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Preface

Invasive mycoses are severe fungal infections that threaten the lives of thousands of patients
with immunosuppressive conditions. As such, the disease targets the Achilles heel of hema-
topoietic stem cell transplantations for the treatment of leukemia, lymphoma, and other
hematological malignancies. The most common etiological agents of mycoses are Asperygillus
and Candida species, which therefore lie in the main focus of this book, followed by
Cryptococcus, dimorphic fungi, and members of Mucoracene tamily of fungi. Mycosis vac-
cines oftfer the promise to stop deadly fungal infections in their tracks. However, vaccina-
tion also has to accommodate the immunosuppressive state of the patient to be protected.
Hence, delivery and routes to achieve protective immunization are of critical importance.
Considerable research has been conducted for the development of mycosis vaccines in a
variety of animal models, and attempts at translation of at least two antifungal vaccines into
the clinic are currently being undertaken.

Methods in Molecular Biology's Invasive Mycoses Vaccines aims to provide interested
researchers with detailed background information, laboratory protocols, and assessment
strategies. The book is sectioned into five parts that describe experimental approaches for
(1) vaccine candidate discovery, (2) improved vaccine design and delivery, (3) assessment
of critical endpoints, (4) analysis of mechanisms of mycosis vaccine protection, and (5) key
methods for clinical translation.

In conclusion, our volume, Invasive Mycoses Vaccines: Methods and Protocols, should
provide the standard reference for vaccine researchers, including those who aspire to
strengthen their knowledge and desire to acquire a particular technique.

Duarte, CA, USA Mavkus Kalkum
Margarita Semis
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Chapter 1

Mouse Immunization with Radioattenuated Yeast Cells
of Paracoccidioides brasiliensis

Estefania Mara do Nascimento Martins and Antero Silva Ribeiro de
Andrade

Abstract

Paracoccidioides brasiliensis is the agent of paracoccidioidomycosis, the most prevalent mycosis in Latin
America, and currently there is no effective vaccine. The present chapter describes the methodology to
obtain radioattenuated yeast cells of P. brasiliensis and a protocol to evaluate protective response elicited
by this immunogen in experimental paracoccidioidomycosis. The radioattenuated yeast provides a valuable
tool for immunological studies in experimental paracoccidioidomycosis and vaccine research.

Key words Paracoccidioides brasiliensis, Gamma irradiation, Attenuation, Live vaccine, Immunization,
Paracoccidioidomycosis

1 Introduction

The use of vaccines in preventing infectious diseases has been
applied against a broad range of infectious agents, but the complex-
ity of eukaryotic systems, like fungi, presents additional challenges.
Successtul resolution of the diseases caused by pathogenic fungi is
dependent on the coordinated interaction of many constituents of
the host immune response [1]. Live attenuated vaccines can be an
alternative tool to achieve this goal. The advantages of using live
attenuated vaccines are that the pathogen induces strong and
broad responses involving multiple arms of the immune response
that recapitulates natural immunity to disease. Live vaccines can
expose their antigens sequentially to the host as in a natural infec-
tion and can express antigens produced only during the infection;
avoiding problems associated with single immunization with pro-
tein or killed agents [2].

The potential of irradiation as a tool for creating highly effec-
tive attenuated vaccines has been recognized since the 1950s.
Gamma and X irradiation have consistently proved successtul as
attenuating agents for a remarkably wide range of helminthes,

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_1, © Springer Science+Business Media LLC 2017
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4 Estefania Mara do Nascimento Martins and Antero Silva Ribeiro de Andrade

nematodes, and protozoa’s species. Irradiated pathogens fre-
quently lose their virulence, but retain the metabolic activities and
morphology, and consequently are able to induce a high level of
immunity during its abbreviated lifespan in the host. However,
they die before reaching the stages associated with pathogenicity.
In some cases, the radioattenuated pathogens are more immuno-
genic than the normal counterparts [ 3].

A main concern with live attenuated vaccines is their risk of
virulence reversion. However, the gamma radiation has proven to
be a viable strategy to attenuate microorganisms. Appropriate
gamma radiation doses cause an extensive DNA fragmentation
beyond repair capacity of the cell repair mechanisms. The DNA
damage led to an irreversible loss of Paracoccidioides brasiliensis
yeast reproductive ability [4] and virulence [5].

P, brasiliensis is a thermally dimorphic fungus agent of paracoc-
cidioidomycosis (PCM), a deep-seated systemic infection of
humans, and currently there is no effective vaccine. The disease has
a high incidence in Latin American countries, especially Brazil,
Venezuela, Colombia, and Argentina [6, 7]. Herein, we describe
the detailed protocols to obtain radioattenuated yeast cells of
P. brasiliensis and for their use as an immunogen to elicit a protec-
tive response in experimental Paracoccidioidomycosis (PCM). By
this process yeasts cells lose the reproductive ability and pathogenic-
ity, while retaining the morphology, the synthesis, and secretion of
proteins, the oxidative metabolism and the expression of the anti-
gens present in the native yeast [4, 8]. The radioattenuated yeast
cells are able to induce a long-lasting protection against highly
infective yeast forms of P. brasiliensis [5,9]. The immunization with
radioattenuated yeast cells is a powerful tool for understanding the
factors that contribute to protective immunity in experimental
PCM and open new perspectives for research of fungal vaccines.

2 Materials

2.1 CGulture

2.2 Yeast Cell
Gounting

2.3 Yeast Viability
Analysis

1. P. brasiliensis isolate (strain Pbl8) (American Type Culture
Collection (ATCC)-Rockville, MD, USA).

2. Yeast peptone dextrose agar medium (YPD).
3. Incubator at 35 °C.

1. Phosphate buffer saline (PBS).
2. Vortex mixer.

3. Hemocytometer.

1. Janus green vital dye.
2. Vortex mixer.

3. Hemocytometer.



2.4 Recovery
of P, brasiliensis
Virulence

2.5 Yeast Cell
Attenuation by Gamma
Irradiation

2.6 Yeast Growth
Analysis

2.7 Virulence
Assessment

of Radioattenuated
Yeast Cells

O 0 NI N Ol B W N

10.

12.
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. P brasiliensis yeast cell (Pb 18) cultures.

. Phosphate Buffer Saline (PBS).

. Ultra-fine 8 mm needle Insulin Syringe.

. Male Balb/c mice 6-8 week old mice.

. Surgical instruments (tweezers and scissors).
. Organ macerator.

. Sterile 90 x 15 mm polystyrene petri dish.

. Brain infusion agar medium (BHIA).

. Gentamicin.

Fetal bovine serum (EFBS).

. P brasiliensis spent culture medium (see Note 9).
Incubator at 35 °C.

. P brasiliensis yeast cell (Pb 18) isolated in agar YPD medium.

. Uniform source of %“°Co gamma rays (Centro de
Desenvolvimento da Energia Nuclear/Comissio Nacional da
Energia Nuclear (CDTN/CNEN)-Belo Horizonte, MG,
BRAZIL).

. P. brasiliensis yeast cell (Pb 18) cultures.

. Phosphate Bufter Saline (PBS).

. Brain infusion agar medium (BHIA).

. Gentamicin.

. Fetal bovine serum (FBS).

. P brasiliensis spent culture medium (see Note 9).
. Centrifuge.

. Incubator at 35 °C.

. Male Balb/c and athimic male Nude/Nude mice.

. Nonirradiated yeast cell (Pb 18) of P. brasiliensis.

. Radioattenuated yeast cell (LevRad) of P. brasiliensis.
. Phosphate Buffer Saline (PBS).

. Ultra-fine 8 mm needle Insulin Syringe.

. Xylazine.

. Ketamine.

. Surgical instruments (tweezers and scissors).

. Organ macerator.

. Brain infusion agar medium (BHIA).

. Gentamicin.
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12. Fetal bovine serum (FBS).
13. P. brasiliensis spent culture medium (see Note 9).
14. Incubator at 35 °C.

2.8 Mouse
Immunization
and Challenge

. Male Balb/c mice.

. Nonirradiated yeast cell (Pb 18) of P. brasiliensis.

. Radioattenuated yeast cell (LevRad) of P. brasiliensis.
. Phosphate Buffer Saline (PBS).

. Ultra-fine 8 mm needle Insulin Syringe.

. Surgical instruments (tweezers and scissors).

. Xylazine.

0 NN O Ul kW N

. Ketamine.

2.9 Colony-Forming
Unit Recovery

. Surgical instruments (tweezers and scissors).

. Organ macerator.

. Phosphate buffer saline (PBS).

. Brain infusion agar medium (BHIA).

. Gentamicin.

. Fetal bovine serum (FBS).

. P. brasiliensis spent culture medium (see Note 9).

. Incubator at 35 °C.

0 NN O U kW N

. 10% buffered formalin.
. Paraffin.

. Hematoxylin-eosin dye.

2.10 Histopathology

[ I ST NS ]

. Optical microscopy.

2.11 Antibody
Response

to Radioattenuated
Yeast Cells

. Maxisorp™ 96 well surface plates.

. MEXO antigens (se¢ Note 18).

. Carbonate /bicarbonate buftfer.

. Phosphate Buffer Saline (PBS).

. 5% casein solution from bovine milk in water (Sigma-Aldrich).

. Anti-mouse IgG-peroxidase conjugate (Sigma-Aldrich).

N O Ul b N

. Anti-mouse IgGl and IgG2a (heavy chain specific) antibody
(Sigma-Aldrich).

. Tetramethylbenzidine (TMB).
9. Automated ELISA reader.

o]



2.12 Cytokine
Transcript Level
Detection by Real-
Time PCR

2.13 Citokine

—
N = O

13.
14.

O N U W N

Mouse Immunization with Radioattenuated Yeast 7

. Trizol LS Reagent.
. Chloroform.

. Isopropyl Alcohol.
. Ethanol.

RQ1 RNase-free DNAse.

. Spectrophotometer.

. Superscript III RNase Reverse Transcriptase.

. 96-well plate for Real-Time PCR.

. Plate seals.

. PowerUp Syber Green PCR Master Mix

. Water, PCR grade.

. Set of primers and constitutive gene (Integrated DNA

Technologies (IDT)—Coralville, Lowa, USA).
Microcentrifuge for plate.

Quantitative PCR instrument.

. Cytokine assay kit containing capture antibody, detection anti-

Measurement body, recombinant standard, streptavidin conjugated to
by ELISA horseradish-peroxidase (Streptavidin-HRP) (R&D System).
2. Maxisorp™ 96-well surface plates (NUNC™ Brand Products).
3. Phosphate Buffer Saline (PBS).
4. Tween 20.
5. Bovine serum albumin (BSA).
6. Substrate solution (R&D System).
7. Sulfuric acid solution.
8. Automated ELISA reader.
3 Methods
3.1 P brasiliensis 1. Seed P, brasiliensisyeast cell (Pb18 strain) in YPD agar medium
Yeast Cell (Pb 18) at 35 °C (see Note 1).
Culture 2. Subculture the yeast cells every 7-8 days (see Note 2).
3.2 Yeast Cell 1. Transter the P. brasiliensisyeast cells to a PBS solution, pH 7 4.
Counting 2. Homogenize by vortexing the mixture to disperse cell clusters
(see Note 3).
3. Perform the counting in a hemocytometer.
3.3 Yeast Cell 1. Determine the yeast cell viability by using the modified vital

Viability Analysis

dye Janus green method [10] (see Note 4).
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3.4 Recovery of
P, brasiliensis
Virulence (See Note 6)

3.5 Gamma
Irradiation

3.6 YeastGrowth
Analysis

2.

Add 20 pL of 0.05% dye solution to an equal volume of the
fungal cell suspension (1:1, v/v).

. Allow the cell suspension to interact with the dye for 6-8 min.

Viable cells remained unstained and dead cells stained blue
(see Note 5).

. Perform the counting in a hemocytometer.

. Inoculate the male BALB/c mice (see Note 7) by the orbital

plexus with 1 x 107 yeast cells of P. brasiliensisin a 50 pL final
volume of sterile PBS, pH 7 .4.

2. Euthanize the mice 7 days after infection establishment.

. Remove and homogenize their lungs in 1 mL of sterile PBS,

pH 7.4.

. Plate 300 pL of the macerate on a high plating efficiency

medium (see Notes 8 and 9).

. Incubate the plate at 35 °C for 20 days.

6. Recover the colonies that grow.

. Perform the gamma irradiation of P. brasiliensis yeast cells in

YPD agar medium, in the presence of oxygen at room tem-
perature, using a uniform source of ©°Co gamma rays.

. The irradiation dose and dose rate may be, respectively, 6.5

kGy and 950 Gy h™! (see Note 10).

. Use for irradiation 4-5 days growth cultures. Adequate con-

trol cultures must be maintained outside the source.

. The reproductive capacity and viability of irradiated cells

should be monitored after irradiation to confirm that attenua-
tion was achieved.

. Transfer nonirradiated (control) and irradiated yeast cells to

PBS solution, pH 7.4.

. Homogenize by vortexing and count the viable cells in a

hemocytometer.

. Spread the suspensions, containing 10? (control cells) to 107

(irradiated cells) colony-forming units (CFU) on a high plat-
ing efficiency medium.

. Incubate the plates at 35 °C for 7 days and, next, count the

colonies (Fig. 1).

. The 6.5 kGy is the lowest gamma radiation dose necessary to

eliminate the reproductive capacity of P. brasiliensis yeast cells.
As shown in Fig. 2, the 6.5 kGy irradiated yeast cells were
unable to form colonies, even if a large inoculum (107 cells)
and incubation time (40 days) were used. However, cell viabil-
ity is maintained according to the Janus green analysis.
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Fig. 1 Typical Paraccocidioides brasiliensis colonies growing on petri dishes with
a high plating efficiency medium
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Fig. 2 Effect of gamma irradiation on reproductive capacity and viability of yeast
cells of P, brasiliensis. Yeast cells were irradiated with increasing doses of exter-
nal gamma radiation and the fraction of colony-forming units (CFU) determined
(#). The viability was measured by Janus green method (Il). The bars represent
the standard deviations of triplicate determinations

3.7 Virulence 1. Evaluate the radioattenuated yeast cell infectivity in immuno-
Assessment compromised and immunocompetent mice (see Note 11).

of Radioattenuated 2. Anesthetize mice by intramuscular (im) injection with 40 pL
Yeast Cells of a solution containing 57% of ketamine at 80 mg/Kg and

43% of xylazine at 15 mg/kg prior to the inoculation in the
ocular plexus.
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3.8 Mouse
Immunization
and Intratracheal
Challenge

3.9 Protection Assay

. Inoculate mice by endovenous route with 3 x 10° viable radio-

attenuated yeast cells of P. brasiliensis (see Note 12).

. As negative and positive controls use, respectively, uninfected

animals and animals infected with nonirradiated virulent yeast
cells of P. brasiliensis.

. After 30 and 90 days of yeast cell inoculation, euthanize the

animals and remove their organs (lung, liver, and spleen) for
recovery of colony-forming units (CFU) and histopathological
changes (see Note 13).

. CFU recovery: (a) Remove, weigh, and macerate lung, liver,

and spleen organs in 1 mL of sterile PBS, pH 7.4 (sec Note 14);
(b) Plate 100 pL of the macerated on a high plating efficiency
medium (see Notes 8 and 9); (¢) Incubate the plate at 35 °C
for 20 days and count the colony-forming units (CFU); (d)
Express the results as the number of log;, CFU of viable yeast
cells of P brasiliensis per gram of tissue per mouse in each
experimental group (see Note 15).

. Histopathological changes: (a) Fix the organs excised in 10%

formalin; (b) Embed the organs in paraffin for sectioning; (c)
Stain the section with hematoxylin and eosin (H&E) and
Grocott’s methenamine nitrate (Grocott) (se¢e Note 16); (d)
Analyze organs alteration and fungal load by optical microscopy.

. The radioattenuated yeast cell inability to cause infection, even

in immunocompromised animals, is demonstrated in Fig. 3.
No CFU were recovered nor histopathological changes were
observed in any organs (lung, spleen, and liver) obtained from
immunocompetent and immunocompromised mice.

. Anesthetize mice by intramuscular (im) injection with 40 pL of

a solution containing 57% of ketamine at 80 mg,/Kg and 43%
of xylazine at 15 mg/kg prior to the immunization and intra-
tracheal challenge.

. Immunize male BALB /c mice twice or three times, at 2 weeks

intervals, by the ocular plexus with the injection of 10° radioat-
tenuated yeast cells of P. brasiliensisin 50 pL of sterile PBS, pH
7.4, without any adjuvant.

. Thirty days after immunization, perform the intratracheal chal-

lenge using 3 x 10° viable yeast forms of virulent P. brasiliensis
in 50 pL of sterile PBS, pH 7.4 (see Note 17).

. Recover the colony-forming units (CFU) and analyze histo-

pathological changes from lung, spleen, and liver at 30 and 90
days after intratracheal challenge as described in Subheading
3.7, steps 4-6.

. Use organs collected from uninfected and infected mice with

nonirradiated virulent yeast cells of P. brasiliensis as negative
and positive controls, respectively.
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Fig. 3 CFU recovery in organs of immunocompetent and immunocompromised mice (a) and histopathological
changes in organs of immunocompetent mice (b). Mice were inoculated by endovenous (i.v) with 3 x 10°
viable radioattenuated yeast cell of P, brasiliensis (LevRad). Positive control was inoculated with virulent nonir-
radiated yeast cell of P, brasiliensis (C+). The organs CFU were estimated 30 days after inoculation. Data are
reported as Log,, (CFU/g) mean + SD in each experimental group (17 = 10). Histopathology analyses showed
the tissues of immunocompetent mice inoculated with LevRad free of yeast, granulomas, or inflammation. No
CFU nor histopathology changes, or yeast cells were detected in the tissues of immunocompetent and immu-
nocompromised mice inoculated with LevRad. Immunocompetent mice infected with nonirradiated yeast cell
presented in their lungs intense coalescent multifocal interstitial granulomatous pneumonia. The liver showed
a mild multifocal granuloma and the spleen a small unifocal granuloma

3. Report the data as the number of log;, CFU of viable yeast
cells of P brasiliensis per gram of tissue per mouse in each
experimental group.

4. The best results concerning protection are achieved when mice
are immunized three times, consecutively, at two-week
intervals. Mice with local or disseminated disease were able to
control effectively the PCM, as shown 90 days post-challenge
(Fig. 4).
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3.10 Antibody
Response Evaluation
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Fig. 4 CFU recovery from organs of infected mice immunized with viable radioat-
tenuated yeast cells. Mice were challenged with virulent nonirradiated yeast
cells of P, brasiliensis by intratracheal (i.t) 30 days after immunization. The organs
CFU were estimated 30 and 90 days after challenge. Negative control (C—)
uninfected mice; positive control (C+) infected mice with virulent nonirradiated
yeast cells of P, brasiliensis; infected mice immunized twice with radioattenuated
yeast cells by endovenous (Endovenous 2x); infected mice immunized three
times with radioattenuated yeast cells by endovenous (Endovenous 3x). Data are
reported as Log;, (CFU/g) mean =+ SD in each experimental group (7= 10). The
symbols (***) and (*) represent significant difference (p < 0.001 and p < 0.05,
respectively) in relation to positive control. The symbol (###) represents significant
difference (p < 0.001) in relation to positive control and mice challenged 30 days
after immunization

1. Enzyme-linked immunosorbent assay (ELISA) using MEXO
antigen (see Note 18) is usually performed to determine the
antibody response in immunized mice and immunized mice
after challenge.

2. Allow all reagents to reach room temperature before use.
Gently mix all liquid reagents prior to use.

3. Perform ELISA using Maxisorp™ surface plates.

4. Coat the plate overnight at 4 °C with 0.5 pg per well of MEXO
antigen in 0.05 M carbonate /bicarbonate buffer pH 9.6.

5. Wash the wells five times with 0.005 M PBS containing 0.5%
Tween 20.

6. Add 150 pL of PBS, pH 7.4 containing 1.6% casein for 1 h at
37 °C.

7. Wash the wells five times with 0.005 M PBS containing 0.5%
Tween 20.

8. Add 100 pL of diluted sera in PBS, pH 7.4 containing 25%
casein, for 1 h at 37 °C.

9. Wash the wells five times with 0.005 M PBS containing 0.5%
Tween 20.



3.11 Cytokine
Detection by Real-
Time PCR

10.

11.

12.

13.

14.
15.

10.

11.

12.
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Add 100 pL of diluted peroxidase-conjugated goat anti-mouse
IgG, IgG2a, and IgGl antibodies to wells. Cover plate and
incubate at room temperature for 1 h at 37 °C (see Note 19).

Wash the wells five times with 0.005 M PBS containing 0.5%
Tween 20.

Add 100 pL of tetramethylbenzidine (TMB) to each well for
developing color at room temperature in the dark for
10-30 min.

Add 20 pL of stop solution (1 M sulfuric acid solution) to each
well. The solution in the wells should change from blue to
yellow.

Read the absorbance of each well at 490 nm.

Report data as mean + standard deviations of optical density
(490 nm) at 1:100 serum dilution in each experimental group
(n=10) (Fig. 5a—c).

. Remove lungs from immunized and infected mice and frozen

them in liquid nitrogen or-80 °C.

. Use lungs collected from uninfected animal and infected with

nonirradiated virulent yeast cells of P. brasiliensis as negative
and positive controls, respectively.

. Homogenize the lungs in 1 mL Trizol LS Reagent (sez Note 20).

. Incubate the homogenized samples for 5 min at 15-30 °C to

permit the complete dissociation of nucleoprotein complex.

. Add 200 pL of chloroform to each 1 mL of the lung homog-

enate and then incubate at room temperature for 2—3 min.

. Centrifuge at 12,000 x g for 10 min at 2-8 °C.
. Transfer the aqueous phase to a fresh tube and add 5 mL of

isopropanol per 1 mL of Trizol, mix manually, and incubate
the tube at room temperature for 10 min (see Note 21).

. Centrifuge at 12,000 x g for 10 min at 2-8 °C to precipitate

RNA.

. Remove the supernatant and wash the RNA pellets once with

at least 1 mL of 75% ethanol. Mix the sample by vortexing and
centrifuge at no more than 7,500 x g for 5 min at 2-8 °C.

Briefly, dry the RNA pellets at room temperature for 5-10 min
(see Note 22).

Dissolve RNA sample adding RNAse-free water and incubate
for 10 min at 55-60 °C.

Incubate the isolated RNA with 10 U of DNAse (RNAse free)
for 30 min at 37 °C.
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Fig. 5 (a) IgG production in serum from mice immunized twice (End 2x) or three
times (End 3x) by endovenous with radioattenuated yeast cells of P. brasiliensis.
) uninfected mice; positive control (C+) infected mice with
virulent nonirradiated yeast cells of P brasiliensis. Antibody responses against
MEXO were determined by ELISA just before (P0), as well as at 15 (P15), 30
(P30), and 45 (P45) days after mice immunization (a) and at 30 (P30) and 90
(P90) days after immunized mice challenged (b). IgG1 and IgG2a isotypes pro-
duction against MEXO were determined by ELISA at 30 days after immunized
The symbol (***) represents significant difference (p < 0.001)

Negative control (C—

mice challenged (c).

Antibodies levels

in relation to the other groups



3.12 Cytokine
Measurement
by ELISA

13.

14.

15.

2.

4.

5.
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Quantify the RNA sample by photometer and check the qual-
ity by agarose gel electrophoresis to ensure the absence of
degradation.

For reverse transcription: (a) Mix and briefly centrifuge each
component before use; (b) Add in a 0.2-0.5 mL tube about 2
pg of Total RNA per 20 pL. cDNA reaction, 1 pL of 0.5 pg/
pL Oligo (dT), 1 pL 10 mM dNTP Mix and DEPC-treated
water to 10 pL; (¢) Incubate the tube at 95 °C for 5 min, then
place on ice for at least 1 min; (d) Add 10 pLL of cDNA synthe-
sis mix containing 2 plL of 10x RT buffer, 4 pL. of 25 mM
MgCl,, 2 pL of 0.1 M DTT, 1 pLL of RNaseOUT™ (40 U /uL)
and 1 pL SuperScript® III RT (200 U/uL) to each tube pre-
pared above; (e) Mix gently and incubate in the PCR machine
programmed as follows: 50 °C for 50 min and then 85 °C for
5 min; () Store cDNA synthesis reaction at =30 °C to —10 °C
or use for PCR immediately.

For real-time PCR: (a) Pipette 5 pL of diluted cDNA into all
wells. Use 1-10 ng cDNA for each reaction; (b) Add 20 pL of
real-time PCR mix containing 5 pL of each primer pair
(See Note 23) and 10 pL of PowerUp Syber Green Master
Mix into triplicate wells; (c) Seal plate with optical film; (d)
Centrifuge briefly to spin down the contents and eliminate any
air bubbles; (e) Set the Real Time PCR condition as follows:
begin with 50 °C for 2 min and 95 °C for 2 min and then 40
cycles of amplification (95 °C for 15 s followed by 60 °C for 1
min) using an ABI PRISM 7900 apparatus (Applied
Biosystems). Perform dissociation curves at 95 °C for 15 s and
60 °C for 15 s; (g) Cytokine transcript levels were assessed
through the comparative Ct method, using uninfected mice as
the calibrator and reporter. A twofold increase was determined
as the baseline to differentiate the gene expressed from the
calibrator. Data was reported as mean = standard deviations of
relative expression of cytokine in relation to p-actin from the
lungs of ten animals per group (Fig. 6).

. Dilute the purified anti-cytokine capture antibody in Binding

Solution, according to the instructions of the manufacturer
(see Note 24).

Add 100 pL of diluted antibody to the wells of an enhanced
protein-binding ELISA plate.

. Seal the plate to prevent evaporation and incubate it overnight

at 4 °C.

Wash the plate three times with PBS, pH 7.4 containing 0.5%
Tween 20 (PBS/Tween 20).

Block nonspecific binding by adding 200 pL of PBS, pH 7.4
containing 1% BSA (PBS/BSA) per well.
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Fig. 6 Cytokine transcript levels from organs of infected mice immunized twice
(End 2x) or three times (End 3x) by endovenous with viable radioattenuated
yeast cells of P brasiliensis. Positive control (C+) infected mice with virulent
nonirradiated yeast cells of P brasiliensis. The cytokine transcript levels were
quantified through Real-Time PCR at 30 and 90 days after the challenge of
immunized mice. Data were reported as mean + SD of relative expression of
cytokine in relation to 3 —actin from the lungs of ten animals per group. For IFN-
v, INF-o, and IL-4 the symbol (***) represents significant difference (p &lt; 0.001)
in relation to C+. For IL-10, the symbol (***) represents significant difference
(p < 0.001) in relation to End2x and End3x

10.
11.

12.

13.
14.

15.

16.

. Seal the plate and incubate it at room temperature for 1-2 h.
. Wash three times with PBS /Tween 20.
. Add 100 pL standards and splenocyte culture supernatants

samples diluted in PBS/BSA per well (see Note 25).

. Seal the plate and incubate it at room temperature for 1-2 h or

overnight at 4 °C.
Wash four times with PBS /Tween 20.

Add 100 pL of diluted streptavidin-HRP (1:2000 (v/v) in
PBS/BSA) per well.

Seal the plate and incubate it for 20 min at room
temperature.

Wash four times with PBS /Tween 20.

Add 100 pL of color development solution to each well
(see Note 26).

Seal the plate and incubate it in the dark for 20 min at room
temperature.

Add 20 pL of stop solution to each well (1 M sulfuric acid
solution). The solution color in the wells should change from
blue to yellow.
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Fig. 7 Cytokine levels measured on splenocyte culture supernatants from
infected mice immunized twice (End 2x) or three times (End 3x) by endovenous
with viable radioattenuated yeast cells of P, brasiliensis. Balb/c mice were eutha-
nized 30 (a) and 90 (b) days after challenge. The splenocytes were extracted and
cultured (5 x 108 cells/well) in complete RPMI for 72 h, at 37 °C and 5% CO,, in
the absence or presence of attenuated yeast cell extract of P, brasiliensis culture
as a stimulus (Pb18*). Negative control (C—) uninfected mice; positive control
(C+) infected mice with virulent nonirradiated yeast cells of P. brasiliensis. Data
were reported as mean + SD of cytokine levels on splenocyte culture superna-
tants extracted from ten animals per group. For IFN- y and IL-10 the symbols (**)
and (***) represent significant difference (p < 0.05 and p < 0.001, respectively)
in relation to the other groups

17. Read the absorbance of each well with a microplate reader set
to 450 nm.

18. Report data as mean + standard deviations of optical density

(450 nm) at culture supernatant in each experimental group
(Fig. 7a, b).

4 Notes

1. P. brasiliensis culture (strain Pb 18) may be maintained in lig-
uid or solid YPD medium. The fungus must be weekly subcul-
tures; otherwise, cells will lose their viability.
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2.

10.

11.

The temperature of the incubator should be checked fre-
quently. Fungal growth is highly sensitive to temperature
variations.

. The P. brasiliensis yeast grows forming cell aggregates in cul-

ture medium. The cell cluster should be disrupted by vortex-
ing to obtain single cells. Use cycles of 30 s of agitation
alternating with 1.0 min of rest to avoid damaging the cells.

. Viability analysis using vital dye must be carried out before

every assay. We suggest the introduction of the dye during the
cell counting.

. Allow the cell suspension to interact with the dye not more

than 8 min. We usually stained the concentrated cell suspen-
sion before its dilution to have an overview of the cell viability.
Repeat the cell viability counting to certify that cells are dead
and not overstained.

. The recovery of the P. brasiliensis yeast cell virulence is crucial

when the experiment demands highly infectious fungi. The P.
brasiliensis yeast cell virulence recovery is usually performed in
immunocompetent mice using a loaded fungal suspension.
However, in some cases, it is necessary to use immunosup-
pressed mice to establish infection.

. We suggest the use of male mice in experimental paracoccidi-

oidomycosis (PCM). According to the literature, it is well
known that the female presents resistance to disease, due to
hormonal factors.

. Prepare high plating efficiency medium as follows: add 37 g of

Brain infusion agar medium (BHIA) to 910 mL of distilled
water. Autoclave the BHIA medium for 15 min at 121 °C and
cool it to 56 °C. Then, add 4% fetal calf serum, 5% P. brasilien-
sis spent culture medium (Pbl8) as a growth factor, and 40
mg,/mL of gentamycin.

. P brasiliensis spent culture medium is prepared by culturing

the fungus (strain Pb 18), at 35 °C for 5 days on Brain infusion
agar medium (BHIA) supplemented with 1% glucose. Suspend
5 mL of the pelleted yeast cells in 45 mL of distilled water and
autoclave. Leave the suspension rest for 24 h at room tempera-
ture and centrifuge at 1000 x g for 15 min. Use the superna-
tant as the extract.

Gamma radiation doses ranging from 6.5 to 7.5 kG and dose
rates between 750 and 1500 Gy,/h may also be used to obtain
the P brasiliensis attenuation in the described culture
conditions.

The cells must be counted and the viability estimated before

the fungal inoculation. Do not use inoculum with viability less
than 80%.
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Use an ultra-fine 8 mm needle insulin syringe to inoculate the
yeast cells by the ocular plexus. The inoculation should be per-
formed carefully to avoid artery clog and inoculum lost.

The organs removed must be carefully divided into two parts:
one for the CFU recovery and the other for histopathology.

Use a syringe plunger to macerate part of the organ in order to
avoid damage and fungi death. Fix the other part immediately
in 10% formalin for histopathological analyses.

The organs were collected, weighed, and macerated in 1 mL of
sterile PBS, pH 7.4. The suspensions (100 pL) were plated on
the high plating efficiency medium. The data was reported as
logyy CFU per gram of tissue per mouse in each experimental
group as follows:

T =CFU /(W /lO)xl(g)orT ~A/B

where 7 = CFU recovered per gram of tissue per mouse in
each experimental group, A = CFU recovered in each animal
organ, and B = organ weight that was macerated in 1 mL of
sterile PBS (g) divided per 10.

The slides were stained with hematoxylin and eosin (H&E)
and Grocott’s methenamine nitrate (Grocott) at cellular mor-
phology facility (Instituto de Ciéncias Biolégicas/Universidade
Federal de Minas Geais (ICB/UFMG)—Belo Horizonte/
MG/ Brazil).

We suggest an experiment standardization when working with
other fungi. In our study, we immunized the Balb/c male mice
two or three times, at two-week intervals, and challenged them
30 days later.

Prepare MEXO antigen as follows: homogenize by vortexing the
nonirradiated P, brasiliensis colonies in PBS, pH 7.4. Centrifuge
the suspension at 12,000 rpm for 30 min at 4 °C. Filter the
supernatant using a 0.45 mm sterile filter. Quantify the protein
by the Braford method and store at —20 °C.

Anti-mouse IgG-whole molecule-peroxidase conjugate and
peroxidase-conjugated goat anti-mouse IgG, IgG2a and IgG1
antibodies were used at a dilution of 1:5000 (v/v) in PBS, pH
7.4 containing 25% casein.

Homogenize sample using a power homogenizer. Process or
freeze tissue samples immediately upon extraction (Ambion
RNA by life technologies’ instructions [111]).

RNA remains exclusively in the aqueous phase. Save the inter-
phase and organic phenol-chloroform phase if isolation of
DNA or protein is desired (Ambion RNA by life technologies’
instructions [11]).
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22.

23.

24.

25.

26.

The RNA is often invisible prior to centrifugation, and forms a
gel-like pellet on the side and bottom of the tube. Do not allow
the RNA to dry completely, because the pellet can lose solubil-
ity. Partially dissolve RNA samples to an A260,/280 ratio <1.6
(Ambion RNA by life technologies’ instructions [11]).

Cytokines and beta-actin-specific primers were designed as in
Giulietti et al. [12]. It is important to set the concentration of
each primer before its use. For optimal performance in Fast
and Standard modes, use 300-800nM for each primer. All
quantifications were normalized to the housekeeping gene
beta-actin. A non-template control with no genetic material
was included to eliminate contamination or nonspecific
reactions.

Binding Solution: 0.1 M Na,HPO, adjust to pH 9.0 when
working with IFN—y or to pH 6.0 to mouse I1L10 and mouse
TNE-a.

To perform the isolation of murine splenocytes: (a) Place the
spleen in a small Petri dish (35 x 10mm) containing a cell
strainer and 1 mL of sterile media (i.e., RPMI 1640); (b) Use
a syringe plunger to macerate the spleen; (c¢) Transfer the
homogenized cell suspension into a universal tube, complete
the full volume with PBS, pH 7.4, and centrituge twice at 400
x g tor 10 min at room temperature; (d) Perform cell lysis by
adding 1 mL of PBS 10x, pH 6.8, followed immediately by the
addition of 9 mL of sterile deionized water; (¢) Centrifuge at
400 x g for 5 min and aspirate the supernatant; (f) Resuspend
the cells completely in PBS, pH 7.4. Centrifuge at 400 x g4 for
5 min and aspirate the supernatant. Then, resuspend cells in
RPMI-1640 medium to a final known volume; (g) Count live
cells using a hemocytometer and light microscope.

Prepare a working concentration of TMB substrate solu-
tion within 15 min prior to use. Mix equal volumes of
Substrate Reagent A (H,0O,) and Substrate Reagent B
(Tetramethylbenzidine).
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Chapter 2

Heat-Killed Yeast as a Pan-Fungal Vaccine

Marife Martinez, Karl V. Clemons, and David A. Stevens

Abstract

Fungal infections continue to rise worldwide. Antifungal therapy has long been a mainstay for the treat-
ment of these infections, but often can fail for a number of reasons. These include acquired or innate drug
resistance of the causative agent, poor drug penetration into the affected tissues, lack of cidal activity of the
drug and drug toxicities that limit therapy. In some instances, such as coccidioidal meningitis, therapy is
life-long. In addition, few new antifungal drugs are under development. In light of this information a
preventative vaccine is highly desirable. Although numerous investigators have worked toward the devel-
opment of fungal vaccines, none have become commercially available for use in humans. In the course of
our studies, we have discovered that heat-killed yeast (HKY) of Saccharomyces cerevisine can be used as a
vaccine and have shown that it has efficacy in the prevention and reduction of five different fungal infec-
tions when used experimentally in mice, which raises the possibility of a pan-fungal vaccine preparation. In
our studies we grow S. cerevisiae in broth and heat-kill the organism at 70 ° C for 3 h. The number of dead
yeast cells is adjusted and mice are vaccinated subcutaneously beginning 3—7 weeks prior to infection. After
infection, efficacy is assessed on the basis of survival and residual burden of the fungus in the target organs.
Alternatively, efficacy can be assessed solely on fungal burden at a predetermined time postinfection.
Although itself it is unlikely to be moved toward commercialization, HKY can be used a positive control
vaccine for studies on specific molecular entities as vaccines, and as a guidepost for the key elements of
potential, more purified, pan-fungal vaccine preparations.

