stable and well conserved determinant that is close to the steroid bind­
ing site of human estrogen receptor (4). This binding location was 
chosen since it is thought to correlate the most closely to conventional 
estrogen binding assays. Monoclonal antibodies B39 and KD68 were devel­
oped by Greene and associates and are reported to have high specificity 
and affinity for the human progesterone receptor. 

Immunohistochemical Staining Procedure 

The peroxidase anti-peroxidase method for immunocytochemical locali­
zation was performed as described by Sternberger (22). Normal goat serum 
was used as the blocking reagent. The primary antibodies H222 S~, B39 
and KD68 were used at concentrations of 0.1, 4.3, and 16.3 ug/ml, respec­
tively. The bridging antibody was goat anti-rat immunoglobulin and the 
PAP complex was of rat origin. Control slides consisted of sections of 
cancers adjacent to those used as test slides; however, normal rat 
immunoglobulin was used in place of the primary monoclonal antibodies. 
The slides were treated with poly-L-lysine to improve adhesion of tissue. 
Localization of antigen-antibody complexes with peroxidase was developed 
using diaminobenzidine-H202' 

Scoring of Assays 

Biochemical Receptor Analyses: Results were expressed as fmol of 
estrogen or progesterone binding per mg of cytosol protein. 

Immunohistochemical Analyses: Localization of estrogen and proges­
terone receptors was scored in a semiquantitative fashion incorporating 
both the intensity and the distribution of specific staining. The eval­
uations were recorded as percentages of positively stained target cells 
in each of four intensity categories which were denoted as 0 (no stain­
ing), 1+ (weak but detectable above control), 2+ (distinct), 3+ (strong, 
with minimal light transmission through stained nucleus). For each 
tissue, a value designated the histologic score, HSCORE, was derived by 
summing the percentages of cel~s staining at each intensity mUltiplied by 
the weighed intensity of staining. 

HSCORE = ~ Pi (1+1) 

when i=1,2,3 and Pi varies from 0 to 100%. Component HSCOREs were 
generated in addition to the total tissue HSCORE, for the 262 patients in 
Cohort III. These component HSCOREs were determined by assessing the 
percentage of target cells comprising the various morphological patterns 
such as tubules, nests, intraductal elements, etc. The component HSCOREs 
for a given specimen were each multiplied by the percentage of cells of 
that particular component, and the products were summed to give a total 
HSCORE. 

Histological Grading of Tumors 

Nuclear and histological grading was performed on Cohort III (262 
primary cancers) according to the method of Fisher et ale (23), with 
modification. Nuclear grades consisted of 1 (poorly differentiated), 2 
(moderately differentiated) and 3 (well differentiated). The category 
described by nuclear Grade 2 was further subdivided into 2A and 2B, with 
2A representing a higher level of differentiation than 2B. Histological 
grade was based on a scale of 0-3, with 0 being intraductal elements only 
and 3 being poorly differentiated. Each morphologic component was 
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assigned a nuclear grade. The grade indicating the best differentiation 
was used in determining the overall nuclear and histological grade for 
the tumor. 

Data Management and Analysis 

Clinical data were evaluated by a nurse clinician under the super­
vision of Dr. Cox. Clinical response was defined by the Breast Cancer 
Task Force criteria for objective response. Clinical data, biochemical 
assay values, and histochemical assay values were coded separately in a 
blinded fashion and maintained as independent files in the Time Oriented 
Record for Oncology (TORO) System of the Duke Cancer Center Database 
until completion of each phase of the study. Record identification 
numbers were used to match samples for the analysis. 

Comparison of intra- and interobserver variation for ER analysis was 
performed with replicate double-blind scoring of the histological slides 
no less than 4 days apart. Each observer recorded two independent 
interpretations of the slide and the corresponding HSCOREs were 
calculated. Differences between observers were settled by consensus 
evaluation. The sensitivities and specificities were determined as 
described. (24) Evaluation of intra- and interobserver variation and 
biochemical and HSCORE values was done by correlation analysis. The 
significance of two-way tables was determined by chi-square test or 
Fisher's exact test, as appropriate. 

RESULTS 

Histochemical Evaluation of ER Using Monoclonal Antibody H222 

As reported earlier, immunohistochemical evaluation of ER with H222 
revealed nuclear staining of tumor cells. Estrogen receptor content 
estimated with the HSCORE had excellent intraobserver reliability (r= 
0.96, p40.0001) and interobserver variation (r=0.91, p£O.OOOl). 

Table 2 shows the sensitivity and specificity of H222 ER determina­
tion when compared to dextran-coated charcoal or sucrose density gradient 
analysis in Cohorts I-III and V. It should be noted that Cohort III made 
use of the sum of component HSCOREs whereas the other cohorts used a 
Simple total HSCORE made with one determination. This may account for 
the lower specificity and sensitivity seen in Cohort III. Table 3 com­
pares the H222 determined ER content with the hormone responsiveness of 
metastatic breast cancers (Cohort IV) (see reference 6 for further 
iescription). 

Table 2. Sensitivity and Specificity of H222 on Cohorts I-III and V 

Cohort I II III Fine Needle Asp. (V) 

Sensitivity (%) 88 95 86 80 

Specificity (%) 94 86 74 89 
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Table 3. Comparison of H222 with Hormone Response in Cohort IV 

HSCORE RESPONDER NONRESPONDER 

> 75 13 1 

L 75 1 8 

Biochemical (fmol/mg protein) 

2. 10 10 2 

L. 10 4 7 

Evaluation of PgR Content: Comparison of Monoclonal Antibodies B39 and 
KD68 

Staining of PgR using either B39 or KD68 was located in the nucleus 
of tumor cells. B39 and KD68 were found to have a similar relationship 
to the biochemical assay results. There was a linear correlation between 
the biochemical results and B39 HSCORE (r=0.68) A linear correlation was 
also obtained with KD68 (r=0.67). Table 4 compares the sensitivity and 
specificity of B39 and KD68 when each are compared to the biochemical 
assay. 

Table 4. Comparison of B39 and KD68 PgR Assay: Sensitivity and 
Specificity. 

B39 KD68 

Sensitivity 72% 76% 

Specificity 85% 73% 

Heterogeneity vs. Asynchrony: 

ER and PgR content determined with H222 and B39 did not correlate 
with tumor cellularity. A correlation was noted between histological 
grade and ER/PgR HSCOREs. (Figures Ib and lIb). The separation between 
groups was not as distinct when histological grade was compared with the 
biochemical values for ER and PgR (Figures Ia and IIa). Similar 
relationships were seen between nuclear grade and ER/PgR HSCORE. The 
well differentiated tumors tend to contain more steroid receptors than 
poorly differentiated tumors. 
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Figure 1. Comparison of histological grade with a) Log of the 
biochemically determined ER content and b) ER HSCORE using 
H222 in 102 breast cancer specimens (Cohort VI). 
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Of the seven patients given ethiny1 estradiol before mastectomy 
(Cohort VII), five showed profound decyeases (range 8-100%, average 
58%) in measurable ER content with a striking shift to homogeneity of the 
receptor expressed as compared to pretreatment values. One case showed 
no change and only a single example showed an increase. Progesterone 
receptor similarly showed a shift to greater homogeneity of the 
population expressed with four of the five patients showing an increase 
in PgR (at least 2-7 times the pre-va1ue) with two remaining unchanged 
and only a single example showing a decrease (both pre and post 
treatments were significantly positive and uniform in intensity). 

DISCUSSION 

Determination of estrogen receptor (ER) content and distribution 
using immunohistochemical techniques has been shown to be an important 
component of breast tumor evaluation (5-16). Immunohistochemical 
evaluation correlates with the standard biochemical assays, provides 
information regarding distribution of receptor among tissue components, 
and predicts a tumor's hormone responsiveness as does biochemical 
analysis. 

Some investigators have suggested the use of paraffin sections as a 
source of material for immunohistochemical analysis. It has been our 
experience that the use of such material leads to markedly lowered 
sensitivity. Data from other laboratories tend to corroborate this. 
Shimada, et a1. (1985), reported that they had a lower agreement 
percentage when using paraffin sections than when using frozen sections 
(agreements of 82% and 86% respectively) with the main problem being a 
loss of sensitivity (25). Andersen (1986) reported an agreement of 86% 
when comparing immunohistochemical analysis of paraffin sections with DCC 
analysis (after modifying the staining method of Poulsen) (26,27). Both 
Shimada and Andersen's methods require overnight incubations and 
additional steps in the procedure to assure minimal background staining. 
Rigorous fixation control is also required. 

Immunohistochemical techniques are particularly useful for fine 
needle aspirates, although the need for specimen quality control and 
sample handling by defined protocol is amplified. Though we see a lower 
sensitivity with this method, it offers the opportunity to obtain 
receptor data in situations where tissue may not otherwise be available. 

Evaluating individual tumor component HSCOREs appears to provide 
additional information regarding distribution of receptor. Such component 
scoring lowers the agreement with the biochemical method but appears to 
enhance correlation with the biologic behavior of the tumor. Immuno­
histochemistry has certain disadvantages. The determination of the 
HSCORE is semiquantitative and subjective. It is subject to a number of 
procedural handling artifacts. Only tumor cells should be counted toward 
the HSCORE, thus the observer must be adequately trained in breast histo­
pathology to make the distinction between tumor and normal breast tissue. 
Also, the technique does not determine if the receptor antigen is 
functional with regard to steroid binding capacity nor transcriptional 
regulation. 

Analysis of progesterone receptor (PgR) quantity and distribution is 
an additional indicator of tumor hormone responsiveness and differentia­
tion (17-20). The monoclonal antibodies to progesterone receptor, B39 
and KD68, appear to be sensitive and specific. 
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Heterogeneity within individual tumors is an important consideration 
in the evaluation and treatment of breast cancer. Nilsson and Osborne 
(1986) suggest the use of monoclonal antibodies in determining the basis 
of heterogeneity (29,30). A positive correlation between the histologic 
grade and immunohistochemically determined receptor content confirms 
earlier studies using biochemical methods (31-33). We also noted dif­
ferences in receptor expression between cell populations contained in 
various components of a tumor. Interestingly, many morphologically 
heterogeneous tumors contained intraductal cell populations which were ER 
negative even if the invasive component was ER positive. Podhajcer et 
al. (1986) sorted breast tumor cells by density and characterized three 
populations: 1) an intermediate density population of proliferating cells 
which were ER negative, 2) a high density, non-proliferating small cell 
population which were strongly ER positive, and 3) a low density non­
proliferating population which had scarce ER activity (34). This sup­
ports the thought that ER expression is a relatively late step in dif­
ferentiation (not seen in highly proliferating, poorly differentiated 
"stem"-type cells) and that cell populations within one tumor vary in 
their capacity to differentiate. Additional studies are needed to 
confirm this. 

Host factors, however, may also influence the heterogeneous expres­
sion of steroid receptors. Normal breast tissue exhibits cyclic receptor 
changes (35). Breast cancer receptor expression in well differentiated 
tumors also may be influenced by endogenous hormonal changes. The re­
cruitment of homogeneous PgR expression with the suppression of ER in 
cancers exposed to ethinyl estradiol indicates that asynchrony may be a 
source of heterogeneous receptor expression in some tumors. 
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IMMUNOAFFINITY PURIFICATION AND STRUCTURAL ANALYSIS OF HUMAN BREAST CANCER 

PROGESTERONE RECEPTORS 

INTRODUCTION 

Dean P. Edwards, Patricia A. Estes, Dorraya EI-Ashry, 
Eric Suba, and Janet Lawler-Heavner 

Department of Pathology 
University of Colorado Health Sciences Center 
Denver, Colorado 80262 

Progesterone receptors (PR) are well established as an important clini­
cal marker in bfeast cancer in predicting patient response2to adjuvant endo­
crine therapies and as markers of disease aggressiveness. Development of 
antibodies specific for human PR and methods for their use in the immunocyto­
chemical detection of receptors in breast tumors would be of value clinically 
in providing a number of advantages over the biochemical ligand binding 
assays that are currently in use for routine PR determinations. Immunocyto­
chemistry for example, will make PR screening accessible to most pathology 
laboratories, is possible to perform with cellular aspirates and very small 
tissue samples, and will provide information on cellular heterogeneity and PR 
content in individual cells which itself may be of diagnostic value. 

Receptor specific antibodies are potentially valuable as well for funda­
mental studies of receptor structure and function. As probes which recognize 
receptor protein directly, independent of hormone binding activity, anti­
bodies will be useful for purification and structural analysis of the recep­
tor molecule, for molecular studies of receptor biosynthesis, covalent modi­
fication, receptor activation mechanisms, and for immunocytochemical locali­
zation in the presence and absence of hormone. 

This paper describes immunoaffinity purification and structural analysis 
of human PR by use of an anti-chick receptor monoclonal antibody (MAb) which 
cross reacts with human PR. 3•4 Also described are the production and charac­
terization of three monoclonal antibodies to purified human PR and applica­
tion of these MAbs for the immunocytochemical detection of receptors in 
breast cancer cells. 

Experimental System 

T47D human breast cancer cells5 were used as the tissue source for 
receptor purification and structural analysis. This is an ideal6model for 
these studies since T47D cells have an unusually high PR content (i.e. 
~ 250,000 sites/cells) and contain functional receptors since a number of 
biological responses to progestins have been described. Growth of7T47D cells 
has been reported to be inhibited by the synthetic progestin R5020 and 
progestins have been described to induce the synthesis of specific 
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intracellular as well as secreted,proteins. 8 ,9 PR in T47D cells are also 
functional by several other parameters including their ability to undergo 
transformation and acquire tight nuclear binding in response to binding hor­
mone, and recep80rs are down regulated to low levels after prolonged exposure 
to progestins. 

Cross Reaction of Anti-Chick Receptor MAb with Human Progesterone Receptors 

The human progesterone receptor is composed of two hormone binding pro­
teins termed A and B with apparent molecular weights respectively of 94,000 
and 120,000. These can be identified by photoaffinity labeling with the 
proge~tin analog [3 H]R5020 and SDS-gel electrophoresis followed by autofluo­
rography as described by Horwitz et al. 11 In crude cytosol of T47D cells, 
[3 H]R5020 binds with proteins of 120 kDa (which migrate as doublets) and 
94 kDa, as illustrated in Figure 1. Each of these proteins represents recep­
tors since [3 H]R5020 binding is displaceable with exces~ cold hormone. The 
PR-6 monoclonal antibody, raised by Toft and co-workers against chick Y1i­
duct PR was tested for cross reaction with human PR by immunoblot assay of 
these same T47D cytosols. This antibody reacts strongly with human B recep­
tors, but has no apparent affinity for A receptors (Figure I, left panel). 
PR-6, therefore, is a B receptor specific antibody. 

Fig. 1. 
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Cross reaction of PR-6 with human B receptors. T47D lytosol pro­
~sterone receptors were photoaffinity labeled with [ H]R5020(h) or 
[ H]R5020 + cold hormone (h+c) and analyzed by SDS-gel electropho­
resis and fluorography (right). The same cytosol was immunoblotted 
;~~~h:~~S!~;~4~b (left). (Further details to be published in 



In addition to reacting with human receptors resolved on denaturing 
SDS-gels, PR-6 also recognizes and binds with native receptor-hormone com­
plexes since it displaces sedimentation of receptors on sucrose density gra­
dients. Moreover, it is equally reactive with different molecular forms of 
receptors (Figure 2). By contrast with a control antibody, addition of PR-6 
shifts the sedimentation of 8S cytosol receptors on low salt gradients to a 
heavier form. It also shifts 4S cytosol receptors on salt containing sucrose 
gradients, and displaces the sedimentation of 4S salt extractable nuclear 
receptors. With each molecular form, PR-6 complexes with and shifts the 
sedimentation of ~ 40-45% of receptors which is expected since this is a B 
specific antibody capable of detecting at most, half of the total cellular 
receptors. 

PR-6 is also capable of immunoprecipitating native receptor-hormone com­
plexes by use of a secondary anti-mouse IgG and protein A Sepharose as an 
immunoabsorbent. A maximum of 45% of total cytosol receptors can be precipi­
tated with PR-6 (which represents qO% of B receptors). By keeping the anti­
body as the constant and varying the concentration of receptorsswe have de­
termined that PR-6 binds human receptors with a Kd of 1.2 x 10- M. 

Immunoaffinity Purification and Structural Analysis of Human Progesterone 
Receptors 

Since PR-6 reacts efficiently with native receptors and has a receptor 
binding affinity (Kd = 10-s 11) ideal for antigen purification, we sought to 
use this MAb for immunoaffinity purification of human B receptors. We first 
prepared an immunomatrix by chemically cross linking PR-6 to protein A 
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Sepharose beads as described by Schneider e~ al. 13 Approximately 5 mg of MAb 
were coupled/ml of beads and the matrix has a receptor binding capacity of 
= 250 pmol/ml. For routine purifications we start with 80 ml of concentrated 
cytosol receptor-[3H]R5020 complexes prepared from T47D cells which are 
absorbed to the immunomatrix in a column. The column is washed extensively 
with alternating high and low salt containing buffers and absorbed receptor­
hormone complexes are eluted with alkaline pH buffers. Eluted receptors are 
immediately neutralized. Alkaline pH elution is a relatively mild condition 
which releases receptors largely in native form still capable of binding 
hormone. This allows a second step purification by DEAE chromatography. 
Purifications were performed in the absence of sodium molybdate (Mo) for 
isolation of transformed PR and in presence of 20 mM Mo to stabilize recep­
tors in the 8-10S non-transformed state. All buffers used in purification, 
including homogenization buffers, contained a mixture of proteolysis inhibi­
tors to protect receptors from degradation. This included leupepI~n, apro­
tinin, pepstatin A and bacitracin as described by Loosfelt et al. 

Single step purification in the absence of Mo results in enrichment of 
B receptors from 0.71 pmol/mg protein in cytosol to a specific hormone 
binding activity of 1,915 pmol/mg protein. This represents a ~ 2,700 fold 
purification over the starting cytosol (Table 1). Based on a maximal theo­
retical specific activity of 8,352 pmol/mg protein for homogeneity, receptors 
are obtained by this single step in 23% purity with a 27% yield. SDS-gel 
electrophoresis and silver staining of the purified product reveals a predom­
inant doublet band at 120 kDa which represents B receptors since it is reac­
tive by immunoblotting with the PR-6 MAb (Figure 3, left panel) and also 
binds [3 H]R5020 by photoaffinity labeling (not shown). In addition, three 
other silver stained bands are detected at 58-, 62- and 76 kDa which are not 
reactive by immunoblotting with PR-6 and do not bind [3H]R5020. 

The purity of the B receptor doublets as judged by gel electrophoresis 
(Figure 3) and densitometric scanning is in close agreement to that estimated 
by hormone binding activity (Table 1). Thus, we can account for most of the 
120 kDa doublet as having hormone binding capacity which indicates that the 
purification product cannot contain an abundant non-hormone binding contami­
nant of identical size to the 120 kDa B receptors. We have determined in a 
number of separate experiments that the three lower molecular weight bands 
obtained are not receptor fragments but rather are non-receptor proteins. 
The two smaller sized bands (58- and 62 kDa) appear to be abundant cellular 
contaminants that bind the immunomatrix non-specifically since they purify in 
the same amounts from receptor negative cytosols and they separate from 
B receptors by a second step purification with DEAE ion-exchange chromato­
graphy (not shown). The 76 kDa protein in the purification product, however, 
appears to require the presence of receptors, since this protein is nearly 
absent in mock immunoaffinity purifications of receptor negative cytosols. 
Furthermore, the 76 kDa protein co-fractionates with B receptors by second 
step DEAE chromatography. This two step purification (immunoaffinity chroma­
tography + DEAE), therefore, yields highly purified receptors that are ~ 50% 
pure and contain only the 120 kDa receptor doublets and the 76 kDa protein. 
Receptors isolated under these conditions (-Mo) are in the transformed state 
since they bind strongly to DNA-cellulose and require high salt elution for 
their release (not shown). These immunoaffinity purification data therefore 
indicate that transformed receptors may complex with a 76 kDa non-steroid 
binding protein. Gustafsson et al. 15 recently repGrted that transformed 
glucocorticoid receptors isolated by comparable immunoaffinity purification 
methods remained associated with a 72 kDa non-hormone binding protein ob­
tained in amounts equal to that of the recepto~ protein. As a result they 
proposed that transformed glucocorticoid receptors may be a heterodimer 
composed of one molecule of the hormone binding receptor protein and one 
molecule of the 72 kDa protein. 
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Table 1: Purification of Human B Receptors by Single Step Immunoaffinity 
Chromatography 

Fig. 3. 