Key words Heat-killed yeast, Saccharomyces, Vaccine, Murine model, Aspergillosis, Pan-fungal
vaccine

1 Introduction

Antifungal vaccines are a desirable product for the prevention of inva-
sive fungal infections. Their use could be relevant in the prevention
of endemic mycoses such as coccidioidomycosis, where infection
occurs naturally in both immunocompetent and immunodeficient
persons in the geographic area of endemicity. In addition, an antifun-
gal vaccine could be useful against opportunistic infections that occur
in immunocompromised persons. As an example the vaccination of
patients prior to chemotherapy-induced neutropenia for bone mar-
row transplants, or prior to high-dose steroid treatments, may result

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_2, © Springer Science+Business Media LLC 2017
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in sufficient carryover of protective immunity to prevent or at least
reduce the severity of opportunistic infection of Aspergilius until the
patient has recovered his own immune response. It is also possible
that antifungal vaccines could be used therapeutically, but little work
has been performed on this aspect.

Over the years there have been a variety of preparations tested
as possible vaccines. These include killed organisms, attenuated
strains of an organism, specific proteins from an organism, and
other cellular components. Primarily, each of these has been directed
at a single specific fungal infection, with cross-reactivities not
assessed. However, cross-protection against some fungal infections
by immunization with heterologous fungi has long been known
[1]. Likewise, cross-protection by glycan vaccine preparations from
different species has been shown [1-3]. A vaccine composed of
conjugated laminarin (B-glucan) induced antibody-mediated pro-
tection against candidiasis, cryptococcosis, and aspergillosis, sug-
gesting that it is possible to immunize with a cross-reacting antigen
against evolutionarily distant infectious agents [2]. In studies using
a protein chip comprised of 4800 full-length fusion proteins from
S. cerevisine, we found many of these proteins were cross-reactive
with the sera of mice infected with Candida albicans, Coccidioides
posadasii, and Paracoccidioides brasiliensis, as well as the sera from
HKY vaccinated mice [4]. Furthermore, using proteomic technol-
ogies highly homologous proteins were found in comparisons of
cell wall proteins from 13 different fungi [5]. Taken together,
these data are highly suggestive that the goal of a pan-fungal vac-
cine is possible.

During the course of studies on potential vaccines against
aspergillosis using S. cerevisine expressing a specific protein from
Aspergillus fumigatus, we noted that the yeast vector alone pro-
vided protection [6]. This observation led to various studies where
we showed that the heat-killed yeast (HKY) of S. cerevisine as a
vaccine protects mice against Aspergillus, Coccidioides, Candida,
Cryptococcus, and Rhbizopus [7-11], making it a prototype crude
panfungal vaccine. Furthermore, we showed that the HKY induced
a significant and specific Thl immune response, as well as antibod-
ies against f-glucan and mannan [12].

Here, we describe the preparation and testing of the HKY vac-
cine. As noted above, we have used this preparation against five
different experimental fungal infections and shown protection. In
addition, we have used HKY as the positive control for examining
possible vaccine candidates of glycans and glucan-BSA conjugates
for protection in murine models of coccidioidomycosis and asper-
gillosis [6, 13-17]. Adult mice are vaccinated subcutaneously with
HKY at various times prior to infection using a split dose scheme
of giving one-half of the total dose in two different sites on the
dorsal surface. The number of doses used and dosage depends on
the infection model, but we have routinely used three doses given



Fungal Vaccine Preparation 25

1 week apart beginning 4 weeks prior to infection, with our stan-
dard dose being 6 x 107 HKY per dose, which equates to 2.5 mg
of HKY [7]. For testing of the potency of the HKY preparation we
present the use of a systemic model of aspergillosis performed in
CD-1 mice. Testing against other models of fungal infection and
the specifics of the model may require empiric determination of the
HKY regimen that is most effective, as was done in our other stud-
ies [6-11].

2 Materials

[ T N N S

[©))

11.
12.

13.
14.
15.
16.
17.
18.

19.
20.
21.

. Saccharomyces cerevisine culture (see Note 1).

. Aspergillus fumigatus (see Note 2).

. Incubator shaker.

. Water bath capable of heating to more than 70 ° C.

. Sabouraud dextrose agar with 50 mg of chloramphenicol per

liter as agar plates (SDAC).

. Potato dextrose agar plates.

. YPD agar, 1% yeast extract, 1% peptone, 2% dextrose, and 2%

agar; YPD broth same with no agar.

. Hemacytometer.
. Sterile plastic centrifuge tubes 15 and 50 ml capacities.
10.

Five-week-old female CD-1 mice from the virus antibody-free
colony (VAF) purchased from Charles River Laboratories (see
Note 3).

Tuberculin syringes and 26-gauge needles.

Sterile saline with 100 U penicillin and 100 pg streptomycin
per ml added.

Sterile phosphate buftered saline (pH 7) and sterile water.
Sterile saline with 0.05% Tween 80.

Sterile saline.

Glycerol.

Dissecting instruments—dissecting scissors and forceps.

Copeland jar with 70% ethanol (for dipping scissors and for-
ceps) and a squeeze bottle of 70% isopropanol used to wet
the fur.

Sterile tubes used to make dilutions of tissue homogenates.
Sterile 100 x 15 mm petri plates and 60 x 15 mm petri plates.

Mechanical tissue homogenizer with a probe for 5 ml
volumes.
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3 Methods

3.1 HKY Preparation 1.

3.2 Vaccination 1.

3.3 Preparation of 1.

Aspergillus Fumigatus
10AF for Systemic
Murine Model

Recover S. cerevisiae strain 96-108 from the —80 °C freezer

and culture on yeast-extract peptone dextrose (YPD) agar for
72 hat 37 °C.

. Culture one loop-full in YPD broth for an additional 24 h at

37 °Cand 170 rpm.

. Harvest the cells by centrifugation at 1000 x g for 15 min and

wash by centrifugation three times with PBS.

. Count the cells using a hemacytometer and adjust the suspen-

sion to obtain a count of 4 x 10® yeast cells/ml in suspension
in a 50 ml centrifuge tube.

. Kill the yeast cell by heating the suspension at 70 °C for 3 h.
. Determine the viability of the heat-killed cells by plating cells

on Sabouraud Dextrose Agar (SDAc) with chloramphenicol.

. Store the HKY in a refrigerator for further use (sec Note 4).

Use groups of 10 CD-1 female mice (6 weeks old at the time
of the first vaccination dose). Give the first vaccine dose 28
days prior to infection.

. Use the 4 x 108 HKY/ml suspension and with a tuberculin

syringe with a 26-gauge needle give each mouse 0.15 ml HKY
split into two sites (0.075 ml per site) as a subcutaneous injec-
tion on the dorsal surface. This results in the standard dose of
HKY used as 6 x 107 HKY per dose per mouse or 2.5 mg per
dose.

. Perform booster doses 1 week apart for a total of three doses

given on days 28, 21, and 14 prior to infection (se¢ Note 5).

Revive the organism from frozen storage (—80 °C). Thaw a
frozen vial. Put two drops, each of 50 pl, onto Potato Dextrose
Agar (PDA) plates (% = 2). Mark vial as thawed once and return
vial to the freezer (vials are used only twice). Incubate plates at
35 °C for 4-5 days or until sporulation is sufficient (entire
colony shows a green coloration) (se¢ Note 6).

. Harvesting conidia (in a Class 2 Biosafety cabinet): Use a

50 ml centrifuge tube. Add ~15 ml of sterile saline with 0.05%
Tween 80.

. With a sterile transfer pipette, aspirate (1-2 ml at a time)

saline /Tween solution (from the 50 ml tube) and pour in the
plate (over the green “lawn” of conidia).

. Using the same transfer pipette, carefully scrape oft conidia,

then suction and collect in the tube.
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. Repeat this until a heavy suspension of conidia has been

obtained.

. Enumerating conidia/ml: Make about 7-8 serial tenfold dilu-

tions of the harvested conidia stock. Plate 0.5 ml duplicates of
dilutions 107*, 107, 107°, 1077, and 10~% onto Sabouraud
Dextrose Agar (SDAc) plates with chloramphenicol. Incubate
plates at 35 °C for 48 h and count the colonies.

. Also enumerate the number of conidia in the suspension by

hemacytometer count.

. Store conidial suspensions at 4 ° C and it can be used for sev-

eral weeks. Conidial counts should be confirmed for each use
of the suspension.

. Dilute the stock suspension of conidia with saline to

3.2 x 107 conidia/ml. Each mouse will be given 0.25 ml of this
suspension, which equates to 8 x 10° conidia/mouse.

2. All mice are infected intravenously. Use a tuberculin syringe
with a 26-gauge needle and give 0.25 ml of the conidial
suspension.

3. Tally survival on a daily basis (see Note 7).

4. At day 10-12 postinfection euthanize all surviving mice using
an approved method (CO, anoxia is approved in our
institution).

5. Aseptically remove the kidneys and brains of mice for determi-
nation of fungal burdens.

6. Weigh each organ in a 60 mm petri plate.

7. Place each weighed organ in 5 ml of saline with penicillin and
streptomycin.

8. Homogenize the organ using mechanical method.

9. Dilute the homogenate using tenfold serial dilutions (approxi-
mately three are sufficient).

10. Plate sample dilutions on SDA with chloramphenicol.

11. Incubate at 37 ° C for 18-24 h and count colonies.

12. Determine the fungal burden as the number of CEU per entire
organ or CFU per gram of organ weight.

13. Assess vaccine efficacy based on survival using a log rank test
and on comparative CFU using a Mann-Whitney U test.

4 Notes
1. We recommend that archival aliquots of the strain of . cerevi-

sine to be used be kept frozen at —80 °C in 40% glycerol.
Multiple vials should be frozen and each vial used a minimum
of times to avoid repeated freezing and thawing. Cultures are
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grown in YPD agar slants at 37 © C for 24 h. Cells are har-
vested by adding the 40% glycerol solution to the slants to
suspend the yeast. One milliliter aliquots of the yeast suspen-
sion are pipetted into cryovials (use caps with an O-ring) and
placed in the freezer. We also recommend the use of a wild-
type clinical strain of §. cerevisine rather than a commercial
strain such as Red Star. The clinical strains are more robust in
growth and induce better protection.

. We recommend that archival stocks of the strain of A. fumiga-

tus to be used be kept frozen at —80 °C. Multiple vials should
be frozen and each vial used a minimum of times to avoid
repeated freezing and thawing. The method described [18] is
used. In brief, organisms are grown at 35 °C on potato dex-
trose agar until they are well sporulated, usually 4-7 days.
Conidia are harvested from the plate by gently washing with
0.2% Tween 80 in PBS (PBST) (5-10 ml per plate) and gently
scraping the surface of the colony to dislodge the conidia. The
conidial suspension is collected in a separate sterile tube.

For long-term storage at —80 °C, 1 ml of 10% glycerol in
PBST is added to 2 ml of conidial suspension. The resulting
suspension is mixed using a vortex mixer and 1 ml volumes
pipetted into cryovials with O-rings in the caps. These tubes
are frozen at —80 °C. The strain of A. fumigatus we use is
10AF (ATCC 90240), which has been used by our laboratory
for various models of aspergillosis in studies of antifungal drugs
and vaccines [6, 8, 14, 15, 19]. Other standard strains, such as
Af293, could also be used.

. Mice are housed five mice per cage and we use ten mice to

comprise each group (i.e., control or treatment) in an experi-
ment, because this allows robust nonparametric statistics. All
caging equipment, bedding (hardwood chip), and food should
be sterilized prior to use. The drinking water used in our facil-
ity is acidified, although sterile water can also be used. Caging
should be changed at least twice weekly and animals handled
using clean latex gloves or surgical gloves.

We have chosen to use outbred female CD-1 mice in our
studies. However, there is no reason that male CD-1 mice
could not be used. Should a different strain of mice (e.g.,
BALB/c, C57BL/6, etc.) be needed for specific studies, the
investigator will need to perform pilot studies to ascertain rela-
tive resistance.

. We recommend the HKY suspension not be stored for more

than 3 months, at which time a new suspension should be pre-
pared. We also recommend that at least 50-100 ml of suspen-
sion be prepared to ensure that the same suspension can be
used throughout a single experiment, or multiple experiments
it done within the 3 months.
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5. We have found that this regimen of vaccine dosing repeatedly

provides significant protection against systemic murine asper-
gillosis. Other regimens have been tested successfully as well as
have higher dosages of HKY [8]. Also, it should be noted that
granulomatous bumps in the skin at the site of injection can
occur. We have noted no erosion or ulceration of the skin dur-
ing our studies.

. It has been our experience that growth of A. fumigatus to be

used in animal models is best done on PDA. Although growth
from SDA is good, we have found that the virulence of the
organism is highly variable and inconsistent. We have not
observed this inconsistency when conidial suspension is recov-
ered from PDA plate growth.

. The model used in this example will result in mortality of con-

trol mice beginning usually on day 3 or 4 postinfection. In
accord with the institutional requirements and under the
advice of the attending veterinarian, criteria for euthanasia
should be determined and followed closely. Weight loss of
greater than 30% (percentage may differ at individual institu-

tions) is usually considered a basis for euthanasia.
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Chapter 3

Immunoinformatics as a Tool for New Antifungal Vaccines

Rupanjali Chaudhuri and Srinivasan Ramachandran

Abstract

Immunoinformatics aids in screening for vaccine candidates, which can be experimentally tested for their
efficacy. This chapter describes methods to use immunoinformatics to screen fungal vaccines candidates.
Surface-localized molecules called adhesins could elicit immune response and serve as efficient vaccine
candidates. The screening process is patterned on two steps, namely, a First Layer screen mostly used for
value addition and prioritization based on characteristics of known antigens and a Second Layer highly
focussed on core immunoinformatics analysis involving the binding and interactions of the molecules of
the immune system. Together they offer a comprehensive objective evaluation of vaccine candidates selec-
tion in silico for fungal pathogens.

Key words Immunoinformatics, Adhesins, Immune response, Vaccine candidates

1 Introduction

Among the opportunistic fungal infections in immunocompromised
patients, Candida albicans and Candida glabrata are very com-
mon [1]. Other major fungal pathogens include Aspergillus fumig-
atus, Blastomyces dermatitidis, Coccidiodes immitis, Coccidiodes
posadasii, Histoplasma capsulatum, and Paracoccidioides brasilien-
sis[2—6]. It is being realized that either a therapeutic or preventive
vaccine could be useful for at-risk patients [7, 8]. Because the com-
plete genome sequences and the encoded proteins of pathogens
are available, it is prudent to computationally screen for potential
antigenic proteins, a process called “reverse vaccinology” [9-11].
The advantages of time and offer of entire range of potential anti-
gens of reverse vaccinology are immensely rewarding [ 12 ]. Surface-
localized adhesins act as major virulence factors aiding in the
establishment of infections by pathogens. Therefore, immuniza-
tion with adhesins can combat fungal infections at early stage of
infection by blocking their function, namely, in the pathogen’s
adherence to the host cell.

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_3, © Springer Science+Business Media LLC 2017
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A few fungal vaccine formulations include adhesins for example,
agglutinin-like sequence proteins in Candida albicans, 43 kDa
glycoprotein in Paracoccidioides brasiliensisy, BAD-1 (W1 adhesin)
protein in Blastomyces dermatitidis, and spherule outer wall glycopro-
tein in Coccidioides immitis. The spherule outer wall glycoprotein in
Coccidiordes immitis has undergone trials in humans, whereas the rest
have shown efficacy in mouse experimental models [13-21].

The adhesin vaccine candidates (both predicted and experi-
mentally tested) can be further evaluated for their potential antige-
nicity using immunoinformatics. Immunoinformatics refers to
collection of databases and prediction algorithms using immuno-
logical information of the molecules of interest (se¢ Note 1). This
chapter outlines the principles and methods to screen most prob-
able fungal adhesin vaccine candidates using immunoinformatics
(see Note 6).

2 Materials and Methods

2.1 Rationale

2.2 First Layer

2.2.1 List of Adhesins

The experience gained during initial applications of reverse vaccin-
ology can be used by implementing an integrative approach for
prediction of multiple features of proteins. We collected the known
adhesins from the literature and also predicted novel adhesins
using the FungalRV adhesin predictor (se¢e Notes 2 and 7).
Together, this list of proteins offers a wide window for the evalua-
tion of potential antigens. Subsequently, the following analyses
were carried out: prediction of homologs (orthologs and paralogs),
of transmembrane topologies, of motifs (beta helix supersecondary
structural motifs), of subcellular localization, of similarity against
Human proteins, of antigenic regions, and of conserved domains.
These data are organized as “First Layer” Immunoinformatics data
(see Note 3). The “Second Layer Immunoinformatics data” con-
stitute the epitopes and allergens predictions data (see Notes 3-6).
This type of structuring of the data simplifies the user protocol by
excluding those candidates, which do not pass the criteria from
First Layer data. However, because the processes of development
of immunoinformatics algorithms are ongoing, we have included
the complete data for all the adhesins (known and predicted) for
future evaluations. This analysis for fungal vaccine candidates using
immunoinformatics techniques has been incorporated into
FungalRV, a portal for Adhesin prediction and immunoinformatics
of human fungal pathogens [9] (se¢ Notes 2 and 7).

An example of getting the list of Adhesins is shown in Fig. 1. The
pathogen Aspergillus fumigatus was selected from the pull down
list of pathogens and then the push button Get Adhesin List is
pressed. A new window in the browser displays the list of known
and predicted adhesins containing the fields ORF_id, Organism,
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X
FungalRV ﬁ IGiB
Adhesin Prediction and Immunainformahcs portal for human fungal pathogens
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Adutg00 363 -Abt 06 | bypothencal protein | Avperpilln fumugorn | che_§ | AAHFG1000018 | 106 Preteres
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Afa 0908l Abatg9oed | GPL posie | A Linss Pt che_S | AAMFO1000003 | %4 [Preducsed
Afig01200 “ABEg01200 | Eypotbeical grotrin | Avpergilln fiumsigatn | ch_§ | AAHFOI000013 | 100 Prrdiard
Abul 3450 Asalg03050 coem Aspraplius fo che_L | AAHFO1000007 | 98 Preteined
Afbgl3 230 “ASebg0I230 | cell mall glacanave. petatrry | Axpregilios Smpatus | cka_6 | AAHEOI000012 | 10} [Pooducond
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ABSSEISHT “ABHFISHS | kyporbencal protmin | Avpergilln fumagatn | chr_8 | AAHF1000012 | 101 Prrdecard
AbSg01520 [ tepersrites fromigana AbSg01320 | Pectmesesase farmly | Asperpili dumiganss | che_§ | AAMFOI000014 | 101 Preducnes
Afighl190 [speritis gt AS3g11190 | hypodetical prosras | Anprapeis fmiganss | chw_3 | AAHFUI00000 |93 Prrdard
Abg2930 ABabg0 2930 | waenplyconylaie SLT domass prosess. gutative | Aspergillus fuessparus | che_3 | AAHFO1000010) 100 ]
ABIZOTIO0 “AEG0TH0 | GPL mckored prot. prsssry | Avproplius famgans | cle_?| AAHFO1000001 |92 Prodrd
Afubpl3760 ~Adutg1 3750 | Bypothencal pootein | Asperpilln fumigenn | ch_} | AAMFO1900002 | 93 Preteinns
ASsIgIA980 “AShg 14950 | chusoansue, patative | Asperlius famagaton | chi_} | AAHFOL0000 | 93 [Predicond
Abubgli130 Abs gL | bypothesical protein | Avperilln fumugarm | che_{ | AAHFG1000017 | 109 ]
Abdgli8T0 Afelgl08T0 | Bypotbesical protein | Avpergilios fimsigatn | chr_3 | AAHFO1000002 | 93 Perderd
Afalgli22 “ARIg1II0 | GPI petsnie Asgerpll cle_1 | AAHFOLOO0004 | 81 Preteies
AfeigllEEl Al sy v verm A Lz fuamy cha_3 | AARFOI000010 | 103 [Preducted
Abubg1 750 Adatg1790 | Byporheneal protein | Aspergillin fumeparm | che_¥ | AAMFS1000011 | $3 Pretet
Afelglis0 ARl 13940 | SUN dowses protein LAED ), pustive | Anperpilien fimigatis | cha_) | AAHFOI00000 | 95 Prrdird
AdaTg00870 AdaTg009T0 | GPE sranse | Anperprlius foen <he_7 [ [Preducsed
Adgl4610 “ABIg1 4620 | exaceliular ek 5-siphs L arabumans, patstiee | Aspregillin Sermgarun | cr_j | AAHFOIO00002 |93 Pordrd
Ablg03800 ~Adalg03500 | Eypothencal grotein | Aspergillin fumgarm | che 1 | AAMFO1000008 | 7 Fredeies
ARSI “A%:2501140 | GPl anchored protein. petative | Aspergiliun Sarmaganu | a2 | AAHFOLO000008 | 57 Prodcnd
AbbgUELE] [ tzpergitis famigana Ababgli180 | Byporheneal protein | Asperpilio fusmugarn | che_8 | AAHFS 1000004 | 108 ]

Fig. 1 Screen shots of FungalRV portal for getting the list of adhesins (known and predicted) of Aspergillus
fumigatus. Top: selection in pull down menu. Botfom: output of the list of adhesins

Annotation, and whether the corresponding adhesins are known
(from the literature) or predicted using the Fungal adhesin predic-
tor algorithm (see Notes 2 and 7).

2.2.2  Multiple Features A given ORF_id can be selected and submitted in the Orf'ID space
Analyses bar along with the corresponding pathogen selection from pull
down list in the Select the Pathogen menu bar. Subsequently, the
fields of interest can be selected by tick in the respective boxes
against the feature of the protein to be queried and press the
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2.3 Second Layer

2.3.1 Linear B Cell
Epitopes

2.3.2 Discontinuous B
Cell Epitopes

2.3.3 MHC Class |
and Class Il T Cell Epitopes

submit button. An example using the ORF_id Afu3g09690 of
Aspergillus fumigatus is shown in Fig. 2. The exported data in text
format ofters the full features of the given protein in the First Layer
[22-27] (see Notes 3 and 4). The length of the protein, its orthol-
ogous group members in other species, two paralogs in same spe-
cies, potential antigenic regions, and secreted pathway features
predicted are displayed. There are no BetaWraps, nor transmem-
brane helices nor conserved domain hits nor any similarity to
Human reference proteins. The Orthologous members group pro-
file (OrthoMCL DB) shows that the protein is present in very few
species. These data may indicate positivity toward moving forward
for a specific vaccine candidate for Aspergillus fumigatus because of
its uniqueness in the phylogenetic spectrum and in the functional
domains. However, such inferences may vary depending on indi-
vidual experience on a case-to-case basis and users can reward dif-
ferential weights to the multiple features in guiding an informed
selection. The uses of multiple features in the First Layer of the
proteins are described in Table 1.

Linear B cell epitopes constitute a single continuous stretch of
amino acids within a protein sequence antigen recognized by solu-
ble or membrane bound antibodies [12] (see Note 5). An example
of obtaining the B cell epitopes data for the protein ORF_id
Afu3g09690 is shown in Fig. 3. Among the algorithms used for
linear B cell epitope prediction, ABCPred is based on artificial neu-
ral networks and BcePred uses physico-chemical properties for epi-
tope prediction [28]. The options for ABCpred epitopes and for
Beepred epitopes can be selected by ticks in the respective boxes.
The results are output as sequence epitopes with ranks, scores, and
physicochemical properties of the sequences.

Epitopes whose residues are distantly placed in the sequence
brought together by physico-chemical folding and recognized by
soluble or membrane bound antibodies constitute discontinuous
epitopes [12]. Discontinuous epitopes were predicted using
Discotope 1.2, CEP, and BEPro servers based on the available
crystal structures of antigens [29, 30]. An example in case of
BEPro is shown in Fig. 4.

These are short regions presented on the surface of an antigen-
presenting cell, where they are bound to MHC Class I molecules.
An example of obtaining the MHC Class I T Cell epitopes data for
the protein ORF_id Afu3g09690 is shown in Fig. 5. The output
data consist of sequences of peptides predicted as HLA Classi,
MHC Class-I, and MHC Class-II binding using the following
algorithms [31-37]: Propred (promiscuous peptide binding using
quantitative matrices from published literature), Bimas (half-time
of dissociation to HLA class I molecules), NetMHC 3.0 (artificial
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>Afu3g09690 | extracellular thaumatin domain protein, putative | Aspergillus fumigatus | chr_3 |
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FungalRV_adhesin_predictor_score

ORF_id Afu3g09690
Length 177
Orthomcl_Group 0G4_88813

1.001

Seq_id_of_best_hitafum|XP_754650

100
100

Percent_identity
Percent_match
No_of_Paralogs
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Best_Wrap None
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(4) Score 1.124 length 13 at
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177 | |
145 157

# HitCount: 8
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Sequence: KAFFAAAFATLSTALPHVIQR
I |
5 25
Max_score_pos: 21

(2) Score 1.141 length 10 at residues
134->143
Sequence: GGDCPSVNCK

i1
134 143

Max_score_pos: 140

(3) Score 1.137 length 26 at residues 33-
>58

.

Sequence:
GGGVAIVNNLSQTVYAWSVADSVSDM
| |
33 58
Max_score_pos: 49

Max_score_pos: 151

(5} Score 1.101 length 13 at
residues 162->174

Sequence:
THGCPINTSFVVN
| |
162 174

Max_score_pos: 170

(6] Score 1.094 length 9 at
residues 91->99
Sequence: QSDVLQOFEY
| |
91 99
Max_score_pos: 97

(7) Score 1.093 length 6 at
residues 81->86
Sequence: VSIKLS
1.2
81 86
Max_score_pos: 84

(8) Score 1.046 length 7 at residues 125->131

Sequence: GFTVEPS
I )
125 131
Max_score_pos: 129

Mitochondrial_Targeting_Peptide_Probabilit
y_from_TargetP 034
Signal_Peptide_Probability_from_TargetP

0.76
Other_from_TargetP 0.02
Localization_from_TargetP
Pathway
Reliability_Class_from_TargetP 3
Is_Signal_peptide_from_SignalP YES
cdd_hits No Conserved Domain found
Href_hits No Hits found

Secretory

Fig. 2 Screen shots of FungalRV portal for obtaining First Layer data of multiple features of proteins. Top: selec-
tion of pathogen in pull down menu and inputting the OrfID of the corresponding adhesin protein (Afu3g09690 in
this example) and selection of multiple algorithms by ticks in the boxes. Bottom: output data, which can be
exported in plain text format. Long output in browser rearranged for presentation in the given space
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Table 1

Multiple features of proteins and their uses in guiding informed selection of vaccine candidates for
“reverse vaccinology.” These data are available in the First Layer of the FungalRV portal (see Note 6)

Feature

Use

Orthologs members

Paralogs members

Conserved domains

Similarity to human
reference proteins

BetaWrap

Transmembrane helices

Subcellular localization

Antigenic regions

The knowledge of orthologs is useful in the development of broad-spectrum
vaccines covering a wide range of species because of their retention of
same function in the course of evolution. They may also elicit equivalent
immunogenic response from host [20]

Paralogs information reveals the total repertoire of related potential vaccine
candidates of a given family. They may need to be examined for
possibility of antigenic variations and of evasion of immunity by the
pathogen [20]

Conserved Domains information elaborates on the functionality of a
protein and along with its family members lends support during
informed selection. These sequences can be used for comparative analysis
with other members with known information on antigen-antibody
interactions [21]

Ideally, antigens selected must not have any observable similarity to human
proteins in order to avoid generating an autoimmune response. At this
time the most readily available data is the sequence similarity data at very
low stringency (maximum E-value of 0.01 in BLASTP) [22]

BetaWrap motifs are right-handed parallel beta-helix supersecondary
structural motifs present in some proteins (toxins, virulence factors,
adhesins) of pathogens. This value-added information is useful when
prioritizing vaccine candidates [23]

Although the presence of transmembrane domains is strongly indicative of
the surface localization of a given protein, it is generally difficult to
express and purify proteins with multiple transmembrane domains [24 ]

Potential antigens are generally surface localized. The subcellular localization
predictions and SignalP predictions offer information on the potential
extracellular localization of the given protein. This information can value
add to the process of informed selection of potential antigens [25 ]

Knowledge of potential antigenic regions offers confidence in terms of the
physico-chemical characteristics of a given protein and therefore its
similarity to other antigens at this level. In addition, the potential
antigenic sequences predicted could be used for developing constructs
for testing [26]

2.3.4 Allergens

neural networks (ANNs) and weight matrices), IEDB resource
(Average Relative Binding Method (ARB)). The results are output
in terms of ranks and scores, type of binding (Strong Binding (SB)
or Weak Binding (WB)), ICs, in nM units.

We also fetched potential allergen information, as it is desirable for
a vaccine candidate to be non-allergic in a general sense. For this
purpose Algpred, an allergen prediction algorithm, was used with
a combined approach. This combined approach included finding



Fun,

Adhesmn Prediction and Immunoinformatics portal for human fungal pathogens.

Known Vaceines

Fungal Immunoinformatics

B

Contact Us

Download  Help

37

Mdﬂn?ﬂmwm Select 3 fungal pathogen - Get Adhesin List
Ul o — GotoAdvanced Search
Search Keyword
Data Available
Eirst Layer Immuncinformatics data
FungalRV Adnesm Predicior Score ORFID # Sequence Length Orhologs
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Second Layer Immuncinformatics data
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B-Cell Epitapes:
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ABCpred Epropes. # Bcepred Epfopes <
{il). Conformational B-Cell Epitopes
Discolooe Epiopes BEpro Eplcoes
Allergen Prediction:
AlgPred ABerrnateh
Sebmit | Reset
Mw&p:apu
.
Orfid__ _Specles Rank 3 Position |
Afu3g09690 Aspergillus fumig 1 GVSIKLS' SDVL 80 0.890
Afu309690 spergillus fumigatus 1 MSCIDMGTDSEFSKFG 110 0.890 |
Afu39g09690 Aspergillus fumigatus 2 154 880
Afu3g05690 Aspergillus fumigatus 3 131 870 ]
Afu3g09690 Aspergillus fumigatus 4 103 .B60
Afu3gO2620 aspergillus fumigatus 5 26 L850
Afu3909690 _ Aspergillus fumigatus ] 93 820
Afu3g09690 Aspergillus fumigatus 54 820
Afu3g09650 Aspergillus fumigatus 68 810
Afu3g09690 Aspergillus fumigatus a3 810
Afu3g09690 Aspergillus fumigatus 141 .750
Afu3909650 ergillus fumigat 9 GVQIVNNLSQTVYAWS 35 740
Afu3909630 Aspergillus fumigatus 10 ATLSTALPHVIQRSGN 13 720
Afu3g09690 Aspergillus fumigatus 11 HATHGCPINTSPVWNL 160 640
A‘u_;gOQGQD Aspergillus fumﬂatus 12 TKPDQSDVLQFEYTQS 87 560
Afu3g09690 Aspergillus fi 13 TDSEFSKFGFTVEPSQ 117 .500
Hydrophilicity QRSGNSSASGGG 12
| Ag illus fumigatus. Hydrophilicity SADGGSYSED 10
Aspergillus fumigatus Hydrophilic RTNSNGGGVS 10
| pergillus fi Hydrophilicity STKPDQSDV 9 |
1 Aspergillus fumigatus __ Hydrophilicity EYTQSGDT =]
Aspergiilus fumigatus Hydrophilicity DMGTDSEFSK 10
Aspergillus fumigatus Hydrophilicity EPSQSGGDC 11
Aspergillus fumigatus Hydrophilicity NCKAGDTACAE 11 |
! pergillus fun Hydraphilicity _QPKDOHATHG 10 |
;| _ Aspergillus fumigatus Flexibility _ HVIQRSGNSSASG 13 |
90| Aspergillus fumigatus lexibility HTLSADG
| #spergillus fumigatus Flexibility EDWRTNSNG
Aspergillus f Flexibillty IKLSTKPDQ
| . s f Flexibility FEYTQSG
0 | Aspergillus fumigatus Flexibility MGTDSEF
| Asperglllus fumigatus Flexibility FTVEPSQSG
Asperglllus iumEtns Accessibllity RSGNSS
pergillus f Accessibility SYSEDWRTNSNGG 13
| _Aspergillus fumigatus Accessibility IKLSTKPDQSOVLQFEYTQSGDT _23
| Aspergillus fumigatus Accessibility TDSEFSK £l
| Asperglllus fumigatus Accessibllity TVEPSQS 7
Aspergillus fumigatus Accessibllity EAYLQPKDDHATH 13
pergillus f RTNSNGG 7 |
1 Aspergillus fumigatus Exposed Surface _KLSTKPDQSD 10
Aspergillus fumigatus | Exposed Surface YLQPKDDH 8
Aspergllius fumigatus Polarity LOPKDDHATHG 11
Aspergillus fumigatus Antigenic nsity LPHVIQRS B
pergilus fun IAntigenic Propensity, VQIVHNL 7
Propensity | _GVSIKLST [—f 8 |
Propensity | QSDVLOFEYT 10
Propensity DCPSVNCK 8
Propensity| INTSFVVNIG 10

Fig. 3 Screen shots of FungalRV portal for obtaining data on B cell epitopes. Top: selection of pathogen in pull
down menu and inputting the OrfID of the corresponding adhesin protein (Afu3g09690 in this example) and
selection of multiple algorithms by ticks in the boxes. Botfom: output data, which can be exported in plain text

format. Long output in browser t

runcated
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Conformational Epitopes

SECRETED ASPARTIC PROTEASE FROM C. ALBICANS

PDB FILE BEPro Score (Higher scores

correspond to a higher likelihood that the residue is in an epitope)

ATCOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATCM
ATCM
ATCM
ATOM
ATOM
ATCOM
ATOM
ATOM
ATOM

00 =] 0 LN s L B =

NGINA 1 -4.662 46.581 15.842 0.00 0.07
CRGN A 1 -5.832 45.895 15.225 0.00 0.07
CGINA 1 -5.320 44.577 14.641 0.00 0.07
OGN A 1 -4.110 44.378 14.526 0.00 0.07
CBGILNA 1 -6.420 46.764 14.103 0.00 0.07
CGGeLNA 1 -5.636 46.681 12.797 0.00 0.07
CDGINA 1 -5.889 47.840 11.862 0.00 0.07
CEl GLN A 1 -5.632 48.997 12.202 0.00 0.07
NEZ GLN &2 1 -6.372 47.535 10.€65 0.00 0.07
Hl GINA 1 -4.240 45.937 16.537 0.00 0.07
HZGINA 1 -3.960 46.664 15.06% 0.00 0.07
H3GILNA 1 -4.848 47.514 16.250 0.00 0.07
HEZl GLNA 1 -6.534 48.269 10.034 0.00 0.07
HE2Z GLN A 1 -6.549 46.596¢ 10.447 0.00 0.07
NALA 2 2 -6.230 43.671 14.310 0.00 -0.49
ChRALARA 2 -5.834 42.408 13.710 0.00 -0.49
CALA A 2 -5.9%0 42.622 12.211 0.00 -0.49
OALR R 2 -7.018 43.123 11.765 0.00 -0.49
CBEALAAR 2 -6.733 41.293 14.184 0.00 -0.49
HALR A 2 -7.194 43.813 14.390 0.00 -0.49

Fig. 4 Screen shot of FungalRV portal for obtaining data on BEPro conformational epitopes. The example
results are for a secreted aspartic protease from the pathogenic fungus Candida albicans

similarity to known allergic epitopes, searching Multiple EM for
Motif Elicitation (MEME)/Motif Alignment and Search Tool
(MAST) allergen motifs using MAST, search based on SVM mod-
ules and BLAST search against 2890 allergen-representative pep-
tides [38, 39]. Additionally, Allermatch, an allergen prediction
algorithm based on “Codex alimentarius and FAO/WHO Expert
consultation on allergenicity of foods derived through modern
biotechnology,” was used [40]. An example output of allergen pre-
diction for the protein ORF_id Afu3g09690 is shown in Fig. 6. It
is apparent that this protein is not likely to be an allergen and hence
could be pursued further as a potential vaccine candidate.

3 Notes

1. Immunoinformatics tools are the tools that can be used to
obtain information on cells of immune system. Here, we have
used immunoinformatics tools to collect B cell and T cell epit-
opes and allergen information.
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Data Avallable
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FungalRV Adhesin Predictor Score & ORFID # Sequence Length Orthologs
Paaiogs Beta Viraps TMHMM Antigenic Regions.
TorgetP StgralP CDD Search Human Rel. Proteins
Second Layer Inmunainformatics data
T-Cell Epitopes:
Propred Eplopes IEDB Eptopes « NetMHC Eptopes Birmas Eptopes
B-Cell Epitopes:
(i). Linear B-Cell Epitopes
ABCpred Eptopes Beepred Eptapes
(). Confermaticnal B-Cell Epitopes
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Allorgen Prediction:
AlgPred Alesmatch
Subma | Resst

Export data for First Layer

Propred (MHC Class-ll Promiscous Peptide Binding Prediction Server) Epitog
Export Propred Epitope Data

Orfid I. Species [ Allele |[RanK Sequence .. Position|| Score
Afu3g09690 | Aspergillus fumigatus [DRB1_0101| 1 || IVNNLSQTV | 37 |[1.5400
Afu3g09690 || Aspergillus fumigatus [DRB1_0101| 2 || MMFTKAFFA| 0 0.2000
Afu3g09690 | Aspergillus fumigatus [DRB1_0102|| 1 || IVNNLSQTV 37 ||2.5400
Afu3g09690 | Aspergilius fumigatus [DRB1_0102] 2 | MMFTKAFFA | 0 [1.2000
Afu3g09690 | Aspergillus fumigatus [DRB1_0301| 1 || IKLSTKPDQ 82 ||4.6000
Afu3g09690 || Aspergillus fumigatus [DRB1_0301| 2 || INTSFVWNI | 166 ||3.5000
Afu3g09690 | Aspergillus fumigatus [DRB1_0305| 1 || IKLSTKPDQ | 82 |[|4.3000
Afu3g09690 | Aspergillus fumigatus [DRB1_0305| 2 ||YSEDWRTNS| 67 ||2.4000
Afu3909690 |Aspergillus fumigatus [DRB1_0305| 3 || VQIVNNLSQ | 35 ||1.8000
Afu3g09690 | Aspergillus fumigatus |[DRB1_0306| 1 || IKLSTKPDQ | 82 [[3.9000
Afu3909690 | Aspergillus fumigatus [DRB1_0306( 2 |[VQIVNNLSQ || 35 [3.3000
Afu3g09690 | Aspergillus fumigatus [DRB1_0306/| 3 || INTSFVWNI | 166 ||2.4800
Afu3909690 | Aspergillus fumigatus||DRB1_0307]| 1 || IKLSTKPDQ | 82 |[3.9000
Afu3g09690 | Aspergillus fumigatus [DRB1_0307| 2 || VQIVNNLSQ | 35 [[3.3000
Afu3g09690 | Aspergillus fumigatus [DRB1_0307| 3 || INTSFVWNI | 166 ||2.4800
Afu3909690 |Aspergillus fumigatus |DRB1_0308| 1 | IKLSTKPDQ | 82 ||3.9000
Afu3g09690 || Aspergillus fumigatus [DRB1_0308| 2 || VQIVNNLSQ | 35 ||3.3000
Afu3g09690 || Aspergillus fumigatus [DRB1_0308| 3 || INTSFVVNI | 166 ||2.4800

Fig. 5 Screen shots of FungalRV portal for obtaining data on MHC Class | and Class Il epitopes. Top: selection
of pathogen in pull down menu and inputting the OrfID of the corresponding adhesin protein (Afu3g09690 in
this example) and selection of multiple algorithms by ticks in the boxes. Bottomn: output data, which can be
exported in plain text format. Long output in browser truncated

2. FungalRV is the webserver used to predict fungal adhesins and
also to fetch immunoinformatics data on fungal adhesin vac-
cine candidates.

3. Both “First Layer” and “Second Layer” information should be
analyzed to get list of most probable adhesion vaccine
candidates.
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IEDB resource (MHC Class-l Peptide Binding Prediction Server)
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Fig.5 (continued)

4. Prioritization on selection of antigens can be based on First
Layer data, which ofters value addition using multiple feature
predictions analysis. For example, if a given protein is a known
or predicted adhesin and the subcellular location algorithm also
predicts it as extracellular then the two predictions value add
and more priority could be assigned to the given protein.

5. The data in Second Layer is profuse by the nature of the immu-
noinformatics epitopes prediction algorithms. Therefore, it is
advisable to use as much knowledge and experience as afford-

able before moving to use the Second Layer data.
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Fig. 5 (continued)

6. A principal aim in going through these comprehensive analyses
is to reduce potential failures and to maximize efficacy or
success.

7. The online help can also be used for using Fungal portal:
http:/ /fungalrv.igib.res.in /help.html.
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Fig. 6 Screen shots of FungalRV portal for obtaining data on Allergens prediction. Top: selection of pathogen in
pull down menu and inputting the OrfID of the corresponding adhesin protein (Afu3g09690 in this example)
and selection of multiple algorithms AlgPred and Allermatch by ticks in the boxes. Boftom: output data, which
can be exported in plain text format
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Chapter 4

Rational Design of T Lymphocyte Epitope-Based Vaccines
Against Coccidioides Infection

Brady J. Hurtgen and Chiung-Yu Hung

Abstract

Coccidioidomycosis is a potentially life-threatening mycosis endemic to the Southwestern USA and some
arid regions of Central and South America. A vaccine against Coccidioides infection would benefit over
30-million people who reside in or visit the endemic regions. Vaccine candidates against systemic fungal
infections come in many forms. Live attenuated vaccines are derived from disease-causing pathogens and
generally stimulate excellent protective immunity. Since attenuated vaccines contain living microbes, there
is a degree of unpredictability raising concerns regarding safety and stability. Generation of a subunit vaccine
has initiated efforts to design a safe reagent suitable for administration to humans at risk of coccidioidomy-
cosis. Epitope-based vaccines allow for eliciting specific protective immune responses and removal of poten-
tially detrimental sequences to improve safety. This chapter describes methods for the identification of T cell
epitopes derived from Coccidioides antigens, design, and production of a recombinant vaccine containing
multiple T cell epitopes, and evaluation of its protective efficacy and vaccine immunity against pulmonary
Coccidioides infection using a strain of transgenic mice that express a human MHC II molecule.

Key words Coccidioides, Coccidioidomycosis, HLA-DR4 transgenic mice, T Lymphocyte, Epitope-
based vaccine, Fungal vaccine, Vaccine immunity

1 Introduction

1.1 Coccidioido- Coccidioides tmmitis and Coccidioides posadasii are the causative
mycosis agents of coccidioidomycosis that is also known as San Joaquin
and a Formalin-Killed Valley fever. Coccidioidomycosis is a fungal disease endemic to the
Whole Cell Vaccine Southwestern United States [1]. To date, no FDA-approved vac-
(FKS) cine against Coccidioides infection exists. A handful of Coccidioides

vaccine candidates have been evaluated in murine models of pul-
monary coccidioidomycosis [2—-10], while only a formalin-killed
spherule vaccine (FKS) was further evaluated in a phase III double-
blind human trial during the 1980s [11]. FKS-vaccinated mice
were shown to be fully protected against a potentially lethal
respiratory challenge with the pathogen. Despite its success as a
protective reagent in mice and nonhuman primates, FKS failed to

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_4, © Springer Science+Business Media LLC 2017
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1.2 Protective
Vaccine Immunity
Against Pulmonary
Coccidioidomycosis

1.3 Design a Safe
Subunit Vaccine

demonstrate significant reduction in the incidence of coccidioido-
mycosis nor disease severity of the vaccinated population compared
to the placebo group. This may have been due, at least in part, to
an intense inflammatory reaction at the site of vaccination which
necessitated adoption of a suboptimal dose of FKS, insufficient
group size to accommodate the low infectious rate during the clin-
ical trial, and lack of understanding the protective immunological
mechanisms to optimize the vaccine formulation [11].

We have applied a live, attenuated vaccine (AT) to explore the
nature of vaccine immunity in mice during the initial 2 week period
after intranasal challenge with a potentially lethal dose of Cocci-
dioides spores. The live, attenuated strain of C. posadasii (A'T) has
lost the ability to endosporulate in vivo but is able to elicit pro-
tective immunity to coccidioidomycosis in disease susceptible
C57BL/6 and BALB /¢ mice and a strain of human leukocyte anti-
gen transgenic mice (HLA-DR4)[12, 13]. Host defenses mounted
in response to invasion by dimorphic fungi are largely Thl driven
and disease exacerbation is a consequence of an imbalance between
type 2 immunity and /or IL-10 and Th1l responses [ 14-19]. Many
studies of coccidioidomycosis conducted before Th17 was discov-
ered have reported IFN-y production as a correlate of vaccine-
induced protection in mice [18-22]. While mice lacking IFN-y or
IL-4 receptors developed comparable vaccine immunity without
loss of AT vaccine-induced resistance, deficiency of the IL-17
receptor resulted in increased susceptibility of infection in immu-
nized mice. These data support the concept that activation of
CD4+ eftector T cells including Th17 and Thl cells can enhance
recruitment of phagocytes to alveoli and promote early reduction
of fungal burden while dampening inflammatory pathology at
infection sites [23-25].

Attenuated vaccines contain living microbes. There is a degree of
unpredictability raising safety and stability concerns for individuals
with underlying conditions that compromise their cell-mediated
immune system. As a result, these individuals could potentially dis-
play severe reactogenicity to immunization with a live, attenuated
vaccine. Generation of a T cell epitope-based recombinant protein
vaccine was initiated as a strategy for the design of a clinically
acceptable reagent. Since the human population expresses a vast
repertoire of major histocompatibility complex (MHC) molecules,
a multivalent subunit vaccine that contains several antigenic
epitopes can generate an enhanced immune response in a broader
population compared to a single subunit vaccine that has limited
human MHC restriction. Multi-epitope-based vaccines offer sev-
eral advantages that include: (1) increased safety by minimizing
deleterious portions of epitopes that are homologous to human
proteins and unnecessary for vaccine-induced immune responses,
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Fig. 1 Schematic illustration of the stepwise process in developing a T cell epitope based vaccine. Identification
of candidate antigens derived from Coccidioides cell wall is conducted using an immunoproteomics approached
as previously described [9]. Downstream in silico analysis of epitopes is carried out by first evaluating HLA-DR
binding to identify predicted promiscuous HLA-DR binding epitopes (colored cubes). Epitopes are evaluated for
Coccidioides spp. conservation, predicted SNPs, and human homology. Candidate epitopes are further dis-
criminated by in vitro and ex vivo HLA binding assays (DELFIA and ELISpot to eliminate epitopes that lack high
affinity binding (green cube with a red cross) to HLA molecules (black receptor). Final candidate epitopes are
incorporated into a single recombinant antigen (rAg) for further evaluation

(2) the flexibility to incorporate a diverse set of epitopes from an
array of microbial antigens into a single recombinant protein, and
(3) the option to incorporate amino acids, motifs, or glycosylation
patterns for enhanced antigen processing and immunogenicity. To
design a vaccine that contains multiple T cell epitopes, individual
epitopes must be initially identified. Methods to identify T cell epi-
topes of coccidioidal proteins have been previously described [8, 9,
26, 27]. Here, we present a methodological process that allows for
rational epitope selection and vaccine design against Coccidioides
spp- (see Fig. 1). This process begins with in silico analysis of identi-
fied, immunoreactive antigens for predicted promiscuous HLA-DR
binding regions. Conserved and promiscuous epitopes are selected
by ranking their binding affinity and functional ability to stimulate
Thl and Thl7 cytokine production by T cells as determined
by dissociation-enhanced lanthanide fluorescent immunoassay
(DELFIA; [28]) and enzyme-linked immunospot (ELISpot)
assays, respectively. Validated epitopes are incorporated into a
unique amino acid sequence and expressed as a single recombinant
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protein antigen (rAg). Purified rAg is then evaluated for its
immunogenicity and protective efficacy in a strain of HLA trans-
genic mice [6].

2 Materials

2.1 Bioinformatic
Analysis of Amino
Acid Sequence

of Select Proteins
and Peptides

2.2 Cytokine
ELISPOT Assay

Prepare all media and buffers using ultrapure, deionized (DI)
water with resistivity of 18 MQ-cm at 25 °C. Use only tissue-
culture grade reagents. Store all reagents at 4 °C unless otherwise
indicated.

1.

ProPred: MHC Class II binding peptide prediction server
(http://www.imtech.res.in/raghava/propred /).

. Coccidioides genome information is available in the following

website: http://www.broadinstitute.org/annotation,/genome,/
coccidioides_group/MultiHome.html.

Genome databases for 8 and 6 isolates of C. immitis and
C. posadasii are available in Genbank, respectively [29, 30].

. RefSeq: NCBI Reference Sequence Database (http://blast.

ncbi.nlm.nih.gov/Blast.cgi).

. Purified full-length recombinant antigens derived from aspar-

tyl peptidase 1 (Pepl), alpha-mannosidase (Amnl), and phos-
pholipase (Plb) of Coccidioides posadasii [9].

2. PBS pH 7 4.

. PBST: PBS plus 0.05% Tween 20.
. Synthetic unmethylated CpG oligodeoxynucleotide (ODN)

dissolved in PBS at a concentration of 10 pg/uL (see Note 1).

. Incomplete Freund’s adjuvant (IFA).

6. 1 mL syringes (27 G) for vaccination.

10.

11.

12.

. HLA-DR4 (DRB1*0401) transgenic mice (Taconic Farm,

see Note 2).

. MultiScreen 96-well filtration plates.
. 35% Ethanol: Dilute 35 mL of ethanol (200 proof, molecular

biology grade) into 65 mL of DI H,O.

Interferon-y (INF-y) capture antibody (Clone No. AN-18)
diluted in PBS at a concentration of 1.0 pg/mL.

Complete HL-1 media (cHL_l)containing 3% (v/v) L-
glutamine, 3% (v/v) gentamicin.

Peptide stimulants: 18-25mer peptides representing MHC I1-
binding epitopes (90% purity) or scrambled peptide (nonspe-
cific control) were commercially synthesized and dissolved in
cHL-1 medium at a concentration of 30 pg/mL. Store the
peptide stock solutions in =20 °C freezer in 1 mL aliquots.


http://www.imtech.res.in/raghava/propred/
http://www.broadinstitute.org/annotation/genome/coccidioides_group/MultiHome.html
http://www.broadinstitute.org/annotation/genome/coccidioides_group/MultiHome.html
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi

2.3 Recombinant
Antigen (rAg) Design,
Production,

and Purification
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Thaw the required aliquots for each experiment one night
before.

Positive stimulant: 1.0 pg/mL Concanavalin A (ConA) dis-
solved in cHL-1.

Sterile dissecting equipment.

Petri dish (100 x 15 mm diameter).
70 pm cell strainers.

40 pm cell strainers.

RPMI 1640.

Sterile 3 mL syringes.

Sterile plastic transfer pipets.

50 mL conical tubes.

ACK red blood cell lysing bufter.

Hanks buffered salt solution (HBSS) without calcium, magne-
sium, and phenol red.

Sterile blocking solution: PBS containing 1% bovine serum
albumin (BSA) Fraction V filtered through a sterile 0.2
micron-filter.

0.4% trypan blue.
Hemocytometer, cover glasses, and light microscope.

CD90.2 microbeads (Miltenyi Biotec; Cat. #130-049-101) for
purification of antigen-presenting cells (APCs).

CD4* T cell microbeads (Miltenyi Biotec; Cat. #130-104-
454) for purification of CD4* T cells.

CO, Incubator.

IEN-y detection antibody solution: 0.5 pg/mL anti-IFN-y
antibody (Clone No. R4-6A2) in sterile PBS containing 0.05%
Tween 20, and 1% BSA.

Streptavidin /alkaline phosphatase (S/AP) solution: 0.1% (v/v)
S/AP in sterile PBS containing 0.05% Tween 20, 1% BSA.

5-bromo-4-chloro-3-indolyl-phosphate /nitro  blue tetrazo-
lium (BCIP/NBT) substrate.

ELISPOT plate imager/reader.

. ProPred: MHC Class II Binding Peptide Prediction Server.
. Synthetic DNA fragment encoding rAg.
. Bacterial pET28b cloning vector for generating pET28b-rAy

construct.

4. E. colz host strain BL21(DE3).

. Luria-Bertani (LB) broth containing 10 g/L tryptone, 5 g/L

yeast extract, and 10 g/L sodium chloride, adjust the pH to
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2.4 Evaluation

of rAg-Induced
Protective Efficacy

in HLA-DR Transgenic
Mice

10.

11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.

7.0 with 5 N NaOH; Aliquot 250 mL in 1 L flask covered with
foil paper and autoclaved for 15 min at 121 °C and 18 psi.

. Kanamycin stock solution at a concentration of 10 mg/mL in

H,O0.

. Sterile isopropyl f-d-1-thiogalactopyranoside (IPTG) stock

solution at a concentration of 800 mM.

. Soluble protein extraction buffer: 0.5 M NaH,PO,, 50 mM

Tris, 1-10 mM imidazole, 250 mM NaCl pH 6.8 containing
Halt™ Protease inhibitor cocktail.

. Autoclaved 50 mL centrifuge tubes with silicon gasket and

SCrew-cap.

Insoluble protein extraction buffer: 0.5 M NaH,PO,, 50 mM
Tris, 1-10 mM imidazole, 250 mM NaCl, pH 6.8 containing
Halt™ Protease inhibitor cocktail.

Nickel-NTA resin packed affinity chromatography columns.
Slide-A-Lyzer™ dialysis cassettes.

Endotoxin removal columns.

Pyrochrome® Limulus amebocyte lyase (LAL) kit.

Pierce™ BCA protein assay Kkit.

Microplate reader with temperature incubation and kinetic
reading capabilities.

His-Tag ELISA detection kit (GenScript).

SDS-PAGE reagents and equipment.

Sonicator.

Spectrophotometer.

Shaking incubator with a temperature control unit.

. HLA-DR4 (DRB1*0401) transgenic mice (sec Note 2).
. Purified rAg at a concentration of at least 0.25 pg/pL in PBS

bufter.

. GYE agar plates containing 1% glucose, 0.5% yeast extract, 2%

Bacto-agar. Add 5 g glucose plus 2.5 g yeast extract to 400 mL
water in a 1 L flask and stir the solution until both ingredients
are dissolved. Add water to a final volume of 500 mL and then
add 10 g of Bacto-agar to the flask. Cover the flask with a piece
of aluminum foil and autoclave for 15 min at 121 °C and
18 psi. Cool autoclaved medium to 55-60 °C and pour 25 mL
into each Petri dish (100 x 15 mm) (see Note 3).

4. Autoclaved 5 mm diameter glass beads.

. Cell lifters.

6. T-shaped spreaders.
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. Autoclaved 50 mL polycarbonate Oak Ridge centrifuge tubes

with silicon gasket and screw-cap.

. 1 mL syringes (27 G) for vaccination.

. Centrifuges with covered rotors for 50 mL conical tubes,

96-well tissue culture plates, and 2.0 mL cryotubes.

3 Methods

3.1 Prediction

of Promiscuous
Epitopes Using
Bioinformatic Analysis
Tools

. Identify cell-wall proteins of Coccidioides posadasii isolate

C735 that react with IgG antibodies of patients with con-
firmed coccidioidomycosis and contain putative MHC II bind-
ing epitopes (Table 1 in [9]).

. Screen full-length amino acid sequences of the putative anti-

gens of C. posadasii to identify promiscuous HLA-DR binding
epitopes using the ProPred algorithm [9, 31]. Set parameters
at a 5% threshold and displayed in HTML II format.

. Compile a list of C. posadasii peptides by flanking 5 amino

acids (5 mers) at both ends of predicted, promiscuous epitopes
identified by the ProPred analysis above.

. TBLASTN search all available alleles of the identified peptides

using the peptides of C. posadasii isolate C735 against 13 seq-
uenced genomes of Coccidioides spp. (http:/ /blast.ncbi.nlm.
nih.gov/Blast.cgi? PAGE=Proteins) (sec Note 4).

. Screen nucleic acid regions that encode predicted epitopes

for the presence of nonsynonymous coding single nucleotide
polymorphisms (SNPs) by aligning the available, multiple nucle-
otide sequences of various isolates obtained from the Cocci-
dioides genome databases. Use neighborhood quality standard
(NQS) criteria [32] to reduce base-calling errors and alignment
artifacts [29].

. Verify epitope amino acid sequence displays low homology

to human proteins by BLASTP searching the nonredundant
NCBI Human protein database (RefSeq database). Ensure
algorithm parameters are set to adjust for short input sequences.

. Select for candidate epitopes that meet all of the following cri-

teria: predicted promiscuous HLA-DR binders that bind >80%
of the 51 HLA-DR alleles, >90% amino acid conservation
among 14 Coccidioidesisolates, low human homology ( E-value
>0.001), and contain a low number of SNPs. Rank the quali-
fied peptides by their predicted promiscuous binding capacity.

. Evaluate predicted epitopes for their binding capacity to

HLA-DR molecules using a DELFIA method or an ELISA-
based binding assay provided by a commercial service company.
Synthesize candidate peptides identified in step 7 to 90% purity
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3.2 Assessment

of Immunogenicity

of the Selected
Peptides Using ELISpot
Assays

10.

using commercial services. In the DELFIA binding assay, add
peptide epitopes at incremental concentrations (10-10,000 nM)
to compete with the MHC II-associated invariant chain peptide
(CLIP) for binding to HLA-DR molecules. The readout for this
assay is the concentration of synthetic peptide that prevents 50%
of CLIP from binding to HLA-DR molecules. Peptides display-
ing an inhibitory concentration (IC*°) less than 3000 nM are
selected for further functional analysis by an ELISpot assay
described below. A total of eight peptides that belong to three
Coccidioides antigens (i.e., Pepl, Amnl, and Plb) were selected.

. Express and purify the recombinant Coccidioides antigens

(rPepl, rAmnl, and rPlb) that contain the selected eight pep-
tide epitopes as previously described [5, 8,9, 21].

. Calculate the required number of mice to harvest sufficient

amounts of APCs and CD4* T cells for the assays. We routinely
obtain 5-10 x 10° CD4* T cells and APCs each from a mouse
spleen.

. Prepare an experimental vaccine on the vaccination day by

mixing 10 pg of each purified antigens in total of 49 pL PBS
bufter, 10 pg of CpG in 1 pL. PBS, and 50 pL of IFA per dose
(total of 100 pL). Scale up for the required doses. Vortex the
mixture until an emulsion forms. The mixture should not
be separated into oil and liquid phases.

. Vaccinate the required number of HLA-DR4 transgenic mice

each with one dose of the prepared experimental vaccine by
the subcutaneous (SC) route on the abdominal region using a
1 mL syringe with 27 gauge needle on week 0 (see Fig. 2a).

. Prepare CpG + IFA (adjuvant control) following the same pro-

cedure, but omit the recombinant antigens. Mice immunized
with the adjuvant alone are used as a negative control.

. Administer a booster vaccination to both vaccinated and

control mice using the same dose of vaccine described above
2 weeks post the first immunization.

. Conduct ELISpot assays at 4 weeks after the booster vaccina-

tion (a total of 6 weeks from priming immunization).

. Calculate the required well numbers on ELISpot filter 96-well

plates for the assay, as shown in Fig. 2b. Three final concentra-
tions (0.5, 1.0, and 10 pg/mL) of each synthetic peptide
diluted in cHL-1 medium plus a negative (medium) and a
positive control (1.0 pg/mL ConA) are tested in triplicate.

. Prepare the required ELISpot filter plates by pre-wetting wells

with 15 pL each of 35% ethanol (see Notes 5 and 6) 1 day prior
to harvesting murine splenocytes (Day 0).

Decant ethanol by tapping 96-well plates on KimWipes.
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Fig. 2 ELISpot timeline and plate template. (A) Initial ELISpot assay is focused on generating immune CD4* T
cells by immunizing HLA-DR transgenic mice at weeks 0 and 2 with an antigen or a mixture of antigens of
interest that contains epitopes to be evaluated in downstream ELISpot assays (week 6). One day prior to the
ELISpot assay (day 0), 96-well filter plates and antigen stimulants are prepared. At day 1, splenocytes
are isolated from naive and immunized mice to isolate CD90~ APCs and CD4+* T cells, respectively. The plates
are treated with a blocking solution containing 1% BSA. During the blocking step APCs and T cells are purified.
APCs, CD4+ T cells, and antigens of interest are cocultured for 24 h. On day two plates are washed and the
cytokine detection antibody is added. Subsequently, plates are incubated for additional 24 h. On day 3, IFN-y
producing cells (spots) are detected and counted. (B) An ELISpot plate template is illustrated to include nega-
tive/positive controls and antigen peptides of interest. All stimulants are tested in triplicate
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11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wash wells twice with 350 pLL PBS by decanting liquid into a

waste container and gently tapping the 96-well plates onto
KimWipes.

Add 100 pL of anti-IFN-y capture antibody solution to each
well.

Store plates overnight at 4 °C, protected from light.

Also, on Day 0, prepare peptide and control stimulants (sutfi-
cient volumes for analysis in triplicate) and store overnight at
4 °C (see Note 7).

The next day (Day 1) dissect spleens of euthanized mice from
immunized and adjuvant control mice for purification of CD4*
T cells and naive mice for isolating CD90~ APCs using sterile
dissecting equipment.

Place the spleens into a 70 pm cell strainer that has been placed

in a culture plate containing 10-15 mL ice-cold RPMI per
spleen.

Mechanically disrupt the spleen using the back of a sterile
3 mL syringe.

Transfer isolated cells to a 50 mL conical tube using a transfer
pipet and centrifuge for 10 min at 1200 x g4, 4 °C.

Decant supernatant and gently resuspend cells in 3 mL. ACK
lysis bufter per spleen.

Incubate cells for 5 min on ice.

Dilute lysed cells with twofold volume RPMI and filter the
entire contents through a 45 pm cell strainer placed on a
50 mL conical tube using a plastic transfer pipet.

Centrifuge splenocytes for 10 min at 1200 x g, 4 °C.

Decant supernatant and resuspend cells in 10 mL ice-cold
HBSS per spleen and place on ice.

Remove antibody-coated plates from 4 °C storage, decant
liquid into a waste container, and tap plate against KimWipes
to remove residual liquid.

Wash plates four times with PBS (300 pL/well), decanting and
removing liquid as described above.

Add 200 pL blocking buffer to each well, protect plates
from light, and incubate without shaking for 1 h at room
temperature.

Return to cell purification process and dilute an aliquot of sple-
nocytes in trypan blue to determine viable cell numbers using
a hemocytometer.

Centrifuge cells for 10 min at 1200 x g, 4 °C, and decant
supernatant.
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Follow manufacturer’s protocols to purify untouched
CD90~ APCs and CD4* T cells.

Determine absolute cell numbers of purified CD90~ APCs and
CD4* T cells by diluting cells in trypan blue and counting with
a hemocytometer.

Centrifuge cells for 10 min at 1200 x gat 4 °C.

Decant supernatant and resuspend cells in ¢cHL-1 media so
that APCs and CD4* T cell concentrations are 5 x 10° and
4 x 109 cells/mL, respectively.

Temporarily store cells on ice.

Continue to prepare 96-well ELISpot plates by washing wells
four times with PBS (300 pL/well).

In the following order, gently add 50 pL/well of each: pep-
tide, negative or positive stimulants, APCs, and CD4* T cells
(see Notes 8 and 9).

Incubate plate(s) for 24 h at 37 °C, 5% CO, (se¢ Note 10).

At day 2, remove plates from the incubator and incubate at
room temperature for 10 min.

Wash plate three times with PBS.

Wash plate four times with PBST.

Add 100 pL detection antibody to each well.

Incubate plate overnight at 4 °C, protected from light.

On day 3, wash plate four times with PBST.

Add 100 pL of S /AP conjugate solution to each well.
Incubate the plate for 2 h at room temperature, protected
from light.

Wash plate four times with PBS.

Add 200 pL of pre-warmed BCIP /NBT substrate to each well
at room temperature.

Observe spot development for 5-20 min.

Stop spot development by decanting substrate and rinsing
plate five times with dH,O (see Note 11).

Air dry plate under moderate air flow.

Scan plate with an ELISpot plate scanner.

Check that CD4* T cells isolated from both the adjuvant
control mice and the vaccinated animals have comparable
immunoreactivity. The ConA-stimulated wells (B1-3 and
B4-6 in Fig. 2b) should have similar numbers of spots.

Determine the numbers of INE-y producing cells (spots) per
well as shown in Fig. 2b for each peptide using the following
tormula: [(Cy s — Ass) = (Crs—A15)]
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. . Assess protective
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Fig. 3 Key steps in designing and producing rAg. With select candidate epitopes identified, the rAg amino acid
sequence flanked with enhancing and spacer amino acids is designed, followed by DNA sequence design. The
DNA fragment encoding the rAg is inserted into a bacterial expression vector (pET28) and transformed into
E. colifor downstream expression and purification of rAg protein. Potential endotoxin copurified with the rAg is
then removed using an ActiClean Etox affinity chromatography column. Residual endotoxin is quantified by the
LAL assay. Purified rAg protein is then analyzed by SDS-PAGE for predicted molecular weight and contaminat-
ing proteins. The correct amino acid sequence is confirmed using LC-MS/MS. Concentration of rAg is quanti-
fied by the BCA assay. The vaccine is made of rAg and an adjuvant containing CpG plus IFA. HLA-DR4 transgenic
mice are immunized with the rAg vaccine and intranasally challenged with C. immitis to assess protective
efficacy

53. Rank the immunoreactive peptides by their capacity to
stimulate the most INF-y-producing CD4* T cells (spots) of
the vaccinated mice. At this point in the epitope selection
process, if a candidate epitope failed to produce a significant
number of IEN-y-producing cells after two independent exper-
iments, eliminate the epitope from candidate pool.

3.3 Recombinant For a general overview of this process, see Fig. 3.

ﬁntg]el;.(rAg) Design, 1. To design a multi-epitope driven vaccine, begin by adding an
roauc mn 7 Ti key sequence (LRMKILPKS) to the N-terminus of each epi-

and Purification

tope amino acid sequence for enhanced antigen presentation
[33] (see Fig. 4).

2. Separate each Ii key-epitope peptide sequence with a glycine-
proline spacer (GPGPG) to disrupt junctional epitopes that are
artificially created when epitopes are joined together [34].

3. Confirm the epitope arrangement within the rAg amino acid
sequence continues to generate predicted promiscuous HLA-
binders using the ProPred algorithm (see Note 12).
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MGSSHHHHHHSSGLVPRGSHLRMKLPKSEPITOPEGPGPGLRMKL
PKSEPITOPEGPGPGLRMKLPKSEPITOPEGPGPGLRMKLPKSEP
ITOPEGPGPGLRMKLPKSEPITOPEGPGPGLRMKLPKSEPITOPE
GPGPGLRMKLPKSEPITOPEGPGPGLRMKLPKSEPITOPEGPGPG

Fig. 4 A representative rAg design. The rAg amino acid sequence incorporates
multiple components that allow for purification and efficient antigen presenta-
tion. The rAg consists of a stretch of 20 amino acids (blue) derived from pET28
vector with a 6-histidine tag (underlined) allows for purification using a nickel-
NTA resin affinity chromatography. The N-terminus of each HLA-DR binding epi-
tope and flanking regions derived from the identified Coccidioides peptides (red)
are connected to the li key sequence (LRMKLPKS). Each li key connected epitope
is separated by a glycine-proline spacer (underlined GPGPG)

4. Use a commercial vendor to synthesize a codon-optimized
DNA fragment that encodes rAg (see Note 13). The DNA
fragment is cloned into a pET28b vector to generate the pET28-
rAg plasmid that is confirmed by DNA sequence analysis.

5. Transform pET28-rAg into E. coli strain BL21(DE3) by stan-
dard cloning methodology [35].

6. A clone of the transformed bacterium is used to produce
rAg using IPTG induction-based methodology as described
elsewhere [35].

7. Grow the bacterial clone in 10 mL LB broth containing
50 pg/mL Kanamycin overnight.

8. Inoculate four bottles of LB broth (250 mL) with 2.5 mL
overnight culture each.

9. Incubate the bacterial culture until the ODyy, reaches above
1.2 (6-8 h).
10. Add IPTG to a final concentration of 1.5 mM and incubate for
additional 4 h at 37 °C with vigorous shaking at 200 rpm.

11. Harvest bacterial cells by centrifugation at 5000 x g, 4 °C for
10 min.

12. Decant supernatant and store cell pellet overnight at —20 °C.
Add bleach to a final concentration of 10% to sterilize the
supernatant before discarding it into the sink.

13. Add desired amount of soluble protein extraction bufter (4 mL
per gram of bacterial pellet) and thaw pellet on ice.

14. Transfer extraction buffer containing cell pellet to 50 mL
centrifuge tubes.

15. Sonicate for 10-20 s and place the tube back on ice for 30 s.
Repeat five times.

16. Centrifuge at 15,000 x g, 4 °C for 20 min.

17. Collect supernatant and store on ice (soluble fraction).
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3.4 Evaluation
of rAg-Induced
Protective Efficacy
in HLA Transgenic
Mice

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Repeat steps 13-17 one more time. Combine both soluble
fractions. Store the soluble fraction and pellet separately in
=20 °C freezer until the solubility of rAg is determined as
described below.

Check the soluble fraction for the presence or absence of rAg
following the manufacturer’s protocol using a His-Tag ELISA
detection kit (see Note 14).

In the event that rAg is not extracted in the soluble fraction,
continue to purify this recombinant protein using denaturing
condition. Add desired amount of insoluble extraction buffer
(4 mL per gram of bacteria) to cell pellet and repeat sonication
as described in step 15.

Centrifuge and collect supernatant as described above to
collect the insoluble fraction.

Follow manufacturer’s affinity chromatography protocol to
purify rAg using a gravity-flow nickel-NTA resin packed col-
umn under denaturing condition (se¢ Note 15).

Dialyze rAg in the elution buffer containing 8 M urea and
250 mM imidazole by placing the protein solution in a Slide-
A-Lyzer™ cassette submerged in 2 L of PBS containing 4 M
urea. Place a magnetic stir bar in buffer and slowly mix over-
night at 4 °C.

Dialyze protein for 8-12 h in PBS containing 2 M urea
overnight.

Continue to dialyze the protein in PBS alone overnight.
Retrieve the protein solution into a sterile 50 mL conical tube.

Remove endotoxin by passing protein solution through an
ActiClean Etox column using gravity flow (see Note 16).

Quantify contaminating endotoxin using the Pyrochrome®
LAL assay per the manufacturer’s kinetic endpoint protocol
and a 96-well microplate plate reader with temperature-control
and kinetic endpoint capabilities.

Quantify rAg protein by BCA assay and confirm purity by
standard SDS-PAGE and Coomassie Brilliant Blue staining
protocols.

Confirm rAg protein sequence by liquid chromatography-
tandem mass spectrometry (LC-MS/MS) analysis using a
commercial service.

. Prepare rAg vaccine. Each dose contains 10 pg rAg in 49 pL

PBS, 10 pg CpG in 1 pL PBS, and 50 pL IFA. Scale up for the
required doses. Vortex the mixture well until it does not sepa-
rate into two phases.
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. Immunize HLA-DR4 transgenic mice with the rAg vaccine, as

described in Subheading 3.2, step 3. HLA-DR4 mice vacci-
nated with IFA + CpG without the antigen are used as a nega-
tive control.

. Confirm immunogenicity of rAg using an ELISpot assay as

described in Subheading 3.2 using the incorporated peptides
as stimulants (se¢ Note 17).

. After confirming rAg is immunogenic, immunize 6-10 weeks

old, gender-matched HLA-DR4 mice with the rAg vaccine or
the adjuvant control. At least ten mice per treatment group are
necessary to obtain statistically significant data (see Note 18).

. Inoculate C. posadasii (C735 isolate) culture on GYE agar

plates on the day of booster immunization for use in down-
stream challenge inoculums. Coccidioides spores take 3—4 weeks
to grow on GYE plates.

. Mice are challenged with a potentially lethal dose of viable

Coccidioides spores at 4 weeks after the last booster immuniza-
tion. Three days before the scheduled challenge time, collect
spores (arthroconidia) from 2 GYE agar plate cultures of
Coccidioides (3—4 weeks old) by scraping the plates with a ster-
ile cell lifter. Transfer the spore mat into an autoclaved Oak
Ridge tube provided with a silicone gasket and screw cap. Add
10 mL PBS plus 15 autoclaved glass beads (5 mm diameter),
screw the cap tightly, and shake vigorously by hand for 30 s.

. Filter the suspension through a 40 pm sterile cell strainer to

remove hyphal fragments. Collect the spores in a sterile Oak
Ridge centrifuge tube.

. Pellet the spores by centrifugation at 1200 x g for 10 min at

room temperature, discard the supernatant into the disinfec-
tant tank, and resuspend the spores in 5 mL PBS.

. Determine the concentration of spores using a hemocytometer.
10.

Dilute the spores to 107 spores/mL with PBS for long-term
storage at 4 °C.

Plate inoculum to confirm dosage by preparing an aliquot of
diluted spores to 103 spores/mL with PBS. Plate 5 GYE plates
each with 100 pL of the diluted spores for testing viability
(see Note 19).

Incubate the plates upside down in a 30 °C steady incubator
for 3 days.

Count colony-forming units (CFUs) at the end of the 3 day
incubation (see Note 20).

Prepare an aliquot of C735 spores at a concentration of
2.5 x 103 CFU/mL in PBS.
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15.

16.

17.

18.

Vaccinated and control mice are anesthetized with isoflurane
using a vaporizer and challenged with a potentially lethal dose
of spores (75-90 spores in 35 pL) via an intranasal instillation
method.

Plate 5 GYE plates, each with 35 pL of the spore solution to
confirm the challenge dose.

Weigh each mouse daily and monitor prognosis of coccidioi-
domycosis (see Notes 21 and 22).

Evaluate survival over a period of 50 days and evaluate statistical
significance of survivors of rAg-vaccinated mice versus control
animals by the Kaplan-Meier test using log rank analysis.