Protein B Receptors 

Total Sp. Act. 
mg/ml mg pmoll yield pmol/mg %purity2 

Cytosol 14.40 1,152.0 814 0.71 

pH eluate 0.021 0.132 221 3 27.1% 1,915 23% 

IB receptors in starting cytosol (estimated to be 50% of total 
receptors) were measured by DCC ligand binding assay. 

2Theoretical purity for B receptors based on Hr of 120,000 
= 8,352 pmol/mg protein. 

3Receptor-hormone binding of the purified product was measured 
by hydroxylapatite assay with inclusion of 1% carrier albumin 
since the protein concentration is very low. Non-specific 
binding was determined with carrier albumin alone. Values are 
average determinations from three separate purifications. 

.s I c i • .. 
~ .. .. ... • ::II 

1 E ~ ~ .. ~ .. 
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-Mo .Mo 

Analysis of single step immunoaffinity purification performed in 
the absence (-Mo) or presence (+Mo) of sodium molybdate. Alkaline 
pH eluates were analyzed by silver staining of SDS-electrophoresis 
gels and by immunoblotting with PR-6. (Further details to be 
published in Biochemistry.4) 
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Since sodium molybdate stabilizes PR in the 8S untransformed state,16 
immunoaffinity purifications were also performed in the continuous presence 
of 20 roM Mo which was included in the homogenization buffers and in all 
subsequent wash and elution buffers. The single step purification product 
obtained under these conditions contains the same protein components as puri­
fied transformed receptors plus an additional 90 kDa protein which is not 
detectable in the absence of Mo. This is illustrated by silver stained SDS 
electrophoresis in the right panel of Figure 3. Also shown is an immunoblot 
of this same preparation with PR-6 which identifies the 120 kDa doublets as 
B receptors. A non-hormone binding 90 kDa protein has been described to be 
associated with 8S ~o18bdate stabilized chick PR and with 8S forms of other 
steroid receptors. 1 -1 This polypeptide has been identified as a 90 kDa 
heat shock protein (hsp)19,20 and is thought to be a component of 8S non­
transformed receptors. Using the AC-88 }iAb produced by Toft and co-workers 21 
against the chick receptor associated-90 kDa hsp, we have been able to 
confirm the identity of the 90 kDa protein isolated with Mo stabilized human 
PR as an hsp (not shown). Thus, human progesterone receptors appear also to 
complex with a 90 kDa hsp in the molybdate stabilized state. 

Since the 90 kDa protein is a heat shock protein, we wondered if the 
76 kDa component associated with both receptor forms might also be an hsp. 
Heat shock proteins are a group of highly conserved polypeptides which 

Fig. 4. 
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-hs +hs 

-76k 

35S - Met 

Effect of heat shock on protein synthesis in T47D cells. Cell 
cultures maintained at 37°C (-hs) and shocked for 2.5 hr at 42°C 
(+hs) were pulse-labeled with 35S-methionine and total cell 
extracts analyzed by SDS-gel electrophoresis and autoradiography. 



undergo dramatic increases in synthes~s in respo~se to heat as well as other 
cellular stresses, and they serve a protective function for the cell. 22 T47D 
cell cultures maintained at their normal temperature of 37°C ~5 stressed by 
exposure to 42°C for 2.5 hr, were metabolically labeled with S-methionine 
and total radio labeled extracts from each group of cells were analyzed by 
SDS-gel electrophoresis and autoradiography. Increased synthesis of two 
proteins of 90- and 76 kDa occurred in response to heat shock (Figure 4). 
The 90 kDa protein is synthesized constitutively in substantial amounts at 
normal temperature and is elevated to even higher levels after heat shock. 
By contrast, the 76 kDa protein is not readily detectable as a major cellular 
component at physiological temperature and appears to undergo dramisic induc­
tion in response to heat shock. We have immunoprecipitated these S­
methionine labeled protein extracts from control and heat shocked cells with 
the PR-6 MAb using protein A Sepharose as an immunoabsorbent. Immunopre­
cipitations were performed under conditions which isolate transformed recep­
tors (-Mo). The protein A Sepharose beads were washed extensively with high 
salt containing buffers as well as 0.2% Triton X-IOO and absorbed immune 

Fig. 5. 

35S- Met 

hs + 

B Receptor_ 

PR-6 Control 

Immunoprecipitation of 35S-methionine labeled proteins from control 
(-hs) and heat shocked (+hs) T47D cell cultures with PR-6 and a 
control antibody. Immunoprecipitations were in the absence of 
molybdate (-Mo) and analysis of the precipitates was by SDS-gel 
electrophoresis and autoradiography. 
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Table 2: Monoclonal Antibodies to Human PR -
MAb A(94K) B(l20K)I Type 

AlB-52 + + IgGI 
B-30 + IgGl 
B-64 + IgGI 

IReactivity with A or B receptors was 
determined by immunoblotting assay. 
(Further det~ils to be published in 
Biochemistry ) 

complexes were extracted with SDS sample buffer and analyzed by S~~-gel elec­
trophoresis and autoradiography (Fig. 5). Equivalent amounts of S-labeled 
120 kDa B receptors were precipitated by PR-6 from control (-hs) and heat 
shocked cells (+hs). The receptor specific MAb also precipitates a labeled 
76 kDa protein and radiolabeling of this molecule was greatly increased in 
the heat shocked cells. By contrast, little or no labeled B receptors or 
76 kDa proteins were precipitated with a control antibody (Fig. 5). The 
increased radio labeling of a 76 kDa protein in cytosol and in PR-6 immunopre­
cipitates of heat shocked cells indicates that the 76 kDa molecule associated 
with highly purified receptors (Fig. 3) is a heat shock protein. 

Production of Monoclonal Antibodies to Purified Human Progesterone Receptors 

B receptors purified by single step immunoaffinity chromatography (see 
Figure 3) in the absence of Mo, to obtain transformed PR, were used as immu­
nogen in mice for production of three MAbs against human PR. Further details 
of immunizations, hybridoma procedures and screening strategies for produc­
tion and isolation of these MAbs have been previously described. 4 We chose 
to immunize with transformed PR to avoid production of antibodies to the 
90 kDa hsp. The identification code, mouse immunoglobulin subtype and reac­
tivity of each MAb with A or B receptors are given in Table 2. Monospeci­
ficity of these antibodies for human receptors was established by a number of 
criteria. Each MAb is capable of immunoprecipitating native receptor-hormone 
complexes by use of a secondary antimouse IgG and protein A Sepharose as an 
absorbant. They displace the sedimentation of 48 receptors on salt contain­
ing sucrose gradients and by immunoblot assay of crude cytosols they react 
only with receptor polypeptides. Two of the MAbs (B-30 and B-64) react only 
with B receptors and the third (AlB-52) recognizes both A and B receptors. 
Further proof of antibody specificity for receptors is provided by the fact 
that AlB-52 which reacts by immunoblotting with both A and B proteins, immu­
noabsorbs twice the number of receptors as the B specific antibodies, B-30 
and B-64 (not shown). Although mice were injected with B receptors only, 
production of AlB-52 which recognizes both A and B, provides evidence that 
these two proteins share regions of structural homology. Gronemeyer et al. 23 

obtained similar results using chicken A and B receptors purified separately 
from SDS-gels and used as immunogens in rabbits. Polyclonal antisera reac­
tive with both A and B receptors were obtained in each case. Partial proteo­
lytic peptide mapping studies of photoaffinity labeled human PR in T47D cells 
also indicate that A and B proteins are structurally related. 11 These MAbs 
produced against human PR are valuable reagents for further studies of human 
receptor structure and function, and for clinical immunodetection of PR in 
breast tumors. 

Immunocytochemical Localization of Progesterone Receptors in Breast Cancer 
Cells 

Methods were developed for immunocytochemical detection of PR in breast 
cancer cells using each of the above described MAbs. Studies were performed 
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with human breast cancer cell lines grown as mono layers on cover slips. 
Cells were fixed for 15 min with 3.7% buffered formalin and were perme­
abilized by incubation for another 5 min with 1% Triton X-100. Immunocyto­
chemistry was performed by the indirect avidin-biotin immunoperoxidase method 
using diaminobenzidine as the chromagen as previously described. 24 Since 
receptors are low abundant cellular proteins, it is important to establish 
that the immunochemical staining obtained is not in any part contributed to 
by cross reaction with other cellular antigens. 

Each t1Ab was titrated to find the optimal concentration range which 
gives the strongest staining with minimal non-specific background. For PR-6 
the optimal concentration range was 1-2 ug/ml and for the other MAbs was in 
the range of 7-10 ug/ml. Typical immunoperoxidase staining of fixed T47D 
cells with PR-6 is shown in Figure 6. Peroxidase staining is predominantly 
nuclear and we observe cell to cell heterogeneity in intensity. Some nuclei 
stain strongly, others moderately and some nuclei react weakly. We also 
observe weak cytoplasmic staining which is above background seen with control 
antibodies. The other three MAbs give a similar predominantly nuclear stain­
ing pattern (not shown). Control incubations were performed by the same 
procedures except that the anti-receptor antibody was replaced with a MAb of 
the same subtype and concentration, but reactive with an antigen not found in 
breast cancer cells. No staining of either nuclei or cytoplasm was observed 
with this control antibody. Omitting either secondary biotinylated antibody 
or the avidin biotin-complex also gave no staining reaction. 

To more rigorously test specificity of the immunocytochemical reaction 
for receptors we attempted to block immunostaining of T47D cells by pre­
incubation of the anti-receptor antibody with highly purified human PR, and 
we have performed immunocytochemistry with a series of breast c~Rcer cell 
lines that have different PR contents by hormone binding assay. Pre-
incubation with purified receptors completely blocked immunostaining of T47D 
cells and immunoreactivity with the different cell lines correlated with 
their receptor status. Three PR positive cell lines, T47D, MCF-7 and ZR-75.1 
each gave nuclear peroxidase staining. Moreover, in MCF-7 and ZR-75.1, which 
are cell lines in which PR is inducible by estrogen, weak staining was ob­
served in estrogen withdrawn cells while staining intensity increased in 
cells grown with estrogen containing medium. No immunoreactivity was detect­
ed with the PR negative cell lines, MDA-231, MDA-330 and HBL-100. We con­
clude, therefore, that the immunoperoxidase staining obtained with these MAbs 
is specific for receptors. 

Fig. 6. Immunocytochemistry of formalin fixed T47D cell cultures with PR-6. 
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The immunocytochemical reaction shown in Figure 6 is that obtained with 
cells grown in hormone free medium'so that receptors are unoccupied. Under 
these conditions we find that receptor localization is predominantly nu­
clea!~ 9ther investigators working ~&th MAbs to human estrogen recep-
tors ,2 and Hilgrom and co-workers working with MAbs to rabbit uterine 
PR, have also observed predominantly nuclear immunocytochemical localization 
of unoccupied receptors. Thus, unoccupied human progesterone receptors 
appear to reside largely in the nucleus of breast cancer cells suggesting 
that receptors, at least in part, are capable of translocation from their 
sites of synthesis in the cytoplasm to the nucleus in a hormone independent 
manner. 

SUMMARY 

By use of immunoaffinity chromatography, we have been able to obtain 
highly purified human B receptors in intact native form. Isolated receptors 
were maintained as undegraded 120 kDa doublets and they retained their hor­
mone and DNA binding capacities. Under conditions which promote receptor 
transformation in vitro, immunoisolated receptors remained associated with a 
76 kDa non-steroid binding protein. In the presence of sodium molybdate, 
which stabilizes PR in the 8S non-transformed state, an additional 90 kDa 
protein was associated with immunoisolated PR. Based on these immunoaffinity 
purification data, we propose the following working model for human PR struc­
ture. In the non-transformed 8S state, receptors are complexed with two 
different non-steroid binding proteins of 76- and 90 kDa, identified as 
hsps. Transformation results from dissociation of the 90 kDa component, 
exposing DNA binding sites masked in the 8S receptors. Transformed 4S recep­
tors which bind tightly to DNA, therefore, may be heterodimers composed of 
the steroid binding protein and the 76 kDa protein. The functional signifi­
cance of receptor association with these other proteins is not known as yet. 
Since receptor association with hsps is different in transformed vs. non­
transformed state, one logical connection to make is that associated hsps may 
modulate receptor-DNA binding capacity and may in part explain mechanisms of 
receptor transformation. An important unanswered question is whether recep­
tor association with these hsps is art if actual occurring only in vitro after 
cell lysis or whether these interactions occur in vivo. At the-very least, 
receptor association/dissociation with these other cellular proteins may 
account for the different molecular forms (8S and 4S) of PR observed in crude 
cell extracts. Under no conditions have we been able to co-precipitate 
A receptors with the PR-6 B specific antibody. This strongly suggests that A 
and B receptors do not form dimers but are likely to exist as separate mole­
cules. Although our work so far has been with B receptors, we would expect 
that A receptors also complex with hsps to form separate 8S molecules. 

We have been able to produce three MAbs directly against purified human 
B receptors. Two are specific for B (B-30 and B-64) and the third (A/B-52) 
recognizes epitopes on A and B proteins. These MAbs will be valuable rea­
gents for further structural and functional studies of human PR. By their 
use in immunoaffinity chromatography it will now be possible to purify human 
A and B receptors separately or together and begin to answer questions re­
garding functional roles of A vs. B receptors. By use of the immunocyto­
chemical methods described here, these MAbs may also be useful for clinical 
immunocytochemical detection of PR in breast tumors. 

Acknowledgments. We are indebted to Dr. David Toft at the Hayo Clinic 
for generously providing the PR-6 monoclonal antibody. This work was sup­
ported by American Cancer Society Grant BC 391A and NIH Grant CA 41386. 
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SESSION IV 



ANALYSIS OF THE HUMORAL IMMUNE REPERTOIRE IN PATIENTS WITH 

CANCER 

Richard J. Cote. Donna M. Morrissey. Alan N. 
Houghton. Herbert F. Oettgen and Lloyd J. Old 

Memorial Sloan-Kettering Cancer Center 
1275 York Avenue 
New York. NY 10021 

In the mid-1950's Foley (1), and later Prehn (2), showed 
that mice could respond to antigens expressed by chemically­
induced tumors in a biologically significant way. Prehn also 
found that each tumor expressed completely unique tumor­
specific antigens, even if the tumors were developed in the 
same animal. 

In the mid-1970's Old, Oettgen and their colleagues began 
investigating the human immune response to tumors. The focus 
of their investigation was the search for tumor-specific 
antigens analogous to the antigens first described by Foley and 
Prehn. More generally, they were interested in whether humans 
could respond to their tumors, and the nature of the antigenic 
stimUlUS initiating that response. The method developed to 
study these questions is known as autologous typing (3). It 
involves testing the serum from a tumor-bearing patient against 
cultured autologous and allogeneic malignant and non-malignant 
cell lines, in order to find antibodies reactive with antigens 
expressed by the autologous tumor, and the distribution of the 
antigens (Fig. 1). Using this method, 3 classes of antigens 
expressed by tumors and recognized by the host were described 
(3). Class 1 antigens are only expressed by the autologous 
tumor, and are not expressed by normal autologous cells, or 
allogeneic normal and malignant cells. Seven examples have been 
described so far in melanoma and leukemia (4-9). Biochemical 
analysis of these antigens has indicated that most are 
proteins/glycoproteins, again, analogous to the tumor-specific 
antigens of methylcolanthrene induced tumors (9,10). Class 2 
antigens are expressed only by autologous and allogeneic tumors, 
or their expression is restricted to cells of a particular 
differentiation pathway (6,11,12). Class 3 antigens are 
expressed by a wide variety of tumors and normal cells (3). 
The critical feature of all of these antigens is that they are 
autoimmunogenic and can be recognized by the host. 

Although a large number of antigens were defined, these 
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studies stra~ned the limits of conventional serology. Among 
the major problems were the low titer of antibodies, the 
presence of a heterogeneous population of antibodies, and the 
limited quantities of serum available. The development of the 
mouse hybridoma (13) and then the Epstein-Barr virus (EBV) 
tranformation technology (14,15) suggested methods which could 
extend and expand these studies. 

Our initial efforts were to develop the hybridoma 
technology so that human monoclonal antibodies could be 
reliably and reproducibly obtained. This work has been 
described elsewhere (16-19). We have used drug marked human 
myelomas (20), human lymphoblastoid (21,23), and mouse myeloma 
lines (24) as fusion partners (Table 1) for the generation of 
human immunoglobulin secreting hybridomas, and have explored 
EBV-transformation of lymphocytes (14,15). The human drug­
marked cell lines can be difficult to work with, and fusion 
efficiency is generally poor, especially when compared with 
human lymphocyte-mouse myelona fusions. We found that, 
contrary to the prejudice of the time, stable human-mouse 
hybrids could be reliably and reproducibly obtained at 
resonably high frequency (16-19). 

We have generated over 8000 human hybridomas, many through 
fusions with the mouse myeloma NS-l. Approximately 50% produce 
detectable levels of immunoglobulin, (greater than 500ng/ml 
culture supernatent) regardless of the fusion-partner (Table 
2). The examination of antibody reactivity has focused on 
cUltured malignant cells, since we are interested in antibodies 
which might be important in tumor immunity. We have found that 
a significant proportion of the immunoglobulin-secreting clones 
(5-10%) produce antibody reactive with cellular antigens (16,19). 
We further observed that the majority of these antibodies are 
directed against intracellular antigens, and that most are 
broadly distributed or are epitopes shared by multiple antigens. 
Antibodies reactive with cell surface antigens are uncommon 
(Table 2). The reasons for this are not clear, but may be in 
part due to a general prohibition against the development of 
autoantibodies to cell surface antigens due to immunological 
tolerance (16,19,25). 

Hybridomas derived from lymphocytes of patients with cancer, 
autoimmune disease, or normal individuals yield similar 
results; the proportion of clones secreting antibody reactive 
with cellular antigens is comparable in normal and disease 
states (16,19). There does not appear to be selection for a 
subpopulation of lymphocytes in our system; all of the fusion 
partners studied appear to fuse with representative population 
of lymphocytes (16). We have tentatively concluded that a 
significant proportion of the human B cell repertoire (between 5 
10% of the evaluable clones) is directed to the production 
of antibodies reactive with cellular antigens. Antibodies 
directed against cell surface antigens are uncommon, indicating 
that these clones are rare in the repertoire. 

The finding of antibodies reactive with cellular antigens is 
not unexpected; sera from patients with tumors and autoimmune 
disease commonly contain such reactivities (3,26). In 
addition, antibodies from patients with monoclonal 
gammopathies, such as multiple myeloma or Waldenstom's 
macroglobulinemia, have been reported to react with cellular 
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Table 2 

GENERATION OF HYBRIDOMAS SECRETING HUMAN MONOCLONAL ANTIBODY 

RESULTS OF FUSIONS 

HYBRIDOMAS 

NUMBER OBSERVED 

SECRETING Ig 

REACTING WITH CELLULAR ANTIGENS 

CELL SURFACE ANTIGENS 

INTRACELLULAR ANTIGENS 

8,000 

4,000 

200 

9 

194 

175 



antigens (for eg, see 27,28). Howev~r, to our knowledge, our 
studies were the first to suggest that lymphocytes capable of 
secreting antibody to cellular antigens comprise a significant 
proportion of the normal humoral repertoire (16,19). Further, 
it appears that this proportion is not dramatically changed in 
disease states (except of course in the case of hematopoietic 
disorders); rather, there is a change in the secretory state of 
these clones either through activation or disregulation. 