4 Notes

. CpG ODN is a class II sequence TCCATGACGTTCC

TGACGTT (CpG region underlined) modified with phos-
phorothioate on all nucleotides to mitigate nucleases [36].

. HLA-DR4 mice were genetically engineered from a C57BL/6

background and were backcrossed to MHC II-deficient mice
lacking IAp and IEa alleles to eliminate production of endog-
enous murine MHC II molecules [37, 38].

. All culturing and preparatory procedures that involve live cells

of Coccidioides are conducted in an annually certified biosafety
cabinet located inside a biosafety level 3 laboratory. Prepare
1 L of freshly made 20% bleach in a 2 L beaker and an auto-
claveable red bag inside the biosafety cabinet as a disinfectant
station and a waste collection container, respectively. Discard
all solution and used consumable supplies into the disinfectant
tank immediately after usage.

. Annotated genome databases of C. posadasii isolate C735 and

C. immitis isolate RS are completed, while the other 12 avail-
able genomes are sequenced to 3—-8x coverage.

. From this point forward, conduct all work in a Class 1I biologi-

cal safety cabinet and do not allow 96-well plate membranes to
dry.

. Only allow ethanol to rest on membrane for 60 s to allow for

sufficient wetting. Extensive incubation may cause ethanol
evaporation and membrane damage.

. If necessary, add 10 pg/mL polymyxin-B to the peptide/

antigen stimulants to mitigate LPS interference.

. Gentle pipetting prevents swirling of well contents and pre-

vents cells from concentrating at the edges of the wells.

. If high spot numbers are detected for mice that are vaccinated

with adjuvant alone, the following optional controls may be
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included: wells contain APCs only to account for nonspecific
IEN-y production by APCs and scrambled peptide to control
nonspecific stimulation.

To ensure uniform spot development and prevent spot-
streaking, do not agitate, move, or bump plates during the
incubation period.

A DI water faucet is sufficient, provided the water pressure is
low enough to prevent damage to the plates. After the first
wash, remove the bottom plastic backing and continue to care-
tully rinse both the top and the bottom of the membrane.

It an originally identified epitope included in the designed rAg
does not sustain its promiscuous HLA binding property when
tested by ProPed, it can be repositioned within the rAg to
ensure its antigenic properties.

Ensure gene synthesis services include sequence optimization
for codon usage, GC content, repeating DNA sequences, and
secondary DNA structure for efficient protein expression in
E. coli.

Most of E. coli-expressed recombinant antigens derived from
C. posadasii are in bacterial inclusion bodies and insoluble in
non-denaturing extraction buffer. They are purified using a
denaturing condition with 6-8 M urea as a solubilization
agent.

All Ni-NTA binding, washing, and elution buffers contain § M
urea for purification of Coccidioides recombinant proteins
under denaturing condition.

From this point forward, use pyrogen-free consumables to
reduce endotoxin contamination.

If ELISpot shows that an epitope is processed with little effi-
ciency or not at all, consider the following modifications: adjust
the position of the epitope within the rAg vaccine, adjust the
length of'amino acids up and downstream of the core HLA-DR
binding epitope, and consider further modifying flanking
regions to promote epitope processing [39].

Both female and male HLA-DR4 mice are highly susceptible
to Coccidioides infection. There is no detectable difference in
susceptibility between male and female mice if'a challenge dose
higher than 30 spores is used.

Only Coccidioides spore preparation with cell viability over 90%
can be used for vaccination and challenge.

Coccidioides spp. form a white to milky color, spider web-like
colonies about 1-2 mm in diameter at the end of the 3 day
incubation. Presence of smooth and big colonies on GYE
plates is an indication of contamination.
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21. Any mice that appear moribund prior to the scheduled
endpoint will be euthanized. Moribund animals will be iden-
tified by the following criteria: (1) ruffled fur, (2) hunched
posture, (3) weight loss greater than 20%, and (4) inability to
eat or drink.

22. Vaccinated HLA-DR4 mice can display three distinct manifes-
tations of coccidioidomycosis after an intranasal challenge with
Coccidioides spores, including fatal acute, disseminated, and
pulmonary disease conditions [13]. Mice with fatal acute dis-
ease will lose over 20% body weight and approach moribund
condition by 12-20 days postchallenge, while protected
animals with disseminated and pulmonary disease forms can
survive to 50 days postchallenge.
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Chapter 5

Identification of Fungal T Cell Epitopes by Mass
Spectrometry-Based Proteomics

Bernd Roschitzki and Salomé LeibundGut-Landmann

Abstract

CD4* T cells play a key role in host defense against many fungal infections. T cells are also implicated in
vaccine immunity to fungi. To date, only a small number of fungal antigens have been identified. Knowing
the antigenic determinants of fungi-specific T cells greatly facilitates the detection, enumeration and char-
acterizes the antifungal T cells and it constitutes an important step toward the design and development of
vaccination strategies. This chapter describes a method of MHC-II ligand elution and mass spectrometric
analysis to identify naturally processed and presented fungal peptide epitopes.

Key words Fungal antigens, T helper cells, Naturally processed and presented T cell epitopes,
MHC-II ligand elution, Mass spectrometry

1 Introduction

The high morbidity and mortality associated with fungal infections
constitutes an unmet need for better preventative and therapeutic
approaches. Many fungal infections are not limited to immuno-
compromised hosts, but also affect otherwise healthy individuals,
thus offering good prospects for active vaccination strategies.
Multiple preclinical studies in mouse models demonstrate the fea-
sibility of diverse vaccination strategies to induce immunity against
clinically relevant fungal pathogens [1], and the successful comple-
tion of phase 1 trials with vaccines against Candidaalbicans has
delivered promising results [2, 3].

Knowing the antigenic determinants that are recognized by
fungus-specific T cells is a prerequisite for the development of fun-
gal vaccines. Detailed knowledge on fungus-derived antigenic pep-
tides is also the key for understanding T cell immunity against
fungal infections. However, the genetic complexity of many fungi
is impeding the rapid identification of T cell epitopes. A large num-
ber of peptides can theoretically be generated from the large and

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_5, © Springer Science+Business Media LLC 2017
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complex fungal proteome. However, pathogen-specific T cell
responses are generally limited to only a small number of different
specificities.

Immunoproteomics approaches have proven useful for the
identification of MHC-bound peptides in an unbiased manner [4].
They involve the purification of detergent-solubilized peptide-
MHC complexes by immunoaffinity chromatography, the elution
of MHC-bound peptides, and the application of liquid
chromatography-mass spectrometry (LC-MS) for determining
individual peptide sequences. Computational discrimination of
host-derived sequences finally allows the identification of pathogen-
derived peptides. Mass spectrometry (MS) is thus a core technol-
ogy for the analysis of the MHC ligandome and allows gaining
qualitative and quantitative insights into the MHC-presented pep-
tide repertoire [5].

In this chapter, we describe an approach to identify putative
CD4* T cell epitopes from the fungal pathogen C. albicans that are
naturally processed and presented by murine antigen-presenting
cells. The experimental strategy can be adapted for the identifica-
tion of MHC-bound peptides from other fungal (and non-fungal)
microbes, provided their (genome) sequence is known, and also in
the context of other host species.

2 Materials

2.1 Mammalian Cells
and Fungi

2.2 Media, Buffers,
and Other Reagents

1. The DC line DC' [6] is grown in IMDM medium complete
(see below). Cells should be kept at a density between 10° and
109 cells/ml (see Note 1).

2. C. albicans (strain SC5314) is stored in 30% glycerol at
—80 °C. An aliquot of the frozen stock is grown on YPD agar
(see below) at 30 °C overnight. A single colony is then trans-
ferred to 5 ml YPD liquid medium (see below) and grown for
6-10 h in a 12 ml round bottom tube in a shaking incubator
at 180 rpm and 30 °C. From this preculture, a 20 ml culture
of the YPD liquid medium is adjusted to ODgy = 0.1 and
grown for 16-18 h in a 100 ml Erlenmeyer flask in a shaking
incubator at 180 rpm and 30 °C.

1. YPD liquid medium: 20 g yeast extract, 10 g bactopeptone,
and 20 g glucose in 1 L dH,O. Autoclave prior to use. Store at
room temperature.

2. YPD agar: 20 g yeast extract, 10 g bactopeptone, and 20 g
glucose in 1 L dH,0O are mixed. 20 g agar are added before
autoclaving. Pour into petri dishes once the agar has cooled
down to 50 °C. Store at 4 °C.
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. IMDM medium complete: IMDM GlutaMAX™ Medium sup-

plemented with 10% decomplemented fetal calf serum (FCS),
100 IU/ml Penicillin, 100 pg/ml Streptomycin, and 50 pM
2-Mercaptoethanol. Store at 4 °C.

4. PBS 1x.

11.
12.
13.
14.
15.

O 0 N O Ul W N

—
— O

—
\S]

—
w

. Anti-MHC-II antibody (anit-I-A/I-E, clone M5/114,

BioXCell,). Need 1 mg antibody per 1 ml pellet of infected
DCY40 cells.

. CNBr-activated Sepharose 4B (GE Healthcare).
. 1 mM HCIL.
. Coupling buffer: 0.5 M NaCl, 0.1 M NaHCQO3, adjusted to

pH 8.3.

. Blocking bufter: 0.2 M Glycin.
10.

Solubilization buffer (2x): dissolve 2.4 g CHAPS (Molecular
biology grade, 1.2% w/v) and 6 complete™ protease inhibitor
tablets in 200 ml PBS. Prepare fresh. A smaller volume can be
prepared for smaller sample sizes.

Elution bufter: 0.2% Trifluoroacetic acid (TFA).

10% Trifluoroacetic acid (TFA).

LC-MS-grade solvent A: 0.1% formic acid in water.
LC-MS-grade solvent B: 0.1% formic acid in acetonitrile.

LC-MS-Sample solution: 3% acetonitrile, 0.1% formic acid is
prepared from solvent A and solvent B by mixing 97 parts sol-
vent A and three parts solvent B.

. Table top centrifuge with swinging-out rotor for 5 ml round-

bottom tubes and for 15 and 50 ml conical tubes.

. CO; incubator adjusted to 37 °C with 5% CO.,.

. Shaking incubator adjusted to 30 °C.

. Rotating wheel for 50 ml conical tubes.

. 300 cm? tissue culture flasks.

. 50 ml conical tubes.

. Petri dishes.

. 12 ml round-bottom tube.

. 100 ml Erlenmeyer flasks.

. Econo-Pac® Disposable Chromatography columns.

. Sonicator. Clean with alcohol and rinse with dH,O prior to

use. Use ear protection.

. Beckmann ultracentrifuge with rotor Ti45/Ti70, ultracentri-

fuge tubes.

. 1000 ml beaker.
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14.

15.
l6.
17.

Amicon Ultra-4 Centrifugal Filter Unit with Ultracel-10
membrane.

1.5 ml Eppendorf tubes.
Vacuum concentrator.

Nano-HPLC-system equipped with a reverse-phase column
(0.075 mm x 150 mm,) and coupled to a high-resolution MS
system.

3 Methods

3.1 Infection
of Dendritic Cells
with C. albicans

3.2 Peptide Elution

Infection of approximately 10'° DC!

940 cells is necessary to obtain

sufficient MHC-II - peptide complexes for peptide elution. The
infections can be done in batches with 3-5 x 10° cells each. Infected
cells can be stored at —80 °C and pooled later for the preparation
of the lysate.

1.
2.

Expand DC!* cells to obtain the required cell number.

Seed 2 x 108 DCY* cells in 50 ml IMDM medium complete
per 300cm? tissue culture flask 1 day prior to the infection.
Incubate overnight at 37 °C, 5% CO,.

. For infection, collect C. albicans yeast cells from an overnight

culture in a YPD liquid medium. Wash three times in PBS. After
each washing step, centrifuge for 5 min to pellet the cells.
Determine the yeast cell concentration by measuring the ODyq
with a photometer (1 ODggo & 107 cells, see Note 2). Adjust
the concentration to 1.5 x 10%® yeast cells/ml in IMDM
medium complete. Add 4 ml (= 6 x 108 yeast cells) to the
DCY¥* cells (without removing the medium from the dendritic
cells). Swirl the flasks to distribute the yeast cells equally over
the entire surface of the dendritic cells.

4. Incubate for 4 h at 37 °C, 5% CO, (see Note 3).

7.

. At the end of the infection period, collect the infected DC!#

cells from the flasks using a cell scraper and pool all cells in one
conical 50 ml tube. Centrifuge for 5 min at 300 x g, 4 °C, to
collect the cells.

. Wash the infected DC'*° cells with PBS and centrifuge again

for 5 min at 300 x g, 4 °C, to collect the cells. Remove the
supernatant. Measure the volume of the cell pellet and calcu-
late the overall volume of all cell pellets to be pooled in case the
infection is done in batches.

Store the cell pellet in the conical 50 ml tube at —80 °C.

The elution of MHC-II-bound peptides is done over 2-days. On
the first day, an affinity column consisting of an anti-MHCII anti-
body coupled to CNBr-activated Sepharose is prepared. Also on
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of the CNBr-Sepharose
Columns (Day 1)
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the first day, a lysate is prepared from the infected cells. The soluble
fraction of the lysate, containing the MHC—peptide complexes, is
then applied to the affinity column. On the second day, the peptide-
loaded MHCII molecules are eluted with 0.2% TFA, and the pep-
tides are separated from the MHCII molecules by size exclusion
centrifugation.

1. Determine the amount of antibody and CNBr-Sepharose needed
(1 mg antibody per 1 ml cell pellet; 37.5 mg CNBr Sepharose
per 1 mg antibody. For an example: for a cell pellet of 4.5 ml, you
need 4.5 mg antibody and 168.75 mg CNBr-Sepharose).

2. Weigh out the required amount of CNBr-Sepharose into a
conical 50 ml tube.

3. For the activation of the CNBr-Sepharose, cover the CNBr-
Sepharose with 1 mM HCI solution at room temperature, mix
well, and incubate at room temperature for 30 min, with
rotation.

4. Centrifuge the activated CNBr-Sepharose for 4 min at room
temperature and 300 rpm without break. Remove the super-
natant without touching the CNBr-Sepharose pellet.

5. Resuspend the anti-MHC-II antibody in coupling buffer at
room temperature and add it to the CNBr-Sepharose pellet
(the pellet should be covered with coupling buffer). Mix well
and incubate at room temperature for 120 min, with rotation.

6. Determine the coupling efficiency:

tp: Remove 100 pl of the antibody-CNBr-Sepharose and put
in an 1.5 ml conical tube, centrifuge for 2 min at 15,700 x g,
transfer the supernatant in a new 1.5 ml conical tube, dissolve
and measure the antibody concentration with a photometer,
wavelength ODyg (1 OD,g = 0.7 mg/ml antibody).

t.na: Remove 100 pl of the antibody-BrCN-sepharose, measure
the antibody concentration as described for t,.

Coupling efficiency =100%—((antibody concentration at z.,q4),/
(antibody concentration at ty) x 100%). The coupling effi-
ciency should be >95%. Otherwise, incubate the CNBr-
Sepharose with the antibody for a prolonged period of time.

7. Centrifuge the antibody-coupled CNBr-Sepharse for 4 min at
room temperature and 300 rpm without break. Remove the
supernatant without touching the CNBr-Sepharose pellet.

8. Add blocking buffer to cover the CNBr-Sepharose. Mix well
by shaking and incubate at room temperature for 60 min, with
rotation.

9. Centrifuge the antibody-coupled CNBr-Sepharse for 4 min at
room temperature and 300 rpm without break. Remove the
supernatant. Wash the pellet twice with PBS. Centrifuge as
described.
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3.2.2 Preparation
of the Cell Lysate (Day 1)

3.2.3 Elution of MHC-II-
Peptide Complexes
from the CNBr- Column

10.

11.

Resuspend the CNBr-Sepharose in PBS and transfer to the
column.

Wash the column with PBS for 30 min using gravity flow (flow
rate 1-2 ml/min).

All the steps are done in the cold room. Precool the centrifuge
including the rotor and the adaptors at 4 °C.

1.

—

Thaw the cell pellet(s) and transfer into an Erlenmeyer flask.
Pool pellets in case the infection was done in several batches
(see Subheading 3.1, point 6).

. Add 1 volume of freshly prepared solubilization buffer (2x).

Stir slowly until the pellet is completely thawed.

. Add 1 volume of solubilization buffer (1x). Stir for 60 min at

4 °C. Transfer the lysate into a 50 ml conical tube.

. Homogenize by sonification: Place the 50 ml conical tube con-

taining the lysate on ice in a 1000 ml beaker. Apply ultrasound
for 3 x 20 s with breaks of 20 s in between.

. Stir for 60 min at 4 °C.
. Centrifuge the cell lysate for 20 min at 4 °C, 4000 rpm.

. Transfer the supernatant to ultracentrifuge tubes. Fill the tubes

until the very top and balance exactly with solubilization bufter
(1x). Centrifuge for 60 min at 4 °C and 40,000 rpm.

. Sterile filter the supernatant through a 0.2 pm filter.
. Load the lysate of the CNBr-Sepharose column by running it

over the column by gravity flow. Recover the flow through and
run it over the column at least ten times. Collect the last flow
through in a 50 ml conical tube and store at —20 °C (see Note 4).

. Wash the column with PBS (flow rate 1-2 ml/min, ¢ > 30 min).

2. Wash the column with dH,O (flow rate 1-2 ml/min, #> 30 min)

10.

(see Note 5).

. Let the column run dry prior to adding 0.2% TFA onto the

column until the CNBr-Sepharose is covered.

. At the first elution step, additionally add 10 pl 10% TFA per

mg of antibody (see Note 6).

. Close the column and shake gently for 15-30 min.
. Elute the peptides into an Amicon tube that was washed with

0.2% TFA (see Note 7).

. Repeat the elution with 0.2% TFA seven to nine times.
. Centrifuge the Amicon tubes at 4 °C and 4,000 rpm until all

eluate has passed through the filter.

. Transfer the flow through in a 1.5 ml Eppendorf tube. Dry the

peptides using a vacuum concentrator (se¢ Note 8).

Store the samples at —80 °C until further use.
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Analysis

3.4 Data Analysis
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Peptide identification is done using nano-HPLC-systems coupled
to high-resolution and high-accuracy mass spectrometers. The
usage of nano-scale HPLC and nano-scale ion sources coupled to
MS enables a sensitive and comprehensive analysis of MHC bound
peptides.

1. Dissolve the dried peptides in 15 pl LC-MS-Sample solution
(see Subheading 2.2).

2. Load 4 pl of the peptide solution on a nano-LC-MS/MS sys-
tem and elute the peptides using a linear gradient of increasing
amount of acetonitrile (3—40%) in 50 min followed by a strong
increase to 97% acetonitrile in 10 min using a constant flow

rate of 300 nl/min (see Note 9).

3. Acquire high accuracy mass spectra with an Orbitrap Velos
(Thermo Scientific) in a mass range of 300-2000 m/z and a
resolution of 60,000@400 m/z FWHM (Full Width at Half
Maximum). Operate the MS in data-dependent mode and
record up to five MS/MS using collision-induced dissociation
(CID) or up to three MS/MS using higher-energy collisional
dissociation (HCD) of the most intense ions in the linear ion
trap or in the Orbitrap, respectively. Enable charge state screen-
ing and acquire MS/MS only of doubly, triply, or quadruply
charged ions. Exclude target ions already selected for MS/MS
dynamically for 60 s (see Note 10).

Recorded mass spectra are extracted to peak lists before the data
can be analyzed with data base search algorithms such as Mascot.
The statistical validation using peptide level FDR and Protein
Prophet allows defining FDR thresholds for peptide spectrum
matches (PSM) and proteins. Sequence alignments and text
filtering provides a ranked overview of analyzed MHC binding
peptides.

1. Generate peak lists by using Mascot Distiller software (Matrix
Science).

2. Use a search engine (e.g., MASCOT) to analyze the recorded
MS/MS spectra against a decoyed and concatenated Swiss-
Prot database (see Note 11).

3. Set search parameters as follows: precursor tolerance 7 ppm,
MS/MS tolerance 0.6 Da for ion trap spectra and 0.02 Da for
Orbitrap spectra, specify oxidation of methionine as variable
modification and enzyme specificity to none.

4. Validate data by using the Scaffold Local FDR algorithm for
peptide assignments and for protein assignments the Protein
Prophet algorithm [7] implemented in Scaffold (Proteome
Software). Filter sequence assignments with a peptide FDR of’
1% and a relaxed protein FDR of 10%.
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3.5 Data Validation

and Further
Applications

5.

Filter peptide by length (8-26 amino acids) and perform
sequence alignment using online tools such as T-Coftee (www.
tcoffee.org/).

6. Group peptides based on: (1) number of aligned overlapping

sequences and (2) assigned protein, (3) assigned species.

7. Rank peptides with a high number of overlapping sequences

and assignment to proteins of the pathogenic species.

In the following, possible approaches for initial validation of the
identified peptides and further applications are outlined.

1.

For peptide affinity predictions, the Immune Epitope Database
(IEDB) Analysis Resource (http://tools.immuneepitope.org)
provides a useful tool.

. For assessing whether the identified MHC-II-bound peptides

function indeed as CD4* T cell epitopes, the peptides should
be synthesized synthetically and probed against pathogen-spe-
cific T cells. For this, activated or memory T cells from infected
hosts (or T cells from TCR-transgenic mouse models, if avail-
able) are stimulated with antigen-presenting cells that are
loaded with the peptides, and the response of the T cells is
assessed by standard immunological methods that assess T cell
activation, proliferation, and/or effector functions. The rela-
tive frequency of epitope-specific T cells within the repertoire
of pathogen-specific can also be determined [6, 8].

. Knowing the pathogen-derived T cell epitopes enables the

generation of MHC-tetramers to investigate the endogenous
repertoire of pathogen-specific T cells in immune hosts, but
importantly also in pre-immune hosts where precursor fre-
quencies are usually very low [9].

. The protective capacity of the identified peptide antigens may

initially be assessed in preclinical studies using experimental
vaccination approaches in animal models [6, 8]. Protective
potential is a prerequisite for a fungal antigen to serve as a vac-
cine candidate.

. The identification of protective fungal T cell antigens is also an

important step in the development of immunotherapeutic
strategies against fungal infections, such as adoptive T cell
therapy, which is explored in transplant recipients to restore
the lacking T cell function [10-13].

4 Notes

. DCY0 cells are CD8a*-like DC cell line derived from tumors of

CD11¢-SV40-eGFP transgenic mice [ 14]. They grow indepen-
dently of any growth factor and express GFP in a constitutive


http://www.tcoffee.org
http://www.tcoffee.org
http://tools.immuneepitope.org

10.

11.
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manner. Keep the cells at a density of 10°-10° cells/ml. Detach
the cells with 5 mM EDTA in PBS. After collecting the cells,
wash them once in medium to remove traces of EDTA.

. The yeast cell concentration corresponding to ODgy = 1

should be determined experimentally by counting the yeast
cells under the microscope and by enumerating the colony-
forming units on YPD agar.

. The optimal duration of infection should be determined experi-

mentally by assessing the peak of antigen presentation using T
cell activation as a readout. Likewise, the infection dose may be
modified to induce maximal antigen presentation.

. The lysate may be run over the column cyclically using a pump

(flow rate 1-2 ml/min, overnight). In this case, the first thing
in the morning of day 2 is to run the lysate through the col-
umn linearly and to collect the flow through in a 50 ml conical
tube. Store the flow through at —20 °C.

. Washing first with PBS and afterward with H,O is helpful to

remove the detergent, which is very sticky.

. Addition of 10% TFA for the first elution of the column helps

to avoid any buffering effect of the sepharose and the bound
proteins.

. Fill the Amicon tube and filter with 0.2% TFA, incubate over-

night. Empty the tube and centrifuge at 4,000 rpm.

. Use high-quality Eppendorf tubes rather than low binding

tubes at this step. Low binding tubes may leak the coating if
they are used with acidic solutions.

. Gradient length is optimized for medium complex peptide

mixture. Longer and shallower gradients might be used for
samples with higher complexity.

High accuracy precursor spectra are prerequisite and high
accuracy fragment mass spectra are beneficial and accelerate
database searches. The use of different fragmentation tech-
niques (e.g., CID, HCD, ETD, EThCD, etc.) is providing
additional sequence information [15]. Technical replicates in
combination with time-dependent exclusion lists of already
sequenced precursor signals can increase sequence coverage.

The usage of species-specific sequence databases could acceler-
ate data analysis and increase the sensitivity.
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Chapter 6

Intranasal Antifungal Vaccination Using DNA-Transfected
Dendritic Cells

Shanjana Awasthi

Abstract

Dendritic cells are the most potent antigen-presenting cells, and are critical for the generation of an
antigen-specific immune response and protective immunity. These unique features have been applied to
dendritic cell-based immunization in a number of disease conditions. Our published results have demon-
strated that the immunity induced by intranasal immunization with DNA-transfected dendritic cells results
in reduced fungal burden, and alleviated lung tissue damage in a mouse model of pulmonary fungal infec-
tion. In this article, approaches for the preparation and characterization of DNA-transfected dendritic cells
and intranasal immunization in mice are described.

Key words Dendritic cells, Genetic transfection, Antigen expression, Protective immunity, Fungal
infection

1 Introduction

Dendritic cells are the most potent antigen-presenting cells, and
play an important role in directing the immune responses against
infectious stimuli and pathologic ligands [1, 2]. The unique fea-
tures of dendritic cells have generated enormous recent interest in
the field of immunology. Dendritic cells can take up pathogens and
ligands, process them intracellularly, present the processed anti-
gens on major histocompatibility complexes, migrate to lymphoid
organs, and activate naive lymphocytes to generate antigen-specific
immune responses. These properties have been utilized for the
preparation of dendritic cell-based vaccines, immunization, and
induction of an antigen-specific immune response. Dendritic cell-
based immunization has shown efficacy in a number of disease con-
ditions, including cancer (reviewed in [3-7]). Several preclinical,
phase I, and phase II clinical trials have been conducted or are

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
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underway [8—12]. As a result, Sipuleucel-T (trade name Provenge;
Dendreon Corp, WA) was approved as the first autologous
dendritic cell-based vaccine for the treatment of certain patients
with advanced prostate cancer [ 13]. Dendritic cell-based approaches
have also been tried against a number of infectious diseases for
which an effective treatment or vaccine is not available, including
fungal infections. The most recently published work describes the
utility of dendritic cells for vaccination against Cryptococcus gattis,
a fungal pathogen [14].

In our published studies, we utilized dendritic cells for vaccina-
tion in a mouse model of Coccidioidomycosis, a fungal infection
caused by Coccidioides spp. A variety of factors, including the source
of dendritic cells, pulsing or transfection of dendritic cells, route
and dose of immunization, migration, antigen-presentation, and
generation of immune responses, are important for the success of a
dendritic cell-based vaccine. It is critical that the dendritic cells
present the protective antigens or epitopes, and are capable of
inducing an antigen-specific protective immune response. Many
techniques, including the pulsing or genetic transtection of den-
dritic cells with isolated RNA, purified proteins, and DNA, have
been employed. Using a commercially available nonviral transfec-
tion reagent, we transfected the dendritic cells with a plasmid DNA
carrying a cDNA insert for Coccidioides-derived protective Antigen
2 /proline-rich antigen (Ag2/PRA) [15-18]. After characteriza-
tion of dendritic cells for their immunophenotype, viability, mor-
phology, and presentation of the protective epitope, we
prophylactically administered the DNA-transfected dendritic cells
and challenged the mice with live arthroconidia of Coccidioides
[19]. Our results demonstrated that the prophylactic administra-
tion of DNA-transfected dendritic cells encoding Coccidioides-Ag2 /
PRA can stimulate protective immune response, which results in
suppression of fungal burden and alleviation of lung pathology
[19, 20]. These approaches have been used or cited in published
reports from other investigators [21—41]. This article provides
procedure details of the transient transfection of dendritic cells
with DNA, characterization of DNA-transfected dendritic cells,
and intranasal immunization.

2 Materials

Prepare all solutions in sterile, commercially available endotoxin-
free water or cell culture grade reagents. Store all reagents, solu-
tions, and kits under the conditions recommended by the
manufacturer, unless indicated otherwise. All animal procedures,
safety precautions, and waste disposal regulations should be
followed per the institutional guidelines.



2.1 Transient
Transfection

of Dendritic Cells
with Plasmid DNA
Carrying
Coccidioides-Ag2/
PRA-cDNA

2.2 Characterization
of DNA-Transfected
Dendritic Gells:
Viability, Expression

of Ag2/PRA Protein,
and Immunophenotype
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. Cells: Primary mouse bone marrow-derived dendritic cells or

JAWS 11 dendritic cells are harvested and maintained, per the
methods described elsewhere [16, 42]. Typical morphological
characteristics of dendritic cells and viability (>95%) are deter-
mined by Diff Quik staining (Dade Behring, IL) of cytospin
preparations of cells and trypan blue staining of cells,
respectively.

. Plasmid DNA: Plasmid DNAs are scaled up and purified using

an endotoxin-free plasmid DNA extraction kit. Purified plas-
mid DNA is analyzed for the Coccidioides-Ag2/PRA-cDNA
insert using restriction enzyme analysis. Any contamination
with endotoxin is determined using the Limulus amebocyte
lysate assay Kkit.

. TransIT-TKO transfection reagent (Mirus Bio, WI).
. Dulbecco’s minimum essential medium (DMEM).

. 24-well cell culture plate.

5% CO, incubator at 37 °C.

. 1.5 ml sterile microfuge tube.
. Plasmid pHYG-EGEFP (Clontech, CA) encoding enhanced

green fluorescent protein (EGEP).

. Complete culture medium for the maintenance of JAWS II

dendritic cells: Alpha MEM containing ribonucleosides,
deoxyribonucleosides, 4 mM L-glutamine, 5 ng/ml recombi-
nant mouse granulocyte macrophage colony-stimulating fac-
tor, 20% fetal bovine serum, 1x penicillin-streptomycin mix
(Invitrogen Thermo Fisher, MA), and 50 pg/ml gentamicin.

Complete culture medium for primary mouse bone marrow-
derived dendritic cells: RPMI 1640 medium containing 10
mM N-2-hydroxyethylpiperazine- N'-2-ethanesulfonic acid,
1% MEM nonessential amino acids, 50 pM p-mercaptoethanol,
10 ng/ml recombinant mouse interleukin-4, 10 ng/ml
recombinant mouse granulocyte macrophage colony-
stimulating factor, 10% fetal bovine serum, 1x penicillin-
streptomycin mix, and 50 pg,/ml gentamicin.

. Cell culture grade Dulbecco’s phosphate buffered saline

(DPBS).

2. Centrifuge.

. Cell lysis buffer: 1% Igepal CA-630, 0.1% sodium dodecyl sul-

fate, 1 mM ethylenediaminetetraacetic acid, and protease
inhibitors (1.1 pM leupeptin, 1 pM pepstatin, and 0.2 mM
phenylmethylsulfonyl fluoride).

4. Trypan blue stain.

. Bicinchoninic acid (BCA) assay kit.



78 Shanjana Awasthi

2.3 Intranasal

10.

11.
12.

. Tris-buffered saline (TBS): 20 mM Tris-HCI, pH 7.5, 150

mM NaCl.

. Blocking buffer: 0.05% Tween 20 and 5% bovine serum

albumin in TBS.

Ag2 /PRA-specific antibody.

Alkaline phosphatase (AP)-conjugate substrate kit (Bio-Rad,
CA).

Staining buffer: 1% heat-inactivated fetal bovine serum and
0.09% sodium azide in DPBS.

Fc block™.

Fluorescein isothiocyanate-, phycoerythrin-, or
allophycocyanin-conjugated antibodies specific to the cell sur-
face markers.

Age- and sex-matched, 5-to-6-week-old syngeneic mice.

Administration

of DNA-Transfected

Dendritic Cells in Mice

3 Methods

3.1 Transient 1. Thaw endotoxin-free, characterized plasmid DNA on ice.
Transfection Thaw  TransIT-TKO transfection reagent at room
of Dendritic Cells temperature.

with Plasmid DNA 2. Harvest dendritic cells by gentle scraping and suspend the cells
Carrying in DMEM. Seed 1 x 10° cells /100 pl per well in a 24-well cell
Coccidioides-Ag2/ culture plate and incubate at 37 °C for 30 min in a 5% CO,
PRA-cDNA incubator.

3. Prepare the transfection reagent: DNA mix. Vortex the stock
vial of transfection reagent. Aliquot 150 pl of DMEM in a
1.5 ml sterile microfuge tube, and add 4 pl of TransIT-TKO
reagent. Vortex mix and incubate at room temperature for
5 min.

4. Add 2 pg of plasmid DNA to the diluted transfection reagent
dropwise. Do not vortex at this stage. Invert mix the transfec-
tion reagent: DNA. Incubate the transfection reagent: DNA
mix at room temperature for 5 min. Optimize the transfection
reagent: DNA ratio at the same time (se¢ Note 1).

5. Add transfection reagent: DNA mix to all corners and the cen-
ters of the wells with seeded cells for equal distribution.
Incubate the cells at 37 °C for 4 h in a 5% CO, incubator.

6. Add an equal volume (250 pl) of complete culture medium

containing antibiotics, growth factors, and fetal bovine
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serum, used for the maintenance of dendritic cells, and
continue with the incubation of cells at 37 °C in a 5% CO,
incubator (see Note 2).

. To analyze the transfection efficiency of a particular lot of

transfection reagent, transfect one well of cells with plasmid
pHYG-EGEFP using the protocol described above, and moni-
tor the green fluorescence with fluorescence microscopy daily
(see Note 3).

3.2 Characterization ~ Before immunizing mice, determine the viability, expression of

of DNA-Transfected Ag2/PRA protein, and immunophenotype of DNA-transfected
Dendritic Cells: dendritic cells.

Viability, Expression of 1. Collect nonadherent cells by pipetting and washing the wells
Ag2/PRA Protein, and with sterile, room temperature warmed, DPBS. Gently scrape
Immunophenotype the adherent cells with a pipette tip or other preferred meth-

ods, and pool with nonadherent cells. Wash the well with
DPBS to collect remaining cells.

. Centrifuge the pooled cell suspension of nonadherent and

adherent cells at room temperature. Discard supernatant. Wash
the cells twice with DPBS and prepare the cell lysate or suspen-
sion for further characterization or immunization (see Note 4).

. Determine the viability using the trypan blue staining method.

About 80-90% of the cells should be viable.

. Prepare cell lysate in lysis butfer and store at —20 °C for the

analysis of expression of Coccidioides-Ag2 /PRA protein by dot
immunoblotting.

. Dot immunoblotting: Wash the cells with DPBS twice and

scrape them using lysis buffer. Determine the protein concen-
tration in cell lysates using a BCA assay kit. Load various
amounts (0, 1.75, 2.5, 5.0, 10.0, and 20.0 pg) of cell lysate
protein onto nitrocellulose membrane pre-wetted in
TBS. Block the nonspecific sites in blocking buffer, and incu-
bate with Ag2/PRA-specific antibody (1:1000), followed by
secondary AP-labeled antibody (1:10,000) (see Note 5).

. Determine the immunophenotype of cells by staining the cells

with fluorochrome-conjugated antibodies specific to dendritic
cell markers: Aliquot 0.5-1 x 10° cells per 100 pl of staining
buffer. Add 1 pg Fc block™ to the cells and incubate on ice for
15 min in the dark. Add 1 pg each of fluorescein isothiocya-
nate-, phycoerythrin-, or allophycocyanin-conjugated anti-
bodies specific to the cell surface markers. Incubate the cells
for 3045 min on ice in the dark, wash thrice with staining
bufter, fix, and analyze using a flow cytometer. Use isotype
control antibody-stained or unstained cells as controls
(see Notes 6 and 7).
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3.3 Intranasal
Administration

of DNA-Transfected
Dendritic Gells in Mice

. Acclimate the mice for 1 week prior to immunization.

Anesthetize the mice at the time of immunization.

. An aliquot of DNA-transfected dendritic cells (1-2.0 x 10°

cells suspended in 30-40 pl) is prepared for intranasal
immunization.

. Gently hold the mice in an upright position. Use a 20-200 pl

pipette tip to slowly instill the DNA-transfected dendritic cells
alternately in each nostril.

4. Monitor the breathing in these mice during instillation.

. Hold the mice upright for a few minutes, and lay them down

at a 45° angle in their cages after the instillation procedure.

. Monitor the mice for 30 min or until they are awake, before

moving them to the animal housing area.

The procedures and steps described above are pertinent to the

preparation and characterization of Coccidioides-Ag2 /PRA-
expressing dendritic cells and the immunization of mice. Refer to
our published articles [16, 19] for additional procedures and
downstream applications, such as in vivo SPECT/CT or PET
imaging, an assessment of immune responses, and the efficacy of
dendritic cell-based immunization against infectious challenge
with live Coccidioides arthroconidia.

4 Notes

. Use the transfection reagent: DNA ratio and duration of trans-

fection that provide maximum expression of EGFP without a
significant loss of cell viability.