Examination of the data from other groups involved in the 
generation of human monoclonal antibodies has revealed that, 
regardless of the fusion partner, assay system, or patient 
population studied, approximately 10% of the immunoglobulin 
secreting hybrids produce antibody reactive with cellular 
antigens (Table 3) (28-36). Lymphocytes from patients with 
tumors and autoimmune diseases, and both human and mouse fusion 
partners, were used. Avrameas and his collegues examined sera 
from normal individuals and patients with monoclonal 
gammopathies, and found that 5 to 10% of these sera contained 
monoclonal antibody reactive with cellular antigens in their 
assays (28,29,37). The antigens detected by all of these 
groups are for the most part broadly distributed and 
intracellular. Thus, using a number of lymphocyte sampling 
techniques and a variety of lymphocyte sources, the results are 
consistant with our findings. Finally, fusions with 
splenocytes from non-immunized mice show similar results (Table 
4) (38-41); between 5 to 10% of the evaluable B cells secrete 
antibody reactive with broadly distributed intracellular 
antigens, perhaps indicating that a significant proportion of 
the mammalian B cell repertoire is directed to the production 
of autoreactive antibodies. When looked for, reactivities to 
cell surface antigens are rare (41). 

Since normal individuals, as well as patients with cancer or 
with autoimmune disease, have lymphocytes with the capacity to 
produce antibodies to cellular antigens, the relationship of 
these antibodies to the development of a significant anti-tumor 
response is unclear. Activation of a clone, determined either 
by secretion of antibody into the serum or an immunoglobulin 
class switch, could be interpreted as a response, whether or 
not it is biologically effective (i.e. affects the growth of 
the tumor). In addition, patients with cancer may produce 
antibodies which react against a different range of 
determinants than antibodies from non-tumor bearing 
individuals. In order to further assess this, we have examined 
the distribution and biochemical nature of the antigens 
recognized by human monoclonal antibodies. 

Human monoclonal antibodies produced in our laboratory have 
been shown to react against a wide range of cellular 
structures, including cell surface, cytoplasmic, cytoskeletal, 
nuclear and nucleolar determinants (16-19). 

Analysis of antibodies reactive with cell surface antigens 
has revealed that, while these antibodies are rare, they react 
with a heterogeneous group of antigens (16-19). The 
distribution of the antigens can be divided into three 
categories (Table 5). Antigens with highly restricted 
distribution have been des9ribed, including one (GXMl) which is 
expressed by the autologous melanoma cell line (i.e., derived 
from the patient from which the hybridoma was produced) (42). 
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The antibody also reacts weakly with one other melanoma cell 
line, but not with any other malignant or normal cells, 
including autologous B cells. This antigen could be considered 
analogous to the Class 1 antigens defined by autologous typing. 

A second group of cell surface antigens have intermediate 
distributions, including several which show differentiation 
related expression. Two of the antigenic systems (Ev248, Ma4) 
have not been detected on any normal cells tested (17,19). 
Thus, several antigens in this group could be considered 
analogous to the Class 2 tumor antigens, either on the basis of 
a tumor-restricted or differentiation-related distribution. 

A group of cell surface antigens which are broadly 
distributed have been described, including one (Sp909) which is 
expressed by all cell types tested (19), these antigens are 
similar to the Class 3 antigens. 

A critical feature of the antigens identified by human 
monoclonal antibodies (along with antigens defined by 
autologous typing) is that they are potentially auto immunogenic 
and can be recognized by the host. 

In addition to the similarities in their distribution. 
antigens defined by autologous typing and human monoclonal 
antibodies have shown structural similarities as well. The 
antigen GXMl is a glycoprotein (42). Class 1 antigens defined 
by autologous typing have been found, when defined, to be 
proteins/glycoproteins (9,10), and the unique antigens 
expressed by methylcolanthrene- induced sarcomas have been 
found to be proteins as well (3). Biochemical studies have 
indicated that Ma4, Ev248, HJMl and 32-27M (antigens which show 
Class 2 characteristics) are lipids/glycolipids (17,19,42), and 
many of the Class 2 antigens defined by autologous typing are 
glycolipids as well (unpublished results). Ev248 and Ma4 
appear to be associated with malignant transformation, while 
Ev248, HJMl and 32-27M are associated with specific stages of 
differentiation. Irie and her colleagues have identified 
antibodies (both in sera and from supernatents of EBV 
transformed lymphocytes) to Class 2 glycolipid antigens. 
Hakomori has shown that changes in the carbohydrate structure 
of cell-surface glycolipids are associated with differentiation 
and malignant transformation of cells (44). Our laboratory has 
shown that blood group carbohydrates expressed by epithelial 
cells undergo characteristic changes in association with 
malignant transformation (45). Our results indicate that 
carbohydrate/glycolipid antigens associated with 
differentiation and malignant transformation may be an 
important group of autoimmunogenic determinants on tumor cells, 
thus forming an intriguing link between known antigenic changes 
that take place on tumor cells and the capacity to respond 
immunologically to these changes. 

A complex array of intracellular antigens are recognized by 
human monoclonal antibodies produced in our laboratory, and the 
distribution of many of these has been well described (17,19). 
While most of the antibodies react with broadly distributed 
antigens or with epitopes share by multiple antigens, a series 
of intracellular determinants showing differentiation related 
or restricted distributions have been identified (Table 6), 
including several which react with intermediate filament 
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Table 5 

HUMAN MONOCLONAL ANTIBODIES REACTIVE WITH 

CELL SURFACE ANTIGENS 

Distribution 

Restricted 

Intermediate 

Broad 

Antibody Designation 

GXMl 

Ma4, Ev248, Ri37, HJMl, 
32-27M 

Gr169, DSMl, Sp909 

Table 6 

HUMAN MONOCLONAL ANTIBODIES REACTIVE WITH 

INTRACELLULAR ANTIGENS* 

Distribution 

Restricted 

Intermediate 

Broad 

Antibody Designation 

Te39, Hu44, Gr43l, Ch13, 
Ch45 

Pa24, Hu22, Hull, M307, 
M304 

De8, Sm2l, Po7l 

*This is a partial list of over 194 antibodies 
studied 



proteins such as cytokeratin (Pa24) or vimentin (M307) (46). 

A number of human monoclonal antibodies which recognize 
distinct intracellular antigens expressed by only a few cell 
lines have been identified, including several which have not 
been found in normal cells so far (19). These antigens are 
expressed by a subpopulation of epithelial cells, and all of 
these antibodies were derived from patients with epithelial 
tumors (breast, colon and lung cancer). 

The meaning of the reactivities to intracellular antigens 
remains problematical. Do these antibodies play any role in an 
active immune response to tumor cells, or do they simply 
develop in response to (tumor) cell lysis, as has been 
previously suggested (47)? We have found several hUman 
monoclonal antibodies reactive with intracellular antigens 
restricted to epithelial cells, including two antibodies to 
cytokeratin intermediate filament proteins, which are IgA 
isotype. These antibodies were derived from lymph node 
lymphocytes of patients with breast cancer, indicating 
activation of the clones in response to a specific antigenic 
stimulus. Whether this might have significance in terms of 
tumor cell recognition or control remains to be established. 

Several general points have emerged from the study of human 
monoclonal antibodies: 

- A significant proportion of the evaluable B cell 
repertoire in patients with cancer, autoimmune disease and in 
normal individuals is directed to the production of antibodies 
reactive with cellular antigens. 

- The majority of these antibodies react with intracellular 
antigens; antibodies directed against cell surface antigens are 
uncommon, indicating that these clones are rare in the 
repertoire. 

- While most antibodies react with widely distributed 
antigens, or epitopes expressed by multiple antigens, a number 
of human monoclonal antibodi~s reactive with antigens which 
show differentiation related distribution, are highly 
restricted, or which are transformation-related, have been 
described. 

- Human monoclonal antibodies which recognize cell surface 
antigens analogous to the Class 1, 2 and 3 antigens defined by 
autologous typing have been described. Several of the Class 2-
related differentiation and transformation associated antigens 
are glycolipids, indicating that glycolipids may be an 
important group of autoimmunogenic determinants on tumor cells. 

Many questions remain. We do not know the source of the 
immunogenic signal which elicited the antibodies described by 
our studies. Are some antibodies generated in direct response 
to unique tumor antigens, as suggested by the presence of 
antibodies to Class 1 antigens? Does immune surveillance play 
a role in tumor recognition, as suggested by the presence of 
natural antibodies (37,48) and the finding of B cells in non­
tumor bearing individuals capable of producing antibodies to 
Class 2-type antigens? Or, is the immunogenic stimulus not 
related to cellular antigen expression; the antibodies 
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described here may be fortuitously cross-reactive with cellular 
antigens. We have gained, however, fundemental insight about 
the B cell repertoire, which will help to unravel the nature of 
the immune response in cancer and autoimmune disease. 

Acknowledgement: We thank Jannette Rios for her expert 
assistance in the preparation of this manuscript. 
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AN IMPROVED METHOD FOR THE RADIOHALOGENATION OF MONOCLONAL ANTIBODIES 

INTRODUCTION 

Michael R. Zalutsky and Acharan S. Narula 

Department of Radiology 

Duke University Medical Center 

Durham, North Carolina 27710, USA 

Radiolabeled monoclonal antibodies directed against human cancer­

associated antigens offer a conceptually appealing approach to the more 

selective identification and treatment of breast and other cancers in 

vivo. Although a few studies, in particular, those employing regional 

delivery of antibodies, suggest that antibody-mediated delivery of iso­

topes is a promising technique, most of the results in the literature 

do not support the belief that radioimmunoscintigraphy and therapy are 

ready for widespread application in the clinical domain. In general, 

the absolute magnitude uptake of isotope in the tumor is low1 and the 

specificity of localization, determined by co~parison to a nonspecific 

immunoglobulin, has not been documented in clinical studies. While 

pharmacological factors such as flow and permeability present signifi­

cant obstacles which must be overcome2, the successful utilization of 

radiolabeled monoclonal antibodies requires both the development of 

antibodies with greater specificity and affinity for tumors and improv­

ed labeling methods which decrease the loss of isotope from the anti­

body in vivo. The production and characterization of new antibodies 

which react more selectively with human breast cancers is described in 

several chapters in this volume; in this chapter we will discuss our 

approach to increasing the in vivo stability of labeled antibodies. 

Currently, monoclonal antibodies are labeled either by radiohaloge­

nation or with metallic isotopes using bifunctional chelates. An 

advantage of the chelate approach is that a wide variety of metallic 
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isotopes are available with nuclear properties which would be appro­

priate for a wide range of diagnostic and therapeutic applications. 

Problems inherent with the labeling of proteins with radioactive metals 

are the need to exclude metallic impurities from reagents because of 

their ability to saturate chelation sites and nonspecific and reversi­

ble binding of the radiometal to the protein. However, the most signi­

ficant problem encountered in vivo with antibodies labeled with 111In 

via bifunctional chelates is the accumulation of a large fraction of 

the injected dose of 111In in the liver3-6. In studies comparing 

111In-labeled antibodies to those labeled with radioiodine, the frac­

tion of the injected dose taken up by the liver and in some cases the 

spleen and kidneys is considerably higher using 111In-labeled antibo­

dies6,7. The reasons for these differences are unclear. P~though deha­

logenation, as discussed below, may be a contribuatory factor, loss of 

label from the antibody via transchelation, resulting in the formation 

of 111In-labeled ferroproteins such as transferrin, must also be con­

sidered8. 

Table 1. Halogen isotopes for antibody labeling 

Isotope Half-life Application Emission Energy 

(hr) (keV) 

18F 1.83 diagnosis positron 511 

75Br 1.63 diagnosis positron 511 

76Br 16.1 diagnosis positron 511 

77Br 57.0 diagnosis gamma 239 

therapy Auger <5 

1231 13.0 diagnosis gamma 159 

1311 193 diagnosis gamma 364 

therapy beta 607 

211At 7.2 therapy alpha 6786 
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Alternatively, antibodies can be labeled w!th halogen isotopes. In 

Table 1, properties of some of the radiohalogens of potential utility 

for labeling antibodies are presented. Iodine-131 and 1231 have been 

used for single photon imaging studies. For applications which might 

require the quantitative capabilities of positron emission tomography, 

it might be possible to label antibodies with 18F, 76Br or 75Br. 

With regard to radiotherapeutic applications, 211At is a particularly 

promising nuclide because it decays by the emission of highly cyto­

toxic, short range alpha particles. In addition, studies with 1251-

labeled iododeoxyuridine9 suggest that if a monoclonal antibody can 

be localized in close proximity to the cell nucleus, then Auger elec­

tron emitters such as 1251 and 77Br could be valuable as antibody 

labels. 

The most significant problem with using radiohalogenated antibo­

dies is that they frequently undergo extensive dehalogenation in vivo. 

Our group has been working on the development of methods for labeling 

proteins with iodine and astatine which will decrease the loss of radio­

halogen from an antibody in vivo. Our results labeling proteins using 

one compound, N-succinimidyl 3-(tri-n-butylstannyl) benzoate, an acti­

vated, tin-containing ester (ATE) have been very encouraging. The selec­

tion of this compound as well as our general approach to antibody radio­

halogenation is based on a consideration of the possible nature of the 

dehalogenation process. 

DEHALOGENATION 

Following injection of radioiodinated antibodies in animals and pa­

tients, significant uptake of radioiodine in both the thyroid and sto­

mach is observed, suggesting that these proteins have undergone dehalo­

genation in vivo. In clinical studies, the cumulative amount of nonpro­

tein-associated activity in the urine is often used as an indicator of 

loss of iodine from the antibody. The fraction of the injected dose re­

covered from the urine has been variable ranging between 15% and great­

er than 50% for the first 24 hr after antibody administration10,11. 

At least three types of processes contribute to the dehalogenation 

of proteins in vivo -- hydrolytic, enzymatic and possibly those medi­

ated by cell binding. Their action is related in part to the nature of 

the sites of iodine substitution on the protein. Use of oxidants such 
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as chloramine-T or Iodogen affect the subst~tution of iodine for a hy­

drogen present in an amino acid residue on the protein with addition 

ortho to the hydroxyl group on the aromatic ring of tyrosines predomina­

ting at neutral pH. Similarly, with the Bolton-Hunter reagent, the 

iodine is also substituted ortho to a hydroxyl on an aromatic ring. 

Loss of radioiodine from proteins can occur in vitro as a result 

of a hydolytic reaction that involves the sUbstitution of a hydrogen 

atom for the iodine on the aromatic ring. The presence of a hydroxyl 

group ortho to the halogen decreases the strength of the carbon-iodine 

bond; however, the rate of dehalogenation of labeled antibodies measur­

ed by dialysis is about 1-2% per day, at least 10-fold less than that 

observed in clinical studies. 

Enzymatic processes are generally thought to be responsible for 

the markedly increased rate of dehalogenation in vivo. Iodinated tyro­

sine residues on antibodies are similar structurally to thyroid hor­

mones which are known to be rapidly dehalogenated in the presence of 

certain tissues. The differential loss of iodine from D and L iodotyro­

sine is indicative of the substrate specificity of the dehalogenation 

process12. Results from a number of in vitro investigations have 

demonstrated that there are multiple dehalogenases with varying degrees 

of specificity for iodotyrosines and both the phenolic and nonphenolic 

rings of iodothyronines. Dehalogenating enzymes have been found in the 

microsomal fractions of the liver, kidney and thyroid13,14 as well as 

in the kidney plasma membrane15 and liver cytoso116. 

If the dehalogenation of an antibody occurred at a greater rate in 

normal versus tumor tissue, then loss of iodine from the protein follow­

ed by rapid excretion could be advantageous in that it could increase 

the therapeutic index. Unfortunately, binding of a labeled antibody to 

tumor may accelerate the rate of dehalogenation and/or degradation. We 

and others have observed that the thyroid uptake of 125I in mice 

injected with 125I-labeled antibody is higher in animals with antigen 

positive tumors than in animals with antigen-negative tumors or in 

those with antigen-positive tumors injected with an irrelevant anti­

body17,18. In addition, other radioiodinated proteins have been shown 

to be degraded rapidly following cell-surfaoe binding and internaliza­

tion19-21. 
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Based on a consideration of these processes, we believe that one 

approach to decreasing the dehalogenation of labeled antibodies is to 

develop a method which does not involve the sUbstitution of the haloBen 

ortho to a hydroxyl group on an aromatic rinB. The hydroxyl group not 

only activates the ring towards hydrolytic dehalogenation but also 

increases the structural similarity between the site of iodination and 

thyroid hormones. 

Our approach attempts to exploit the fact that the regiospecific 

synthesis of aryl halides can be achieved via tri-alkylstannane interme­

diates22. The compound which we have selected as our model system is 

N-succinimidyl 3-(tri-Q-butylstannyl) benzoate, an activated tin-con­

taining ester designated "ATE". Although conceptually similar to the 

Bolton-Hunter reagent23, there are several important differences. 

First, the aromatic ring does not contain a hydroxyl substituent. 

Second, halogenation occurs in the meta instead of para position which 

should decrease the loss of halogen because of the structural and elec­

tronic features inherent in meta-substituted halides24 • And third, 

ATE lacks the two- carbon spacer between the aromatic ring and the 

succinimidyl ester. 

LABELING PROTEINS WITH THE ATE REAGENT 

A detailed discussion of the methods which we have developed for 

the radioiodination of proteins using the ATE reagent can be found in 

reference 25. Briefly, synthesis of ATE was accomplished in three steps 

starting from m-bromobenzoic acid (Figure 1). Following bromine-lithium 

exchange and conversion of the m-bromobenzoic acid to the dianion, the 

stannyl ester was produced by quenching the dilithio-anion with 

(n-Bu)3SnCl. Reaction of this ester with N-hydroxysuccinimide and 

dicyclohexylcarbodiimide gave the desired product ATE. Purification of 

ATE was achieved using flash chromatography. The assigned structure of 

ATE is in agreement with the observed 1H NMR spectra. 
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Iodination of ATE was first optimized using stable iodine. A novel 

method was developed for oxidizing iodine while minimizing the hydroly­

sis of the N-hydroxysuccinimidyl ester through the use of t-butylhydro­

peroxide in chloroform-acetic acid (Figure 2). Using this approach, ATE 

has been labeled with no-carrier-added 125I and 131I in 85-90% 

o 
" C-OH 

~ 2eq n-SuLJ/THF • 

Vsr -IOO·C 

o 
9 II 

C-O-N8 

01 0 +4 --::-NH::-::S,--
DCC 

::::,., Sn (n-Su)3 

o 
" C-OLJ 

~ 
VLJ 

1(n-su)3 SnCI 

o 
" C-O-Sn (n-Su)3 

~ 
Vsn(n-SU)3 

Figure 1. Synthesis of ATE reagent 

yield. A Waters silica gel Sep-Pak column was used to isolate the radio­

iodinated product. The column was first eluted with 40 ml of hexane and 

approximately 50 ml of 8% ethyl acetate in hexane. Radioiodinated ATE 

was then isolated by elution with 12-15 ml of 30% ethyl acetate in 

hexane. 
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Figure 2. Iodination of proteins using ATE 

The utility of 125I-Iabeled ATE as a protein labeling agent was 

investigated using soat IgG as the model protein. Initial efforts re­

sulted in variable labeling yields and the retention of significant 

quantities of 1251 activity in the reaction vessel and on pipettes. 

This behavior was assumed to be related to inadequate separation of the 

lipophilic ATE starting material from the radioiodinated product. This 

supposition was confirmed by two methods, mass spectroscopy and the re­

reaction of the 30% ethyl acetate in hexane fractions with an excess of 

iodine spiked with 1251. Both methods demonstrated that discarding 

the first 3 m1 of 30% ethyl acetate eluant decreased the amount of un­

reacted ATE in the product by more than 6-fold. Using this modified 

isolation procedure, the effective yield of radioiodinated ATE was 

approximately 80%. 

Labeling of goat IgG was accomplished by addition of the protein 

to the evaporated residue of 125I-Iabeled ATE in a small conical 

vial. Following a 30 min. incubation at 40C on a rotary shaker, the 

labeled protein was isolated using a Sephadex G-25 column. The effi­

ciency of protein labeling was dependent on the pH and protein concen­

tration. With 50 ug of protein, yields of about 33% were obtained; how­

ever if the amount of protein was increased to more than 200 ug, the 

goat IgG could be labeled in more than 60% yield. 
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Figure 3. Comparison of thyroid uptake following injection of goat IgG 
radioiodinated using ATE and Iodogen. Vertical bars represent 
± SD. 

EVALUATION OF PROTEINS LABELED USING THE ATE METHOD 

If proteins labeled via the ATE approach were less succeptible to 

dehalogenation in vivo, one would expect that the accumulation of 

radioiodine in the thyroid (and to some extent, the stomach) would be 
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less than that observed with proteins,labeled u~ing conventional 

methods. This was investigated by comparing the tissue distribution of 

1251 and 1311 in mice following simultaneous injection of goat IgG 

labeled with 

Table 2. Distribution o:f radioiodine :following injection o:f radioiodi­
nated goat IgG in normal mce. Values are expressed as mean 
:t SD. 

Tissue Percent Injected Dose 

24hr 72hr 120hr 

ATE Iodogen ATE Iodogen ATE Iodogen 

blood 26.2±9.9 21.6±7.9 17.4,±5.4 14.8±.5.2 12.6±3.5 14.4±4.1 

liver 6.83±1.21 5.58±1.05 3.84±O.63 3.33±O.43 2.89±O.53 3.33±O.43 

lungs 1.50±O.48 1.24±O.28 O.94±O.34 o.82±o.29 o.86±O.17 O.99±O.19 

spleen O.21±O.06 O.19±O.O5 O.19±O.07 O.16±O.O5 O.15±O.04 O.17±O.O5 

kidneys 2.16±O.55 1.65±O.39 1.38±O.37 1.18±O.37 1.00±O.27 1.24±O.34 

stomach O.48±O.09 O.87±O.20 O.40±O.O6 o.41±O.05 O.17±O.04 O.27±O.O5 

1251 using ATE and 1311 using the Iodogen method. Groups of 5 mice 

were sacrificed daily for 8 days and the uptake of 1251 and 1311 in 

the thyroid, blood, liver, lungs, muscle, intestines, spleen, kidneys, 

stomach, heart and bone determined. As shown in Figure 3, use of the 

ATE method for protein labeling results in a significant decrease 

(p<O.001, Student's t-test) in the thyroid uptake of radioiodine. With 

the exception of the stomach, no statistically significant differences 

in the uptake of 1311 and 1251 in the other tissues was observed 

(Table 2 and reference 25). 
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Figure 4. Comparison of the thyroid uptake of radioiodine in mice fol­

lowing injection of radioiodinated OC 125 F(ab')2. 

We have also investigated the utility of the ATE reagent as a 

method for the radiohalogenation of monoclonal antibodies26. These 

studies were performed using OC 125, an antibody directed against a 

human ovarian carcinoma associ ated antigen27, as a model system. One 

hundred and fifty micrograms of the F(ab')2 fragment of DC 125 were 

labeled with goo uCi of 125I in 62% radiochemical yield and the in 

vitro and in vivo properties of the preperation were compared to those 

of DC 125 radioiodinated using the Iodogen method. 

In order to assess the effect of radiohalogenation on the immunore­

activity of OC 125, the binding of 125I-labeled antibody to CA 125 
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antigen purified from McDonald ovarian carcinoma cells was determined 

in vitro. Scatchard analyses of the binding data yield affinity con­

stants of (5.2±1.0)x1010 M-1 and (2.5±0.9)x1010 M-1 for the 

F(ab')2 fragment of OC 125 labeled using the ATE and Iodogen methods, 

respectively. Similarly, use of the ATE procedure for labeling OC 125 

IgG resulted in a labeled antibody with a 2-3 fold higher affinity con­

stant. It is interesting to note that when the less stringent isolation 

method for 125I-labeled ATE was used, the affinity constant of 

125I-labeled OC 125 F(ab')2 decreased by as much as 10-fold. 

Two sets of paired-label experiments were performed in nude mice 

bearing OVCAR-3 human ovarian carcinoma xenografts. In the first (Exp. 

1), groups of 5 mice were sacrificed 24, 48, 72 and 96 hr following 

injection of 5 ug of OC 125, half labeled with 131I using Iodogen and 

half labeled with 125I-ATE purified by the old method. The second 

experiment was the same as the first except that 125I-labeled ATE 

isolated using the revised elution procedure was used. 

Table 3. 

ATE vs. lodogen: Relative Selectivity Index 

Tissue 48 hr 96 hr 

~ ~ ~ ~ 
Liver 1.3 1.7 2.4 2.9 

Spleen 0.7 0.9 0.9 0.9 

Lungs 1.2 2.5 3.4 5.1 

Heart 2.1 4.5 4.9 3.7 

Kidney 1.4 2.9 3.5 6.4 

Skin 1.2 2.3 3.5 5.2 

Muscle 1.8 2.8 1.7 6.6 

Blood 3.1 3.0 4.1 4.2 

Intestines 4.0 2.1 4.4 5.0 

Stomach 1.9 7.7 6.4 11.8 

RSI = (Tumor: Tissue) ATE 

(Tumor: Tissue) lodogen 

In Figure 4, thyroid uptake data from the two experiments have 

been combined. Labeling OC 125 F(ab')2 using the ATE approach reduced 

the thyroid uptake of radioiodine to less than 0.1% of the injected 

dose, a level which was more than 100-fold less than that observed with 

Iodogen-labeled antibodies. 
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In Table 3, the tumor to tis.sue ratios obtained with OC 125 

F(ab')2 labeled via the Iodogen and ATE methods are compared. With 

the exception of the spleen, higher tumor to normal tissue ratios were 

observed with antibodies labeled using the ATE reagent. Differences 

were most significant in the stomach, intestines and blood pool where 4 

to 12-fold improvements were seen 96 hours after injection of antibody. 

In experiment 1, tumor uptake of radioiodine was the same, despite the 

fact that the affinity constant of the Iodogen-Iabeled antibody was 

about 4 times greater. In experiment 2, tumor uptake of radioiodine was 

30 to 50% higher for ATE-labeled OC 125 F(ab')2. The tumor to tissue 

ratios for blood, liver and muscle which were observed in Experiment 2 

are shown in Figures 5-7. 
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SUMMARY 

Herein, we have reported a new method for the radiohalogenation of 

proteins via N-succinimidyl 3-(tri-Q-butylstannyl) benzoate, an activa­

ted, tin-containing ester (ATE). This compound could be labeled with 

either 1251 or 1311 in greater than 80% yield. Recently, we have 

also been able to label ATE with 211At in about 60% yield. Adequate 

separation of radioiodinated ATE from unreacted. ATE facilitates its sub­

sequent use as a protein acylation agent. Protein labeling efficiencies 

of greater than 60% have been achieved routinely, a value about twice 

that generally observed with the Bolton-Hunter reagent. The higher 

yields obtained with our method are presumed to be related in part to 

the use of t-butyl hydroperoxide in chloroform-acetic acid to oxidize 

the iodine while minimizing the hydrolysis of the N-succidimidyl ester. 

When proteins labeled using the ATE reagent were injected into 

mice, the thyroid uptake of radioiodine was significantly less than 

that observed with proteins labeled using Iodogen. This was particular­

ly evident for the F(ab')2 fragment of antibody OC 125 where a more 

than a 100-fold decrease in thyroid uptake was observed. We believe 

that the decreased dehalogenation of proteins labeled using the ATE 

reagent is related to the absence of a hydroxyl group ortho to the 

iodine on the labeled aromatic ring. This not only deactivates the ring 

towards loss of halogen but also decreases the structural similarity to 

thyroid hormones for which there are known dehalogenases. 

In vitro binding studies suggest that antibodies labeled via ATE 

retain a high affinity for their corresponding tumor-associated anti­

gens. The increased affinity and greater in vivo stability of antibo­

dies labeled using the ATE reagent both probably contribute to the in­

creased tumor to normal tissue ratios observed in paired-label experi­

ments. In conclusion, we believe that these results suggest that use of 

the ATE reagent is a promiSing approach for the radiohalogenation of 

proteins and warrants further development. 
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INTRODUCTION 

The monoclonal antibody technology has provided the means to explore 
the malignant cell surface for tumor associated gene products. These 
molecules, defined as "tumor associated antigens" by appropriate 
antibodies, could be the basis for possible new developments in cancer 
diagnosis and therapy. Monoclonal antibodies have not defined tumor 
specific antigens in human solid tumor but have successfully identified 
a number of candidate tumor associated gene products in malignancies 
such as melanoma, lung, breast and colon carcinomas which share varied 
normal tissue distribution (1-9). These monoclonal antibodies have been 
the basis of numerous studies in tumor cell biology, tumor immunology, 
and preclinical and clinical trials for diagnostic imaging and antibody 
based immunotherapy in man (10-14). Our laboratories have been examining 
the potential of monoclonal antibodies as vehicles for site-directed 
oncolytic agent therapy of human solid tumors as monoclonal antibody-drug 
conjugates. Monoclonal antibody KSI/4, originally developed by 
immunization of a human lung adenocarcinoma cell line (15), has been 
selected initially for these studies. This report will demonstrate that 
the antigen recognized by KSI/4 is broadly distributed among human 
adenocarcinomas and normal epithelial surfaces and will summarize 
preclinical studies suggesting that this antigen is a potential target 
for site-directed therapy with KSl/4-vinca alkaloid conjugates. 

MATERIALS AND METHODS 

Cell lines utilized in these studies include the P3-UCLA human lung 
adenocarcinoma cell line (15), the MCF-7 human breast carcinoma cell 
line obtained from Dr. Ken Hirsch, Lilly Research Laboratories, the HT29 
human colon carcinoma cell line and the MDA-231 human breast carcinoma cell 
line. The KSl/4 hybridoma was maintained in in vitro culture to produce 
the antibody products described. All cell lines-were maintained in 
DME with 10% fetal calf serum supplemented with glutamine and gentamycin 
sulfate. In some experiments the 007B subclone of the KSl/4 hybridoma 
was biosynthetically labelled with S3S-methionine utilizing procedures 
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previously established for other cell types (16). All cultures were 
routinely screened for mycoplasma and other low grade bacterial 
infections. Nude mice utilized in the described xenograft studies for 
efficacy and biodistribution experiments were obtained from Charles 
River and maintained under sterile conditions for all aspects of these 
studies. 

KS1/4 monoclonal antibody was purified by a combination of high 
performance anion and cation exchange chromatographic steps from 
concentrated spent media from in vitro tissue culture. The 
KS1/4-desacetylvinblastine (DAVLB) conjugate was constructed by the 
combination of the N-hydroxysuccinimide ester of desacetylvinblastine 
to purified KS1/4 monoclonal antibody utilizing procedures previously 
described for the construction of vindesine-monoclonal antibody 
conjugates (17). Conjugation ratios of 4-6 moles of drug/mole of 
monoclonal antibody were routine. 

Tissue and tumor antigenic distribution studies were carried out 
using a modification (18) of the avidin-biotin technique. Briefly, 
frozen sections of tissues were cut at 4-6~m onto gelatin coated slides, 
air dried, and fixed in acetone for five minutes. Following 
preincubation with 5% horse serum, sections were sequentially incubated 
with KS1/4, followed by biotinylated horse anti-mouse Ig (Vector Labs, 
Burlingame, CA.) and a complex of avidin and horseradish peroxidase with 
washes between steps in phosphate buffered saline, pH 7.2-7.4 containing 
1% bovine serum albumin. 

Optimal dilutions of all components were determined by "checker­
board" titrations. Color was developed using 3,3'-diaminobenzidine and 
sections were counterstained with hematoxylin. 

An additional method utilized in the characterization of the 
antigen distribution of the KS1/4 monoclonal antibody involved flow 
cytometry. Fresh viable or paraformaldehyde fixed tumor cells from in 
vitro culture or isolated peripheral blood components were suspended-rn 
0.1 mls of varying dilutions of KS1/4 and incubated for 30 minutes at 4° 
C as described previously (29). The cell suspensions were then 
washed and resuspended in 0.1 ml of F(ab')2 fragments of goat anti-mouse 
IgG (flourescein conjugated) (Tago, Burlingame, CAl for an additional 30 
minutes at 4° C. After two washes in 'Hank's balanced salt solution 
containing 1% heat inactivated fetal bovine serum (GIBCO, Grand Island, 
NY) with 1% sodium azide, the suspensions were resuspended in the same 
buffer and held on ice until flow analysis. 

Prepared cell suspensions were analyzed using an EPICS V flow 
cytometer (Coulter Electronics Inc., Hialeah, FL.) as previously 
described (20). Briefly, cells were illuminated with 800 MW of 488 nM 
coherent light and the forward angle light scatter gated with log green 
fluorescence signal collected in 256 channel histograms. The mean 
fluorescence intensity was calculated for each 10,000 cell histogram. 

Two variants of a subcutaneously implanted P3-UCLA human lung 
adenocarcinoma xenograft model were utilized. In the tumor initiation 
model, P3-UCLA human lung adenocarcinoma cells (107 viable cells) were 
implanted subcutaneously in groups of 8-10 week old 18-22 gram athymic 
nude mice (Charles River). Intravenous tail vein injections of 
KS1/4-DAVLB at the doses indicated in the results were utilized in all 
xenograft immunotherapy experiments. In the tumor initiation model, 
treatments occurred on days 2,5 and 8 after tumor implantation, a 
schedule previously determined to eliminate significant antitumor 
activity in unmodified KS1/4 monoclonal antibody control treatment 
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groups. All doses of KS1/4-DAVLB are expressed in terms of mg/kg with 
respect to drug content. Tumor mass estimates were determined from tumor 
volume measurements made with electronic digital calipers (Fred V. Fowler 
Co., Newton, Ma.) interfaced with a Hewlett-Packard Personal Computer 
utilizing a previously described formula (21). Data processing for 
comparative analysis of experimental groups and control groups examining 
tumor growth suppression was achieved utilizing a program developed by 
Mr. John worzalla, Lilly Research Laboratories. 

The above described procedure was extended to an established tumor 
model by allowing the implanted tumors to grow for 14-17 days prior to 
the initiation of treatment. The treatment schedule utilized for this 
assay was to administer intravenous doses indicated in the text. 

In all of these experiments, careful monitoring of the antigen 
reactivity of the KS1/4-DAVLB conjugate was achieved prior to in vivo 
use by use of a functional enzyme linked immunoabsobent assay (ELISA) 
utilizing air dried P3-UCLA target cells and several novel flow 
cytometric techniques (Marder, P. et al. Manuscript in press, J. 
Immunol. Methods, 1986). 

Biodistribution and tumor localization were analyzed in P3-UCLA 
human lung xenograft bearing nude mice with 3H-desacetylvinblastine and 
KS1/4-3H-desacetylvinblastine. These animals were dosed intravenously 
and sacrificed at the time points indicated in the text followed by 
dissection and analysis of radioactivity in oxidized tissue samples by 
liquid scintillation counting. Comparable doses of free drug were 
administered in parallel control groups to the vinca equivalent dose of 
KS1/4-DAVLB conjugate administration. 

MCF-7 human breast carcinoma cells were implanted in the mammary 
regions of female nude mice bearing 17-beta-estradiol pellets for 
biodistribution studies by whole-body autoradiographic technique. Female 
mice with growing established MCF-7 xenografts were injected with 
S3S-methionine labelled KS1/4 monoclonal antibody and sacrificed at the 
time points indicated and frozen in a prone position in dry ice/pentane. 
The animals were maintained at -20 0 until processed for whole-body 
autoradiography as previously described in detail (22). 

RESULTS 

Immunoperoxidase results initially published on the KS1/4 
monoclonal antibody (15) suggested that this antigen was highly 
associated with human adenocarcinomas and had a limited normal tissue 
distribution. Analysis of a broad range of fresh frozen normal human 
tissues suggest that the KS1/4 antibody is reactive with epithelial 
surfaces of various tissues. Tissues exhibiting a strongly positive 
reaction include the epithelium of the colon, stomach, small intestine 
and bronchus and alveoli. Tissues with selective reactivity with the 
KS1/4 monoclonal antibody include the bile ducts of the liver, the 
distal tubules of the kidney and sweat ducts of the skin. All 
hematopoietic organs, connective tissue, vessels, and brain tissue were 
negative for reactivity with KS1/4. 

An analysis of tumor reactivity revealed that 13/13 colon tumors 
7/7 lung adenocarcinoma tumors and 4/4 epithelial ovarian tumors were 
very strongly reactive with the KS1/4 monoclonal antibody without 
exhibiting antigenic heterogeneity. In contrast to these results, 12/13 
lung squamous tumors were reactive and 13/13 breast tumors were reactive 
but with significant variability in the immunoperoxidase staining 
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patterns ind1cative of antigenic variability in these malignancies. Two 
examples of th1s observation are shown in Figures 1 and 2. Figure 1 
represents the results of the reactivity of KS1/4 with a breast carcinoma 
section showing homogenous intense staining while the section in Figure 2 
is an example of a breast carcinoma section demonstrating antigenic 
variabi11ty. Flow cytometric analysis of tumor cells suggest s1milar 
trends in certain in vitro propagated tumors. Figure 3 is a summary of an 
experiment comparing the reactivity of KS1/4 with four cell lines 
representing three different types of malignancies. KS1/4 demonstrates 
high react1vity with the P3-UCLA lung adenocarcinoma cell line and the 
MCF-7 human breast carcinoma cell line in this analysis. However, a 
second breast carcinoma cell line, MBA demonstrates little react1vity 
with the KS1/4 antibody. In other studies not shown here, the KS1/4 
antibody has demonstrated homogenous h1gh intensity staining of human 
lung and HT-29 colon carcinoma shown cell l1nes but heterogeneous sta1ning 
of human breast and lung squamous carcinoma cell l1nes suggesting a 
parallel ant1genic expression in 1n vitro maintained cell lines and fresh 
human tumor specimens. 

, . 

• 

100 pm 

Figure 1: Frozen section of adenocarcinoma of breast stained by 
1IDIDunoperoxidase with control antibody (left panel) and KS1/4 (right 
panel). Note intense uniform staining of all tumor cells in this case. 
Sections are counterstained with hematoxylin. 
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Figure 2: Frozen section of a different case of breast carcinoma from 
that illustrated in Figure 1, stained by immunoperoxidase with KS1/4. 
Note variability in the expression of the antigen, some cells staining 
~ntensely and other groups of tumor cells demonstrating no staining 
(arrows). The section is counterstained with hematoxylin. 
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Figure 3: Flow cytometric analysis of the reactivity of the KS1/4 
monoclonal antibody with several human solid tumor cell lines. The mean 
fluorescent intensity is indicated as well as controls which indicate 
the autofluorescence associated with these cells. Each histogram 
represents the analysis of 10,000 cells. 