. Although the culture medium for the maintenance of JAWSII

dendritic cells and primary mouse bone marrow-derived den-
dritic cells differs [15, 16, 19, 42], this transfection method
has been used for both cell types.

. Check each lot of commercially available transfection reagent

for an assessment of transfection efficiency. This protocol has
provided us with about 30-50% transfection efficiency among
different experiments performed on separate occasions.

. The number of cells to be used for immunization can be

adjusted based on transfection efficiency between the experi-
ments and with the use of different batches of transfection
reagent.

. Include a cell lysate of non-transtected cells as a control.

6. Determine the staining using the standard flow cytometric

analysis method.

. The functional ability of DNA-transfected dendritic cells can be

tested by incubating the cells with lipopolysaccharide stimuli
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and by studying the changes in immunophenotype and cyto-
kine secretion with flow cytometry and commercially available
ELISA Kkits, respectively.
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Chapter 7

DNAhsp65 Vaccine as Therapy against
Paracoccidioidomycosis

Alice M. Ribeiro, André C. Amaral, Maria Sueli S. Felipe,
and Anamelia L. Bocca

Abstract

The conventional treatment for fungal diseases usually shows long periods of therapy and the high frequency
ofrelapses and sequels. New strategies of the treatment are necessary. We have shown that the Mycobacterium
leprae HSP6O5 gene can be successfully used as therapy against murine Paracoccidioidomycosis (PCM).
Here, we described the methodology of DNAhsp65 immunotherapy in mice infected with the dimorphic
fungus Paracoccidioides brasiliensis, one of PCM agent, evaluating cytokines levels, fungal burden, and
lung injury. Our results provide a new prospective on the immunotherapy of mycosis.

Key words Paracoccidioidomycosis, DNA vaccine, HSP65, Systemic mycosis, Immunotherapy,
Paracoccioides brasiliensis

1 Introduction

DNA vaccination is an encouraging alternative to traditional
protein-based vaccines to induce efficient and protective immune
responses, especially in diseases that involve the depression of
cellular immune response. DNA vaccines offer several advan-
tages over traditional vaccines, including better stability, rapid
and low-cost production, and to elicit immune protection for a
wide variety of infectious diseases [1, 2]. One molecule that has
shown efficiency in inducing innate and adaptive immunity is the
Heat-Shock Protein (HSP), conferring prophylaxis or immuno-
therapy against a great variety of illnesses, including tumors,
autoimmune diseases, and tuberculosis [3, 4]. The DNAhsp65
vaccine from Mycobacterinm leprae has conferred protection on
mice against challenges from M. tuberculosis |5, Leishmania major
[6], Paracoccidioidomycosis [7], and chromoblastomycosis [8].
Its effects are associated with a strong Th1l immune response and
downregulation of Th2 cytokines.
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Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_7, © Springer Science+Business Media LLC 2017

85



86 Alice M. Ribeiro et al.

Our research group demonstrated that hsp65 DNA vaccine
induced a strong prophylactic response in mice experimentally
infected with the dimorphic fungus Paracoccidioides brasiliensis
(Pb) [7], showing Th1 polarization and efficient macrophage acti-
vation, which was able to contain fungal dissemination and disease
progression.

P brasiliensis infection, known as paracocciodiomycosis
(PCM), is a chronic granulomatous disease and the most prevalent
systemic endemic mycosis in South America, with a high incidence
in Brazil, Colombia, Venezuela, and Argentina [9, 10]. As a result
of inefficient cellular immune response the conventional therapy is
long-term, which results in high toxicity, low efficiency, and
relapses. Immunization of mice with DNAhsp65 vaccine before
subsequent challenges with P. brasiliensis induced a reduction in
fungal burden, modulation of the immune response toward a Thl
profile, cellular proliferation reestablishment, and the reduction of
immunopathology in the lungs. These results provide a new pros-
pect for the development of DNA-immunotherapy of PCM.

2 Materials (See Note 1)

2.1 Paracocci-
dioidomycosis Murine
Model

2.2 DNAhsp65
Plasmid Construction

The antifungal therapeutic activity of DNAhsp65 in fungal infec-

tion is determined in murine model.
1. Isogenic male Balb/c mice aged between 6 and 8 weeks. 7 =5
animals per treatment group (se¢ Note 2).

2. Yeast Peptone Dextrose (YPD) liquid medium: 2% peptone,
1% yeast extract, 2% glucose (w/V).

3. Paracoccidioides brasiliensis (Pb)18 tungal strain cultured for 5
days at 37 °C under 153 x gin 100 mL of sterile YPD liquid
medium.

4. Phosphate Bufter Solution (PBS): NaCl 8 g, KCI 0.2 g,
KH,PO, 0.122 g, Na,HPO,.7H,O 1.716 g, and distilled
water 1 L.

5. Janus Green B vital dye.

6. Anesthetic solution: 80 mg/kg of ketamine and 10 mg/kg of
xylazine (200 pL per animal).

7. Neubauer chamber.

The DNAhsp65 vaccine is obtained as previously described by
Farmacore Biotechnology Ltd. (Ribeirdo Preto, S.P., Brazil) [11].

1. pVAXI1 as vector (Invitrogen, Carlsbad, CA, USA).

2. The 3.3 kb fragment of M. leprae hsp65 subcloned into Bam
HI and Not-I restriction sites in pVAXI1 vector (Invitrogen,
Carlsbad, CA, USA).



2.3 Evaluation
of DNAhsp65
Treatment

2.3.1 Fungal Burden
Recovery

2.3.2 Histopathological
Analysis

2.4 Lympho-
proliferation Assay
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. DH5a« E. coli cultured in LB liquid medium containing kanamicin

(50 pg/mL).

4. Endofree Plasmid Giga kit (Qiagen, Valencia, CA, USA).

. Equipment to RNA /DNA quantification.

6. LPS quantification kit (QCL-1000® Chromogenic LAL

Endpoint Assay Cambrex Corporation, Walkersville, MD,
U.S.A)).

Colony-forming units assay and histopathological analysis of lungs
are used to investigate the antifungal effect of the DNAhsp65.

—

P. brasiliensis 192 (Pb192) filtrate [12] (see Note 3).

2. YPD liquid medium.

. Petri dishes each containing 20 mL of Brain Heart Infusion

solid culture medium supplemented with (v/v) 4% horse
serum, 5% Pb192 filtrate, and gentamycin 40 mg/L (three
Petri dishes for each animal).

. Tissue grinder, Petri dish, and two pairs of sterile scissors and

surgical pins for each group of treated animals.

. PBS 1L, pH 7.0.

. Surgical scissors, pins, and conical tubes to collect the lung tis-

sue for each experimental group of animals.

2. Formalin neutral buffer 10%.

. Paraffin, alcohol to dehydrate and tissue cassette.

. Hematoxylin and eosin, silver and Masson’s trichrome.

The immune response activation after the DNAhsp65 treat-
ment is performed by splenocyte culture to determine cytokine
production, anti-specific HSP antibodies, and nitric oxide
production.

1.
2.

Sterile surgical scissor and pin.

Petri dish containing 10 mL of RPMI supplemented medium
prepared with 2 mM l-glutamine, 1 mM sodium pyruvate,
5% nonessential amino acids, 50pM 2 beta-mercaptoethanol,
streptomycin (100 g/mL), and 5% fetal bovine serum.

. 96-well plates v bottom.

4. Concanavalin A (Type IV—4 pg/mL).

. F1 fraction of Pb18 yeast cells as described previously [13], see

Subheading 3.5, step 2.

. Sterile distilled water.
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2.5 Cytokine
Quantification Assay

2.6 Anti-HSP65-
Specific Antibodies

2.7 Nitric Oxide (NO)
Production Assays

7.

Solution of chloroform and methanol (2:1, v/v) at room
temperature.

. 1 N NaOH solution.
. Ethanol p.a. grade.

10.
11.
12.
13.
14.

Acetone.

Diethyl ether.

[H?]-thymidine.

Incubator at 37 °C under 5% CO,.

Liquid scintillation counter (Beckman Instruments Inc.,
Fullerton, CA, U.S.A.).

The cytokines are quantified using commercial Enzyme Linked
Immune Sorbent Assay (ELISA) kits.

1.

Commercial kits to detect Thl, Th2, and Th17 cytokines.

Measure the specific IgG1 and IgG2a isotypes by ELISA.

|9 2 B S B S

)}

. 96-well high binding protein plate flat bottom.
. rTHSP65 protein (250 ng,/100 pL well).
. 1% bovine serum albumin in PBS.

. PBS-T: 0.05%Tween 20 in PBS.

. Peroxidase-labeled antibodies specific for mouse IgGl or

IgG2a isotypes.

. o-phenylenediamine.
7.
8.

H,S0, 2N (stop solution).
Microplate ELISA reader at 490 nm.

NO; concentration in culture supernatants is used as an indicator
of NO generation. The concentration of nitrite ( NO, ) in spleen
cell supernatants is measured by Griess assay, as described previ-
ously [14].

1.
2.

Solution 1: 1% sulfanilamide solution.

Solution 2: 0.1% naphthylethylene diamine dihydrochloride
(NEED) in 5% H;PO, solution.

. Griess reagent prepared v/v (1:1 ratio) of solutions 1 and 2

(see Note 4).

. Nitrite reductase buffer: 1 mM NADPH, 10 mM FAD, and

4 U/mL nitrate reductase in potassium phosphate 0.1 M
pH 7.5.

. Serial dilutions of NaNO, in PBS in a range of 1-200 pM.

6. Microplate ELISA reader at 540 nm.
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3 Methods

3.1 DNAhsp65
Plasmid Construction

3.2 Paracocci-
dioidomycosis Murine
Infection and
Treatment Design

. Digest the pVAX1 vector with BamHI and Notl and insert a

fragment of the Mycobacterinm leprae hsp65 gene. Use the
pVAXI1 vector without the hsp65 insert as a control.

. Obtain the plasmids from transformed DHb5a Escherichin coli

and purify them using the Endofree Plasmid Mega kit.

. Subject all samples to quantification of LPS using a commer-

cial kit (see Note 5).

. Anesthetize the mice intraperitoneally with 200 pL of anes-

thetic solution (prepared as described in Subheading 2.1,
item 6). Ten minutes after injecting the anesthetic, hyperex-
tend their necks and make a 0.5 mm cut to expose the trachea
at the level of the thyroid (sec Note 6).

. Prepare the Pbl8 fungal suspension to infect the mice, wash-

ing the 100 mL of culture of Pb18 in YPD by centrifuging in
1.015 x g for 3 min. Discard the supernatant. Add 10 mL of
sterile PBS. After the third wash, add 3 mL of sterile PBS and
count the cells in the Neubauer chamber. Adjust the fungal
suspension for 6 x 10° viable cells/mL. Assess the fungal cells’
viability by counting the fungal suspension mixed in equal vol-
ume with Janus Green B vital dye [ 15] and note that it must be
higher than 80% (see Note 7).

. Inject 50 pL of the Pb18 fungal suspension containing 3 x 10°

viable fungal cells using a 26-gauge needle. The incisions must
be immediately saturated using surgical thread and the animals
should be kept in a warm place until the anesthetic effect passes
(see Note 8).

. Wait 30 days for the establishment of the infection. The ani-

mals should be kept in a 12 h dark/light cycle with water ad
libitum (see Note 9).

. Group five mice per treatment group in each polypropylene

cage. To evaluate the therapeutic efficacy of DNAhsp65 vac-
cine, four groups should be formed: (a) Noninfected (nonin-
fected animals, control receiving 50 pLL of PBS as placebo); (b)
Infected (infected animals, control receiving 50 pL of PBS as
placebo); (¢) Empty plasmid (infected animals, receiving 100 pL.
of plasmid containing DNAhsp65); (d) DNAhsp65 within
plasmid (infected animals, receiving 100 pL of plasmid con-
taining DNAhsp65).

. All different treatments should be given by the intramuscular

(i.m.) route. Initiate the treatment regimen after 30 days of
infection with the Pb18 fungal strain and run it for 45 days
using one dose of different treatments at day 30 and one dose
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Fig. 1 Scheme of the experimental treatment design

3.3 Investigation
of DNAhsp65
Treatment

3.3.1 Fungal Burden
Determination in Lungs

at day 45. Then, 15 days after the administration of the last
dose, euthanize the animals to evaluate the efficacy of the treat-
ment. The scheme of the treatment is presented in Fig. 1.

The therapeutic efficacy of the DNAhsp65 treatment against PCM
murine model is assessed by evaluating the fungal burden recovery
from lungs by the Colony-Forming Units (CFU) assay. The lungs
are chosen because they are the main organs affected during the
PCM infection. The procedure must be conducted in sterile condi-
tions to avoid contamination of the culture medium (Fig. 2b).

1.

Anesthetize the mice as described in Subheading 3.2step 1.
Collect the blood for immunological analysis and proceed to
cuthanasia as approved by Bioethical committee (see Note 2).
Wash the mice by dipping in a container with ethanol 70% to
minimize contamination. In a sterile chamber, lay the mice in
dorsal position over a flexible surface (polystyrene sheet, for
example) to expose the thoracic region in the sterile chamber.
Fix each leg with pins to facilitate opening the abdomen using
sterile surgical scissors and a sterile surgical tip to collect the
entire lungs. Use another pair of scissors and tip to cut one
part of the lung over a sterile Petri dish. Put it in a sterile recipi-
ent to weigh. Discard the animal carcass after collection in the
appropriate place.

. Put the weighed piece of lung in the tissue grinder and add 1

mL of sterile PBS (prepared as described in Subheading
2.litem 3). Proceed to macerate the organ until a homoge-
nous suspension is obtained. Collect 100 pL of the suspension
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and dispose of it into a Petri dish containing supplemented
BHI agar media (prepared as described in Subheading 2.3.1).
Spread the volume homogenously over the plate. Seal the plate
with parafilm and maintain it at 37 °C for 14 days, counting
the cells daily. This procedure must be repeated for each ani-
mal from each experimental group (see Note 10).

. Present the data as a mean of the three Petri dishes from each

animal as number of fungal cells per tissue gram.

. Animals from each group should be euthanized at the sched-

uled times; remove lung fragments, fix in formalin 10% for 6 h,
dehydrate in alcohol, and embed in paraffin.

. Stain serial 5 pm sections with hematoxylin and eosin (H&E)

and Masson’s trichrome for lesion analysis and stain with silver
for fungal counts.

. Capture the histopathological images using a camera adapted

to an optical microscope (Fig. 2¢, d).

Total spleen cell proliferative responses are studied by [H3]-
thymidine incorporation, as previously described [16] (see Note 11)
(Fig. 2¢). The splenocytes are collected and cultured as follows.

1. Disrupt spleen cells in supplemented RPMI 1640 and wash

them twice in RPMI medium; count, add to 96-well plates at
a cell density of 3 x 10° cells /well, and subsequently stimulate
with Concanavalin A (4 pg/mL) and F1 fraction of Pb18 yeast
cells. Perform the experiments in triplicate at a final volume of
200 pL/well.

. Obtain the F1 fraction of Pbl8 yeast cells as described previ-

ously [13]. Disrupt the yeast cells by ultrasound and collect the
walls, washing them three times with distilled water by cen-
trifugation. Extract the lipids by soaking the walls in chloro-
form/methanol (2:1, v/v) at room temperature for 2 h.
Re-extract the insoluble cell residue three more times; we
named the resulting insoluble residue the cell wall fraction;
fractionate this fraction by alkaline extraction with 1 N NaOH
at room temperature for 1 h. Wash the alkali-insoluble sedi-
ment with water until a pH of 7.0 is obtained, wash with etha-
nol, and then wash with acetone and diethyl ether. The
resulting white powder is referred to as F1 fraction.

. Culture the spleen cells during 48 h at 37 °C under 5% CO,.
4. Pulse the culture for 12 h with 1 uCie/well with H3-labeled

thymidine and then harvest. Incorporation of H3-thymidine is
measured using a liquid scintillation counter. Data are expressed
as means + SEM of counts per minute of H3-thymidine incor-
poration. Supernatants of spleen cells cultured from experi-
mental groups are used to perform cytokine production assays.
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Fig. 2 Immune response evaluation after treatment of mice infected with P. brasiliensis. The mice experimen-
tally infected with Pb18 were euthanized after 60 days post-infection. The spleen cells were cultured and
assessed to (a) cytokines production and (e) splenocytes proliferation. The lungs were removed and assessed
to (b) fungal burden and (c, d) histopathological analysis. Results are expressed as the mean + SEM. *p < 0.05
in relation to control group or noninfected; # p < 0.05 in relation to noninfected stimulated with CON-A
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Production Assays
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Measurement
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5. Measure the cytokines using a commercial ELISA kit according
to the guidelines established by the company. Calculate the
cytokine level based on a standard curve provided by the com-
mercial kit. Express the data as the mean (logl0 + SEM) (Fig. 2a).

The specific IgGl and IgG2a isotypes are measured by ELISA
(Fig. 3a, b).

1. Sensitize the 96-well plates with rhsp65 protein (250 ng,/100uL
well) overnight at 4 °C.

2. Plates are blocked with 1:100 dilution of mouse serum for 2 h
at 37 °C. After washing with PBS-T, add the peroxidase-
labeled antibodies specific for mouse IgG1 or IgG2a isotypes,
diluted to 1:5000 for 2 h at 37 °C.

3. Wash the plates seven times with PBS-T and incubate with
H,O, and o-phenylenediamine for reaction development. Stop
the reactions by the addition of stop solution.

4. Determine the optical densities at 490 nm in an ELISA reader.

The concentration of nitrite ( NO, ) in total spleen cell superna-
tants is measured by a microplate Griess assay, as described previ-
ously [14] (Fig. 3c).

1. Add 100 pL of the culture supernatants to an equal volume
(v/v) of Griess reagent and incubate at room temperature for
10 min. Determine the absorbance at 540 nm with a micro-
plate reader. Determine the NO, concentration using a stan-
dard curve of 1-200 pM of NaNO,.

2. Perform the determinations in triplicate and express with mean
+ SEM of pM of NO,.

The concentration of nitrate ( NO; ) of samples is determined by
reduction of nitrate to nitrite as described previously [17] (Fig. 3d).

1. Add 50 pL of sample with 50 pL of nitrite reductase buffer
during 12 h at 37 °C.

2. Determine the NO; concentration using a standard curve of
1-200 pM of NaNOs3.

3. Determine the total amount of nitrite using the Griess method.
The results are reported as M of NOj.

4 Notes

1. All culture media, solutions, and materials used to infect the
animals and to collect the organs to be processed must be
sterilized.



94

[V

1gG1
Absorbance at 490 nm

NO, production
(M)

Alice M. Ribeiro et al.

b
0.6 e 06
c
2
0.4 - S 04
8w
R}
0.2 -8 02 .
00 Le——— W mmm | S 00l — ,
& & o & & s @-\. &
& & Q & & & N &
& & & & A\ 2
eo(\ Q RO Q
150 - d
__-I__
60 -
100
c
2 40
[}
_8 —
50 - 3
2=
S 20 ——
P4
0 :
@6 K\s QQ;O
@ @ N N
Q& NS e?“
eo(\ Q

Fig. 3 Immune response evaluation after treatment of mice infected with P, brasiliensis. The mice experimentally
infected with Pb18 were euthanized after 60 days post-infection. The spleen cells were cultured and assessed to
(a) cytokines production and (e) splenocytes proliferation. The lungs were removed and assessed to (b) fungal
burden and (e, d) histopathological analysis. Results are expressed as the mean + SEM. *p < 0.05 in relation
to control group or noninfected

. All experiments have to be approved and conducted in accor-

dance with the guidelines of the Bioethical Committee.

. To obtain the Pb192 supernatant, cultivate 1 x 107 viable

cells/mL of the Paracoccidioides brasiliensis Pb192 isolate in
liquid BHI medium during 15 days. Then, centrifuge the total
medium for 20 min and filter the supernatant in a 0.22 pm
filter. Store at —8 °C.

4. The Griess reagent must be used until 6 h after its preparation.

. The endotoxin amount for the sample must be below 0.1

endotoxin units/g.

. To better expose the trachea, put a pen transversely under the

animal’s neck.

. Put the suspension containing the Pbl8 cells under vigorous

shaking (vortexing) for 1 min to disperse the cells and facilitate
counting.

. After properly injecting the fungus suspension into the trachea,

observe if the animal will be in apnea for about 5 s, returning to
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normal breathing afterward. This is an indicative that Pb18 has

reached the lungs.

9. To ensure that the infection has occurred properly, it is impor-
tant to euthanize one or two animals after 30 days of infection
and proceed to the fungal load recovery procedure (according
Subheading 3.3.1 step 1). The growth of fungal cells from the
macerate of the lungs is an indicative of the establishment of
PCM and the experimental treatments could be safely started.

10. The material used in steps 1 and 2 can be used for the same
group of animals but not for processing the animals from the
other treatment group to avoid contamination.

11. The T cell proliferation may be done by CSFE-based flow
cytometric analysis too.
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Chapter 8

Idiotypic Antifungal Vaccination: Inmunoprotection
by Antiidiotypic Antibiotic Antibodies

Luciano Polonelli, Walter Magliani, and Stefania Conti

Abstract

As implied by the idiotypic network theory, the interaction between the functional epitope of a microbici-
dal molecule (X)) and its specific cell-wall receptor (RX) on sensitive microorganisms may be imaged by the
bond between the idiotype (Id) of a neutralizing monoclonal antibody (anti-X Ab) and its anti-idiotype
(anti-Id) X-like Ab (anti-anti-X Ab). Consequently, anti-X Ab Id may mimic RX acting as a vaccine (idio-
typic vaccination) for the elicitation of protective anti-Id Abs with antibiotic activity (antibiobodies).

Key words Idiotype, Anti-idiotype, Fungi, Yeast killer toxin, Transphyletic vaccination

1 Introduction

Vaccines represent a powerful tool for control, elimination, and
even eradication of infectious diseases worldwide [1]. The strategic
importance of anti-infective immunization resulted in the defini-
tion of methodologically diverse but functionally homologous vac-
cinal approaches aiming at elicitation of protective antibodies (Abs)
and establishment of immunological memory [2]. Among these,
conventional vaccination relies on specific components or the
entire ectiological agent, recombinant vaccination employs the
products of the gene coding for the antigen (Ag) able to induce
protective Abs, reverse vaccinology makes use of bioinformatics to
screen the entire genome of the pathogenic agent for the selection
of suitable immunogenic proteins, and the antiidiotypic (anti-Id)
vaccination exploits anti-Id Abs presenting the three-dimensional
structure of the reference Ag [3-7]. In any case, specific elicited
Abs exert classical protective functions. Conversely, idiotypic vac-
cination, based on the idiotypic network theory [8], is conceptu-
ally different from other immunization approaches, as elicited Abs
display a direct microbicidal activity [9]. In idiotypic vaccination,
in fact, protection is mediated by anti-Id Abs [10-12] which rep-
resent the internal image (i.e., mimic the biological activity) of an

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_8, © Springer Science+Business Media LLC 2017
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exogenous molecule (X) (e.g., a killer toxin from the yeast
Wickerbamomyces anomalus, former Pichin anomaln, former
Hansenula anomaln, WaKT), lethal to microorganisms (e.g.,
Candidanlbicans) presenting specific superficial receptors (RX)
(e.g., B1,3 p-glucans) [13, 14], and are elicited by the idiotype (1d)
of a X-neutralizing mAb (e.g., mAb KT4) [15] (Fig. 1). The pro-
tective anti-Id Abs behave, therefore, as X-like antibiotic Abs (anti-
biobodies) [16, 17]. Compared to other methods of immunization,
idiotypic vaccination presents some peculiar features. In relation to
the mode of action, protection mediated by antibiobodies is inde-
pendent of the understanding of the mechanisms of pathogenicity
of the infectious agent, and of the immune response required for
protection; the same idiotypic vaccine administered through dif-
ferent routes can elicit protective antibiobodies recoverable in sys-
temic and mucosal compartments [11, 12]. Idiotypic vaccination,
moreover, may be effective against transphyletic microorganisms
characterized by the same RX, e.g., 1,3 p-glucans. Accordingly, a
p glucan preparation proved to be functionally homologous to the
Id of the WaKT-neutralizing mAb KT4 thus acting as a polyvalent,
“universal” antifungal vaccine [18]. Furthermore, idiotypic vacci-
nation is independent of the scarce or none immunogenicity of the
RX molecule on sensitive microorganisms targeted by the elicited
protective antibiobodies.

In its performance, idiotypic vaccination also provides for the
possibility of obtaining, from animals immunized with anti-X mAb
(e.g., mAb KT4), anti-anti-X mAb, or recombinant single chain
fragment variable region (scFv), internal image of X (e.g., mAb

Microbicidal molecule X-sensitive RX-bearing microorganism
(RX-mediated activity) (Anti-ld-sensitive microorganism)
X —* RX

7/‘- o &

(RX-like)

Antibody 2 Antibody 1

{Antibiotic) (Immunogen)
(Anti-anti-X Ab) (Anti-X Ab)
(Anti-RX Ab) (X-neutralizing Ab)

Fig. 1 Postulates of idiotypic vaccination. The interaction between the functional
epitope of a microbicidal molecule (X) and its specific cell-wall receptor (RX) on
X-sensitive microorganisms may be imaged by the bond between the idiotype
(Id) of a X-neutralizing Ab and its anti-idiotype (anti-Id) Ab, postulating that Id can
mimic RX acting as a vaccine (idiotypic vaccination) for the elicitation of protec-
tive anti-Id Abs with X-like antibiotic activity
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K10 or scFv H6) [19, 20], to be used as potential therapeutic
agents against infections caused by X-sensitive microorganisms
belonging to different phyla or even kingdoms (C. albicans,
Pneumocystis carinii, Aspergillus fumigatus, bacteria, protozoa)
[19-21].

As a corollary, the concept of idiotypic vaccination may present
a natural confirmation in the course of human infections. In serum
or other biological fluids (e.g., vaginal secretion) of individuals
infected by X-sensitive microorganisms (e.g., C. albicans), micro-
bicidal X-like Abs (e.g., human natural yeast killer toxin-like Abs)
elicited by superficial RX (e.g., f1,3 p-glucans) could be detected
and purified by affinity chromatography with an anti-X mAb (e.g.,
mADb KT4), and proved to exert protective anti-infective activity

[22-24].

2 Materials

2.1 Production of X

The execution of the procedures described below requires the
availability of an animal facility and laboratories furnished with
common equipment (such as microscopes, laminar flow cabinets,
incubators, centrifuges, refrigerators, freezers, etc.), and involves
the use of sterile instruments and consumables (syringes, pipettes,
test tubes, plates, tweezers, scissors, scalpels, etc.).

Prepare all the materials (media, reagents, solutions, etc.)
according to the instructions of the manufacturers. Keep the mate-
rials and perform all the procedures at room temperature unless
otherwise stated. Follow waste disposal rules for disposing each
waste material.

1. Microorganism (e.g., W. anomalus UCSC 25F) recognized to
be a producer of X (e.g., WaKT) [15].

. Sterile distilled water.
Sabouraud dextrose broth.

. Sabouraud dextrose agar (SDA).
. Rotatory shaker.

. 500 mL Erlenmeyer flasks.

. Supplemented yeast extract—peptone—dextrose (YEPD) broth:
YEPD broth added with 15% glycerol, buftered at pH 4.5 with
0.1 M citric acid and 0.2 M IKGHPO,.

8. EDTA-free protease inhibitor cocktail (Complete, Roche,
Mannheim, Germany).

9. Low protein-binding membrane filters, 0.45 pm pore size.

10. PM 10 membrane (Amicon, Merck Millipore Corporation,
Darmst adt, Germany).
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2.2 X Activity Assay

2.3 Characterization
of X

2.4 Characterization
of RX

2.5 Production
of Anti-X mAb

11.
12.

13.
14.

Ultrafiltration unit under N, pressure.

HiPrep 16,/60 Sephacryl S-200 High Resolution column (GE
Healthcare, Little Chalfont, UK).

Elution bufter: 0.01 M citric acid—Na,HPO, bufter, pH 4.5.

Amicon Ultra-15 (MW cutoft 10 kDa) centrifugal filter unit
(Merck Millipore).

. Microorganism of interest as a pathogen (e.g., C. albicans),

proven to be sensitive to X (e.g., WaKT) (see Note 1).

. Sabouraud dextrose broth.
. 96-well microtiter plates.

. Microplate reader with 630 nm filter.

. Infrared spectroscope (Direct Detect® Infrared Spectrometer,

Merck Millipore).

. Protein electrophoresis equipment.

. Reagents for electrophoresis:

(a) polyacrylamide.

(b) Tris—HCI buffers, pH 8.8 and 6.8.
(c) 10% ammonium persulfate.

(d) TEMED.

4. Coomassie blue stain.

(928

O 0 N O

10.
11.
12.

13.

1.

. Marker proteins (ColorBurst™ Electrophoresis Marker,

Sigma-Aldrich).

. Western blotting equipment.
. Polyvinlymethylformamide (PVDF) membrane.
. Ponceau § solution.

. Automated microsequencer (Procise 492, Applied Biosystems,

Palo Alto, CA, USA).
Acetonitrile.

Ammonium carbonate.
Endoproteinase Lys-C.

C18 reverse-phase HPLC column.

Various carbohydrate molecules linked to p-nitrophenyl and
glucosidase.

. Scanning electron microscope.

. BALB/C mice.

2. Incomplete Freund’s adjuvant.

. NS1 myeloma cells.
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2.7 Evaluation
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2.8 Idiotypic
Vaccination: Systemic
Immunization
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2.9 Idiotypic
Vaccination: Mucosal
Immunization

of Animals

2.10 Systemic
Experimental Infection

2.11 Mucosal
Experimental Infection
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4. Polyethylene glycol 1000.

N

. Hypoxanthine—aminopterin—-thymidine containing medium.

. Microtiter plates and reagents for enzyme-linked immunosor-

bent assay (ELISA).

7. Mouse thymocytes.

. SDS-PAGE and Western blot equipment and reagents.

. Pristane-treated syngeneic BALB/C mice.

2. Ammonium sulfate (50% of saturation).

. Dialysis system.

. C. albicans culture.

2. Isotype-matched unrelated mAb.

[ 2 T N N S

N O\ Ul N

. BALB/C mice.

. Complete Freund’s adjuvant.

. Incomplete Freund’s adjuvant.
. Saline.

. Isotype-matched unrelated mAb.

. Oophorectomized female Wistar rats or female CD1 mice.
. Estradiol benzoate.

. Estradiol valerate.

. Complete Freund’s adjuvant.

. Incomplete Freund’s adjuvant.

. Isotype-matched unrelated mAb.

. Phosphate Buffered Saline (PBS).

. C. albicans culture.

. C. albicans culture.

2. Saccharomyces cevevisine culture.

. Syringe

equipped with a multipurpose calibrated tip

(Combitip™).

4. Calibrated (1 pL) plastic loop.

. PBS.
. SDA plates containing 0.05% (w/v) chloramphenicol.
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2.12 Detection

of Anti-Id (Anti-anti-X)
(X-like) Abs

by Inhibition
Gompetitive ELISA

2.13 Affinity
Chromatography
Purification of Anti-ld
(Anti-anti-X) (X-like)
Abs

2.14 Evaluation

of In Vitro Activity

of Affinity
Chromatography
Purified Anti-Id
(Anti-anti-X) (X-like)
Abs by Colony-Forming
Units (CFU) Assay

2.15 Neutralization
of Anti-Id (Anti-anti-X)
(X-like) Abs by Anti-X
mAb

2.16 Passive
Transfer of Immunity
Mediated by Anti-ld
(Anti-anti-X)

(X-like) Abs
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. Microtiter plates.

. Bovine Serum Albumin (BSA, 1%)-carbonate buffer (pH 9.6).
. Wash butfter: Tween 20 (0.5%) in PBS.

. Humid chamber with a cover.

. Peroxidase-conjugated rabbit Abs to mouse immunoglobulins.
. Citrate butffer.

. Hydrogen peroxide.

. Tetramethylbenzidine.

. 1 N sulfate acid.

. Microplate reader.

. Affigel 10 (Bio-Rad Laboratories Inc.).
. Buchner funnel.

. Wathman filter paper number 2.

Deionized water.

. 1 M ethanolamine-HCI (pH 8).

. Affinity chromatography empty column (30 mL).

. 0.05 M potassium phosphate (pH 7.1).

. 2 M sodium chloride in 0.05 M sodium phosphate (pH 7.1).
. Spectrophotometer.

. Dialysis system.

. PBS.

. Microtiter plates and reagents for ELISA.

. C. albicans culture.
. SDA plates.
. Sterile distilled water.

. Microtiter plates round bottom.

. C. albicans culture.

. Tools and reagents for CFU assay.

. BALB/C mice or oophorectomized estradiol-treated female

rats.

C. albicans culture.
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3 Methods

3.1 Production of X

3.2 X Activity Assay

3.3 Characterization
of X

. Maintain the X-producing microorganism (e.g., W. anomalus

UCSC 25F) in the culture collection in sterile distilled water
and subculture on Sabouraud dextrose agar (SDA) (see Note 2).

. Inoculate 5 mL of an appropriate medium (e.g., Sabouraud

broth) with a loopful of'a 48-h-old culture and incubate at 20
°C overnight at 150 rpm on a rotatory shaker.

. Fill five 500 mL Erlenmeyer flasks with 100 mL of supple-

mented YEPD broth. Inoculate each flask with 1 mL of the
overnight culture and acrobically incubate by shaking (150
rpm) at 20 °C for 72 h.

. After this period, centrifuge at 5000 x g, 5 min at 4 °C, add

one tablet of EDTA-free protease inhibitor cocktail, then fil-
trate the supernatant through low protein binding membranes,
and concentrate to a volume of 3 mL with a PM 10 membrane
in an ultrafiltration unit under N, pressure.

. Apply the concentrated supernatant to an HiPrep 16/60

Sephacryl S-200 High Resolution column and elute using elu-
tion bufter (flow rate 0.6 mL/min).

. After evaluation of biological activity in collected fractions as

described below (see Subheading 3.2, X activity assay), com-
bine active fractions and concentrate by filtration through an
Amicon Ultra-15 centrifugal filter unit at 4000 x g, 4 °C.

. Maintain the X-sensitive microorganism (e.g., C. albicans) in

the culture collection in sterile distilled water and subculture
on SDA.

. Mix a 50 pL aliquot of concentrated supernatant or eluted frac-

tion with 200 pL of Sabouraud broth containing 5 x 10* cells
of the microorganism (e.g., C. albicans) sensitive to X (e.g.,
WaKT) and seed into the wells of 96-well microtiter plates.

. Incubate the plates at 26 °C for 18-20 h and follow the growth

of the indicator strain by measuring the optical density at
630 nm (ODy3) using a microplate reader.

. Perform each assay in triplicate and evaluate the results as the

mean of ODyg;3, = S.D.

. Detect X activity by calculating the growth inhibition of the

indicator strain, using the ODyg; values in X-free wells as a
control (see Note 3).

. Determine purified X (e.g., WaKT) concentration by infrared

spectroscopy.

. Analyze the purified X in sodium dodecyl sulfate polyacryl-

amide gel electrophoresis (SDS-PAGE) [25] using 7% resolv-
ing gel and 4% polyacrylamide stacking gel.
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3.4 Characterization
of RX

3.5 Production
of Anti-X mAb

. To determine the mass of the purified X, stain the gel with

Coomassie blue and compare X electrophoretic mobility with
that of marker proteins.

. To determine N-terminal sequence, electroblot the band of the

purified X obtained on SDS-PAGE onto a PVDF membrane.
Stain the membrane with Ponceau S solution to visualize the
protein. Excise the band from the membrane and submit
directly to sequencing using an automated microsequencer.

. To obtain internal amino acid sequences, excise the band of

the purified X obtained on SDS-PAGE and treat with acetoni-
trile and ammonium carbonate to remove impurities. After
dehydration, digest the protein with endoproteinase Lys-C for
18 hat 37 °C.

. Purify the resulting peptides by reverse-phase HPLC and sub-

mit to N-terminal microsequencing [26].

. Investigate X (e.g., WaKT) activity using spheroplasts derived

from cells of a X-sensitive microorganism (e.g., C. albicans).

. Study the potential hydrolytic activity of X (e.g., WaKT) using

various molecules (e.g., sugars) covalently linked to p-
nitrophenyl as substrates as well as specific inhibitors (e.g.,
glucosidase).

. Assess the ultrastructural modifications induced by X (e.g.,

WaKT) activity on X-sensitive microorganisms (e.g., C. albi-
cans) by scanning electron microscopy [14].

. Inject intraperitoneally BALB,/C mice, 3 weeks old, 18 g body

weight, with 50 pg of purified X (e.g., WaKT), mixed with 0.1
mL ofincomplete Freund’s adjuvant, once a week for 1 month.

. Give a booster injection of X (e.g., WaKT) alone intraperitone-

ally three days before the scheduled fusion to be carried out
according to established protocols briefly summarized
thereafter.

. Three days after the booster injection, sacrifice the mice,

remove the spleens, and carefully collect spleen cells.