Figure 4 is a summary of a xenograft study in which P3-UCLA human 
lung adenocarcinoma xenografts were allowed to establish for forty eight 
hours prior to the administration of KS1/4-DAVLB treatment. Three intravenous 
doses of KS1/4-DAVLB were administered on days 2,5, and 8 at dose levels 
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of 1.0, 2.5, and 10.0 mgjkg vinc~ alkaloid ~quivalent. Previous studies 
(not shown) indicated that this schedule would show the effects of the 
KS1j4-DAVLB conjugate and not simply the effects of the KS1j4 monoclonal 
antibody on xenograft growth. Tumor measurements were made on days 14, 
21, and 28 after transplantation to monitor the long term effects of this 
three dose protocol. Tumor growth suppression is observed for all three 
dose groups at the day 14. But tumors progressed rapidly in the lower 
dose groups as measured on days 21 and 28. At day 28 long term 
significant suppression of growth was observed only for the 10 mgjkg dose 
group. In other experiments, not shown, the 5-10 mgjkg vinca equivalent 
dose range could affectively suppress the long term growth of the P3-UCLA 
lung adenocarcinoma xenograft in the model under this minimal dosing 
schedule. Free drug control groups of vinblastine sulfate at comparable 
doses did not demonstrate efficacy without significant vinca alkaloid 
toxicity suggesting that the KS1j4-DAVLB conjugate is significantly less 
toxic than free drug. 
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Figure 4: Effects of KS1j4-DAVLB conjugate administration on the 
P3-UCLA human lung adenocarcinoma xenograft. Tumor masses are plotted 
versus days of tumor growth. The mean mass of five test animals are 
compared to a control group of ten animals. Standard errors are plotted 
on select data points. 

Figure 5 represents a similar experiment but on established xenograft 
tumors of the P3-UCLA human lung adenocarcinoma cell line. In this 
experiment, xenografts were allowed to grow to approximately a 200 mg 
size (in a 20-22 gram mouse) prior to the initiating of KS1/4-DAVLB 
immunotherapy. Four intravenous injections were given on days 16, 18, 
22, and 24. Tumor measurements were taken pretest on day 16 and on days 
23 and 30. The experiment demonstrates that the tumor growth 
suppression is dose dependent with optimal tumor growth suppression and 
regression occurring at the 10.0 and 7.5 mgjkg vinca equivalent dose 
group. In this experiment, an optimal effect is observed at the 7.5 
mg/kg dose group. In other experiments not shown, unmodified monoclonal 
antibody has no effect on established tumor growth indicating that this 
effect is conjugate mediated. Treatment with irrelevant myeloma-DAVLB 
that this effect is antigen mediated. These results suggest that the 
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KSl/4-DAVLB conjugate can mediate antitumor effects on well established 
human xenografts. Biodistribution experiments have compared the tissue 
distribution of free drug administered as desacetylvinblastine (DAVLB) to 
comparable doses of "conjugated" drug as KSl/4-DAVLB; Figure 6. The 
maximum concentration of vinca alkaloid radioequivalents was measured 
immediately after dosing with free DAVLB; others have also reported that 
the highest concentration of vinca alkaloids in tumor tissue is measured 
in the first 24 hr. Based upon an average tumor weight of about 450 mg, 
this concentration accounted for approximately 0.3% of the total 
administered dosage. However, after dosing with KSI/4-[3H]-DAVLB, the 
maximum concentration of vinca radioequivalents was observed 96 hr after 
dosing and accounted for over 5% of the total dosage (based upon an 
average tumor weight of about 550 mg). Thus, with KSl/4-DAVLB, 
accumulation of the drug in the tumor was evident. The loss of 
radiolabel from the tumor tissue proceeded with a half-life (tl/2) of 
about 145 hr and 84 hr after therapy with KSl/4-DAVLB and free DAVLB, 
respectively. As a consequence of the higher concentrations and longer 
tl/2, the total areas under the tissue concentration vs time curve were 
3900 and 80.5 vinca alkaloid ~g equivalents hr/g after-dosing with 
KSl/4-DAVLB and free DAVLB, respectively. A comparison of the areas 
under the curve documented that over 1.89 logs more vinca alkaloid 
equivalents were present in the tumor after therapy with KSl/4-DAVLB 
when compared with free DAVLB in the nude mouse xenograft model. 
This study demonstrates that KS1/4-DAVLB affects the accumulation and 
long residence time of vinca alkaloid species at the xenograft tumor site 
with a single dose administration. Parallel studies with free drug 
administration demonstrate significantly less drug at the tumor site 
with shortened tumor tissue half lives. This study demonstrates that 
KSl/4-DAVLB can effectively act as a site-directed vehicle to target the 
vinca alkaloid species to the tumor site. The ultimate success of this 
effect however will depend on the catabolism of the KSl/4-DAVLB conjugate 
at the tumor site to liberate appropriately active vinca alkaloid 
species. 

Other tissues which demonstrate significant uptake of the 
KSl/4-DAVLB conjugate are the liver, lung and splenic tissues. In 
general, tissues which have significant cellular compartments of 
reticuloendothelial cells seem to be sites for uptake of the 
KSl/4-DAVLB conjugate in vivo in the xenograft system. The study also 
demonstrates that KSl/4-DAVLB does not target organs which are 
historically possible targets for the toxicity of vinca alkaloids such 
as bone marrow and nervous tissue, an important difference in 
distribution mediated by the KS1/4-DAVLB conjugate. 

These studies have demonstrated that KSI/4 is an effective 
targeting agent for the P3-UCLA lung adenocarcinoma xenograft 
system. Immunoperoxidase and flow cytometric studies indicate that 
colorectal carcinoma cell systems should be equally good targets for 
KSl/4-drug conjugates as well. An observation which is borne out in 
studies with the HT29 human colon carcinoma cell system (shown in 
figure 3) MCF-7 human breast cancer cells were then examined as a 
xenograft system for tumor localization by the whole body 
autoradiography technique. Figure 7 represents a photograph of a 
auto radiograph taken on thin sections of MCF-7 xenograft bearing nude 
mice which had been injected with [35S]-labelled KSI/4 monoclonal 
antibody. This figure demonstrates good tumor localization by the KSI/4 
monoclonal antibody of the primary implanted tumor and several metastatic 
nodules, apparently accelerated in their development by the 
17-beta-estradiol treatment. 
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Figure 5: Effects of KSl/4-DAVLB on the growth of established P3-UCLA 
xenograft tumors. All tumor mass data represent the mean of at least 5 
animals/group versus a group of ten control animals. Long term tumor 
growth suppression or tumor growth plateau is observed for the top two 
dose groups. 
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Figure 6. Analysis of the biodistribution to tumor tissue of 3H-DAVLB 
and KSl/4- 3H-DAVLB in P3-UCLA human lung xenograft bearing nude mice. 
Animals were sacrificed at the time points indicated for both free drug 
and conjugate treated animals. 
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Figure 7: Whole-body autoradiogram of a 20 um section from a nude mouse 
containing a mamma~ carcinoma implant (MCF7) killed 48 hours after 
receiving 8.5 ~Ci [ 5S]-KS1j4 by intravenous injection. 2x. (Dark areas 
correspond to radioactivity). KEY: 1. Metastatic Tumor; 2. Blood, 3. 
Heart; 4. Implanted Tumor; 5 . Gall Bladder; 6. Liver; 7. Intestinal 
Lumen; 8. Intestinal Wall; 9. Urinary Bladder; 10. Eye; 11. Brain; 12. 
Brown Fat; 13. Lung; 14. Spleen; 15. Adrenal Gland; 16. Kidney; 17. Skin. 

These data demonstrate that KSlj4 will also localize to antigen 
positive human breast xenografts and identify different tissue 
metastases. Despite observed human tumor antigenic heterogeneity (Figure 
2) in some specimens, conjugates of KSlj4 that may release their drug 
content in the tumor environment may still be of utility in the treatment 
of breast carcinoma. Localization of metastatic sites may also be 
important in certain diagnostic applications. 

DISCUSSION 

These studies demonstrate that the KSlj4 monoclonal antibody 
recognizes an antigen associated with normal human epithelial surfaces 
and related malignancies . This antigen is homogenously expressed in 
fresh frozen specimens of human lung and colorectal adenocarcinomas but 
heterogenously expressed in lung squamous carinomas and breast 
carcinomas. An apparent correlation is observed in this fresh tumor 
antigenic expression and the antigenic expression of the KSlj4 antigen 
in human solid tumor cell lines of epithelial origin. This observation 
allows for the utility of human tumor xenograft models for the 
evaluation of site-directed therapy strategies with KSlj4-drug 
conjugates. 
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KSl/4-DAVLB is a vinca alkaloid-monoclonal antibody conjugate which 
has demonstrated in vivo efficacy with min1mal toxicity on the P3-UCLA 
human lung adenocarcinoma xenograft system in both low tumor burden 
tumor initiation models and on established tumors. Biodistribution 
experiments indicate that the KSl/4-DAVLB conjugates do indeed target 
drug to the tumor sites in a dramatic fashion as compared to free drug 
administration. These findings suggest that KSI/4 may be useful as a 
site-directed targeting vehicle for oncolytic agents. 

The normal human tissue distribution of the KSl/4 antigen is not 
apparent in the preclinical murine models. Innocent bystander tissue 
toxicology is of course possible in humans where KSl/4 may target drugs 
to inappropriate sites. Preclinical toxicology models which utilize 
primates with comparable normal tissue distributions of the target 
antigen may also be useful in a conjugate's development. Monoclonal 
antibodies 17-1A and 9.2.27 have significant normal tissue reactivity 
and have been given to patients in repetitive dosing protocols 
(22,24,25,26) which suggest that at least naked antibody treatments that 
may localize to many normal tissues are tolerated. 

Additional issues facing the success of a site-directed therapy 
approach with monoclonal antibody-drug conjugates include: 1.) Potency, 
2.) Vascular permeability of tumor sites, and 3.) Immunogenecity of 
murine proteins in humans. Strategies are evolving to address these 
issues directly in first and second generation monoclonal antibody-drug 
conjugates. KS1/4 remains as an excellent candidate for clinical 
development because of its broad tumor reactivity and high epitope 
density on major clinical cancers with no existing effective therapies. 
The utility of antibodies like KSl/4 in malignancies which demonstrate 
heterogenous expression of the target antigen will await the development 
of monoclonal antibody "cocktails" which will recognize higher 
percentages of tumor cells or for therapeutic conjugate strategies that 
will involve site activated release of a targeted oncolytic agent for 
diffusion into antigen negative tumor cells. 
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The use of monoclonal antibodies which react predominantly with human 
breast cancer raises the possibility of performing a simple serum test to 
diagnose the presence of cancer and to follow fluctuating levels and 
correlate these with the progress of the disease. In this way antibodies 
to carcinoma of the colon, such as to CEA and CA-19.9, have proven to 1b2 
of some value in the monitoring, if not the diagnosis of this disease ' 
and CA 125 and OM1 have als~ aeen used for similar purposes in patients 
with carcinoma of the ovary' • Other, or2t~e same antibodies have been 
used to diagnose carcinoma of the pancreas ' • The advantages of a serum 
test are clear - sample collection is simple, antibody based tests are easy 
to perform and the results are measured objectively, compared to a subjective 
clinical examination and mammography. A serum test can therefore be useful, 
both for the early diagnosis of disease, perhaps in screening programs, and 
also for the frequent monitoring of patients with advanced disease, 
especially those with tumours not amenable to clinical examination. With 
this in mind we present our scudies on the use of 3E-1.2 monoclonal antibody 
to detect an antigen in serum - mammary serum antigen (MSA) and report on 
the testing of a large normal population and patients with breast cancer 
and other diseases. The paper represents an extension 0t the work 
originally presented at the First International Workshop • 

MATERIALS AND METHODS 

Monoclonal Antibodies 

The IgM monoclonal antibody 3E-l.2 was raised against a fresh human 
carcinoma of the breast and has b7en fully characterised on human tissue 
by the immunoperoxidase technique. Control antibodies used were HMFG-2 
(reactive with HMFG - human milk fat globule membrane), 696 (anti-mouse 
Thy-1.2), 3B11C8 (anti-human lung cancer), 5C1 (anti-human colorectal 
cancer) and HuLy-m8 (anti-human CD8)- all produced in our laboratory. 
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Figure 1. (A) Flow diagram of the ELISA test used to detect MSA; (B) 
standard antibody curve used to detect I.U.; (C) titration of inhibition 
obtained with normal (.) and breast serum (e). 

Serum Assay 

The serum test is shown in Figure 1. Crude extracts of 3E1+ tissues 
(fresh carcinoma, cell lines or kidney) were prepared and fixed to the wells 
of a microplate using glutaraldehyde. The plates were then incubated, 
washed with buffer and treated with 1% BSA (bovine serum albumin) at room 
temperature. In a separate plate, also coated with BSA to prevent 
non-specific adhesion, patients serum (dilution of 1:50) was incubated with 
purified monoclonal 3E-1.2 antibody (SOng per well) for 3 hours at room 
temperature and 50~1 of this mixture was then transferred to the antigen 
coated plates. After an overnight incubation at 4oC, the plates were 
washed with buffer (PBS/0.5% Tween 20) and incubated with 50~1 of sheep 
anti-mouse immunoglobulin conjugated to horse radish peroxidase. After 
removal of excess antibody colour was developed using 50~1 of 0.03% ABTS 
and 0.02% of hydrogen peroxidase in O.lM citrate buffer pH 4.0. The plates 
were read in an ELISA plate reader at a wave length of 405 nm and the results 
fed directly into a computer for analysis using two programs: "Cellisa", used 
to analyse and store data; and "Decoder", a program designed to convert 
optical density readings to inhibitory units (I.U.). 

Biochemical Procedures 

125 
~3diolabelling ( I) of semi-purified MSA and biosynthetic labelling 

with S-methionine ~ the in vitro cell line BT-20 were performed as 
previously described • SDS PAGE analysis of immunopgecipitated preparations 
were performed by vertical slab gel electr£8horesis ; "Western" transfer of 
gels were performed by standard techniques , except that the transfer 
conditions were 30 volts for 20 hours to facilitate transfer of high molecular 
weight species; standard molecular weight proteins were myosin = 20,000, 
a-galactosidase = 116,000, phosphorylase B = 92,500 and bovine serum albumin 
= 67,000 daltons. Nitrocellulose membranes containing transferred proteins 
were immunoblotted with tissue culture supernatants of appropriate hybridomas. 
Development was achieved using a sheep anti-mouse peroxidase conjugate with 
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a substrair of 4-chloro-napthol/H202 • HMFGM was prepared as previously 
described and coated to PVC plates using carbonate-bicarbonate buffer 
(pH 9.6) at approximately 2~g/well. Tissue culture supernatants were 
reacted with the solid phase antig6n and the subsequent binding quantitated 
using a peroxidase/ABTS EIA system '12 A solid phase immunoprecipitation 
technique was performed as described 

RESULTS 

Chemistry of the Mammary Serum Antigen (MSA) 

Initial attempts to define the chemical nature of the antigen detected 
by the 3E-1.2 antibody have proven to be difficult as cell lines are surface 
3E-1.2-, and few have the cytoplasm reacting. Biosynthetic labelling of 
positive cell lines r3~ealed no specific bands after immunoprecipitation and 
SDS PAGE analysis of S-methionine labelled cell lysates. In retrospect, 
this was probably due to the highly glycosylated nature of this protein. 
However the antigen has been isolated in a water soluble form from the serum 
of breast cancer patients using affinity chromatography with the 3E1.2 
antibody and wheat germ agglutination. Gel filtration chgomatography shows 
MSA to be a molecule of high molecular weight (approx. 10). On subsequent 
SDS-PAGE and western blotting analysis, this large component resolves into 
molecules of approx. 350,000 (Fig. 2). 

A B C D E 
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Figure 2. Analysis of radiolabelled MSA from the serum of a patient with 
breast cancer on SDS PAGE (5%) using a solid phase immunoprecipitation 
technique. The labelled MSA has been precipitated with the following 
antibodies:- (A) 3E-1.2 (sample reduced), (B) 3E-1.2 (sample unreduced), 
(C) 3B11C8, (D) 5C1 and (E) HuLy-m8. 
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This species is variably represented by up to two distinct bands or a 
heterogenous smear in different individuals: It is of interest that 
different individuals have slightly different sized bands indicating a 
polymorphism of this molecule, but there is no data available on the 
nature of this polymorphism. Of interest has been the finding that there 
are also molecules of lower molecular weight, e.g. 80,000 in the serum, but 
these have only been found in about 20% of the patients' serum investigated 
so far. Although there are some similarities between the properties of 
the 3E-l+ molecule and high molecular weight components present on the 
human milk fat globule membrane (HMFGM), the two are clearly different. 
This is demonstrated by: (a) the difference in tissue difference of 3E-l.2 
and monoclonal antibodies directed to HMFGM; (b) the biochemical features 
are different; (c) 3E-l.2 monoclonal antibody does not react with HMFG 
either in an ELISA (Fig. 3) or on a Western blot (data not shown); and (d) 
3E-l+ does not react with fresh human milk either by ELISA or immunoblotting. 

Comments on the Elisa test 

The inhibition enzyme immunoassay (EIA) works reproducibly in our 
laboratory and has been established in a number of other laboratories. The 
enzyme conjugate allows rapid reading of the test and coupled with the 
computer gives a direct readout of inhibition units. A drawback of the test 
is that it is run over 24 hours and uses a second antibody-conjugate rather 
than a two-site assay, as the 3E-l.2 antibody detects only one epitope on 
the MSA molecule (unpublished data). However we have recently obtained some 
promising results on the direct conjugation of horse radish peroxidase to 
the 3E-l.2 antibody, allowing shortening of the test with modification for 
mass production and general use. 
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Figure 3. Binding of monoclonal antibodies to HMFG by a solid phase enzyme 
immunoassay. The monoclonal antibodies are HMFG2 (closed circles), 3E-l.2 
(open circles) and HuLy-m8 (open squares). 
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Table 1. MSA Levels in Normal, Benign and Malignant Tumours in the Breast 

Patients/Disease No. Mean ± S.E. % Above 300 I.U. 

Normals: All 2400 125±89 1.9 
Males 1350 116±90a 

Females 1050 130±88a 

Smokers 10 165±40 20 
Pregnant 30 137±25 13 

Benign Disease of Breast 
Fibroadenoma 40 157±26 18 

Ca. Breast 
Stage I 15 478±142 53 
Stage II 28 703±117 75 
Stage III 21 836±281 71 
Stage IV 142 3861±322 87 

Ca. Breast in remission 
(no evidence of disease) 109 344±61 18 

Other Cancers 
Colon 26 719±383 19 
Pancreas 103 371±208 18 
Lymphoma 28 152±33 18 
Lung 12 373±235 8 

Other Diseases 
Pancreatitis 7 947±434 43 
Cirrhosis 13 1091±309 62 
Hepatitis 14 378±93 57 
Other Diseases 500 16 

aValues are mean ± standard deviation 

MSA Levels in Normal Individuals (Table 1, Figures 4 and 5) 

A large number of samples were examined from normal blood donors 
appearing at the Red Cross Blood Transfusion Services in both Melbourne 
and Newcastle (Australia). These were not selected and consisted of 
individuals of both sexes; MSA levels were slightly higher in females, 
pregnant females and smokers (Table 1). This is of interest as it indicates 
that 3E-l.2+ tissues present in females (e.g. breast and endocervix) 
probably have a small contribution to the total MSA level seen in the normal 
population. For convenience we selected 300 IU as an arbitary cut off level 
between normal and abnormal MSA levels - being approximately the value 
obtaLned from the mean normal level + 2 standard deviations. When this is 
used, <2% of normal indivLduals have MSA levels >300 IU. Of those 
individuals who were available for further investigation, all had repeat MSA 
determinations and 9/17 had elevated levels. These individuals were care­
fully questioned and examined and none had evidence of breast disease or any 
other disease at the time. None-the-Iess they are being examLned at regular 
intervals to determine whether occult dLsease accounts for the raised MSA 
level. 
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Figure 5. MSA levels in normal, pregnant and post-partum females and those 
with breast cancer. These tests were performed in a different cencre 
(eyS & ReB) than those of Table 1, Figure 4. 
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In a totally separate study performed in a~other Centre (by CYS & RCB) the 
normal values were similar (n = 425) and the mean levels in pregnancy (n = 594) 
were clearly higher (Figure 5). The MSA levels were also slightly higher 
post-partum, especially in lactating females (n = 25) (Figure 5). 