. After centrifugation and counting, fuse the spleen cells with a

proper number of NS1 myeloma cells (ratio 4:1) by using
polyethylene glycol 1000.

. Subject the cells to a 1-month-long selection regime by cultur-

ing in the hypoxanthine—aminopterin—thymidine containing
medium.

. Screen for the hybrids producing the desired anti-X Ab by test-

ing the hybrid supernatant through an ELISA in microtiter
plates coated with the concentrated target antigen X diluted
1:1000 in carbonate buffer (pH 9.6).
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. Propagate and clone twice by limiting dilution, in the presence

of mouse thymocytes (10°/well) or proper growth factors,
hybridoma cultures secreting anti-X Abs (e.g., mAb KT4) that
react only with the reference antigen X (e.g., WaKT).

. Expand the clones that continue to produce the desired anti-X

mAD (e.g., mAb KT4).

. Ascertain the isotype of the produced mAb (e.g., mAb KT4)

by ELISA (capture, indirect, or antigen-mediated) or double
immunodiffusion procedures using specific rabbit or goat Abs
against mouse immunoglobulins (1gG1, IgG2a, IgG2b, 1gG3,
IGM, IgA) [15].

Verity anti-X mAD (e.g., mAb KT4) reactivity against the refer-
ence antigen X (e.g., WaKT) through Western blot analysis.
Electroblot the band of the purified X obtained by SDS-PAGE
(15 mA for 18 h) to nitrocellulose sheets at 60 V for 3 h. Cut
the nitrocellulose sheets into strips and incubate with 5% horse
serum for 30 min in PBS, then incubate the strips at 37 °C
with 2 mL of a 1:10 dilution of hybridoma culture fluid con-
taining anti-X Ab (e.g., mab KT4) in a rotatory shaker for
30 min. Wash the strips for 10 min with PBS, block them with
5% horse serum in PBS, and incubate for 30 min at 37 °Cin a
shaker with 3 mL of horseradish peroxidase-coupled rabbit
anti-mouse immunoglobulins. Wash the strips for 30 min with
two changes of PBS and stain them with 4-chloro-1-naphthol
and hydrogen peroxide [15].

. Inject hybridoma cells (107) producing anti-X mAb (e.g., mAb

KT4) intraperitoneally into pristane-treated syngeneic
BALB,/C mice [15].

. After a reasonable period of time, in which an abdominal asci-

tes in mice is observed, repeatedly and successively withdraw
the ascites fluid by a syringe.

. Purify the recovered ascites fluid by precipitation with ammo-

nium sulfate and dialyze against PBS.

. Determine the protein concentration by the Lowry method

[27] or by spectroscopy or spectrophotometry, and store in
aliquots (20 mg/mL) at —20 °C.

. Add graduated amounts of anti-X mAb (e.g., mAb KT4) asci-

tes fluid to 1 mL of X (e.g., WaKT) for 24 h at 4 °C [15].

. Discard the sediment, if any, and test the supernatants for activ-

ity against the recognized X-sensitive microorganism (e.g., C.
albicans), in comparison to X (e.g., WaKT) alone, according to
appropriate in vitro procedures (see Subheadings 3.2 and 3.14).

. Consider using ascites fluid containing an isotype-matched

unrelated mAb as a negative control [15].



106 Luciano Polonelli et al.

3.8 Idiotypic
Vaccination: Systemic
Immunization

of Animals

(See Notes 4-9)

3.9 Idiotypic
Vaccination: Mucosal
Immunization

of Animals

. Divide a suitable number of animals (BALB/C mice, 3 weeks

old, 18 g body weight) into groups (at least 12 animals/group)
to be immunized with various doses of anti-X mAb (e.g., mAb
KT4), in order to compare the effect of different immunogen
amounts, or to be used for controls (a group to be immunized
with an isotype-matched unrelated mAb and a group of non-
immunized animals, to control eventual nonspecific protective
effects).

. Inject subcutaneously the animals with 50 pg of anti-X mAb

(e.g., mADb KT4) emulsified with 0.5 mL of complete Freund’s
adjuvant.

. Two weeks later boost subcutaneously each animal with 50 pg

of anti-X mAb (e.g., mAb KT4) in incomplete Freund’s
adjuvant.

. After 1 week, divide the immunized animals into three groups

and inject by the intravenous (iv) route with equal volumes of
different amounts of anti-X mAD (e.g., mAb KT4): 25, 100 or
400 pgin 0.2 mL saline.

. Repeat, after 2 weeks, the iv immunization with the same

amounts of anti-X mAb (e.g., mAb K14).

. At the same time, immunize a group of animals twice subcuta-

neously (50 pg) and then boost twice (100 pg) with an isotype-
matched unrelated mAb according to the described schedule
of immunization.

. To verity the elicitation of protective anti-Id (anti-anti-X)

(X-like) Abs, collect by eye bleeding, at regular time intervals,
serum samples from at least three animals of each group (i.e.,
the three immunization groups as well as the animals non-
immunized and immunized with the isotype-matched unre-
lated mAb [11]).

. Divide a suitable number of animals into groups (oophorecto-

mized female Wistar rats, 80-100 g body weight, treated by
subcutaneous injections of 0.5 mg of estradiol benzoate [12]
or female CD1 mice maintained under pseudoestrus condition
by subcutaneous injection of 0.2 mg of estradiol valerate [28],
at least six animals /group) to be immunized with anti-X mAb
(e.g., mAb KT4) or to be used for controls (a group to be
immunized with an isotype-matched unrelated mAb and a
group of non-immunized animals).

. Immunize the animals by the intravaginal route with 100 pg of

anti-X mAb (e.g., mAb KT4) emulsified in 0.1 mL of complete
Freund’s adjuvant on days 0 and 7.

. Administer the same amount of anti-X mAb (e.g., mAb KT4)

in incomplete Freund’s adjuvant (0.1 mL) on days 14 and 21.
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. Use the same schedule to immunize the animals with the same

amount of an isotype matched irrelevant mAb as a control.
Give also complete and incomplete Freund’s adjuvant to a
group of control non-immunized animals.

. To verify the elicitation of protective anti-Id (anti-anti-X)

(X-like) Abs, collect samples of vaginal fluids at regular time
intervals from each animal. Wash the vaginal cavity by gentle
injection and aspiration of 0.5 mL PBS, and repeat three times
always by the same operator. Collect the final fluid, centrifuge
at 3500 x g, 15 min at 4 °C, and store the supernatant at
—20 °C until use [12].

. 52 days after the beginning of immunization, infect the ani-

mals (immunized and control groups) with a suitable inocu-
lum of a pathogenic microorganism recognized to be sensitive
to X (e.g., C. albicans). Inject iv two different inocula (e.g.,
1 x 10° and 5 x 10° cells/0.2 mL saline) in two groups (six
animals each) of animals immunized iv with different doses
(25, 100, and 400 pg) of anti-X mAb (e.g., mAb KT4) as well
as control animals (non-immunized and immunized with the
isotype-matched unrelated mAD).

2. Maintain the animals until death occurs and register the date [11].

. Compare the survival curves of anti-X mAb-immunized and

control animals by the Mantel-Cox log rank test, and the dit-
terences in the median survival time (in days) by the Mann-
Whitney U test.

. Nine days after the fourth administration of anti-X mAb (e.g.,

mADb KT4), irrelevant mAb, or adjuvant only (day 30), infect
intravaginally the animals with a vaginopathic X-sensitive micro-
organism (e.g., C. albicans) (107 cells in 0.1 mL of PBS) and
challenge a group of non-immunized rats also with an identical
number of cells of a non-vaginopathic strain of an X-sensitive
microorganism (e.g., Saccharomyces cerevisine) for control.

. Inject yeast cells into the vaginal cavity through a syringe

equipped with Combitip™ [12].

. Take samples of vaginal fluids at regular time intervals after the

intravaginal challenge with the X-sensitive microorganisms for
colony-forming units (CFU) enumeration using a calibrated
plastic loop.

. After intravaginal insertion and tampering, vigorously suspend

the content of each loop in 0.1 mL of PBS, streak aliquots over
SDA plates, then incubate at 28 °C for 48-72 h.

. Evaluate one vaginal sample per animal and consider the ani-

mal infected when at least one CFU is present in one loop of
vaginal fluid, i.e., >10° CFU/mL [12].
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3.12 Detection

of Anti-Id (Anti-anti-X)
(X-like) Abs

by Inhibition
Gompetitive ELISA

6.

10.

11.

Compare the differences in CFU numbers between anti-X
mAb-immunized and control animals by Student’s z-test, and
the differences in the number of infected animals over total by
the Fisher’s exact test.

. Determine the anti-anti-X (anti-Id) Ab concentrations in ani-

mal sera, or vaginal fluids, by an inhibition competitive ELISA
[11,12].

. Fill the wells of microtiter plates with 0.2 mL of X (e.g., WaKT)

previously diluted 1:1000 in Bovine Serum Albumin (BSA)-
carbonate buffer (pH 9.6) and hold the plates overnight at 4 °C.

. In the same time, prepare a mixture (100 pL) of a predeter-

mined optimal concentration of anti-X mAb (e.g., mAb KT4)
(50 pL) and samples (50 pl), i.e., mouse sera diluted 1:250 in
0.03% BSA-PBS or vaginal fluids diluted 1:10 in BSA-PRBS,
from the animals immunized with anti-X mAb, immunized
with the isotype-matched unrelated mAb, and non-immunized.
A mixture of anti-X mAb (e.g., mAb KT4) (50 pL.) and diluent
alone (BSA-PBS, 50 pL) serve as a control of the assay. Keep
the mixtures overnight at 4 °C.

. After this time period, aspirate the excess of X (e.g., WaKT)

from the wells of the microtiter plates and rinse each well five
times with 0.3 mL of the wash buffer.

. Dispense into the wells of the sensitized plates, together with

proper controls, the previously prepared mixtures. Perform
each assay at least in duplicate.

. Incubate the plates for 1 h at 37 °C in a humid chamber with

a cover to prevent evaporation. At the end of the incubation
period, wash the plates five times with the wash bufter.

. Dispense in each well 100 pL of a solution of peroxidase-

conjugated rabbit Abs to mouse immunoglobulins, diluted
1:100 in Tween 20-PBS.

. Reincubate the plates for 1 h at 37 °C under the above-

described conditions and repeat washing five times.

. Reveal the bound peroxidase by adding 100 pL of a 0.005%

citrate buffer solution of hydrogen peroxide together with a
1:50 solution of tetramethylbenzidine.

Incubate the plates for 30 min in the dark and stop the reac-
tion by adding 200 pL of 1 N sulfate acid.

Read the absorbance of the specimens at 450 nm in the bichro-
matic mode and calculate the average of the absorbance values
of the serum or vaginal fluid samples belonging to each group/
day. Evaluate the inhibiting activity of the anti-Id (anti-anti-X)
(X-like) Abs eventually present by comparison with the absor-
bance values obtained in the reaction with anti-X mAb and
diluent alone [11, 12].



3.13 Affinity
Chromatography
Purification of Anti-ld
(Anti-anti-X) (X-like)
Abs

3.14 Evaluation

of In Vitro Activity

of Affinity
Chromatography
Purified Anti-ld
(Anti-anti-X) (X-like)
Abs by CFU Assay

10.
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. Perform purification of anti-1d (anti-anti-X) (X-like) Abs from

the sera, or vaginal fluids, of animals immunized with anti-X
mAb (e.g., mAb KT4) by affinity chromatography, using
immobilized anti-X mAb (e.g., mAb KT4) as ligand.

. Lodge 13 mL of Affigel 10 in a Buchner funnel containing a

Wathman filter paper and wash the resin with 100 mL of deion-
ized water at 4 °C.

. After washing, place the resin into a beaker and add 1.5 mL of

anti-X mAD (e.g., mAb KT4) obtained from ascites fluid.

. Hold the beaker at 4 °C for 2—4 h gently shaking every 20 min,

then stop the reaction with 1.2 mL of 1 M ethanolamine-HCI
(pH 8) and maintain 1 h at 4 °C.

. Pack the resin into a column plugged with cotton wool and

elute the unbound anti-X mAb (e.g., mAb KT4) with 0.05 M
potassium phosphate.

. Equilibrate the resin with 2 M sodium chloride in 0.05 M

sodium phosphate (pH 7.1), followed by 0.05 M sodium
phosphate at the same pH.

. For chromatography, adsorb anti-Id (anti-anti-X) (X-like) Abs

by slow introduction into the column of sera (100 pL) or vagi-
nal fluids (1 mL) from animals immunized with anti-X mAb
and allow the sample to remain in contact with the resin for
2hat4°C.

. Elute the unbound material with 0.05 M sodium phosphate

buffer until the absorbance at 276 nm reaches the baseline.

. Elute the bound material by 2 M sodium chloride in 0.05 M

sodium phosphate and immediately dialyze against PBS at pH
7.2 (three changes at 4 °C) [11, 12].

Isotype evaluation of affinity chromatography-purified anti-1d
(anti-anti-X) (X-like) Abs could be performed by a conven-
tional ELISA procedure using the purified Abs diluted 1:4 in
BSA carbonate buffer as coating Ag and peroxidase-conjugated
or alkaline phosphatase-conjugated anti-mouse or anti-rat Abs
as a probe.

. Grow the cells of the X-sensitive microorganism (e.g., C. albi-

cans) on SDA plates for 24 h at 30 °C.

. After incubation, collect the cells from isolated colonies, sus-

pend in sterile distilled water and number by microscopic
counting. Properly dilute the cell suspension to obtain approx-
imately 5 x 10* viable cells/mL.

. Add 10 pL of the prepared cell suspension to microtiter plate

wells (round bottom) containing 90 pL of anti-1d (anti-anti-X)
(X-like) Abs purified by affinity chromatography or 90 pL of
PBS (growth control). Perform each assay in triplicate.
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3.15 Neutralization
of Anti-Id (Anti-anti-X)
(X-like) Abs by Anti-X
mAb

3.16 Passive
Transfer of Immunity
Mediated by Anti-ld
(Anti-anti-X)

(X-like) Abs

4.

After incubation for 6 h at 37 °C, dispense and streak the entire
content of each microwell on the surface of SDA plates, and
incubate at 30 °C up to the colony growth.

. Enumerate the colonies and evaluate the activity of purified

anti-Id Abs by calculating the percentual reduction of CFU
average number in comparison to the growth control [11, 12].

. Mix affinity chromatography purified anti-Id Abs with an equal

volume of anti-X mAb (e.g., mAb KT4) purified from ascites
fluid or an equal volume of an isotype-matched unrelated mAb
and keep the mixtures overnight at 4 °C [11].

. Perform a CFU assay (see Subheading 3.14) by adding 10 pL

of the proper suspension of the X-sensitive microorganism
(e.g., C. albicans) to 90 pL of the mixture of anti-Id Abs and
anti-X mAb (e.g., mAb KT4) ascitic fluid, 90 pL of the mixture
of anti-Id Abs and an isotype-matched unrelated mAb, or 90
pL of PBS (growth control). Perform each assay in triplicate.
Proceed as previously described for the evaluation of anti-1d
Abs activity (see also Note 9).

. Collect the sera, or vaginal fluids, from animals immunized

with anti-X mAb (e.g., mAb KT4), or used as controls (immu-
nized with an isotype-matched unrelated mAb or non-immu-
nized animals) following the last immunization.

. Inject 0.5 mL of the serum, or vaginal fluid (pooled from at

least three animals), intraperitoneally, or intravaginally, to
naive, nonimmunized animals (e.g., BALB/C mice or oopho-
rectomized estradiol-treated female rats).

. After 30 min, inoculate each recipient animal with the usual

challenge of X-sensitive microorganism (e.g., C. albicans) and
monitor systemic or mucosal experimental infection as previ-
ously described (see Subheadings 3.10 and 3.11).

4 Notes

. It can be presumed a wide spectrum activity of X (e.g., WaKT)

against strains of microorganisms belonging to ditferent spe-
cies, genera, and even kingdoms. For evaluation, adapt the
procedure (see Subheadings 2.2 and 3.2, X activity assay) to the
growth requirements of potential X-sensitive microorganisms
[29-32].

. It can be presumed a production of X from strains of microor-

ganisms belonging to different species or genera. For evalua-
tion, adapt the growth requirements of potential X-producer
microorganisms [13].
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3. In alternative, the activity of X (e.g., WaKT) can be deter-
mined by a colony forming unit assay against the X-sensitive
microorganism (e.g., C. albicans) (see Subheading 3.14).

4. An X-like mAb (e.g., WaKT-like mAb K10) can be produced
in Fischer-344 rats by immunization with a X-neutralizing
mAb (e.g., WaKT-neutralizing mAb KT4) bearing the internal
image of RX (e.g., p1-3 p-glucans) of X-sensitive microorgan-
isms (e.g., C. albicans) [19].

5. An anti-anti-anti-anti-X mAb (e.g., mAb K20), functionally
mimicking X (e.g., WaKT), can be produced from BALB/C
mice presenting anti-anti-anti-X Abs (e.g., anti- WaKT, mAb

KT4-like Abs) following immunization with an anti-anti-X rat
mAD (e.g., WaKT-like mAb K10) [33].

6. X-like (e.g., WaKT-like) anti-anti-X mAb (e.g., mAb K10) and
anti-anti-anti-anti-X mAb (e.g., mAb K20) can kill in vitro
X-sensitive microorganisms (e.g., C. albicans), an activity that
can be neutralized by anti-X mAb (e.g., mAb KT4), and are
capable of competing with each other and with X (e.g., WaKT)
for binding to RX (e.g., p1,3 pD-glucans) of X-sensitive micro-
organisms (e.g., C. albicans) [33, 34].

7. X-like (e.g., WaKT-like) anti-anti-anti-anti-X mAb (e.g., mAb
K20) can be used to select peptide mimics of RX (e.g., p1,3
D-glucans) from random peptide phage display libraries [33].

8. Peptide mimics of RX can be used as immunogens in BALB/C
mice in the form of either keyhole limpet hemocyanin (KLH)-
conjugates or peptide-encoding minigenes (DNA immuniza-
tion) for the elicitation of X (e.g., WaKT)-like serum Abs
characterized by microbicidal activity against X-sensitive
microorganisms (e.g., C. albicans) [33].

9. X-like (e.g., WaKT-like) Abs can be inhibited by a RX-like
transphyletic molecule (e.g., laminarin, a soluble algal p1,3
D-glucan preparation) [33].
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Chapter 9

Peptide Vaccine Against Paracoccidioidomycosis

Carlos P. Taborda and Luiz R. Travassos

Abstract

The chapter reviews methods utilized for the isolation and characterization of a promising immunogen
candidate, aiming at a human vaccine against paracoccidioidomycosis. Peptide P10 carries a T-CD4+ epi-
tope and was identified as an internal sequence of the major diagnostic antigen known as gp43 glycopro-
tein. It successfully treated massive intratracheal infections by virulent Paracoccidioides brasiliensis in
combination with chemotherapy.

An introduction about the systemic mycosis was found essential to understand the various options
that were considered to design prophylactic and therapeutic vaccine protocols using peptide P10.

Key words Paracoccidioides spp., Paracoccidioides brasiliensis, Vaccine, Peptide, Protection

1 Introduction

Paracoccidioidomycosis (PCM) is a systemic mycosis, caused by the
thermally dimorphic fungus Paracoccidioides spp. Currently, the
genus Paracoccidioidesis recognized as phylogenetically divided into
two species named P. brasiliensis (cryptic species S1, PS2, PS3, PS4)
and P. lutzii (recently discovered species that includes the isolated
“Pb01-like” group) [1-3]. These pathogenic fungi are endemic in
the Americas, from Mexico to Argentina, with the largest number of
reported cases in Brazil, Colombia, and Venezuela [4]. In the 1996—
2006 period, 517,058 deaths by infectious and parasitic diseases
were documented in Brazil. Systemic fungal infections were respon-
sible for 3583 deaths and paracoccidioidomycosis, cited in 51.2% of
these deaths occupied the tenth position among the infectious and
parasitic diseases of high mortality [5].

Conidia/spores, probably present in the soil, are considered
the infective forms. The host infection most often occurs by inhala-
tion of conidia which reach the bronchioles and terminal alveoli,
where they transtorm into yeast forms, that initiate an infection
that can spread to other tissues through the hematogenous and
lymphatic systems [ 6, 7].
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Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_9, © Springer Science+Business Media LLC 2017

113



114

Carlos P. Taborda and Luiz R. Travassos

The disease is characterized by pulmonary involvement and
eventual spread to other organs and systems, mainly the oral
mucosa and skin. It is classically associated with residents of rural
areas, mainly man-workers between 30 and 50 years of age [6, 8].
Women are protected by hormones that prevent the mycelium-to-
yeast transition during the first phase of infection [9, 10].

PCM can be clinically classified, according to disease manifes-
tations, into different categories: (1) subclinical infection, detected
only by a positive skin test; (2) acute or subacute forms (usually
young patients of both sexes, with fungus infection of the reticulo-
endothelial system) and chronic (typical of male adults, can be uni-
tocal when a single organ is affected, usually the lungs, or multifocal,
involving more than one site, especially the lungs and oral mucosa)
[11, 12]. The occurrence of sequelae after clinical manifestation of
the disease is common. They are characterized by chronic obstruc-
tive pulmonary fibrosis, dysphonia, and scars in the larynx [13]. It
was shown that more than half the patients in the chronic form had
lung radiological lesions after treatment [ 14].

The onset of the disease, its spread and severity depend on fac-
tors inherent to the fungus, as its virulence, antigenic composition,
environmental conditions but, predominantly, on factors related to
the host’s ability to develop an effective immune response [15, 16].
Smoking and excessive alcohol consumption are pre-existing risk
conditions that may play a role in the transformation of infection in
an active disease, since they interfere with the host defense mecha-
nisms and have implications in the granuloma formation [17].

The treatment of paracoccidioidomycosis is complex, requir-
ing prolonged administration (over one or 2 years) of antifungals,
even after clinical improvements to avoid the appearance of relapses.
Frequently, the prolonged treatment leads to interruption of che-
motherapy. Useful drugs in PCM treatment are itraconazole, the
best option in mild to moderate clinical forms [18, 19]. The com-
bination of trimethoprim-sulfamethoxazole is the alternative most
widely used for outpatient PCM treatment [12].

The implementation of immune strategies that can be applied
in conjunction with drug therapy is being studied aiming to reduce
the time of treatment, reestablish an effective immune response,
and prevent posttreatment sequelae [20]. Earlier, it was generally
believed that antibodies had no ability to protect against systemic
fungal diseases. The presence, however, of high titers of antibodies
in PCM is associated with acute and more aggressive disease [12].
The study developed by Dr. Arturo Casadevall (John Hopkins
University, USA) on the modulation of the immune response with
monoclonal antibodies in experimental cryptococcosis completely
changed the former concepts on the role of antibodies in fungal
diseases [21-25]. In PCM, passive transference of monoclonal and
polyclonal antibodies has been described as being able to increase
the phagocytosis and the survival of animals infected with P, brasil-
tensis [26-28] and P. [utzii [29].
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Peptides can be adequately synthetized and used for vaccine
development. They can induce B cell and T cell responses and in
many cases a combined response of Th-1 and Th-2 lymphocytes is
most effective. There are cases in which immunosuppression or
immunological imbalance with a predominant Th-1 response should
be stimulated for host protection against fungal infection [30, 31].

Peptides used in vaccine protocols may show instability, degra-
dation susceptibility, modification after injection, rapid renal filtra-
tion, and can be restricted by the genetic background of the human
recipient [30]. Prior definition of cell target (dendritic cells, mac-
rophages, lymphocytes, etc.), site of inoculation (intradermal, sub-
cutaneous, intravenous, etc.), or type of delivery complex
(liposomes, virosomes, microspheres, nanoparticles, etc.) is essen-
tial for the success of vaccination [ 30, 32-36].

In contrast to monoclonal antibodies, there is no licensed pep-
tide vaccine for humans, although in experimental models, the use
of peptides and fungal antigens has been effective in therapeutic
vaccination protocols [30]. In addition to vaccines, passive transfer
of'specific monoclonal antibodies can increase the immune response
and enhance the protective effect of chemotherapy [26, 30].

The major antigenic molecule for vaccine development
against PCM is the 43,000-Da glycoprotein (gp43) that was first
described in 1986 by Puccia et al. [37]. A high frequency of
patients with PCM has antibodies against the gp43, and decreased
titers of IgG, IgA, and IgM anti-gp43 correlated with clinical
improvement [38, 39]. The gp43 is found in intracellular vacu-
oles and then accumulates throughout the cell wall and is secreted
in the supernatant where it represents almost 80% of the exoanti-
genic protein [40, 41]. The gene of the gp43 was cloned,
sequenced, and expressed in Escherichia coli [42]. The recombi-
nant protein has 416 amino acids with a leader sequence of 35
residues[42]. The mature glycoprotein hasasingle N-glycosylation
site with a high-mannose Hex,;;GlcNAc, oligosaccharide [43]. A
peptide of 15-mer (QTLIAIHTLAIRYAN) denominated P10,
was identified in the gp43, mediating delayed-type hypersensitiv-
ity reactions and sensitizing T-CD4* lymphocytes, adjacent to the
N-glycosylation site [44]. A C-terminal amidated synthetic P10
peptide when administered subcutaneally in complete Freund
adjuvant was able to reduce the lung fungal burden in BALB/C
mice intratracheally infected with yeasts of P. brasiliensis. The
antifungal response was characterized by a predominant Th-1
response rich in IEN-y and I1.-12 (44). Later, the combination of
antifungal drugs and P10 immunization was tested in different
protocols with high efficiency in both immunocompetent [45 ]
and immunosuppressed animals [46].

We describe next the essential methods used for peptide vac-
cine tests against a fungal infection. Experimental paracoccidioido-
mycosis was used as a model for vaccine development.
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2 Materials

2.1 Culture Media

2.2 Immuno
chemistry

O 0 N O\ Ul W N~
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. Sabourand glucose medinm (supplemented with asparagine and

thiamine): Sabouraud glucose (broth or agar) see manufac-
turer’s instructions, 0.14% of L-asparagine, 0.01% of thiamine,
1.5% agar.

. Medium UBA: 6.1 g Yeast extract, 16.1 g dextrose, 15 g of

casein peptone, 0.31 g K,HPO,, 0.12 g MgSO,.7H,0,
0.006 g MnSO,.H,0, 0.006 g NaCl, 0.006 g of FeSO, to
1000 ml of distilled H,O.

. Brain Heart Infusion (BHI)- Medium supplemented: Brain

Heart Infusion (BHI) see manufacturer’s instructions, 4%
(vol/vol) fetal bovine serum, 0.5% D(+)glucose, EDTA
300 pM final concentration, 5% of filtered culture supernatant
from Paracoccidioides brasiliensis Pb192 ] yeast culture (grown
in BHI for 15 days at 37 © C and constant agitation at 150 rpm),
Streptomycin/penicillin 10 IU /ml, 1.5% Agar.

. Mycosel medium (per liter) to maintain the shape of the mold:

Dextrose 10 g, Agar 15.5 g, Cycloheximide 04 g,
Chloramphenicol 0.05 g, Papain digest of soybean meal 10 g,
pH 6.9.

. Chemically defined MMcM (Morton-Modified Synthetic McVeigth)

(per liter) to maintain the shape of the mold: Dextrose 10 g, KH,PO,
1.5 g, MgSO, 0.5 g, CaCl, 0.15 g, (NH,),SO, 2 g, 1-asparagine
2 g, 1-cystine 0.2 g (previously dissolved in NaOH 1 N), adjust to
pH 7.0 with HCI 1 N. After sterilization, add: Trace elements
1.0 ml (see Note 1), Vitamins 10.0 ml (se¢ Note 2), Penicillin
20 U/ml or Gentamicine 50 pg,/ml.

. Sabouraud Dextrose agar.
. Erlenmeyer flask.

. UBA medium (same as Subheading 2.1, item 2).
. Fernbach flask.

. Thimerosal (0.2 g/1).

. Filter paper.

. Amicon concentrator.

. N2 gas supply.

. Y-10 filtration membrane.
. SDS-PAGE system.

. Silver staining for proteins.
. Bradford reagent.

. Bovine serum albumin.
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Centrifuge.

CNBr-activated Sepharose-4B column (Sigma, St. Louis,
USA) bound to anti-gp43 17c¢ monoclonal antibody (Rosana
Puccia, unpublished method) [26, 27, 41].

Phosphate buftered saline pH 7.4 (PBS).
0.1 M glycine-HCI, pH 2.8.

Tris 2 M, pH 9.0.

Spectrophotometer at 280 nm.

Amicon cell (Amicon Stirred Ultra Filtration Cells, Millipore,
USA).

. Gel filtration column: (0.1 x 30 cm) Superose 6 10,/300 GL

column.

. 50 mM ammonium acetate.

. Internal size-markers: thyroglobulin (M, 669,000, 5 mg/ml);

ferritin (M, 440,000, 0.4 mg/ml); BSA (M, 67,000, 8 mg/
ml); ribonuclease A (M, 13,700, 1 mg/ml).

. Speed-vac.

. 0.4 M ammonium bicarbonate.

8 M urea.

. 0.045 M (dithiothreitol) DTT.
. 0.1 M iodoacetamide.

. Trypsin: Prepare trypsin in 1 mM HCI at 1 mg/ml (20 pl of

1 mM HCI for a 20 pg vial). This results in a solution contain-
ing 1 mg/ml trypsin, pH 3.0.

Ultra-pure water.
C-18 microcolumn with 10 pl tip.
50% acetonitrile/H2O with 0.1% formic acid.

LTQ Orbitrap XL™ ETD Hybrid Ion Trap-Orbitrap Mass
Spectrometer (Thermo)—nano LC ultra 1D plus (Ekisgent).

50 pl microsyringe (Hamilton, Reno, NV, USA).
MaxEnt3 tool (available on MaxLynx 4.1 software).
MASCOT software (www.matrixscience.com).

Protean program (protein sequence analysis) of Lasergene bio-
computing software for Windows, 1994 (DNASTAR Inc.,
Madison, Wis.) [44, 47].

. Specific Pathogen-Free mice: mouse haplotypes [BALB/c (H-

2d), A/Sn (H-2a), and C57BL (H-2b)] (see Note 3).

. Animal room: Adequate animal room must be used—DBiosafety

categories II (yeast) and III (mold) for Paracoccidioides spp.
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2.5 Intratracheal
Infection

2.6 Therapeutic
Vaccine
and Antifungal Drugs

2.7 Colony-Forming
Units (CFU)

2.8 Cytokine
Analysis

. Dexamethasone phosphate solution for immunosuppression of

mice: The corticoid is added to the drinking water of animals
20 days before infection and remained until the day of sacrifice
60 days post infection. Assuming an average water intake of
5 ml per day for 30 days, the daily dexamethasone phosphate
dose was calculated as 0.15 mg/kg.

. Ketamine /xylazine (80 mg/kg and 10 mg/kg) solution for

anesthesia of mice (intraperitoneal injection).

2. Paracoccidioides brasiliensis strains: Pb18 and Pb339 (see Note 4).

w

. Sterile PBS (per liter): NaCl 8 g, KCl 0.2 g, KH,PO, 0.2 g,

NazHPO4 1.16 g.

4. Surgical scissors.

5. Gauge-needle (26 G x 1/2").

6. Silk (5.0) or surgical glue.

7. Tubes for blood collection.

8. Centrifuge.

1. 0.1 mM cationic lipid dioctadecyldimethylammonium bro-
mide (DODAB).

2. 1 mM NaClL

3. Ketoconazole 8 mg/kg (Janssen-Cilag®, Brazil), itraconazole
10 mg/kg (Janssen-Cilag®, Brazil), and fluconazole 10 mg/kg
(Pfizer®, USA) must be kept at room temperature. The drugs
are solubilized in 2% DMSO, before being diluted in PBS or
culture medium. Fluconazole is directly soluble in water.

4. Amphotericin B 1.5 mg/kg (fungizon® Bristol Mayers Squibb,
Brazil) was solubilized in sterile water and shortly afterward
stored at 4 ° C and protected from light.

5. Sulfamethoxazole 15 mg/kg (Sigma, St. Louis, MO) was pre-
solubilized in 2% DMSO.

6. Sulfamethoxazole /trimethoprim 15 mg/3 mg/kg (Bacsulfitrin
Ducto, Brazil) was diluted in PBS with 2% of DMSO.

1. Sterile PBS.

2. Sample dissociator gentle MACS™.

3. Supplemented BHI-agar medium (same as Subheading 2.1,
item 3).

4. Incubator 37 ° C in 5% CO, and 95% humidity.

1. Protease inhibitors: benzamidine HCI (4 mM), EDTA diso-
dium salt (1 mM), N-ethylmaleimide (1 mM), and pepstatin
(1.5 mM) (Sigma).

2. Cytokine detection kits.
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3 Methods

3.1 Biosafety
and Culture Conditions

3.2 Immuno
chemistry: Crude
Antigen Preparation

3.3 Immuno
chemistry:
Glycoprotein of 43 kDa
Purification

Paracoccidioides spp., are designated by the “hbealth and safety doc-
ument from the Advisory Committee on Dangerous Pathogens,
Categorization of pathogens According to bazard and categories of
containment” (Executive, 2013 # 9187) as a pathogen of catego-
ries II (yeast) and III (mold), and must be manipulated in class 11
containment laboratory for microbiological safety stream class I1.

1. Maintain the isolates in the yeast phase at 37 °C in Sabouraud
glucose medium (supplemented with asparagine and
thiamine).

2. Maintain the shape of the mold at Mycosel medium and chem-
ically defined MMcm at 18 °C.

3. Isolate, clone, and sequence the gp43 from Pb339 [42].

1. After 5-10 days of culture on Sabouraud Dextrose agar at 37°
C, transfer the yeast forms to an Erlenmeyer flask containing
50 ml of medium UBA.

2. Keep the suspension under stirring for 3 days at 37 ° C. Then
transfer to a Fernbach flask containing 500 ml of the same
medium and incubate for additional 7-10 days, under the same
conditions.

3. After this period, kill the cells with thimerosal (0.2 g/1) and col-
lect the supernatant (crude exoantigen) after paper filtration.

4. Concentrate the exoantigen in an Amicon concentrator under
N,, using Y-10 filtration membrane.

5. Perform dosage and monitoring of proteins by SDS-PAGE fol-
lowed by silver staining and Bradford method [48].

1. Starting from the culture supernatant of P brasiliensis Pb339
(crude exoantigen after centrifugation at 20,000 x 4 [rotor radius
20 c¢m] for 20 min to remove precipitated material), purify the
gp43 byaffinity chromatography on CNBr-activated Sepharose-4B
column bound to anti-gp43 17¢ monoclonal antibody.

2. Apply the exoantigen slowly to the affinity column, and after

passing through the material to be purified, wash the column
with PBS in fast flow to remove unwanted substances.

3. Elute the gp43 with 5 ml of 0.1 M glycine-HCI, pH 2.8, and
immediately neutralize with 100 pl of Tris 2 M, pH 9.0.

4. Collect 1 ml fractions and read the absorbance in a spectro-
photometer at 280 nm. Pool the fractions with the highest
absorbance.

5. Dialyze the resulting volume with 0.15 M PBS (pH 7.4), and
then concentrate under N,, at 4 °C in the Amicon cell using
Y-10 membrane.
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3.4 Proteomics: Gel
Filtration
Chromatography

3.5 Proteomics:
Preparation

of Samples for Mass
Spectrometry

3.6 Proteomics:
Analysis of Peptides
by Mass Spectrometry

6.

1.

Determine protein concentration by Bradford method, using
bovine serum albumin as default protein, monitor on SDS-
PAGE gel, stain with Silver staining to assess the actual purity
of the sample [37].

Apply an aliquot of 300 pl of exoantigen along with the internal
size-markers to a gel filtration column pre-equilibrated with
50 mM ammonium acetate. This technique aims at the separa-
tion of molecules according to size by passing them through a
chromatographic matrix. Use the flow rate of 1 ml/min.

. Collect 1 ml fractions and test in dot-blots, with sera of mice

infected with P, brasiliensis Pb18.

Prepare the fractions derived from gel filtration that were positive
in dot-blotting for mass spectrometry as follows.

1.

Concentrate a fraction volume of 50 pl in speed-vac and resus-
pend in 20 pl of 0.4 M ammonium bicarbonate and 8 M urea.

. Thereafter, add 5 pl of 0.045 M DTT and incubate for 15 min

at 50 °C. After cooling to room temperature, add 5 pl 0.1 M
iodoacetamide.

. Incubate for 15 min at room temperature, protect from light.

. Add 2 pl trypsin, and 130 pl of ultra-pure water to dilute the

urea to 1 M. Incubate the solution for 24 h, and then desalt in
a C-18 microcolumn in a 10 pl tip according to the manutfac-
turer’s instructions.

. Resuspend peptides in 20 pl 50% acetonitrile /H,O with 0.1%

tormic acid and directly infuse into a LTQ Orbitrap XL™ ETD
Hybrid Ion Trap-Orbitrap Mass Spectrometer—nano LC ultra
1D plus, at a flow rate of 0.5 pl/min, using a 50 pl
microsyringe.