MSA Levels in Breast Cancer (Table 1, Figure 4) 

Stages I and II: MSA levels are clearly raised in 53-75% of individuals 
with Stage I and II breast cancer. A proportion of patients with Stage I 
tumours would be missed if MSA was the only method used for diagnosing the 
presence of breast cancer. At this time we have no information on the 
differences between the Stage I lesions with an abnormal MSA level and those 
with a normal MSA level. In Stage II disease a higher number of positives 
(MSA > 300IU) were found (75%). 

Stages III and IV: Elevated MSA levels were detected in >90% of 
patients with advanced breast cancer. These patients, on average, had levels 
much higher than the normal population and those with localized breast cancer. 
Some very high levels (10,000 IU) have been found in patients with Stage IV 
disease, although paradoxically, the occasional patient is found with wide­
spread disease but with a normal MSA level. Presumably these patients have 
a poorly differentiated tumour which no longer produces MSA; we have yet to 
confirm this by biopsy from patients. In Figure 5 (last column) are the MSA 
results on 54 patients of whom 37 (=70%) had high levels; however some of 
these patients had been treated and MSA levels may have fallen (see below). 

Correlation of Stages of Disease and MSA Levels 

There is clearly an increase in MSA level as the disease extends 
(Table 1, Figure 4), and there is a relationship between the level of MSA 
and the stage of disease. However at this time while the numbers are still 
small we have elected not to give a range of MSA levels for each stage. 

MSA Levels in Patients Previously with Breast Cancer but Presently with 
no Clinical Evidence of Disease (NED) 

In patients who previously had breast cancer which had either been 
removed by surgery or treated with radiotherapy/chemotherapy and were now 
considered to be clinically in remission, or at least to have no clinical 
evidence of disease (NED), the M8A levels were clearly lower than those 
with Stage I-IV disease, although the mean level was higher than that 
found in normal patients (Table 1). Overall 20% of patients with NED had 
high levels and at present we are carefully following these patients to 
determine if those with NED and high MSA levels are more likely to develop 
recurrence than those with NED and normal MSA levels. These observations 
will provide a good basis for the monitoring of disease (see below). 

It was clear that patients with breast cancer had elevated levels of 
MSA when compared with normal individuals, and there was an acceptable 
level of false positives in the normal population «2%), and of false 
negative levels in the various stages of breast cancer. It was therefore 
important to determine how specific was an elevated MSA level for breast 
cancer. 

MSA Levels in Benign Disease of the Breast 

MSA levels were determined in 40 patients with a range of benign breast 
diseases (Table 1, Figure 4). Few patients (18%) had elevated MSA levels, 
the mean (157±26) being only slightly elevated compared to that seen in the 
normal population. Raised levels were seen in patients with fibroadenoma, 
gynaecomastia, cystic hyperplasia and benign mammary dysplasia, although a 
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considerable numbers of patients with these conditions gave normal MSA levels. 
If this group is used as a base for screening then a cut off level of 400 IU 
(2.5% raised, means that over 50% of localized breast cancer could be detected 
by this method). 

MSA Levels with Other Tumours and in Other Diseases 

A variety of non-breast tumours were examined (Table 1) and most tumours 
did not give rise to raised MSA levels. About 17% of these malignancies gave 
elevated MSA levels compared to the normal population. As lung and pancreatic 
tissue are 3E-l.2+ then the values seen in these diseases are not surprising; 
however, colon and lymphoma cells were negative for 3E-1.2 indicating a 
probable source of the MSA molecules in these subjects. 

MSA Levels in Non-Malignant Diseases 

A variety of other non-malignant diseases were examined. Firstly, 500 
samples were obtained from a routine pathology department, obtaining samples 
from all patients passing through the hospital. Of these 16% had MSA >300 
and this 16% included some patients with Ca breast. It was clear that normal 
levels of MSA occur in a whole range of different diseases. Secondly, 230 
samples were obtained and three diseases gave rise to high MSA levels: 
pancreatitis, hepatitis and cirrhosis (not shown). Pancreatic tissue is 
3E-1.2+, which probably explains why this material appears in the serum (it 
would be of particular interest to determine the molecular form of the MSA 
antigen in this disease). However, liver tissue is 3E-1.2 and it is 
puzzling why the MSA levels are raised in hepatitis and cirrhosis, other than 
the possibility that the MSA may be metabolized in the liver and faulty 
catabolism and secretion could falsely raise the MSA levels. Thus it seems 
that raised MSA levels, apart from a few diseases including some tumours are 
reasonably specific for breast cancer. It therefore remains to determine 
the value of the test for monitoring the progress of the disease in response 
to therapy and for early diagnosis. 

The use of MSA Measurements in the Monitoring of the Progress of the Disease 
(Figure 6) 

Forty patients were examined at intervals over a period of up to six 
months and the MSA levels and their clinical status independently assessed. 

Figure 6. Correlation of MSA levels 
and clinical course in patients re­
gressing. stable or progressing 
(Assessed clinically). Several 
bleeds were taken over a six month 
period and MSA measured. 
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The trend was clear, in that patients with progressive disease had 
rises in their MSA levels, those with stable disease maintained their MSA 
levels, and those with some degree of remission had a fall in the MSA level. 
The test is therefore considered to be of value for monitoring the progress 
of disease and should prove to be useful for the management of patients, 
assessing responses to established and new drug therapy, and for determining 
the prognosis. 

Comparison of MSA and CEA Levels in Breast Cancer 

CEA levels have been considered in some studies 13- 15to be of value in 
diagnosing and monitoring the progress of breast cancer. We have therefor,e 
compared the levels of MSA and CEA in breast cancer (Table 2). Of the 
samples examined, 41/78 were considered positive for MSA (>300 IU). In this 
SGudy there were 12 patients with Stage I disease of which 75% had raised MSA 
levels. 

Table 2. Comparison of MSA and CEA as Markers for Breast Cancer 

Group Number Tested MSA CEA 
(% >300IU) (70)2.5 ng/ml) 

Breast Cancer 
Stage I 
Stage II 

Stage IV 
Bone 
Liver 
Multiple 
Lung 

TOTALS 

12 
9 

25 
6 

16 
10 

78 

75 8 
89 56 

95 60 
100 50 

89 82 
100 40 

94% 52% 

Comparison of MSA and CA-15.3 Levels in Breast Cancer (Table 3) 

In addition to the MSA test, another test, CA-15.3, has rigey,ly been 
described for the detection of serum antigens in breast cancer ' • This 
test differs from MSA in that it is based on the detection of circulating 
HMFG protein, and therefore detects a different product to MSA. It was of 
interest to determine the comparitive sensitivity of the two assays and 
whether the two, used together, would be of greater benefit that each test 
used alone. 

Table 3. Comparison of 3E-1.2 and CA-15.3 in Breast Cancer 

Group 

No Evidence of 
Disease 

Pre Mastectomy 
(Localised) 

Advanced Active 
Cancera 

Number Tested 

4 

19 

31 

MSA 
(% >300 IU) 

o 

58 

84 

a Includes patients with Stage III and IV breast cancer 

CA-15.3 
(%>30IU/ml) 

o 

21 

77 
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In the small number of patients studied-thus far MSA levels are raised 
in more patients with Stage I and Stage II disease than detected by the CA-15.3 
assay. However, in advanced breast cancer (Stage IV) both tests detected a 
similar proportion of patients. It was of interest to show that some stage 
IV patients were MSA-CA-15.3+ and MSA+CA-15.3-. This observation clearly 
shows that different products are being detected in the two assays and implies 
that the two tests used together could be of some value, although in advanced 
Stage IV disease the measurement of serum antigen is not really necessary for 
diagnosis as the progress of the disease is only too readily obvious to the 
clinician. 

DISCUSSION 

MSA levels are raised in breast cancer and appear to be of value in 
monitoring the progress of the disease. Indeed, in several cities in Australia 
the test is now being used routinely on a service basis for this very purpose. 
The MSA levels are raised in the great majority of patients with Stage III 
and IV disease and in most (>75%) of patients with Stage I and II disease 
(Table 1, Figures 4 and 5). In addition the levels show a relationship with 
the stage of the disease, and fluctuate, depending on the status of the disease 
(Figure 6). In addition, MSA testing appears to be more sensitive than either 
CEA (Table 2) or CA-15.3 (Table 3) - particularly in localized disease; 
this difference is less in more advanced disease. 

There are still a number of questions to be answered, e.g. to determine 
why MSA levels are negative in some patients with advanced disease; why the 
levels are raised in cirrhosis and why there is a proportion (approx. 25%) 
of patients with Stage I disease who are MSA-. Whether the production of 
MSA in Stage I is merely a reflection of the size of the tumour and if the 
test were more sensitive then the Stage I detection would be improved is not 
clear at present. Nor whether Stage I patients who are MSA+ do in fact have 
more than local disease, which is not apparent at the time of staging. A 
number of these patients are currently being observed and these questions 
can be answered. 

Whether MSA levels would be useful in a screening program remains to be 
seen. However, at this time with the false negative rate at approximately 
30-40% in Stage I patients, we would not suggest that the MSA serum test be 
the only test performed; careful clinical observation, mammography and MSA 
determinations may together lead to improved diagnosis. 

SUMMARY 

Monoclonal antibody 3E-1.2 detects a serum antigen, mammary serum antigen 
(MSA). It is a high molecular weight glycoprotein and appears to be distinct 
from other high molecular weight molecules originating from breast tissue such 
as HMFG. The level of MSA in normal individuals (3,000 tested in two cities) 
was 125 IU with no great difference between males and females. The levels 
were substantially raised in breast cancer, with 53-75% of Stage I (in two 
separate studies) to more than 90% in Stage IV having levels of > 300 IU. 
There was a relationship between MSA level and the stage of disease and 
furthermore MSA levels fluctuated according to the disease status of the 
patient, i.e. MSA levels could be used for monitoring progress of the disease 
and response to therapy. MSA levels are substantially better than CEA for 
the detection of breast cancer and are also better than the existing CA-15.3 
assay. MSA determinations appear to be particularly useful for the monitoring 
of breast cancer and may be a useful aid in diagnosis. 
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EXPERIMENTAL THERAPY OF BREAST CANCER WITH ANTI-BREAST EPITHELIAL 

RADIOIMMUNOCONJUGATES 

Roberto L. Ceriani and Edward W. Blank 

John Muir Cancer & Aging Research Institute 
2055 N. Broadway 
Walnut Creek. CA 94596 U.S.A. 

INTRODUCTION 

Therapy of breast cancer with monoclonal antibodies (MoAbs) 
conjugated or unconjugated faces serious challenges not only for 
researchers to obtain MoAbs adequate to bring the desired 
conjugate to the tumors and spare other organs. but also to 
create MoAbs that could act in an unconjugated form. Of the 
latter type. those that will participate in antibody dependent 
cell mediated and complement dependent cytotoxicity are desired. 

On the other hand. when considering the use of conjugates of 
MoAbs several are the possibilities that need to be taken into 
account. First of all. the type of conjugate to be used will 
depend on the antigenic makeup of the tumor primarily 
(radioisotope conjugates for high heterogeneity and toxin 
conjugates for low heterogeneity) and secondarily on the 
conjugation process (easiness of conjugation and non-denaturing 
procedures). The most popular conjugates at the present moment 
are those involving toxins. radioactive isotopes and the 
standard chemotherapeutic drugs. 

Other than the problems of conjugation and subsequent 
preservation of antibody specificity to which most of the 
interest has been put to date. the thorough study of the target 
tumor and the pharmacokinetics of the conjugate in circulation 
should be of great importance in the determination of which 
conjugate is used. In the case that an immunotoxin conjugate is 
used. the prevalence. that is the number of cells that carry the 
antigen in the population is of utmost importance. Heterogeneity 
of cellular expression of the antigen could well produce a good 
number of cells with low levels. or. perhaps. with no levels of 
the antigen in question. permitting thus their escape from 
therapy. In contrast. in the case of radioconjugates. 
heterogeneity plays a minor role while level of antigen 
expression and turnover time of the antigen on the cells is 
relevant. It is obvious that the amount of antigen on the 
target cells will condition the amount of radioconjugate that 
will bind. Anchoring of the conjugated MoAb to the tumor will 
depend on the cellular concentration of the antigen and where it 
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is present (cell surface or cytoplasm). Further. binding of the 
conjugated antibody can be a'ided by antigenic deposits 
surrounding the tumor cells which are their source. Antigenic 
detection by immunoperoxidase on histological sections has shown 
in our laboratory (unpublished results). that in the case of 
certain cell surface antigens. clouds of such antigens surround 
and accumulate around breast epithelial cancer cells thus 
permitting binding of larger amounts of immunoconjugates in 
tissues in close proximity to tumor cells. 

The other parameter. the cellular turnover time of the 
antigen to be target of the therapy. is also important (1). The 
amount of time that the radioactively tagged antibody remains on 
the tumor cell and thus has a chance to irradiate a cell and its 
surrounding c·ohorts. is directly related to the antigenic 
turnover time. This residence time of the bound antibody is of 
importance to establish appropriate dosimetry and also in the 
choice of the appropriate unstable isotope to be bound to the 
MoAb. 

To all these considerations it has to be added that there 
are plenty of unresolved problems in the ability to scale up the 
production of appropriate antibodies without contaminating 
hybrid antibody populations and in the pharmacokinetics of tumor 
targetting. In the'latter. depending on the conjugates to be 
used. not only the specificity of the antibody will affect the 
biodistribution. but a further liability is the propensity of 
most of the conjugates to lose their tagging agent which then 
accumulates ~n different organs such as liver or kidney. as is 
the case for certain radioisotopes used as conjugates [e.g .• 
trans chelation of 111In-DTPA-MoAb to transferrin (2)]. 

In another domain. the control of phenotypic expression of 
the antigens to be target of the therapy is an area of little 
research of yet (3). however. it could possibly render an 
important contribution to the ability of these MoAbs to bind and 
destroy breast cancer cells. Procedures to increase antigenic 
expression on tumor cells and to increase prevalence or the 
number of cells expressing the antigen (thus reducing 
heterogeneity) is a most hoped for goal. 

Several attempts are found in the literature of the use of 
unconjugated MoAbs in the therapy of breast cancer. among them 
two reports deal with the ability of an unconjugated anti-breast 
epithelial antibody in arresting growth of human breast tumors 
grafted in nude mice. The first one of these reports describes 
the use of anti-breast epithelial cell surface mucin-directed 
MoAb that arrest the growth of xenografts in nude mice (4). As 
reported by these authors also (5). the action of this MoAb 
(called by the ductal carcinoma antigen) is correlated to the 
phenotypic expresion of the corresponding antigen. 

We also have reported the use of four different unconjugated 
MoAbs directed against breast epithelium in producing similar 
arrests of human breast tumor growth in nude mice and at times 
their erradication (1.6). These MoAbs had higher tumoricidal 
ability when injected simultaneously or in "cocktail" form. A 
consistent feature was the escape of the human breast tumors 
under antibody attack and their continued growth in spite of the 
sustained presence of the "cocktail" of MoAbs. as we demonstrated 
by immunohistopathology (6). The cellular basis for this 
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phenomenon was the loss of antigenic expression of those breast 
tumor cells that managed to avoid tumoricidal action by the 
MoAbs. The appearance of such variant populations is connected 
to the inherent heterogeneity of tumor tissues which demonstrate 
their ability to produce cellular variants that are immune to 
antibody attack (7.8). This avoidance of antibody binding by 
some tumor cells that results in survival after tumoricidal 
therapy can be overcome by the use of radioactive conjugates of 
such antibodies. which will irradiate the cell they bind to and 
those other cells in its surroundings in proportion to the 
energy and the ionizing potential of the radioactive particle 
released. 

In addition. in our hands. immunotoxin conjugates were also 
useful in destroying human breast cells in culture and tumors in 
vivo. Diptheria toxin chain-A conjugates of MoAb McS proved 
effective in inhibiting the growth of MCF-7 breast carcinoma 
cells in vitro (9). In other experimentation. abrin-A chain 
conjugates of MoAb McS arrested significantly the growth of 
transplantable human breast tumor MX-l grafted in nude mice. 
although without producing prolonged tumor growth arrest or its 
erradication (10). 

In this paper we present experimental evidence of the 
tumoricidal effectiveness for breast tumors of radioiodinated 
MoAbs generated against human milk fat globule membrane. The 
efficiency of tumor destruction is demonstrated for the use of 
single MoAbs but more so for their mixtures (or "cocktails"). 

MATERIALS AND METHODS 

Tagged BALB/c nu/nu mice were used for tumor transplantation. 
and were obtained from Life Sciences (St. Petersburg. FL). They 
were fed Purina Mouse Chow 5015 and acidified water pH 2.5. 
while kept in isolation in sterile cages and bedding. After 
radioconjugate injection they were placed in separate cages and 
the bedding changed more frequently. 

The transplantable human tumors MX-l. a human breast 
carcinoma derived from a primary breast tumor. MX-2. a human 
breast carcinoma derived from the human breast cell line 
MDA-MB-231 originally from a pleural effusion. HIG-G. a human 
breast carcinoma derived from a metastatic carcinoma in a male. 
LX-l. a human lung carcinoma. derived from a metastatic lung 
carcinoma and CX-l. a colon adenocarcinoma from the colon 
carcinoma cell line HT-29 were obtained from the EG&G Mason 
Research Institute. MX-IA is a fast growing transplantable human 
breast tumor derived from MX-l. Nude mice were transplanted 
through a flank incision midway between the front and hind legs 
with 2-3 mm3 pieces of each tumor which were pushed just before 
the hips as already described (1). To obtain the volumes. the 
width. length. and height of the tumor were measured. The three 
dimensions were then multiplied and the result divided by 2. 

Iodinations were carried out with either 125 1 (17 Ci/mg). 
Amersham Corporation (Arlington Heights. IL) or 1311 
(8-12 Ci/mg). NEN Research Products (Boston. MA). MoAbs were 
iodinated via the chloramine-T method (11). 0.5 mg/ml at MoAb 
concentrations of 4-10 mg/ml. Samples were counted in a gamma 
counter. Multi-Prias 4. Packard Corporation (Downers Grove. IL). 
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For biodistribution and immunotherapy experiments i.p. 
injection of the labelled compound were administered to nude 
mice carrying tumors which were placed in separate cages fed and 
provided acidified water as usual. For tumor and organ uptake 
measurements the mice were sacrificed by cervical dislocation. 
the tumors and organs dissected. weighed and their radioactivity 
counted. The latter was then related to initial dose once it 
was expressed per gram of tumor or given tissue. 

Hybridomas of the MoAbs used to produce ascites were 
injected into 2. 6. 10. 14 - tetramethylpentadecane primed 
BALB/c mice with either Mcl. Mc3. McS or McS. The ascites was 
sterilely removed and purified through a hydroxylapatite prep 
column 2.5 cm X 5.0 cm. Biorad (Richmond. CAl. The purified 
fraction of MoAb was concentrated with a CX-30 Immersible 
Millipore (Bedford. MA) and filtered for sterility through a 
0.2 p cellulose acetate filter. Millipore (Bedford. MA). 