. Perform the fragmentation of doubly or singly charged ions under

different collision energies, using argon as a collision gas, to deter-
mine the best fragmentation spectra to be used for sequencing.

. Acquire the fragmentation spectra every 0.5 s, and obtain the

final spectrum by combining 1.5 min of spectrum acquisition.
Deconvolute collision-induced dissociation (CID) spectra
using MaxEnt3 tool, to convert doubly charged into singly
charged ions.

. Identify proteins by searching the database using MASCOT

software [49], with the following search parameters: 0.08 iso-
topic mass tolerance; 0.02 Da fragment mass tolerance; methi-
onine oxidation as variable modification; carbamidomethylation
of cysteine residues as fixed modification; one missed tryptic
cleavage allowed.
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3.8 Validation
of the Peptide Vaccine

3.9 Animal Model
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Bioinformatics is a very powerful tool for the analysis of possible
epitope candidates for a vaccine. In addition, there are several
sites/programs available for the analysis of proteins of immuno-
logical interest. Predictions or possible epitopes should be con-
firmed with the proper immunological mediators. In the case of
gp43 we used several parameters to map the P10 peptide sequence.
The Jameson-Wolff antigenic index, the Kyte-Doolittle hydrophi-
licity plot, Eisenberg’s alpha helix amphipathic regions, Emini’s
surface probability plot, and the Alessandro Sette major histocom-
patibility complex (MHC II) motif method (H-2¢ mice) were used
to analyze the gp43, by the Protean program of Lasergene bio-
computing software for Windows.

The P10 sequence is conserved in most isolates of P. brasiliensis,
moreover, three mouse haplotypes [ BALB /¢ (H-2d), A/Sn (H-2a),
and C57BL (H-2b)], presented the synthetic P10 as inferred from
its protective effects against experimental PCM [20, 44]. Also,
using the TEPITOPE algorithm covering 25 Caucasian HLD-DR
types, P10 and neighboring peptides in the gp43 were predicted to
bind to 90% of these molecules. This was indeed shown examining
primary peripheral blood mononuclear cell responses from sensi-
tized individuals [50]. The promiscuous nature of P10 in its pre-
sentation by human MHC-II molecules is thus a fundamental
feature in the validation of this peptide as a vaccine [20, 51].

Most experiments on the immune protection by the P10 peptide
were run in BALB/c mice, susceptible to P. brasiliensis infection.
It is possible that adjustments in the protocols have to be made
when using other mouse haplotypes that may exhibit different
intensities of pro-inflammatory responses [20]. Different strains of
mice as well as route of infection can lead to unparalleled results.
Intraperitoneal, intravenous, intranasal, and intratracheal routes of
infection have been used. In our model, that mimics the subacute
or chronic disease model, the intratracheal route has been used as
a standard method of infection.

1. Collect the yeast cells and wash three times with phosphate
bufter (pH 7.2).

2. After the last wash, let the suspension still for a few minutes,
for sedimentation of cell clumps.

3. Collect the upper suspension, containing single or few budding
cells and count the yeast cells in a Neubauer chamber. Analyze
the yeast viability by trypan blue exclusion staining and consider
it appropriate for use with more than 95% of viability.

4. Anesthetize BALB/c mice (6-8 week-old males) intraperito-
neally with 200 pl of a solution containing 80 mg/kg ketamine
and 10 mg/kg of xylazine.
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3.10 Polyclonal
Serum
from Infected Mice

3.11 Peptide Delivery
and Adjuvants

3.12 Therapeutic
Vaccine

3.13 Published
P10-Vaccination
Results

5. Five to ten minutes after anesthesia, fix the mice to the “surgi-
cal table,” hyperextend the necks and incise just to expose the
trachea at the level of the thyroid with surgical scissors.

6. Each animal was injected with 3 x 10° viable yeasts of P. brasil-
ensis Pb18 in 50 pl PBS using a gauge-needle [44, 46] (see
Notes 5 and 6).

7. Suture the incisions with 5-0 silk or surgical glue.

1. Sacrifice the intratracheally infected mice after 30 days, and
collect the blood by cardiac puncture.

2. Separate the plasma by keeping the tubes at 4 °C for 1 h and
then centrifuge for 10 min at low rotation to avoid cell lysis.

3. Keep the serum frozen at —70°C.

P10 peptide with amidated C-terminal can be synthesized by com-
mercial companies. HPLC and MS peptide analyses performed by
the manufacturer must indicate 98% purity. Early experiments
associated P10 with complete Freund’s adjuvant which is not
accepted for human or animal use [20]. Alternative ways of deliver-
ing P10 and using other adjuvants were investigated: incomplete
Freund’s adjuvant, FliC flagellin, alum, cationic lipid [52], P10-
minigene in plasmid DNA accompanied or not by a plasmid carry-
ing IL-12 insert [53, 54], nanoparticles [55] and dendritic cells
[33]. A multiple truncated antigen peptide (MAP) construction
with a branched lysine was also studied; however, the complexity of
the technique is not suitable for large-scale use [56].

1. Initiate vaccination consisting of the peptide P10 associated
with the DODAB as an adjuvant, 30 days after infection [57].

2. Administer the formulation subcutaneously in the dorsal
region of the neck on days 30, 37, and 42 post-infection, total
of three doses. Each dose consisted of 20 pg of P10 and
0.1 mM DODAB, solubilized in 1 mM NaCl.

3. Use a therapeutic vaccine with P10 simultaneously with che-
motherapy. Mice received doses of 10 mg/kg itraconazole
(ITC), or 15 mg sulfamethoxazole plus 3 mg trimethoprim/
kg (SMT /TMP), or Sultamethoxazole 15 mg/kg, or 8 mg/kg
ketoconazole, or 10 mg/kg fluconozole every 24 h, or
Amphotericin B 1.5 mg/kg every 48 h for 30 days (until day
60, post-infection).

1. Additive protection activity of P10: The protective eftect of
peptideo P10 is associated with cellular immune, IEN-y-
dependent, Thl response [30]. We observed significant
improvement of animal health submitted to experimental
PCM when the intratracheally infected mice were treated with
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an antifungal drug and immunized with P10. The combined
drug treatment with peptide immunization achieved maxi-
mum protection, with significant reduction in the lung CFUs,
preservation of pulmonary alveolar structure, and prevention
of fungal dissemination [45, 46, 58].

. Fibrosis: The primarily affected organ in PCM is the lung and
fibrosis is detected in 90% of patients in the chronic form and
in 10% of patients with acute/subacute PCM [14]. Fibrosis is
an important problem during the healing process [59]. We
observed that the therapeutic vaccine using peptide P10 or
passive transfer of monoclonal antibodies induce cellular
immune responses in addition to the protective effect of che-
motherapy with possibly controlling relapses and reducing
fibrosis sequels [26,45, 52]. One of our most important results
using different adjuvants showed that the immunization with
P10 and cationic lipid resulted in a lung tissue with no collagen
fibers of Type 1 and no detectable fungal cells [52].

. DNA vaccine: A vaccine using plasmid DNA carrying the full
gene of the gp43 was tested with partial protection in BALB /¢
mice infected with P. brasiliensis [60]. Rittner et al. (2012)
[53] tested a new protocol using DNA vaccine encoding P10
with or without a plasmid encoding 1L.-12, which is adminis-
tered without adjuvant. We found that DNA vaccine with the
P10 insert with or without co-vaccination with the IL-12 plas-
mid, if given prior to or 1 month after infection, significantly
reduced the fungal burden [53, 54]. Most significantly, in a
long-term infection model the combined DNA vaccine (plas-
mids carrying P10 and murine IL-12) achieved virtual steril-
ization after 6 months with histologically normal lungs and
undetectable fungal burden [53].

. Final considerations: The protective effects of P10 vaccine
(peptide or DNA encoding P10) are very significant in intra-
tracheally infected mice. In humans, the routine PCM treat-
ment with antifungal drugs, itraconazole, sulfamethoxazole/
trimethoprim, amphotericin B, and even voriconazole should
be efficient to control systemic PCM as an attack treatment to
avoid patients’ death. Since the treatment takes several years
and some patients interrupt medication after improvement of
clinical signs but without complete elimination of the fungus,
relapses and sequels are frequently observed. A therapeutic
vaccine could improve the present situation by stimulation of
the immune response for fungal clearance, reduction of treat-
ment time, thus, hopefully avoiding treatment interruption,
and possible reduction or elimination of severe relapses and
fibrotic sequels.
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3.14 Immuno
suppression of Mice
to Mimic (Chemically)
the Acute Form

3.15 Determination
of Fungal Load in

the Lungs and Other
Organs

3.16 Histology

1. Immunosuppress the animals with daily doses of 0.15 mg/kg

of dexamethasone phosphate for a period of 20 days, added to
the drinking water to be consumed ad libitum, and changed
once a week.

. Accommodate the animals in isolators to maintain appropriate

sterile environment, with autoclaved shaving woods, food, and
water delivered to the animals.

. Perform the cage changes in a laminar flow hood twice a week.

. Use supplemented BHI solid medium to determine the fungal

loads in experimentally infected mice.

. After sacrificing the mice using accepted procedures [44, 58],

remove the organs (lung, liver, and spleen), weigh and homog-
enize in sterile PBS 1x with the aid of a sample dissociator
gentle MACS™.

. After steeping, streak-plate 100 pl of homogenized tissue on

Petri dishes containing supplemented BHI-agar medium and
incubate the plates at 37 °C in 5% CO, and 95% humidity for
4 weeks.

. During this period, inspect the plates daily and count the num-

ber of colony-forming units (CFU).

. Plot the fungal load as CFU per gram of tissue.

. A good histological preparation depends on the techniques to

obtain the specimen. The cardiac perfusion usually results in
good slides with preserved tissue. In case of no interference,
administration of heparin diluted 1:50, 10 min before animal
euthanasia, can prevent blood clots formation. A neutral pH
solution followed by formalin 10% was injected into aortic arch
employing a thin silicone tubing connected to a peristaltic
pump (or alternatively a syringe can substitute peristaltic
pump). The tissue fixation by immersion in the formalin 10%
solution instead perfusion is an option.

. Once the material was included in paraffin, cut by microtome

and fixed in the slide, there are several available staining meth-
ods. In medical mycology hematoxylin and eosin staining
(good for tissue structural characteristics, but do not reveal all
cellular components) and Silver staining as the Grocott-
Gomori’s methenamine silver stain, mainly detecting fungal
elements, are the most used staining methods. For fibrosis
evaluation, tissues sections are stained with Gomori’s silver
reticulin—stain to assess the changes occurring in the organiza-
tion of reticulin fibers (collagen IIT), and with Masson’s tri-
chrome-stain to identity collagen I type fibers. The histological
result of one P10-adjuvant vaccination experiment is shown in
Fig. 1.
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Fig. 1 Histological sections of murine lungs from BALB/c mice immunized with P10-cationic lipid after 30 days
of infection. (a) Uninfected and non-immunized control mice; (b) large granulomas in infected mice; (¢) infected
and immunized with P10-cationic lipid. 40x magnification. Hematoxylin and eosin staining; arrows indicate

granulomas

3.17 Cytokine
Detection

. Quantification of cytokines helps to understand the immuno-

logical profile during infection by P. brasiliensis. Cytokine pro-
file of Th-1, Th-2, Th-17, and Treg lymphocytes present in
supernatant of macerated organs such as lung, liver, spleen, are
important to understand the vaccine modulation and results
must be analyzed together with CFU and histology.

. The procedure is similar to that for the determination of fungal

load in the organs (3.14); however, tissues were homogenized
in 2 ml of PBS in the presence of protease inhibitors: benzami-
dine HCl (4 mM), EDTA disodium salt (1 mM), N-
ethylmaleimide (1 mM), and pepstatin (1.5 mM). There are
several manufacturers of cytokine detection Kkits.

. Express the results as cytokine mass/per gram of tissue.

4 Notes

. Trace elements composition (100 ml): H;BO; 0.0057 g,

CuS0O,4.5H,0 0.0157 g, Fe(NH,),(S04),.6H20 0.1404 g,
MHSO414H20 0.0081 £, (NH4)6MO7024.4H20 0.0036 £,
ZnS0O,.7H,0 0.0792 g. Sterilize with 0.22 pm filter and keep
to —20 °C.

. Vitamin composition (100 ml): Thiamine 0.006 g, Niacin

0.006 g, calcium 0.006 g, Inositol 0.003 g, Biotin 0.0001 g,
Riboflavin 0.001 g, Folicacid 0.01 g, Choline 0.01 g, Pyrodoxine
0.01 g. Sterilize with 0.22 pm filter and keep to —20 °C.

. Be sure that the local Ethics Committee approved all proce-

dures involving experimental animals.

. Two isolates of Paracoccidioides brasiliensis were used, Pb18

(traditionally used in experimental models in Brazil, character-
ized as a high-virulence isolate) [61] and P. brasiliensis Pb339,
traditionally being used for antigen production [62].
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5. Each experiment must include all controls (sham infection,
animals only infected, animals infected and treated with anti-
fungal drugs, animals immunized only with adjuvant).

6. Each experimental group must contain at least eight animals.
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Chapter 10

Methodology for Anti-Cryptococcal Vaccine Development

Ashok K. Chaturvedi and Floyd L. Wormley Jr

Abstract

Cryptococcus neoformans and Cryptococcus gattii, the predominant etiological agents of cryptococcosis, are
fungal pathogens that cause disease ranging from a mild pneumonia to life-threatening infections of the
central nervous system (CNS). C. neoformansis widely considered an opportunistic fungal pathogen which
targets individuals with impaired immune systems, while C. gattii is predominantly associated with fungal
infections in immunocompetent individuals. However, C. neoformans and C. gattii have certainly been
identified as the causative agent of cryptococcosis in both immune compromised and immune competent
individuals. Cell-mediated immunity (CMI) by T-helper (Th) 1-type CD4* T cells is the predominant host
defense mechanism against cryptococcosis. Consequently, there has been great interest in identifying cryp-
tococcal antigens that elicit protective CMI against Cryptococcus infection. Although many different cryp-
tococcal proteins have been shown to stimulate potent cellular responses, there remains no standardized
vaccine available for the prevention of cryptococcal infections in humans. Several studies have identified
immunodominant antigens that may serve as attractive candidates for the development of novel subunit
vaccines for the treatment and/or the prevention of cryptococcosis. The purpose of this chapter is to
describe one methodology to screen and isolate cryptocococcal proteins that induce protective immune
responses against cryptococossis.

Key words Cryptococcus, Cryptococcosis, Proteomics, Meningoencephalitis, Antibodies, Gel electro-
phoresis and fractionation

1 Introduction

Cryptococcusneoformans and Cryptococcus gattii, the predominant
causative agents of cryptococcosis, are encapsulated fungal patho-
gens that can cause life-threatening infections of the central nervous
system (CNS) in immune compromised and immune competent
individuals [1]. Cryptococcal meningoencephalitis is the most com-
mon disseminated fungal infection in AIDS patients [2]. Global
estimates suggest that one million cases of cryptococcal meningitis
occur each year resulting in approximately 620,000 deaths [3].
Those who are successfully treated for AIDS-associated cryptococ-
cal meningitis oftentimes require life-long maintenance anti-fungal
therapy due to a high relapse rate [2, 4]. Additionally, the incidence

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_10, © Springer Science+Business Media LLC 2017
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of C. gatti has been notable within animal and human populations
on Vancouver Island, British Columbia, Canada, the Pacific
Northwest, Southwest, Southeast, and Northeast regions of the US
and in Mediterranean Europe [5-12], thus underscoring the poten-
tial of cryptococcal disease to emerge as a significant problem in
unique clinical settings and patient populations. The increase in
cryptococcosis, combined with reduced efficacy of the currently
available drugs, highlights the need for new antifungal drugs,
immunotherapeutics, and/or vaccines to protect at-risk popula-
tions (i.e., patients with compromised immune systems and immune
competent persons residing in areas observed to contain C. gattii).
Proteomic tools have been used to identify an array of proteins that
are highly prevalent during disease and have the potential to induce
protective immune responses against cryptococcosis. Potentially
immunogenic cryptococcal antigens are usually preselected for
analysis based on their serological activity [13-16]. However, pro-
teins that are immune dominant for B cells may not necessarily be
immune dominant for T cells. Therefore, where immune recogni-
tion and protection are mediated predominantly by T cells, strate-
gies should be implemented to identify proteins that induce
antigen-specific T cell responses. In our previous studies, we elected
to use a combined proteomic and immunological approach to
screen complex mixtures of C. neoformans and C. gattii proteins
for those proteins that were immune dominant based on serologic
reactivity and efficacy to elicit pro-inflammatory and Thl-type
cytokine responses against C. neoformansand C. gattii antigens
[17, 18]. We also evaluated the efficacy of selected protein fractions
to induce protective immune responses in a murine model of pul-
monary cryptococcosis. Herein, we provide a detailed methodol-
ogy for the isolation and testing of cryptococcal proteins as
candidates for the development of novel subunit vaccines for the
treatment and /or the prevention of cryptococcosis.

2 Materials

2.1 Mice

2.2 Strains
and Media

Prepare all buffers using ultrapure water and analytical grade
reagents. Store all reagents at room temperature unless otherwise
indicated. Carefully follow all guidelines and regulations when dis-
posing biohazardous waste materials.

Female BALB/c (H-2¢) mice (see Note 1).

1. C. neoformans strain H99 (serotype A, Mat ).

2. H99y (an IEN-y producing C. neofromans strain derived from
H99; ATCC® 208821™) [19].

3. C. gattii strain R265 (serotype B; ATCC® MYA-4093™).
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. Yeast extract peptone dextrose (YPD) agar: 1% yeast extract,

2% peptone, 2% dextrose, and 2% bacto agar.

. YPD broth: 1% yeast extract, 2% peptone, 2% dextrose.

6. RPMI complete media (see Note 2).
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. Ammonium carbonate buffer, pH 8.4: 20 mM ammonium

carbonate, 1% (v/v) beta-mercaptoethanol (f-ME), and prote-
ase inhibitors cocktail (see Note 3).

. YeastBuster™ Protein Extraction Reagent: tris(hydroxypropy)

phosphine (THP) and protease inhibitors cocktail (se¢ Note 3).

. Amicon Ultrafree-15 centrifugal filter device.

. RC DC Protein Assay Kit (Bio-Rad, Hercules, CA).

. ReadyPrep 2-D Cleanup Kit (Bio-Rad, Hercules, CA; see Note 4).
. Syringe and 0.45 pM filter.

. Centrifuge.

. GELFREE™ 8100 Fractionation System.

. Pre-formulated GELFREE™ 8100 HEPES running buffer.
. GELFREE™ 8100 Tris Acetate sample buffer.

. GELFREE™ 8100 8% Tris Acetate Cartridge.

. Criterion electrophoresis equipment.

. 12.5% SDS-PAGE Ciriterion Precast Gels.

. Tris/glycine /SDS (TGS) running buffer.

. SYPRO Ruby protein gel stain.

. Gel documentation system.

. Immobilized pH gradient (IPG) strips (ReadyStrip IPG, 11

cm, pH 4-7).

. Rehydration buffer: 8 M urea, 2% CHAPS, 50 mM dithioth-

reitol (DTT) DTT, 0.2% w/v Bio-lite 3/10 ampholytes, and
trace bromophenol blue.

. Equilibration buffer: 6 M urea, 2% SDS, 375 mM Tris—-HCI

pH 8.8, 20% glycerol, 2% DTT, 2.5% w/v iodacetamide.

. ReadyPrep ™ 2-D Starter Kit.
. Isoelectric focusing (IEF) by PROTEAN IEF (Bio-Rad,

Hercules, CA).

. ReadyPrep Overlay agarose (Bio-Rad, Hercules, CA).
. 12.5% SDS-PAGE Ciriterion Precast Gels for second

dimension.

. Hybond-P PVDF membranes.
. Semi-Dry Electrophoretic Transfer Cell.
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2.7 Cytokines
Analyses

2.8 Cytokine Recall
Analyses

2.9 Excision,
Trypsinization,

and Identification

of Protein Bands

by HPLGC-ESI-MS/MS

3.

Tris-buffered saline with Tween-20 (TBS-T): 20 mM Tris,
500 mM NacCl, and 1% Tween 20.

4. Blocking solution: 5% nonfat milk in TBS-T.

QN Ul B W

. The immune sera derived from mice immunized with C. neo-

Sormans strain H99y or heat-killed C. neoformans on day 14
post-secondary challenge with wild-type (WT) C. neoformans
strain H99. For C. gattii use immune sera collected on day 14
post infection from mice immunized with a cell wall associated
(CW) and /or cytoplasmic (CP) protein preparation.

. Goat anti-mouse IgG HRP-conjugated antibody (Pierce

Biotechnology Inc., Rockford, IL).

. SuperSignal West Dura Extended Duration Substrate (Pierce

Biotechnology Inc., Rockford, IL).

. Tissue homogenizer.

. 1x PBS with protease inhibitors cocktail (Roche Diagnostics

GmbH, Mannheim, Germany).

. Bio-Plex Protein Array system (Luminex-based technology;

Bio-Rad Laboratories, Hercules, CA).

. RPMI complete media: RPMI media supplemented with 10%

heat-inactivated fetal bovine serum, 2 mM r-glutamine, 100 U
penicillin/ml, 100 pg of streptomycin/ml, and 50 mM
2-mercaptoethanol.

. Nylon filters 70 pm.

. Hen egg lysozyme (HEL; 1 pg/ml).

. Concanavalin A (Con A; 1 pg/ml).

. Standard 96-well round-bottom culture plates.

. Limulus amebocyte lysate kit for the detection of endotoxin in

isolated proteins.

. Protein destaining: 40 mM NH,CO;/50% acetonitrile, dehy-

drate in acetonitrile.

. Protein digestion: trypsin (sequencing grade) in 40 mM

NH,CO;/10% acetonitrile.

. Protein extraction: 0.1% trifluoroacetic acid (TFA) followed by

0.1% TFA /50% acetonitrile.

. Capillary HPLC-electrospray ionization tandem mass spectra

(HPLC-ESI-MS/MS) is performed using a Thermo Fisher
LTQ linear ion trap mass spectrometer fitted with a New
Objective PicoView 550 nanospray interface.

. Eksigent NanoLLC micro HPLC: column, PicoFrit™ (New

Objective; 75 pm i.d.) packed to 10 cm with C18 adsorbent
(Vydac; 218MS 5 pum, 300 A); mobile phase A, 0.5% acetic
acid (HAc)/0.005% trifluoroacetic acid (TFA); mobile phase
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B, 90% acetonitrile /0.5% HAc/0.005% TFA; gradient 2—42%
B in 30 min; flow rate, 0.4 pul/min. MS conditions: ESI volt-
age, 2.9 kV; isolation window for MS /MS, 3; relative collision
energy, 35%; scan strategy.

. For database search, NCBInr database [NCBInr 20,130,102

(22,378,659 sequences; 7,688,401,091 residues)] by means
of Mascot (version 2.4.1), Scaffold™ 4.0.

. 2% isoflurane for anesthesia.

2. Rodent anesthesia device (Eagle Eye Anesthesia, Jacksonville, FL).

4.

. Cryptococcal proteins solubilized in sterile endotoxin-free

PBS (HyClone Lab. Inc., Logan, UT).

Pipette and endotoxin-free tips for intranasal inhalation.

GraphPad Prism version 5.00 for Windows.

3 Methods

3.1 Protein
Extraction

1.

Carry out all the experiments at room temperature unless other-
wise specified.

Grow C. neoformans or C. gattii yeast in YPD broth for
approximately 16-18 h at 30 °C with constant shaking. Wash
fungal cells twice in sterile PBS followed by centrifugation and
divide into two parts for the extraction of cell wall (CW) or
cytoplasmic (CP) proteins, as previously described [12-14].

. For the isolation of CW proteins, suspend cell pellets in

ammonium carbonate buffer, pH 8.4 containing 1% (v/V)
B-mercaptoethanol (ME) and protease inhibitor cocktail and
incubate for 45 min at 37 °C with gentle agitation. After
incubation, remove the cells by centrifugation and collect and
filter-sterilize supernatant fluid containing CW proteins using
a 0.45-pM filter (see Note 5).

. For the isolation of CP proteins, add YeastBuster™ Protein

Extraction Reagent containing a protease inhibitor cocktail
and tris (hydroxypropy)phosphine (THP) and incubate for
45 min at 30 °C with gentle agitation. After incubation,
remove the cells by centrifugation, collect and filter-sterilize
supernatant fluid containing CP proteins using a 0.45-pM filter
(see Note 5).

. Desalt the supernatants individually and concentrate them by

centrifugation through an Amicon Ultrafree-15 centrifugal
filter device according to manufacturer’s instructions
(see Note 6).
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3.2 Gel-Free
Fractionation and One-
Dimensional Gel
Electrophoresis

3.3 Two-Dimensional
Gel Electrophoresis

5.

Determine protein concentration using RC DC Protein Assay
Kit following manufacturer’s instructions.

. Further concentrate the proteins and remove nonprotein con-

taminants using the ReadyPrep 2-D Cleanup Kit according to
the manufacturer’s instructions.

. Dissolve Cryptococcus CW and CP proteins in sample buffer

(included in the fractionation buffer kit) to a total volume of
150 pl. We have previously used 50 to 100 pg of individual
protein preparations [13, 14] (see Note 7).

. Proteins can be separated into 12 fractions based on their

molecular weight using the GELFREE™ 8100 Fractionation
System containing HEPES running and Tris Acetate sample
bufters. Load 150 pl of proteins in sample buftfer into individual
loading chambers of an 8% Tris-Acetate Cartridge designed to
separate proteins in the mass range 3.5-150 kDa, with resolution
between 35 kDa and 150 kDa. Follow the instructions pro-
vided with the device to separate protein preparation into 12
fractions (see Note 8).

. After collection of all 12 individual CW and CP fractions, run

standard 1-D gel electrophoresis using 12.5% SDS-PAGE
Criterion Precast Gels. Separate the proteins for 55 min at 200
V in Tris/glycine /SDS (TGS) running buffer using Criterion
electrophoresis equipment. Following gel electrophoresis,
stain the proteins in the gels using SYPRO Ruby protein gel
stain (Fig.1).

. Rehydrate immobilized pH gradient (IPG) strips (ReadyStrip

IPG, 11 cm, pH 4-7) in 200 pl of rehydration/sample bufter
containing 200 pg of the Cryptococcus CW or CP proteins
(see Note 9).

. Carry out isoelectric focusing (IEF) using PROTEAN IEF

under the following conditions: step 1, 250 V for 20 min; step
2, ramped to 8000 V over 2.5 h, and step 3, 8000 for a total
0t 30,000 V /h.

. After IEF, place gel strips into equilibration bufter for 15 min.
. Alkylate disulfide groups using equilibration buffer of the same

composition substituting 2.5% w/v iodacetamide instead of
DTT.

. Drain equilibrated IPG strips and place on the top of 12.5%

SDS-PAGE Criterion Precast Gels and seal it using hot
ReadyPrep Overlay agarose.

. Separate proteins in the second dimension using Criterion

electrophoresis equipment for 55 min at 200 V in Tris/
glycine /SDS (TGS) running buffer.



(A)

Immune Dominant Cryptococcus Proteins 135

(B)

MM F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 MM F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

kDa

kDa

75kDa
75kDa <— -
20kDa -
20kDa <—
(Q) (D)
MM F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 MM F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
kDa
75kDa <—
20kDa<—+

Fig. 1 Fractionation of C. gattii cell wall associated proteins (a) and Cytoplasmic proteins (c). 500 pg of C. gattii
cell wall associated proteins and cytoplasmic proteins were fractionated into 12 fractions ranging in molecular
weight from 3.5 to 150 kDa. The fractions were visualized using 1-D gel electrophoresis, followed by Sypro stain-
ing. Immunoblot analysis of C. gattii cell wall associated protein fractions (b) and cytoplasmic protein fractions (d).
Protein fractions were separated by 1-D gel electrophoresis. Protein fractions were transferred to PVYDF mem-
branes and incubated with pooled serum taken on day 14 post-secondary infection of mice immunized using
C gattii cell wall and cytoplasmic proteins. In case of cell wall proteins, fractions F10, F11, and F12 contain
immunogenic proteins (b), while fractions F8—F12 were found to be immunogenic in cytoplasmic fractions (d)

3.4 Immunoblot
Analysis

7. Stain proteins in the gel using Sypro Ruby Red or, alterna-

tively, transfer to polyvinylidene difluoride (PVDF) membranes
for immunoblot analysis.

. Transfer the resolved proteins to Hybond-P PVDF membranes

using a Semi-Dry Electrophoretic Transter Cell according to
manufacturer’s instructions (se¢ Note 10).

. Subsequently, block the membranes in blocking solution for 1

h at room tempcerature.

. Discard the blocking solution and incubate the membranes

overnight at 4 °C with a 1:200 dilution of banked immune sera
collected on day 14 post-secondary challenge from mice
immunized with C. neofomans strain H99y or heat-killed
C. neoformans if probing for immune dominant C. neoformans
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3.5 Cytokine
Analyses

3.6 Cytokine Recall
Assay

3.7 Excision,
Trypsinization,

and Identification

of Protein Bands

by HPLC-ESI-MS/MS

CW and CP proteins [12]. If probing for immune-dominant
C. gattii proteins, use a 1:200 dilution of immune sera col-
lected on day 14 post infection from mice immunized with
CW and CP proteins [14].

. Wash the membrane six times in TBS-T (5 min per wash) and,

for the detection of antibody binding, add goat anti-mouse
IgG HRP-conjugated antibody diluted 1:1000 in blocking
solution for 1 h at room temperature. Wash membrane again
six times in TBS-T.

. Incubate the membrane briefly with SuperSignal West Dura

Extended Duration Substrate and detect protein spots using a
ChemiDoc XRS camera or similar camera (se¢e Note 11).

Quantification of cytokines can be accomplished using the
Bio-Plex Protein Array system according to manufacturer’s
instructions. Multiple assays are available for single or multi-
plexed analysis of cytokines.

. Excise spleens from BALB/c mice vaccinated with H99y or

sterile PBS on day 60 post-immunization and press through
nylon filters 70 pm to obtain single-cell splenocyte population.

. Determine the endotoxin content of the CW and CP proteins

fractions by using a Limulus amebocyte lysate kit prior to use.
Endotoxin content should be less than 1 EU/50 pg protein.

. Culture the splenocytes (1 x 10°/well in 100 pl) in RPMI

complete media with individual protein fractions (50 pg each),
hen egg lysozyme (HEL; 1 pg/ml), or concanavalin A (Con A;
1 pg/ml) as negative and positive controls, respectively, at
37 °C and 5% CO,; in 96-well round-bottom culture plates.

. After 24 h collect the culture supernatants and use the Bio-

Plex Protein Array System to determine the cytokine levels
within the supernatants.

. Protein spots excision and identification was accomplished at

the Institutional Mass Spectrometry Laboratory, The
University of Texas Health Science Center at San Antonio.

. Manually excise the protein spots of interest from gel using a

sterile scalpel after 2-D gel electrophoresis (see Note 12).

. Destain the excised spots in 40 mM NH,CO;/50% acetoni-

trile, dehydrate in acetonitrile, and digest overnight at 37 °C
with trypsin in 40 mM NH,CO;/10% acetonitrile. Extract
tryptic digests with 0.1% TFA followed by 0.1% TFA/50%
acetonitrile.

. Vacuum dry combined extracts by vacuum centrifugation and

resuspend in 0.5% TFA. Analyze the digests by capillary
HPLC-ESI-MS/MS using a Thermo Fisher LTQ linear ion
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trap mass spectrometer fitted with a New Objective PicoView
550 nanospray interface.

. Complete, online HPLC separation of the digests with an

Eksigent NanoLLC micro HPLC. Survey scan followed by
acquisition of data-dependent collision-induced dissociation
(CID) spectra of the seven most intense ions in the survey scan
above a set threshold.

. Search MS datasets against the NCBInr database by means of

Mascot. Also consider methionine oxidation and cysteine
carbamidomethylation as variable modifications for all searches.
Use Scaffold™ 4.0 to conduct an X! Tandem subset search of
the Mascot data followed by cross-correlation of the results of
both searches. Consider 95% and 99%, respectively, scatfold
confidence levels for acceptance of peptide assignments and
protein identifications.

. Immunize mice with individual protein fractions or fractions

of interest via intranasal inhalation as this mimics the most
likely route of introduction of Cryptococcus into humans. To
do this, BALB/c mice are anesthetized with 2% isoflurane
using a rodent anesthesia device. Dissolve 50-100 pg of pro-
tein in 50 pl of sterile endotoxin-free PBS for inoculation via
intranasal inhalation. Determine endotoxin content of the
protein preparations to be minimal (less than 1 EU/pg pro-
tein) prior to use. Immunizations or inoculations with
Cryptococcus yeast are done using a yeast inoculum of 1 x 10*
CFU of Cryptococcus in 50 pl of sterile endotoxin-free
PBS. Mice are mock immunized with 50 pl of sterile endo-
toxin-free PBS. Immunize mice three times, with 4 week
intervals between each immunization. Ten days following the
final immunization, infect mice with 1 x 10*Cryptococcus by
nasal inhalation as previously described [12, 13].

. Monitor survival twice a day and sacrifice mice that appear

moribund or not maintaining normal habits (grooming).

4 Notes

1. All animal experiments should be performed following NIH

guidelines and in accordance with the Institutional Animal
Care and Use Committee in, preferably, an AAALAC-certified
facility. Animals are typically allowed a 1 week acclimatization
period in the facility before experiments are started.

. Always prepare fresh culture of C. neoformans and C. gattii

strains. YPD media can be stored at room temperature but
store RPMI at 4 °C.
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3. Ammonium carbonate buffer and YeastBuster™ Protein

Extraction Reagent can be stored at 4 °C. Bring them to the
room temperature prior to using and add (f-ME) plus protease
inhibitor cocktail toammonium carbonate and tris(hydroxypropy)
phosphine (THP) (included in the kit) and protease inhibitor
cocktail to YeastBuster™ Protein Extraction Reagent.

4. Prechill nanopure water and wash buffer prior to use.

. According to the size of cell pellets add extraction buffer, for

example if pellet volume is 5 ml then add 10 ml of ammonium
carbonate buffer for cell wall protein extraction and/or 10 ml
of YeastBuster™ Protein Extraction Reagent containing a pro-
tease inhibitor cocktail and THP for cytoplasmic protein
extraction. Do not put excessive pressure on syringe filter while
sterile-filtering  samples through 0.45-pM filters. Instead,
change the filter to avoid failure of filter and loss of sample.

. Keep Amicon Ultrafree-15 centrifugal filter device containing

sample at 4 °C or on ice during use. Also, maintain centrifuge
temperature at 4 °C to limit protein degradation. Use fixed
angle centrifuge while filtering through Amicon filters and use
according to manufacturer’s instructions.

. Always maintain a total volume of protein sample buffer at 150

pl. Dissolve the protein pellet obtained after cleanup in the
sample buffer by vortexing vigorously. Some of the sample vol-
ume may be reduced below 150 pl which can be made up after
solubilization of protein pellet. Warm the sample at 50 °C for
10 min and then cool the sample to room temperature. Quick
spin the sample to avoid loading any insoluble debris before
applying to the loading chamber of cartridge. Protein concen-
tration for fractionation should not be more than 500 pg per
sample.

. While loading 150 pl of protein sample into individual loading

chambers, avoid introducing bubbles. The loading chambers
are small, so extra care has to be taken. Pipette up and down at
least three times during collection of each fraction and wash
collection chamber at least three times with HEPES bufter
provided with the kit. Make sure there is no “0” reading show-
ing on the machine screen while it runs. If there is a “0”, open
the lid of the machine and try to remove either any bubbles
present and check for empty chambers (without any buffer)
since they can hinder current flow.

. Cover IPG strip during rehydration of strip with mineral oil to

avoid any evaporation of sample and drying of the strip.
However, wait at least 30 min after adding IPG strip over
streaked sample to add mineral oil such that the sample can be
evenly adsorbed by the IPG strip.
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10. Avoid introducing bubbles between gel and PVDF membrane.
Also, do not allow the membrane to dry. While removing the
PVDF membrane from the gel, the gel may adhere to the
membrane. Separate gel from the membrane by adding buffer

using a pipette.
11.

Incubate the membrane briefly with Super Signal West Dura

Extended Duration Substrate. Be careful not to incubate for
too long as it can lead to a dark background on the film and
turn the membrane brown.

12.

Use sterile scalpel or 18-gauze needle to cut the desired pro-

tein spots. Place excised gel samples into labeled eppendorft
tubes containing nano-pure water. Wear gloves and head cover
to prevent keratin contamination of sample.
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Beta-Glucan Particles as Vaccine Adjuvant Carriers

Zeynep Mirza, Ernesto R. Soto, Fusun Dikengil, Stuart M. Levitz,
and Gary R. Ostroff

Abstract

Glucan particles (GPs) are spherical hollow particles derived from Saccharomyces cerevisine cell walls and
mainly consist of B-1, 3-p-glucans. The inner hollow cavity of glucan particles can be loaded with different
compounds, including protein antigens, and delivered to macrophages and dendritic cells. Moreover, the
GP delivery system possesses B-glucan’s intrinsic immunostimulatory properties. Therefore, GPs serve as
both an antigen-presenting cell-targeted delivery system and an adjuvant.