RESULTS 

In experimental immunotherapy unconjugated MoAbs Mcl. Mc3. 
McS. McS and their mixtures. otherwise called "cocktails". were 
effective in arresting the growth of human breast tumors 
implanted in nude mice (1. 6). The arrest of growth of 
established human breast tumors was significant and resulted 
from repeated injections of a considerable amount of these 
MoAbs. The arrest of human breast tumor growth obtained 
eventually terminated and slow growth of the tumor continued in 
spite of repeated unconjugated MoAb injections. Encouraged by 
these results we decided to further our immunotherapy studies 
with the use of radio iodinated conjugates of these MoAbs and 
their mixtures. 

For this purpose MoAbs were labelled with 125 1 by the 
chloramine-T method (11). as well as normal mouse serum IgG 
which was used as a control. In table 1 distribution studies 
are shown where human breast tumors MX-l. HIG-G. and MX-2. human 
colon tumor CX-l and human lung tumor LX-l were used. Once the 
human tumors were implanted and established in nude mice. the 
host mice were injected with approximately 0.5 pCi of each of 
the antibodies. 0.5 pCi of a "cocktail" composed of equal 
parts of each of the already mentioned antibodies. or with 
0.5 pCi of radioiodinated normal mouse serum IgG. All animals 
were given injections of 2 mg of potassium iodide 2 hours before 
tracer administration. As it can be seen in table 1 the MoAbs 
distributed at 24 hours throughout the organism and bound at 
high levels the human breast tumors. and in some instances the 
liver. This secondary undesirable liver binding could have been 
the result of binding of the radioconjugate to Fc receptors or 
to hepatic glycoprotein receptors and/or dehalo~enation of the 
radioconjugate and subsequent excretion of the 25 1 through 
the biliary tract. Appreciable incorporation can be seen in the 
breast tumors which in several occasions. as was the case with 
the "cocktail". accumulated approximately 5% of the total 
injected dose per gram of tissue. Viewed from another vantage 
point. the latter mixture accumulated at least 10 times more 
than did normal serum IgG on the breast tumors. supporting the 
prediction that concentration of irradiating unstable isotope on 
breast tumors could be achieved by this methodology. 
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In table 2 the distribution of this MoAb tagged with 125 1 
in nude mice carrying non-breast human tumors can be seen. 
Approximately 5.0 pCi of each radioiodinated antibody were 
injected this time in nude mice carrying the human colon tumor 
CX-l. It can be clearly seen that after three days there was no 
specific accumulation of any of the antibodies in any organ of 
the mice or on the breast tumors. except the higher binding 
shown by Mc3 to CX-l. which represents an added range of 
specificity of the MoAb. Results shown in tables 1 and 2 gave 
support to the proposal of trying experimental immunotherapy of 
human breast tumors in nude mice with each of the radioiodinated 
MoAbs Mcl. Mc3. Mc5. Mc8 and with a "cocktail" composed of equal 
parts of each of them. 

Table 2. Tissue distribution at 72 hours of radiolabeUed MoAbs 
in nude mice carrying human colon tumors. 

Mcl Mc3 Mc5 Mc8 

Blood 1.21 ± 0.15a 8.84 ± 0.94 7.19 ± 1.33 1. 71 
Skin 0.32 ± 0.05 2.06 ± 0.22 1.47 ± 0.17 0.48 
CX_lb 0.77 ± 0.08 6.83 ± 0.87 3.77 ± 0.41 1.02 
Brain 0.04 ± 0.01 0.45 ± 0.11 0.36 ± 0.11 0.12 
Spleen 0.27 ± 0.04 1.56 ± 0.21 1.51 ± 0.31 0.40 
Kidney 0.35 ± 0.05 2.38 ± 0.34 1.91 ± 0.35 0.59 

Liver 0.42 ± 0.05 2.64 ± 0.28 1.98 ± 0.28 0.70 
Lung 0.48 ± 0.04 3.63 ± 0.61 2.72 ± 0.47 0.79 
Stomach 0.26 ± 0.05 1.25 ± 0.27 1.15 ± 0.31 0.55 
Intestine 0.22 ± 0.03 1.22 ± 0.26 0.82 ± 0.13 0.36 

Bone 0.13 ± 0.02 0.69 ± 0.07 0.78 ± 0.14 0.18 
Muscle 0.13 ± 0.03 0.95 ± 0.12 0.59 ± 0.08 0.19 

a Results are expressed as mean ± SE. 

b CX-l is a human colon carcinoma. 

To test for the ability of each of these MoAbs. in 
radioiodinated form. to destroy human breast tumors. 
131I-conjugates of Mcl labelled at a specific acitivity of 
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9.48 mCi/mg. Mc3 at 11.62 mCi/mg and Mc8 at 6.42 mCi/mg were 
injected at day 0 in doses of 500 pCi per tumor host mouse. 
Figure 1. All three MoAbs managed to reduce tumor size within 4 
days. Reductions of close to 50% in tumor mass were effected by 
the three antibodies. however. at day 12 only MoAb Mc3 could 
hold the tumors at half their original size. while those treated 
with MoAbs Mcl and Mc8 had already started regrowth at a pace 
slightly slower than that of the uninjected control. At day 16 
the untreated control had increased 160% its original volume. 
while the tumors injected with Mcl and Mc8 had grown 
approximately 70% and 10% their original volume. In contrast 
those injected with Mc3 still experienced a decrease of 40% from 
the original tumor volume. 
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Figure 1. 
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Tumor growth after injection at day 0 of 
131I-labelled MoAbs Mcl. Mc3 and Mc8 into nude 
mice carrying as an established transplantable 
tumor human breast carcinoma MX-l. Control 
represents tumor growth in uninjected nude mice. 

A similar experiment was conducted with MoAb Mcs where 
500 pCi of 131I-labelled Mcs with a specific activity of 
6.68 mCi/mg were injected in nude mice carrying transplantable 
human breast tumor MX-l. As it can be seen in Figure 2 
131I-Mcs diminished tumor size by approximately 40\ at day 6. 
but from there on the tumor gradually grew back to its original 
volume by day 16. In contrast. those tumors injected with 
500 pCi of radio iodinated normal mouse serum immunoglobulin 
with a specific activity of 4.34 mCi/mg grew unimpeded. as much 
as the uninjected control. By day 20 both the uninjected 
control and the normal mouse serum IgG had approximately 300\ 
their initial volume. From all the experiments above it can be 
clearly seen that these MoAbs were effective in human breast 
tumor destruction. ranging from 40-60\ at days 6-10. followed by 
regrowth of the tumor at a lesser or a higher rate. depending on 
the MoAb(s) injected (Figure 2). 
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Figure 2. Tumor growth after injection at day 0 of 
131I-labelled MoAb McS. normal mouse serum IgG 
and a "cocktail" composed of equal parts of MoAbs 
Mcl. Mc3. McS and Mc8 into nude mice carrying as 
an established transplantable tumor human breast 
carcinoma MX-1. Control represents tumor growth 
in uninjected nude mice. 

In Figure 2 we have also a group that was injected at day 0 
with 500 \lCi of 131I-labelled "cocktail" of the above 
mentioned MoAbs~ at a specific activity of 5.25 mCi/mg. The 
"cocktail" was highly effective in destroying tumor cells. as 
evidenced by a decrease in tumor volume of close to 50\ in 12 
days after the injection of radioconjugates. After that. a slow 
regrowth of the tumor ensued at a rate which was much slower 
than that of the controls. The arrest of growth of the human 
breast tumor was of longer duration and more significant with 
the use of the "cocktail" of MoAbs. At 20 days the tumors 
treated with the radioiodinated "cocktail" had hardly regained 
their volume of day O. the day of the original therapeutic 
radioconjugate injection. 
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Figure 3. 
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Tumor growth after injections at day O. 4 and 9 of 
131I-labelled MoAb Mc5 and secreted myeloma IgG 
of mouse myeloma X63B (the parent cell line of the 
hybridoma secreting MoAb Mc5) into nude mice 
carrying as an established transplantable tumor 
slow-growing human breast carcinoma MX-l. Results 
are expressed as mean ± SE. 

since MoAb Mc5 diminished tumor volume up to 40% at day 6 
after injection. repeated injections of 500 pCi doses of MoAb 
Mc5 were used. Three different radioiodinations that yielded 
conjugates with specific activities of 4.96. 5.98. and 4.32 
mCi/mg of HPLC purified MoAb Mc5. were injected into nude mice 
carrying transplantable human breast tumor MX-l. simultaneously 
HPLC purified normal mouse serum IgG was labelled and injected 
on three occasions in doses of 500 pCi and at specific 
activities of 3.92. 4.79. and 5.79 mCi/mg. Each respective 
preparation of MoAb Mc5 and normal mouse immunoglobulin was 
injected at day O. 4 and 9. As it can be seen in Figure 3 tumor 
volume was sharply decreased by the first injection and 
continued to decline in volume after the second as well as after 
the third. The growth of the normal immunoglobulin injected 
human breast tumor continued unimpeded. It should be pointed 
out that the mice in both groups injected with the radiolabelled 
MoAbs showed high toxicity and a loss of 25% of the body weight 
and eventual demise (Figure 3). However. tumor growth continued 
in the group of nude mice injected with radioiodinated X63B 
immunoglobulin while tumor growth was drastically arrested in 
those mice injected with radioiodinated Mc5. 

Figure 4 shows a paired symmetrical experiment. where 
500 pCi of labelled MoAb Mc5 with specific activities of 4.96. 
5.98. and 4.32 mCi/mg respectively were injected at day O. 4 and 
9 to nude mice carrying fast growing human breast tumor MX-1A. 
Five hundred pCi of normal mouse immunoglobulin identical to 
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that used in the previous e~periment_with MX-1 human mammary 
tumor (Figure 3) were injected also at days O. 4 and 9. As it can 
be seen in Figure 4 the group injected with normal immunoglobulin 
grew very fast and unimpeded for 11 days. achieving 11 times the 
volume of the original tumor. In that same time the MoAb injected 
tumors remained at approximately 20% their original volume. 
High toxicity as well as significant loss of body weight was 
noticed in both the control group. X63B-injected. and the one 
injected with radio iodinated McS. both having high mortality. 

Figure 4. 
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of 131I-labelled MoAb McS and secreted myeloma 
IgG of mouse myeloma X63B (the parent cell line of 
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In view of the high toxicity of th~ee ~epeated injection of 
500 llCi of MoAb Mc5 one injection of a "cocktail" of MoAbs Mcl. 
Mc3. Mc5 and Mc8 was used. The "cocktail" of MoAbs had a 
specific activity of 7.13 mCi/mg. Figu~e 5. This sole injection 
of 500 llCi of the "cocktail" of MoAbs managed to slow down 
app~eciably the g~owth of this human b~east tumor. So much. 
that afte~ 71 days the g~oup injected with radioiodinated MoAbs 
ca~~ied tumo~s which we~e approximately 5.5 times thei~ o~iginal 
size of 72 mm3 while the uninjected cont~ol ca~~ied tumo~s 56 
times their o~iginal size. Figure 5. 

Figu~e 5. 
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Tumo~ g~owth afte~ injection at day 0 of 
131I-labelled "cocktail" composed of equal pa~ts 
of MoAbs Mcl. Mc3. Mc5 and Mc8 into nude mice 
ca~~ying as established t~ansplantable tumo~s 
human b~east ca~cinoma MX-l. Cont~ol ~ep~esents 
tumo~ g~owth in uninjected nude mice. Ratio shows 
su~vivo~s at day 71 ove~ numbe~ of nude mice in 
the same g~oup at day O. Results a~e exp~essed as 
mean ± SEe 

As shown before (Figu~es 3 and 4). sequential injections at 
sho~t inte~vals with 500 llCi of ~adioiodinated MoAb Mc5 was 
shown to be ve~y toxic to the expe~imental animals. Fo~ this 
~eason an expe~iment was planned whe~eby 500 llCi of the MoAb 
"cocktail" we~e injected at day 0 and at day 35. thus allowing 
fo~ enough time fo~ ~ecove~y f~om the ~adiation damage of the 
host mice. As it can be seen in Figu~e 6 the uninjected cont~ol 
and the cont~ol injected with no~mal mouse immunoglobulin 
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continued to grow unobstructed for a period of 90 days reaching 
a volume of approximately 45 times that of the original tumor 
volume of 270 mm3 in this period of time. In contrast the 
human breast tumors growing in nude mice injected with two doses 
of 500 )lCi of MoAb "cocktail" at days 0 and 35 had only 
increased the tumor size by approximately 6 times in 90 days. 
In this experiment two items are to be remarked, first there was 
a strong arrest of tumor growth for a prolonged period of time 
after the injection of two doses of 500 )lCi of radiolabelled 
"cocktail" of MoAbs, in this case with no appreciable toxic 
effect to the host. Second, after each of the injections 
demonstrable tumor destruction occured pointing out the fact 
that a second injection continued to be effective in human 
breast tumor cell destruction. 
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Figure 6. Tumor growth after injections at days 0 and 35 of 
l31I-labelled normal mouse serum IgG and 
"cocktail" composed of MoAbs Mcl, Mc3, Mc5 and McS 
into nude mice carrying as established 
transplantable tumors human breast carcinoma MX-l. 
Control represents tumor growth in uninjected nude 
mice. Ratio shows survivors at day 90 over number 
of nude mice in the same group at day o. 
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DISCUSSION 

131I-conjugated MoAbs show to be effective in breast tumor 
destruction at low toxic levels. In addition their use in the 
form of a mixture or "cocktail" shows to be even more effective 
when compared to the injection of radioconjugates of a single 
MoAb. Single doses of the latter of up to 500 pCi destroyed 
tumor masses without apparent toxicity in most cases. This 
tumor destruction could be reenacted by a second similar 
injection after a period of time without apparent toxicity. 
prolonging the interference with tumor growth for more than 80 
days. It is noteworthy that levels of circulating breast 
epithelial antigens are found in the host while this therapy was 
administered as we have already reported (12). 

The benefit of the "cocktail" approach is clearly proven by 
these experiments. as it was also the case in experimental 
immunotherapy of human breast tumors with unconjugated MoAbs 
(1.6). A much longer effective time of tumor growth arrest is 
shown for the "cocktail" than for single antibodies. A further 
advantage for the use of a "cocktail" of MoAbs is seen in that 
many of these MoAbs do cross react with other tissues in the 
organism so a "cocktail" will permit the use of lower 
concentrations of each of the independant antibodies with a 
total maximum effect. By providing a mixture of MoAbs it could 
also be argued that most likely the targeting on the tumor is 
more uniform when compared to the use of one or only two MoAbs. 
since the "cocktail" will possibly cover all carcinoma cells of 
the tumor or most of them. In addition. it is very important to 
note that the surrounding tissues are saturated with antigen 
released by the tumors that might well anchor some of these 
MoAbs tagged with the radioiodine. and. therefore. irradiate 
proximate breast epithelial tumor cells. 

The dose chosen for testing efficacity of breast tumor 
therapy with the MoAbs radioconjugates (500 pCi) seemed to be 
tumoricidal as a consequence of its tumor binding as shown by 
the fact that a similar dose of a radioconjugate composed of 
normal mouse IgG was not effective (even when compared to the 
uninjected control) and also did not seem to have appreciable 
toxic effects to the host (Figures 2 and 6). 

The distribution studies show that. at least against a nude 
mouse background. the human breast tumors concentrate far above 
any of the other tissues the tagged anti-breast MoAbs. thus 
giving grounds to the successful therapeutic response reported. 
with low toxicity. Furthermore. for McS and for the bound 
"cocktail" of MoAbs the turnover on and around the tumor cells 
is rather slow and can be calculated to be in the order of four 
to six days for bound McS and bound "cocktail" (unpublished 
results). Considering the increased percent of dose binding. at 
an equal amount of IgG with the former "cocktail" of MoAbs when 
compared to single MoAbs the better results obtained in terms of 
therapy are not surprising. It is also noteworthy that high 
accumulations of radio labelled MoAbs can be seen on breast 
tumors while radiolabelled normal mouse serum IgG bound at very 
low levels. again supporting the fact that tumoricidal effects 
are not systemic as a result of the dose of radioactivity 
injected. but local as the result of the binding of the 
radioconjugates. 
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Maximum response after a dose of 131I-labelled-MoAbs is 
usually obtained at day 6 after injection. For that reason 
repeated doses were administered to the slow growing and the 
fast growing tumors at day O. 4 and 9. As a result of these 
injections a complete destruction of almost all tumor tissue can 
be obtained even in fast growing tumors. Figures 3 and 4. 
Obviously. repeated doses as these shown here will have to be 
evaluated against their toxic effects. thus requiring single 
doses or appropriate recovery periods in between each 
injection. In fact. repeated doses with appropriate time 
intervals are very effective in restraining the growth of these 
breast tumors for prolonged times while displaying low toxicity 
to the host (Figure 6). giving an indication of how this therapy 
could be of use in the breast cancer patient. 

The tumor volume measurements that quantitate the attack of 
MoAbs on the tumor are substantiated by the large histological 
destruction of the tumors that could be visualized in the 
histopathological sections (not shown). Almost all epithelial 
cells are destroyed and the remaining mass of the tumor is 
occupied by collagenous infiltrative tissue. Thus. it can be 
firmly stated that the action of these MoAbs is by direct 
destruction of the breast epithelial cells contained in the 
tumor. A further point to be made. is that residual volumes of 
breast tumors after the present therapy could be deceiving and 
could only represent scar and necrotic tissue remaining after 
carcinoma cell destruction by the radioiodinated MoAbs. 

Most breast tumors survived the present therapy and 
eventually growth reoccurred in a percentage of them but. 
however. they had a much slower regrowth rate than the original 
tumor indicating that a subpopulation. possibly with lower 
replicative capacity survived the irradiation effects. or 
perhaps. that local tumor conditions. such as proliferation of 
vascular and support cells. could have been affected. 

It should also be mentioned that tumor attack by MoAb 
radioconjugates in an immunodeficient host could well be very 
different from that occurring in an immunocompetent host. It 
could be possible that attack of the tumor by the conjugated 
MoAbs could be aided in a substantial way by the host reaction 
to the tumor and the disturbances created by the conjugate 
attack on it. 

This latter potentiation of the attack of the MoAbs on the 
tumor by the host immune response could also be optimized by 
modifying tumor conditions propitiatory to immunotherapy. One 
example of the latter improvements are shown in this study. The 
slowing down of the speed of growth of the tumor under MoAb 
conjugate attack. as we show. could be of value since slower 
tumors respond best to this therapy than faster growing ones. 
In the same line of thinking. manipulation of the tumor 
phenotype to increase antigen expression and prevelance also 
fall in this category. Hormonal or growth factor stimulation of 
breast epithelial antigenic synthesis could well represent an 
increase of targeting for radioconjugated MoAbs. 
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ANTIBODY GUIDED DIAGNOSIS AND THERAPY OF PATIENTS WITH BREAST CANCER 

ABSTRACT 
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Department of Clinical Oncology 
Royal Postgraduate Medical School 
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Imperial Cancer Research Fund 
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P.O. Box 123, London WC2 

Tumour associated monoclonal antibodies HMFGl and HMFG2, labelled with 
iodine-123, and F(ab ' )2 of HMFG1, labelled with indium-111, were used to 
detect primary and metastatic breast cancer, by external body scintigraphy, 
in 13 patients with measurable disease. Tumours became visible in the 
majority (9 out of 13) of patients. We detected both primary breast 
cancer and bony and soft tissue metastases. The presence of antibody in 
the tumours was confirmed by autoradiography and immunoperoxidase staining 
of surgically removed tissues. 111-In labelled F(ab ' )2 fragments were 
superior to whole antibody. We imaged successfully the disease in 5 out 
of 7 patients, injected with radiolabelled F(ab ' )2 of HMFG1. 2 patients 
with negative antibody scans had received prior chemotherapy and were in 
clinical remission. 

Tumour associated monoclonal antibodies HMFG1, HMFG2 and AUA1 
radiolabelled with iodine-131, were given intracavitary (intrapleurally 
and intrapericardially) to patients with malignant serous effusions 
secondary to breast and other epithelial cancers. Ten out of thirteen 
effusions (3 pericardial and 7 pleural) in 11 patients, responded 
completely with no fluid reaccumulation, between 3 and 1B months. No 
toxicity was encountered. 

We conclude that this new method of treatment is nontoxic and 
effective, resulting in improved quality of life and in some cases, 
prolongation of survival of patients with breast or other epithelial 
origin neoplasms. 

INTRODUCTION 

With the introduction of the hybridoma technique (1), monoclonal 
antibodies have been produced that react with antigens associated with 
many types of cancer including carcinoma of the breast, lung, ovary, 
colon, melanoma, etc. (2). Subsequently radiolabelled monoclonal 
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antibodies have been utilized in patients for tumour localisation by 
external body scintigraphy and en~ouraging clinical results have been 
reported by many workers (3-6). Other potential uses of monoclonal 
antibodies include the delivery of chemotherapy (7), toxins (8) or 
radionuc1ides (9-11) to specifically destroy tumour cells. The use of 
monoclonal antibodies to target cytotoxic agents has a primary aim to 
increase the amount of drug local ising in tumours and secondary to reduce 
normal tissue toxicity. This approach requires that the monoclonal 
antibody localises effectively in the tumour. Therefore cancer therapy 
with monoclonal antibodies is based on the exploitation of both 
qualitative and quantitative differences between neoplasm and normal 
tissue. 

In this chapter, we present our experience in the use of tumour 
associated monoclonal antibodies and F(ab ' )2 fragments labelled with 
radionuclides for detection of primary and metastatic breast cancer and 
intracavitary therapy of malignant serous effusions, secondary to breast 
or other cancers. 

Breast cancer which is the most common malignant neoplasm in the female 
population is the leading cause of death among women between the ages of 
35 and 54 years, and among those in subsequent years, it is second only to 
heart disease (12). In the majority of women, breast cancer appears to be 
a systemic disease at the time of initial diagnosis (13). A minority of 
breast carcinomas are truly localised and are eradicable by local means, 
but approximately 40 per cent of patients with loperab1e" breast cancer 
develop overt recurrences (14). Thus a more sensitive technique is needed 
for the early detection of disease in order to identify those patients 
with truly local disease who would be potentially cured by surgery. 

Cancer therapy is based on the exploitation of both qualitative and 
quantitative difference between neoplasm and normal tissue. Ideally, 
reagents used in cancer treatment should concentrate therapy at tumour 
sites whilst minimising side-effects on normal tissues. It has been shown 
that radio1abelled monoclonal antibody can preferentially target sites of 
active disease (15, 29). 

Radioactively labelled antibodies administered intravenously have 
been, so far, of limited value in the treatment of malignant melanoma and 
hepatocellular cancer (9, 11, 18). Encouraging results have been obtained 
when radioactively labelled antibodies were administered intraregionally, 
either into body cavities (10) or as an arterial infusion for the treatment 
of some tumours, including brain gliomas (19). Recurrent malignant 
pleural or pericardial effusion is a frequent problem seen in patients 
with various forms of cancer particularly of breast, lung or ovarian origin 
(20-22). External beam radiotherapy, radioactive isotopes, intracavitary 
tetracycline, bleomycin and alkylating agents have all been used as forms 
of palliation with some success. Unfortunately, complications such as 
pain and rigours can occur and also there is reaccumu1ation of serous 
fluid in many cases (20-24). 

In previous studies of malignant serous effusions, secondary to 
epithelial origin tumours, we found that neoplastic cells express 
tumour-associated antigens detected by monoclonal antibodies HMFG1, HMFG2 
and AUAl (25). A new therapeutic method termed "regional antibody guided 
irradiation" was introduced where two patients, one with malignant 
pericardial effusion and one with a malignant pleural effusion were 
treated by intracavity administration of iodine-131-labe1led monoclonal 
antibody HMFG2 with encouraging results (10). This prompted us to perform 
a larger clinical study in order to extend and confirm our previous 
preliminary results. 
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MATERIALS AND METHODS 

Monoclonal Antibodies 

Mouse monoclonal antibodies HMFG1 and HMFG2, both IgG1, are directed 
against components of human mi1k-fat-g1obu1e membranes (26, 27). These 
antibodies react strongly with the lactating breast and also with a range 
of neoplasms of epithelial origin, particularly adenocarcinomas of breast 
and ovary. They react weakly with normal non-lactating breast and other 
epithelial tissues. They are, therefore, not tumour specific, but 
epithelium specific; because of their high reactivity with carcinomas they 
can be described as tumour associated antibodies. 

AUA1 is a mouse IgG1, immunoglobulin directed against a cell surface 
determinant that seems to be associated with proliferating cells (28, 
29). It reacts strongly with carcinomas of colon, breast and ovary as 
well as some normal cells, particularly colonic mucosal epithelium. 

Radi 0 1abe 11 ing 

Pure iodine-123 (AERE, Harwell, U.K.) was supplied as "dry" sodium 
iodide, 15 mCi per container. Iodination involved a modification of the 
iodogen method (30). The specific activity of labelled antibody ranged 
from 5 to 8 mCi/mg immunoglobulin. lodine-131 (Amersham International, 
UK) was added to antibody and iodination was performed in iodogen tubes. 
The labelled antibody was separated from free iodine-131 using gel 
filtration (Sephadex G-50). Specific activity was in the range of 4-8 
mCi/mg immunoglobulin. Radio1abe11ed antibodies were diluted in 1% human 
serum albumin and filtered through Mi11ipore prior to administration to 
patients. 

Labelling with indium-111 (INSI, Amersham International, UK), involved 
conjugation with diethy1enetriaminepentaacetic acid (DTPA) by means of the 
cyclic anhydride (31, 32). Unbound indium-111 was separated by means of 
gel filtration (Sephadex G50). Specific activity was in the range of 3.5 
- 6.0 mCi/mg. 

Kinetic Studies 

Samples of blood and urine were taken regularly to calculate the half 
life of the radio1abe11ed antibodies in the circulation and their rate of 
excretion. 8100d was collected in 5 m1 EDTA - containing tubes at 0.1 min 
and 5 min, 2 hr, 4 hr, 12 hr, 2, 3 and 5 days after the injection. 

Blood was centrifuged at 1,500 x g for 10 min. A1iquots (1.0 m1) of 
the plasma (supernatant) and of the pellet were counted. The pellet was 
previously washed twice with normal saline and centrifuged at 1,500 x g 
for 10 min. Quantitation of the radioactivity in the pellet and the 
supernatant was counted in a gamma-well counter. 

Protein bound radioactivity in the plasma was assessed by 
polyacrylamide gel electrophoresis (PAGE) and autoradiography. Blood 
clearance of the radio1abe11ed antibodies was calculated, corrected for 
the decay and plotted against time as a percentage of the injected 
amount. In vivo kinetics of labelled antibodies were measured by means of 
serial external body counting, using a large fie1d-of-view camera. 

Immunoreactivity of Antibodies. This was tested in an enzyme 
immunosorbent assay (ELISA) with solid phase antigen. Antibodies were 
tested at sample concentration of 10 pg/m1 and dilutions up to 10-6, 
in duplicate. A comparison of antibody titres before and after 
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radiolabelling and a direct radioimmunoassay including competition with 
unlabelled antibody were performed. 

Autoradiography. Autoradiographs of fresh-frozen and fixed sections 
were carried out to demonstrate further the targetting of monoclonal 
antibodies to tumours and to study their cellular distribution. 
Autoradiographs were prepared using Ilford K-5 fluid emulsion. After 
drying in air, sections were exposed for 3 days before being developed, 
fixed and counterstained with haematoxylin for light microscopy. 

Immunoperoxidase Staining. Formalin-fixed and paraffin wax-embedded 
or fresh-frozen sections of tumours and normal tissues were stained by an 
indirect two-stage immunoperoxidase procedure and counterstained with 
haematoxylin. Sections were tested against a range of monoclonal 
antibodies including AUA1, HMFGl and HMFG2, and a negative control 
antibody 11.4.1; this antibody is directed against mouse H-2Kk antigen and 
does not react with human tissues (33). To demonstrate the presence of 
injected mouse antibody in tissues a one-stage direct immunoperoxidase 
technique was used applying rabbit anti-mouse-peroxidase to fresh-frozen 
sections and counterstaining with haemotoxylin. 

Immunocytochemistry. Smears of cells obtained from serous effusions 
were examined against the selections of antibodies, using an indirect 
immunoperoxidase reaction (25). The antibody with the highest reactivity 
was selected for use. Immunocytochemistry was considered to be positive 
when >50% of neoplastic cells stained with at least one antibody. This 
was the case with all patients except one. 

Antibody Guided Therapy Studies. These were carried out in two parts: 
In part I, pleural effusions were tapped as near dryness as possible and 
then 1.0 mCi radiolabelled antibody was administered into the cavity and 
was "washed in" with 500 ml of normal saline in patients with pleural 
effusions and 20 ml of normal saline in patients with pericardial 
effusions. Gamma camera scans were taken daily, from immediately after 
and up to 7 days after injection to calculate the required amount of 
radioactivity to deliver a cytotoxic dose. 

In part II, a higher dose of iodinated antibody was given and scans 
from day 7 to day 28 were taken to calculate the delivered dose of 
radiation. After part II, each patient was kept in a single room until 
the emitted radiation was at a low level (below 30 mCi). 

Dosimetry 

For effective treatment. the dose of radiation to the target should be 
high relative to the whole body or other sensitive organs. To calculate 
these doses it is necessary to know the proportion of the administered 
activity going to the target and to other relevant organs, the time course 
of the activity in the target and through the body, and the volume of 
distribution of the activity in the target. Volumes of the major organs 
of the body have been tabulated for "reference man" and may be assumed to 
be sufficiently accurate for most calculations of dosage. Each of these 
factors can be found only approximately and errors in the final dosimetry 
calculations are to be expected. Uptakes in the various parts of the body 
are assessed by quantative imaging aided by blood activity disappearance 
curves. Conventional imaging of the body does not usually take into 
account the varing attenuation of the emitted radiation and the varying 
response of the detector over different sites, so that the picture of 
count rates that is obtained reflects only the distribution of activity. 
Scintillation cameras and rectilinear scanners can, however, be calibrated 
using phantoms and deriving attenuation factors to give results in 
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millicuries. Sequential conventional imaging under the same conditions 
with recording of the results using a computer system allows a time 
activity curve to be obtained from any region of interest in the body. 
When the source is sufficiently well localised the disappearance of 
activity can be monitored with a collimated probe counter viewing the same 
site over several successive days. Assessing the volume over which the 
activity in the tumour is distributed is difficult. Tomographic imaging 
is necessary for a full three dimensional description of the volume, and, 
although x-ray computed tomography has been employed, the anatomy 
described may not correspond to the functioning tissues taking up the 
activity. Isotope tomography often has too low a resolution for the small 
volumes encountered. Thus, often only an approximate estimate of volume 
based on a projected area combined with an assumed thickness is 
av~ilable. In the case of a pleural cavity the unknown thickness may vary 
from millimetres to centimetres and the final dosimetry estimates will 
refle~t this inaccuracy. The mean dose absorbed to the target and other 
affected organs is obtained using the method of the Medical Internal 
Radiation Committee (34). This dose is the product of the cumulated 
activity (in mCi hours) in the region and the summed products of all the 
equilibrium dose constants and specific absorbed fractions for the 
emissions of the radionuclides used. For this work a conventional camera, 
a rotating tomographic camera interfaced to a nuclear medicine computing 
system, and a quantative whole body scanning camera with off line 
computing facilities have all been used at various stages to monitor and 
image the distributions of activity. A probe counter was also used to 
obtain time over activity curves for localised sources. 

Quality Control. All reagents were produced sterile, and monoclonal 
antibodies were tested for sterility and pyrogenicity by an independent 
laboratory (Safepharm Laboratories). Patients gave written informed 
consent prior to entering the studies. Thyroid uptake of free and 
realeased iodine was blocked by potassium iodide, 120 mg/day orally, 
starting 24 hr before the injection and continuing for a week in patients 
with low activity for imaging studies and for three weeks in patients 
after therapy. Before intravenous injection of labelled antibodies, 
patient's skin was tested for hypersensitivity to mouse immunoglobulins. 
No reactions were recorded. 

RESULTS 

Imaging Studies 

Patients were scanned at the day of injection and subsequently at 
various intervals, up to 48 hours, in the case of iodine-123 (Table I) and 
up to 7 days, when indium-111 (Table II) labelled antibodies were 
administered. Half of the 123-1 labelled antibody was cleared from the 
blood by 13-21.6 hours; the average was 18 hours. 33% of the injected 
radioactivity was found in the urine by 18 hours. 

In vivo kinetics of indium-11l-labelled F(ab')2 fragments, were 
measured by means of external body counting, on a large field-of-view 
camera, as well as blood sampling at various times. Blood samples were 
counted and corrected for the decay from the time of injection and plotted 
against time as a percentage of the injected amount. Blood clearance was 
biphasic with an early rapid fall in the level of circulating F(ab')2 
fragments in the first 2 hours to about 50% of the immediate level 
(tl/2a=2 hr). Subsequently the fall was more gradual (tl/2b=42 hr). 
Figure la and 1b show good localisation in a patient with breast cancer 
metastatic to the rig!}.! humerus. Figure 1c 'is a conventional bone scan 
confirming the abnormality. 
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Figure 1a 

Figure 1b 

Figure 1c 

Fig. 1 - This shows an antibody scan (HMFG1 F(ab')2 - 111-In-1abe11ed) 
taken at 24 hr (figure 1a) and 48 hr (figure 1b) after injection in a 
patient with breast cancer metastatic to the right humerus (arrows) as 
confirmed by conventional isotope bone scanning (figure 1c). 
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Therapy 

We studied 11 consecutive and unselected patients, with 13 recurrent 
pleural or pericardial malignant effusions from a variety of primary 
tumours resistant to chemotherapy and/or radiotherapy, carried out at the 
Hammersmith Hospital. 

We treated five male and six female, aged 30-73 years (mean age 53 
years). Four ~atients had lung cancer (three adenocarcinoma and one 
squamous cell carcinoma), three patients had ovarian carcinoma, two 
patients had breast carcinoma, one patient had carcinoma of the prostate 
and one patient had pancreatic carcinoma. Three of them had pericardial 
effusions and nine had pleural effusions. The patient with squamous cell 
carcinoma of the lung, had both pleural and pericardial effusions and one 
patient with carcinoma of the ovary, had bilateral effusions. All 
patients had measurable and persistent disease following previous 
chemotherapy and/or radiotherapy. 

Ten out of thirteen effusions (7 pleural and 3 pericardial) responded 
favourably to treatment without reaccumulation of fluid, followed up to 
between three and eighteen months (mean 7 months) after treatment. All 
three patients with malignant pericardial effusions responded completely 
to antibody therapy, with no fluid reaccumulation after 3, 12 and 18 
months respectively. 

Three patients failed to respond to antibody therapy. One of them had 
an effusion secondary to adenocarcinoma of lung, and he was treated with 
4& mCi of iodine-131-labelled AUAl antibody. Another patient had a large 
and recurrent effusion secondary to carcinoma of prostate. He was treated 
empirically with 21 mCi of iodine-131-labelled HMFG2 antibody without 
prior immunocytochemical analysis (there were insuffient malignant cells 
in the fluid for immunocytochemistry). It was interesting that when his 
recurrent effusion was examined immunocytochemically, malignant cells were 
negative for the presence of HMFG2 antigen. The third patient had a 
bilateral pleural effusion secondary to an ovarian carcinoma. Left 
pleural effusion was treated with 30 mCi of a mixture of HMFG2 and AUAl 
antibody, and it recurred two months after treatment. Right pleural 
effusion was treated with 5& mCi of iodine-131-1abelled HMFGl antibody and 
has not recurred (follow up & months). Nine patients were treated with a 
mixture of HMFG1, HMFG2, and AUAl monoclonal antibodies. Three out of 
three pericardial effusions and seven out of ten pleural effusions 
responded completely. 

DISCUSSION 

In this chapter, we outline the results obtained using radioactively 
labelled tumour associated monoclonal antibodies HMFG1, HMFG2, AUAl and 
F(ab ' )2 fragments of HMFGl for tumour localisation in patients with 
breast cancer. Furthermore we report a new form of therapy for malignant 
recurrent pleural and pericardial effusion resistant to conventional forms 
of therapy. 

Using iodine-123 labelled HMFGl and HMFG2 monoclonal antibodies, we 
could get specific imaging in four out of six patients with primary and 
metastatic breast cancer lesions. However, we could not image lesions in 
the other two patients, even though immunoperoxidase staining of tumour 
cells was positive for HMFGl and HMFG2. On the other hand using 
indium-lll labelled F(ab ' )? of HMFGl we could detect all primary and 
metastatic, lesions includlng soft tissues such as skin and subcutaneous 
nodules. Thus our clinical study confirms preclinical findings of 
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improved localisation with F(ab')2. fragments (40-44). Successful 
radioimmuno1oca1isation was achieved without employing any techniques of 
imaging subtraction and enhancement of visualisation. This may be due to 
the favourable properties of monoclonal antibodies HMFG2 and HMFG1 and to 
the use of 111-ln and 123-1 in preference to 1311 for gamma camera imaging 
(17). The advantages of iodine-123 over -131, as an imaging agent are \ 
well known and are due to the high photon yield and the favourable energy, 
0.159 MEV, providing accurate imaging and only a slight radiation hazard 
to patients and staff. However deha1ogenation can occur causing uptake of 
free iodine-123 by thyroid, stomach and other organs. The quality of 
images could be improved by the use of alternative labels such as 
indium-ll1 (32, 35-38). 

Disadvantages using indium-ll1 labelled monoclonal antibodies include 
higher uptake in the liver and transche1ation to transferrin (1&, 39) but 
nevertheless, indium-lll remains one of the most suitable radioisotopes 
currently available for imaging. (Figure 1). 

A natural step from the successful use of radioactively labelled 
monoclonal antibodies for in vivo diagnosis is their use for targetted 
therapy. We have previously shown that the IV route of antibody 
administration leads only to very small uptake by tumour cells (mean value 
of 0.015% of total injected amount per g of tumour occuring 1 day of 
postadministration (15) and this is the reason why we explored other 
routes, such as intracavitary administration (10). In this study we 
report successful palliation of malignant serous effusions by the 
intracavity administration of radiolabe1led antibodies. The best results 
were observed in patients with pericardial effusions. This is probably 
due to the higher doses delivered to pericardium as compared to doses 
delivered to pleural cavity. It was of interest that in a patient with 
bilateral pleural effusions the one effusion treated with 30 mCi of 
activity recurred whilst the other effusion treated with 5& mCi of activity 
did not recur. Nevertheless in other patients a satisfactory remission 
was achieved with doses of 30 mCi. Therefore, two contributing factors 
for the successful outcome of antibody guided-irradiation appear to be a) 
tumour bulk and b) the delivered dose of iodine-131. From our data it is 
suggested that for effective therapy, 30 mCi of iodine-131-labelled 
antibody should be given intrapericardial1y and &0 mCi intrapleurally. 
The efficacy of this new method (10 out of 13 responders) appears to be 
superior to previously reported methods with nonspecific agents such as 
colloidal radioactive phosphorus, bleomycin or tetracycline (20-23). 
Nevertheless, our data at present is not conclusive with regard to the 
superiority of this method over previous techniques. Finally, the fact 
that in one of the three cases where there was fluid reaccumu1ation the 
malignant cells were negative against the administered antibody, indicates 
that this new method of treatment may act via specific antigen antibody 
interaction. A randomised study is required to establish conclusively the 
efficacy and the mode of action of this novel therapeutic approach. 
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