Here, we describe the production of GPs from S. cerevisine using hot alkaline and solvent extraction
and characterization of these particles for morphology, particle density, and hydrodynamic volume. A
detailed protocol for loading and entrapping a model antigen, ovalbumin (OVA), into these particles using
yeast RNA is presented. Similar methods are used to load pathogen-specific antigens (peptides, proteins,
soluble extracts) which then can be tested in in vivo vaccination models.

Key words Glucan particles, Vaccine production, Cryptococcus, Dectin-1

1 Introduction

While vaccination provides remarkable protection against many
diseases, vaccines have remained elusive for many infectious killers.
Effective vaccines require antigen(s) delivered in a manner that
stimulates protective immune responses. Approved subunit vac-
cines contain adjuvants such as alum that help stimulate protective
antibody responses. However, for many infectious diseases for
which a vaccine is not yet available, protection may require adap-
tive T cell immunity in addition to (or in lieu of) antibody. Thus,
there is an urgent need for safe and effective vaccination systems
that elicit strong and long-lasting protective immunity to delivered
antigens [1].

Glucan particles (GPs) are spherical empty empty and highly
purified cell walls of Saccharomyces cerevisine and mainly consist of
B-1, 3-p-glucans [2]. GPs are obtained from baker’s yeast, using a
series of hot alkaline extractions, followed by ethanol and acetone

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_11, © Springer Science+Business Media LLC 2017
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extraction. GPs can be loaded with many classes of drugs due to
the porous structure of the shell’s hydrocolloid polysaccharide
matrix and hollow cavity inside the GPs. Previous studies have
shown that proteins (including antigens), DNA, siRNA, and small
molecule drugs can be loaded into GPs [3-7].

B-1, 3-p-glucans are the major pathogen-associated molecular
patterns (PAMPs) of fungi and are recognized via Dectin-1 (D1),
complement receptor 3 (CR3) and scavenger receptors by macro-
phages, neutrophils, and dendritic cells [8, 9]. Recognition of GPs
via these receptors alerts the host phagocytic immune cells and
starts a series of events including particle uptake, oxidative burst,
and release of pro-inflammatory chemokines/cytokines. After
maturation and migration of these antigen-presenting cells, T and
B cell responses are also initiated [9-11]. Therefore, GPs can be
utilized as a vaccine delivery system with adjuvant properties.

GPs and free antigen co-administration stimulate IgG1 anti-
body production in vaccinated mice; however, delivering the anti-
gen inside the GPs causes stronger immune response including
increased IgG2c and CD4* T cell responses. GPs induce
strong CD4* T cell responses and antibody production even at
sub-microgram antigen doses [12, 13]. GP-based vaccines con-
taining antigen extracts prepared from Cryptococcus neoformans
protected mice against lethal C. neoformans challenge [14].

This chapter outlines the methods in detail for encapsulating a
model antigen (ovalbumin) inside the GPs. The chapter is orga-
nized as follows: It begins by presenting the materials to be used,
followed by the methods of GP production, particle characteriza-
tion, and fluorescently labeled ovalbumin loading inside the GPs.
Notes are presented at the end of the chapter.

2 Materials

2.1 Production
of Glucan Particles

. 8. cevevisine (Fleischmann’s baker’s yeast) 100 g.
. Sodium hydroxide.

. Ethanol—100%.

. Acetone.

. Distilled water.

. Erlenmeyer flask (2 L volume-borosilicate).

. Magnetic stirring bar.

. Hot plate with magnetic stirrer.

O 0 NI O Ol W N

. Thermometer.

10. Centrifuge.

11. Spatula.

12. 50 mL conical centrifuge tubes.



2.2 Particle Density
(Number of Particles/
mg GP)

and Hydrodynamic
Volume

2.3 Fluorescent
Labeling of Ovalbumin

2.4 Fluorescent
Ovalbumin Loading

13.
14.
15.
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Fume hood.
Polytron homogenizer or equivalent.
Centrifuge bottles (0.5 L).

. Dry glucan particles.

. Microcentrifuge tubes.

. Analytical balance.

. Vortex mixer.

. Pipettor and pipette tips (10, 100, 1000 pL).
. Hemocytometer.

. Distilled water.

. Sonicator.

. Microscope—200x magnification.

. Ovalbumin solution: Measure and dissolve 100 mg of ovalbu-

min in 10 mL of 100 mM carbonate buffer, pH 9 in a 15 mL
conical centrifuge tube.

. Fluorescein isothiocyanate (FITC) in DMSO solution: Dissolve

10 mg of FITC in 2 mL of DMSO (5 mg/mL final
concentration).

. 1 M Tris pH 8: Dissolve 121.1 g of Tris base in ~700 mL of

distilled water. Adjust pH to 8 using concentrated HCI (~80 mL).
Bring final volume to 1 L.

. 100 mM sodium carbonate-sodium bicarbonate bufter, pH

9.2: Mix 10 mL of 0.1 M sodium carbonate with 90 mL of
0.1 M sodium bicarbonate [15].

. Fluorescent microplate reader or spectrofluorimeter.

. Empty GPs 10 mg.

. FITC-labeled ovalbumin.

. Torula yeast RNA, type IV (yRNA).

. 0.9% saline.

. Microcentrifuge tubes.

. Heat block.

. Pipette and pipette tips.

. Microscope slides and slide covers.

. Centrifuge.

. Plate reader and 96-well plate.

. Fluorescence microscope—200x magnification.
. Fluorescent microplate reader or spectrofluorimeter.

. Lyophilizer.
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2.5 Sample 1. FITC-labeled ovalbumin.
Preparation 2. GP-ovalbumin formulations (experimental and control samples)
for SDS-PAGE and also the saved supernatants from the wash steps.
3. 6x SDS-PAGE loading buffer: Mix 3.75 mL of 1 M Tris pH
6.8, 1 g SDS, 5 mL glycerol, 1 mL beta-mercaptoethanol,
30 mg bromophenol blue.
4. 6 M urea: Dissolve 360 mg of urea in 1 mL distilled water.
5. Heat block.
6. Pipette and pipette tips.
7. Cup-sonicator.
8. Centrifuge.
3 Method
3.1 Production 1. Add 500 mL water in a 2 L flask and add 100 g of yeast cells

of Glucan Particles

(Fig. 1). Use a homogenizer to break up clumps. Insert a magnetic
stir bar, and add 20 g of solid sodium hydroxide (se¢ Note 1).
Add distilled water to get 1 L total volume.

. Place the flask on a stirring hot plate, put a glass thermometer

in the flask, and heat to 80 °C for 1 h while mixing. Start tim-
ing when the temperature reaches 80 °C. Cover the mouth of

Fig. 1 Alkaline hydrolysis setup for the production of glucan particles
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Fig. 2 Centrifuge bottles after first spinning (pH > 10). Dark brown supernatant
and white floating partially saponified lipids must be discarded. Pellet must be
washed until the supernatant is clear and pH < 10 (it usually requires four to five
washes)

5.

10.

the flask with aluminum foil to prevent evaporation. Maintain
temperature between 80 and 85 °C. Caution: hot caustic.

. Cool down the mixture to room temperature and then transfer

the contents to two 500 mL centrifuge bottles.

. Centrifuge at 2000 x g for 30 min, discard supernatant (Fig. 2).

Caution: caustic. The supernatant will have a dark brown color
and may contain white floating partially saponified lipids,
which should also be discarded. Suspend the pellet in 500 mL
of distilled water using a Polytron homogenizer (0.5-0.75x
full speed until pellet is uniformly suspended) and spin down
again. Repeat this wash step until the supernatant is clear and
the pH is <10. It usually takes four to five wash steps to achieve
a clear supernatant.

Adjust the pH of the suspension to pH 6-8 using hydrochloric
acid (see Note 2).

. Repeat the wash step one more time to remove formed salt.

. Suspend the pellets in 250 mL of water using the Polytron

homogenizer.

. Divide the suspended pellet into 5-50 mL conical tubes.
. Collect the insoluble fraction by centrifugation (2000 x g for

30 min) and discard supernatant. Packed pellet volume should
be <15 mL.

Add 30 mL of ethanol per tube. Suspend the pellets using a
Polytron homogenizer to achieve a uniform suspension.
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3.2 Number
of Particles per mg GP

Fig. 3 Centrifuge tubes after first ethanol wash. The supernatant appears slightly
yellow due to extracted lipids. It typically takes three to four ethanol extractions
to obtain a clear supernatant

11.

12.

13.

14.

15.

Collect the insoluble fraction by centrifugation (2000 x 4 for
30 min) and discard supernatant. The supernatant appears
slightly yellowish at first; repeat until it is clear. It typically takes
three to four ethanol extractions (Fig. 3).

Suspend the pellet in 20 mL of acetone using a Polytron
homogenizer in a fume hood to a uniform suspension. Note:
acetone is flammable.

Centrifuge and discard acetone as in the previous wash steps.
Repeat acetone washes two times.

After the last acetone wash, dry the pellet in a fume hood. Use
a spatula to break up clumps every 15 min for the first hour,
dry at room temperature for 48 h or until constant weight.

The final product should be around 8-12 g of an off-white fine
powder (Fig. 4). Weigh and characterize the GPs for morphol-
ogy, number of particles per mg and hydrodynamic volume
(water absorption capacity).

. Add ~1 mg of GPs to a microcentrifuge tube. Note absolute

GP weight. Add 0.5 mL of distilled water and sonicate the
tube to obtain single particles.



3.3 Hydrodynamic
Volume of the Particles
(Water-Binding
Capacity, Fig. 6)
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Fig. 4 Final dry GP product

2. Adjust concentration to 1 mg GP/mL with distilled water.

N~ W

. Vortex/cup sonicate to uniform suspension.

. Make 1:100 dilution in water and count particles with a hemo-

cytometer using a microscope with a magnification of >200x.
The particles will appear as ~4—5 pm slightly ellipsoidal spheres
resembling the morphology of the starting yeast material
(Fig. 5). If the particles appear as smaller fragments, then the
yeast cell source used is unacceptable and the particles are not
useful for the encapsulation of antigens.

. Calculate the number of particles in a 1 mg of GPs (see Note 3).

. Weigh two empty microcentrifuge tubes and record weights

(W1). Add ~50 mg of GPs to these tubes. Weigh again and
note the measurements (W2).

. Add 1 mL water to tubes, vortex and cup sonicate to obtain

suspension. Incubate the tubes 1 h at room temperature
(see Note 4).

. Centrifuge at 10,000 x 4 for 10 min.

. Discard water with fine pipette tip, paying attention to not

disturb the pellet.

. Spin again to remove all water. Weigh tubes and record weights

(W3).
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Fig. 5 Image (20x) of glucan particle counting using a hemocytometer

3.4 Fluorescently 1.
Labeling Ovalbumin 2
3.5 Fluorescent 1.
Ovalbumin Loading 2
and Trapping into GPs

. Calculate hydrodynamic volume (HV) = (W3-W2) mg

water/mg GP (see Note 4). (W2-W1)

Mix and add FITC in DMSO solution to ovalbumin solution.

. Wrap the tube with aluminum foil to prevent photobleaching

of fluorescent dye. Place the tube on a rotator and incubate at
room temperature overnight.

. Add 1 mL of 1 M Tris pH 8 to quench unreacted FITC. Incubate

for 15 min at room temperature.

. Purify protein by dialysis against 5 L distilled water until fluo-

rescence of dialysate is equivalent to water. Carry out this step

at 4 °C in the dark.

. Lyophilize the protein to concentrate. Store dry powder at

-20 °C.

. Dissolve the FL-ovalbumin in distilled water at 25 mg,/mL for

loading experiments, store in aliquots at —20 °C.

Weigh 5 mg GPs into two microcentrifuge tubes.

. Prepare two mixing sticks by sealing the tip of small pipette

tips (1-20 pL) and place into tubes (see Note 5 and Fig. 7).

. Dissolve the fluorescent ovalbumin at 25 mg/mL in sterile

water and add 20 pL to each tube. Mix the protein and dry
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Fig. 6 Hydrodynamic volume, pictures from left to right showing from /eft to right (a) dry 50 mg GPs sample,
(b) particles suspended in 1 mL water, (¢) sample after centrifugation, (d) careful removal of excess water, and
(e) wet pellet

particles into a thick paste using the sealed pipette tip, making
sure all of the particles are uniformly wetted. Briefly centrifuge
tubes containing the mixing stick (~5 s) to bring the mixture
down to the bottom of the tube. Repeat the mixing and cen-
trifugation a total of three times to obtain a homogenous
paste. Capillary action draws the soluble protein into the dry
particles. A volume of 20 pL of protein is ~1 /2 hydrodynamic
volume (Subheading 3.3) ensuring most of the protein is
absorbed into the GPs.

4. Freeze-dry the tubes in order to remove the water.

5. To push any residual protein either remaining outside the par-
ticles, or within the matrix of the particle wall into the hollow
cavity of the GPs, add 10 pL of sterile water to each tube
(see Note 6). Mix three times as described above. A volume of
10 pL of protein is ~1 /4 hydrodynamic volume (Subheading
3.3) resulting in >95% of the protein inside the GPs.

6. Freeze dry to remove the water as above.

7. Set a heat block to 50 °C. Pre-warm the tubes containing the
dry GPs loaded with fluorescent Ova to 50 °C. For labile pro-
teins a temperature of 37 °C can be used.

8. Prepare a supersaturated yRNA solution in 0.9% saline at 25
mg/mL by heating the material in a boiling water bath or
microwave until boiling to dissolve the yRNA. Not all the
RNA will dissolve. For microwaving, use a 15 mL tube with
large headspace and heat the tube 5 s at a time. Mix and imme-
diately transfer the supersaturated yRNA solution into a micro-
centrifuge tube on a 50 °C heat block. It is important to keep
tubes warm; if the mixture cools down, then the yRNA starts
to precipitate. Briefly centrifuge at 10,000 x g for 5 s to remove
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Fig. 7 Top: (a) sealing of a small pipette tip (1-20 pL) with a Bunsen burner, (b) sealed pipette tip for mixing of
GP samples, (¢) image of a mixing stick device, and (d) mixing of GP samples and solution into a thick paste
using the mixing device inserted into the sealed pipette tip. Botfom: Closeup of 5 mg GP pellets (e) before
addition of loading solution (dry pellet), (f) at beginning of mixing the GP sample and solution containing Nile
red dye showing dry and wet portions of the pellet, and (g) homogenous paste after mixing

insoluble yRNA. Incubate at 50 °C until the yRNA superna-
tant is clear.

9. Add 25 pL of soluble, clear 50 °C yRNA (25 mg/mL) to the
first tube and 0.9% saline at 50 °C to the second tube. Using
the mixing stick, mix the yRNA and dry tubes containing GPs
loaded with fluorescent OVA while keeping them warm on the
heat block. Centrifuge the microcentrifuge tube for 5 s at full
speed. Allow the tube to temperature equilibrate to 50 °C and
repeat the mixing and centrifugation three times until a uni-
form paste is obtained. Incubate tubes for an additional 10 min
at 50 °C after particles absorb the yRNA. The yRNA com-
plexes with the ovalbumin trapping the protein inside the GPs.

10. Add another 25 pLL of yRNA (25 mg/mL) to the first tube and
0.9% saline to the second tube. Mix as above. Incubate for 10
more minutes to continue the trapping reaction.



3.6 Assessment
of Ovalbumin Loading
Efficiency

3.6.1 Fluorescence
Measurements

% Encapsulation efficiency = [1 -

3.6.2 Microscopy

3.6.3 Sample
Preparation for SDS-PAGE

11.

12.

13.
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Prepare another yRNA solution at 5 mg/mL in 0.9% saline.
Equilibrate to 50 °C to solubilize the yeast RNA. Add 450 pL
of soluble 5 mg/mL yRNA to the first tube and 450 pL of
0.9% saline to the second tube. Cup-sonicate tubes and remove
the stirring sticks. Microtip sonicate the suspension at setting
7 for 5-10 s or until the particles are suspended into a uniform
suspension. Incubate the tubes for 20 more minutes on the
heat block to complete the trapping reaction.

Centrifuge the tubes at 10,000 x 4 for 5 min. Collect and save
the supernatants in two fresh microcentrifuge tubes. Wash the
pellets with 250 pL of 0.9% saline three times. Save and com-
bine the supernatants with corresponding supernatants from
previous washes. The total volume of supernatant should be ~1
mL for both tubes. These pooled supernatants will be used for
loading efficiency assessment (step 1).

Suspend the pellet in 500 pL of 0.9% saline. Sonicate using a
tip sonicator as described above to a uniform suspension and
flash freeze the samples using dry ice or liquid nitrogen and
store at —80 °C.

. Prepare free FL-ovalbumin solution for calculations: Put 20 pL

of FL-ovalbumin (25 mg/mL) in a microcentrifuge tube. Add
980 pL of 0.9% saline. Transfer 100 pL of this solution into 3
wells of a 96-well microplate plate.

. Also, transfer 100 pL. of pooled supernatants of control and

experimental samples to three wells of a 96-well plate.

. Measure fluorescence using a fluorescent microplate reader

(excitation wavelength 494 nm and emission wavelength: 518
nm). Alternatively, a spectrofluorimeter can be used by adjust-
ing standard and sample volumes as necessary. Calculate the
encapsulation efficiency using the formula below:

fluorescence value of the sample s supernatant 100
x100.
fluorescence value of the free FL — ovalbumin

Over 90% encapsulation efficiency is expected with this method

in tube 1.

1. Prepare microscopic slides from both control saline and yRNA

trapped samples. Observe the particles with a fluorescent
microscope using a fluorescein filter and 100x objective.
Observation of fluorescence inside the GPs indicates a good
loading, while fluorescence outside of particles indicates unen-
capsulated protein (see Note 5, Fig. 8).

Protein loading into GPs can be further confirmed by SDS-
PAGE. A standard SDS-PAGE protocol can be used with a minor
modification of sample preparation.
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Fig. 8 Fluorescence microscopy image showing a GP-fluorescent ovalbumin

core

. Aliquot 10 pL of GP-ovalbumin formulations (control and

experimental samples) into two microcentrifuge tubes.

2. Centrifuge the tubes at 10,000 x g for 5 min.

10.
11.

. Remove the supernatant without disturbing the pellet. Add 15

pL of 6 M urea solution (see Note 6).

. Add 3 pL of 6x SDS-page loading buffer to the GP-ovalbumin

samples and mix.

. Cup sonicate the tubes.

. Aliquot 15 pL of collected supernatants from loading experi-

ments into two microcentrifuge tubes. Add 3 pL of 6x SDS-
page loading buffer.

. Pipette 2 pL of FL-ovalbumin (25 mg/mL), in a tube and mix

with 10 pL of distilled water and 3 pL of 6x loading buffer.

. Place all the tubes on a heat block at 100 °C, boil for 5 min.

. Supernatants and free ovalbumin control samples are ready to

run after this step. However, GP-ovalbumin formulations
require additional processing to extract the encapsulated pro-
tein. Briefly centrifuge the tubes to bring the condensation
down. Cup sonicate the tubes for ~30 s and place on the heat
block again for 5 min. Repeat this cup-sonication, heating, and
centrifugation steps three times in total in order to extract the
protein from GPs.

Samples can be stored at —20 °C until the gel is run.

Observing ovalbumin identity bands in the experimental GP-
ovalbumin sample and not in the corresponding supernatant
indicates a good encapsulation. Observing an ovalbumin
identity band in the supernatant fraction of experimental sam-
ple indicates a poor loading reaction (Fig. 9).
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Fig. 9 SDS PAGE analysis of encapsulated (pellet) and unencapsulated (soluble)
fractions to assess antigen loading

4 Notes

1. It is important to first add water to the flask and then weigh

and add sodium hydroxide to flask for safety reasons. Wear
protective goggles, gloves, and lab coat and place the stirring
hot plate in a fume hood. Start with concentrated HCI (12.1 N).
Add it dropwise in the fume hood, while mixing and measur-
ing the pH. When the pH is close to 8, use a diluted HCI
(1 N) solution to prevent sudden pH drop.

. We usually get ~5 x 103 particles/mg GP. The size, lipid and

protein content of the yeast and the purification process affect
the particles per mg and the hydrodynamic volume. For exam-
ple, diploid yeast strains yield larger particles than their haploid
counterparts; the particles per mg are usually lower with diploid
strains. Less pure particles, or particles with a thicker cell wall
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Chapter 12

Th1-Inducing Agents in Prophylaxis and Therapy
for Paracoccidioidomycosis

Thiago Aparecido da Silva, Fabricio Freitas Fernandes,
Taise Natali Landgraf, Ademilson Panunto-Castelo,
and Maria Cristina Roque-Barreira

Abstract

Adjuvants and immunomodulatory molecules could be included in the treatment of P. brasiliensis infec-
tion. In this context, we reported that the therapeutic and /or prophylactic administration of Th1-inducing
agents, such as immunomodulatory lectins and adjuvants, was able to provide protection against experi-
mental paracoccidioidomycosis. Then, we described the protocols to investigate the effect of immuno-
modulatory agents on the course of P. brasiliensis infection. In this sense, we detailed the measurement of
fungal burden and cytokine production, and the histopathological analysis used to evaluate the most effec-
tive administration regime.

Key words Adjuvants, Lectins, Inmunomodulation, Therapy, P. brasiliensis, Paracoccidioidomycoses

1 Introduction

Infections caused by fungi—mycoses—result in manifestations
that are dependent on the type and the degree of tissue inflamma-
tion and on the host immune response to the pathogen, produc-
ing superficial, cutaneous, subcutaneous, or systemic infections.
In humans, the fungi can cause a wide spectrum of diseases rang-
ing from mild acute manifestations in mucosa or skin in immuno-
competent  individuals to life-threatening  diseases  in
immunocompromised patients. The routes of infection can be
endogenous, which involve reactivation of previous infections or
penetration of mucosal breaches by commensal organisms like
Candida albicans [1], or exogenous, which include cutaneous,
percutaneous, or airborne routes. The latter is a common route of
systemic infection by pathogenic dimorphic fungi, such as
Histoplasma capsulatum and Paracoccidioides brasiliensis [2]. The
host immune response does not discern between commensal or
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ubiquitous fungi, and the balance between pro- and anti-inflam-
matory mediators is essential for the maintenance of the host-fun-
gus relationship [2]. Although the innate immunity is efficient
and stimulates an adaptive immune response against fungi in most
people [3], for yet unclear reasons some do not develop this pro-
tective immune response. So far, it is known that the differentia-
tion of naive CD4* T lymphocytes is decisive for the resulting
infection. In general, the differentiation in type 1 T helper cells
(Th1), which produce interferon (IFN-) y and activate macro-
phages, as well as in Th17, which produce interleukin (I1L-) 17
and induce neutrophil migration and promote inflammation,
favors a protective response against several pathogenic fungi [4].
In contrast, the differentiation into Th2 or regulatory T cells
induces an anti-inflammatory environment, via cytokines such as
IL-10 and TGE-f, with inhibition of macrophage activation,
decrease in inflammatory mediators, and consequent progression
of fungal infection. Thus, the candidate targets for vaccines and
therapies against invasive fungal infections must trigger cell activa-
tion and differentiation mechanisms that account for the develop-
ment of Thl- or Thl7-mediated responses and production of
proinflammatory mediators, to improve fungal killing [5, 6].

New strategies, including adjuvants and immunomodulatory
molecules, to create efficient fungal vaccines have been investi-
gated. In this context, a modified peptide, P10, derived from a P,
brasiliensis 43-kDa glycoprotein (gp43) antigen induces a Thl
response and protects mice against fungal infections [ 7]. Moreover,
immunization with a recombinant protein, Pb27, from P. brasil-
tensis [8, 9], along with to fluconazole chemotherapy, showed an
additive protective effect [10, 11]. Additionally, the treatment of
P brasiliensis-infected mice with complete Freund’s adjuvant
(CFA) [12] or monophosphoryl lipid A from Salmonella minne-
sota (MPLA-SM) [13], known as Thl inducers, promoted the
reduction of granulomas and yeast cells in the lungs. More
recently, it was demonstrated that the therapeutic and prophylac-
tic administration of the immunomodulatory lectins ArtinM and
Paracoccin, which recognize glycans N-linked to Toll-like recep-
tors (TLR), induced Th1 response and led to protection against P,
brasiliensis infection [14-17]. The most effective administration
regimen of CFA; MPLA, ArtinM, and Paracoccin was experimen-
tally established [12, 14-17]. Herein, we describe the protocols
tor lectins and adjuvant administration that were most effective at
inducing a protective Thl response against experimental paracoc-
cidioidomycosis. We also provide protocols for the treatment
efficiency analyses.
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2 Materials

2.1 Fungal Inoculum

2.2 Infection
and Treatment

2.3 Colony-Forming
Unit (CFU)

O 0 NN O Ul

. YPD medium: solubilize yeast extract (10 g), peptone (20 g),

and dextrose (20 g) in 900 mL of distilled water in a glass bea-
ker. Adjust the pH to 6.5 with HCI q.s. and add distilled water
q.s. for a final volume of 1 L. Sterilize the medium in an auto-
clave. Before use, supplement the medium with 4% fetal bovine
serum (FBS) (see Note 1).

. Ham’s F-12 nutrient mixture: Ham’s F-12 nutrient mix pow-

der (Gibco®, Thermo Fischer Scientific) and 1.176 g sodium
carbonate were solubilized in 1 L of distilled water. The pH of
the mixture was adjusted to 7.0 with HCI q.s. before sterilizing
it by filtration through a 0.22 pm filter (see Note 1).

. Phosphate-buffered saline (PBS): solubilize NaCl (8 g), KClI

(0.2 g), Na,HPO, (1.44 g), and KH,PO, (0.24 g) in 900 mL
of ultrapure water. Adjust the pH of the mixture to 7.2 with
HCI q.s. and add ultrapure water q.s. for a final volume of
1 L. Sterilize the solution in an autoclave.

. Erlenmeyer flasks (250 mL), glass beaker (1 L), and incubator

shaker.

. 50 mL centrifuge tube /polypropylene and centrifuge.

. Fluorescein diacetate: 5 mg/mL stock solution (se¢ Note 2).
. Ethidium bromide: 1 mg/mL stock solution.

. Neubauer cell-counting chamber and optical microscope.

. Trypan blue: 0.4% solution in water.

. Anesthetic: ketamine hydrochloride (100 mg/kg) and xylazine

hydrochloride (7.5 mg/kg).

2. Sterile PBS (endotoxin-free) (see Notes 3 and 4).

. Complete Freund’s adjuvant (CFA) containing 1 mg/mL of

Mycobacterinm tuberculosis (Sigma-Aldrich, St. Louis, EUA).

.1 mg/mL MPLA-SM (Invitrogen, San Diego, EUA) in

dimethyl sulfoxide.

. Insulin syringe with needle size 12.7 mm x 0.33 mm (22QG).

6. Male BALB /c mice at 6-8 weeks of age (sec Note 5).

—

. Round-bottom polystyrene Falcon tubes.

. Sterile, round-bottom polystyrene Falcon tubes (see Note 6).

2. Tissue homogenizer.

. Brain heart infusion agar (BHI): solubilize BHI (37 g, Difco)

and agar (20 g) in 1 L of distilled water, and sterilize the
solution in an autoclave. Once the temperature of the BHI is
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2.4 Cytokine
Measurement

2.5 Histopathology

stabilized at 55 °C, add 4% FBS and 100 pg/mL ampicillin or
96 pg/mlL gentamicin.

4. Sterile PBS.

. Sterile petri dishes (90 mm x 15 mm).

6. Microbiological culture incubator (37 °C).

Y OIS T NS T

N Ul

. Supernatant of tissue homogenization.

. Kits to measure the levels of cytokines by enzyme-linked

immunosorbent assay (ELISA) or cytometric bead array (CBA,
Becton, Dickinson Co.) (see Note 7).

. 96-well plates with high binding surface and a microplate

absorbance reader (for quantification by ELISA).

. Flow cytometer capable of detecting and distinguishing fluores-

cence emissions at 576 and 670 nm (for quantification by CBA).

. Neutral buffered formalin (3.7%) diluted in PBS (pH 7.2).
. Ethanol (70% and 95%, v/v) and absolute ethanol (se¢ Note 8).
. Mixture of xylene isomers (se¢ Note 8).

. Paraffin (melting point range 55-60 °C) and cassettes for tis-

sue processing (see Note 8) and embedding.

. Microtome, blade, and cover slips.
. Hematoxylin-eosin stain.

. Optical microscope equipped with a digital camera.

3 Methods

3.1 Fungal Inoculum
Preparation

. Use 50 mL of Ham’s F-12 nutrient mixture for the fungal inoc-

ulum. Incubate at 37 °C with 150 rpm agitation (se¢ Note 9).

. After 5 days on the incubator shaker, collect 40 mL of culture

supernatant, and centrifuge for 10 min (3000 x g, at 25 °C)
(see Note 10).

. Wash the yeast cell pellet in 40 mL PBS. Repeat the centrifuga-

tion under the same conditions as described above.

. Discard the supernatant and resuspend the yeast cells in 5 mL

PBS, followed by cell viability analysis and cell counting.

. Perform cell viability test with fluorescein diacetate and ethid-

ium bromide [18]. Dilute stock solutions of fluorescein diace-
tate (5 mg/mL) and ethidium bromide (1 mg/mL) 1,/2500
and 1,/20, respectively. Add 100 pL of each solution to 100 pLL
of yeast cells and incubate at 37 °C for 15 min. Transfer the
yeast suspension (20 pL) to a glass slide, place cover slip over
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3.2 Infection of Mice

3.3 Prophylactic
and Therapeutic
Treatment with
Immunomodulatory
Agents

the suspension on the slide, and analyze the yeast cells under a
fluorescence microscope (see Notes 2 and 11).

. Dilute the yeast suspension 1:100 and 1:1000 in 0.4% Trypan

blue and determine cell concentration in a Neubauer chamber
(see Note 12).

. Adjust the cell concentration to 1 x 10”7 and 5 x 107 yeast

cells/mL for intravenous and intranasal infections, respectively
(see Note 13).

. Anesthetize the BALB/c mice using an insulin syringe with a

100 pL intraperitoneal injection of a mixture of ketamine
hydrochloride (10 mg/kg) and xylazine hydrochloride
(7.5 mg/kg) diluted in sterile PBS.

. For the intranasal infection, gently inoculate 40 pL of the fun-

gal suspension into the nostril with a tip. For the intravenous
infection, administer 100 pL of the fungal suspension in the
ophthalmic plexus using an insulin syringe. Add sterile PBS or
vaseline in the eyes of the mice to avoid blindness.

. Following infection, keep the mice warm until they recovered

from the anesthesia.

. Adjust the final volume of the agents to 100 pL with PBS to

inoculate each mouse (see Note 4). The optimal concentration
of the agents to inoculate should be assessed, and previous
studies with immunomodulator lectins used 0.5 pg [14-17].

. Administer the agents via subcutaneous injections, using an

insulin syringe, in the inguinal region. Inoculate slowly to
avoid an incision in the mesentery.

. Prophylactic administration: inoculate the agents 3, 10, and/or

17 days before infection. To evaluate the treatment regimens,
consider the following groups (G): control group (PBS admin-
istration on 17th, 10th, and 3rd days), G1 (on 17th, 10th, and
3rd days), G2 (on 17th day), G3 (on 10th day), G4 (on 3rd
day), G5 (on 10th and 3rd days), G6 (on 17th and 10th days)
and G7 (on 17th and 3rd days) (see Fig. 1).

. Therapeutic administration: Inoculate the agents 3, 10, and /or

17 days post-infection. To evaluate the treatment regimens,
consider the following groups: control group (PBS administra-
tion on 3rd, 10th, and 17th days), G1 (on 3rd, 10th, and 17th
days), G2 (on 3rd days), G3 (on 10th day), G4 (on 17th day),
G5 (on 3rd and 10th days), G6 (on 10th and 17th days) and
G7 (on 3rd and 10th days) (see Fig. 1).

. Remove the lungs 30 days post-infection to verify the fungal

burden (Subheading 3.5.1), the levels of cytokines (Subheading
3.5.2), and histopathology (Subheading 3.5.3).
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Fig. 1 Protocol to evaluate the effect of immunomodulatory agents on the course of P, brasiliensis infection.
The scheme indicates the days to investigate the administration regime before (prophylaxis) and after (ther-
apy) infection with P, brasiliensis. Moreover, the scheme also demonstrates the most effective administration
regimen with adjuvants after infection with P. brasiliensis. The effect of the prophylactic and therapeutic
administration must be evaluated 30 days post-infection, and the adjuvant therapy must be evaluated 50 days
post-infection. The measurements of fungal burden and cytokine production, along with the histopathological
analyses, are used to define the most effective administration regimen

6. Collect a portion of the lung for homogenization (see Note 14)
in sterile, round-bottom polystyrene Falcon tubes, which were
previously weighed with 1 mL of sterile PBS, and homogenize
the tissue. Afterward, weigh the tubes to determine the lung
mass that should be considered for CFU measurement
(Subheading 3.5.1).

7. Compared to the control group, the most effective administra-
tion regimen showed a lower fungal burden, high levels of pro-
inflammatory cytokines, and preserved the organ architecture.

3.4 Adjuvant 1. Administrate a single dose of 50 pg of CFA [12] or 20 pg of

Treatment MPLA-SM [13] emulsified with PBS to a final volume of
100 pL, 20 days post-infection via a subcutaneous injection
with an insulin syringe into the dorsum (see Note 4).

2. After 4 weeks of treatments, proceed with the method described
in Subheading 3.3 (steps 5 and 6) for the analysis of fungal
burden (Subheading 3.5.1), cytokine levels (Subheading
3.5.2), and histopathology (Subheading 3.5.3).

3. Both adjuvants have a therapeutic effect on experimental para-
coccidioiodomycosis with decreased fungal burden and preser-
vation of lung tissue. It is worth mentioning that the CFA and
MPLA induced a Th1 response and reversed the immunosup-
pression observed in the untreated control group.
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3.5 Protocol Analysis

3.5.1  Colony-Forming
Unit (CFU)

3.5.2 Cytokine
Measurement

3.5.3 Histopathology

1.

Seed 100 pL. of homogenized tissue from each mouse on plate
dishes containing BHI agar. Dilute the homogenized tissue
from each mouse 1:20 and 1:50 in sterile PBS and seed 100 pL
on BHI agar (see Notes 14 and 15).

. Incubate the plates at 37 °C for 7 days and then inspect daily

up to 14 days to quantify the colony-forming units.

. Express the results in terms of CFU /g of organ.

. After centrifugation (4000 x g, 10 min, 4 °C) of the homoge-

nized tissue, collect the supernatant and store at —20 °C or use
immediately to measure the cytokines (see Note 16).

. Follow the manufacturer’s instructions to measure the cyto-

kine levels by ELISA or CBA (see Note 7).

. Remove the lungs, wash with PBS, and transfer to the cassettes

(see Note 14).

. Place the samples in a bottle containing neutral buftered for-

malin (see Note 17) for fixation and incubate for 48 h at 25 °C.

. Perform the tissue dehydration process with ethanol (70%,

95%, and absolute ethanol) in incubations of 1 h each at 25 °C,

additionally two incubations in absolute ethanol for 1 h each as
described in Note 8.

. Transfer the tissue to a mixture of xylene isomers (clearing

agent) for 1 h at 25 °C (see Note 8).

. Place the samples in paraffin at 58 °C for 1 h (see Note 8).

After the incubation period, embed the tissues in paraffin
blocks.

. Cut the tissues into sections of 5 pm thickness using the micro-

tome and place on a glass slide to proceed with rehydration
and staining by hematoxylin-eosin.

. Acquire images with an optical microscope equipped with a

digital camera for histopathological analysis.

4 Notes

. The addition of 4% FBS in the culture medium maintained the

fungal virulence [19]. FBS inactivated by incubation at 56 °C
for 30 min was used.

. Fluorescein diacetate was diluted in acetone to obtain the stock

solution [5 mg/mL] and stored at —20 °C. The stock solution
was diluted in PBS to 1:2.500 at the moment of use [18].

. The anesthetic was used during intravenous or intranasal

infections.
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4.

10.

11.

12.

13.

Endotoxin-free PBS was used to measure the levels of endo-
toxin in samples for the treatment. The innate immune system
can be activated by high levels of endotoxin, hindering the
demonstration of the immunomodulatory activity of the
treatment.

. BALB/c mice are susceptible to P. brasiliensis infection; there-

fore, the treatment of infected BALB /c mice allows evaluating
the most effective administration method.

. Round-bottom polystyrene Falcon tubes allowed for better

homogenization, than conical-bottom tubes.

. Measure the cytokines related to Thl, Th2, and Thl7

responses. The homogenized tissue was used to quantity
IL-12, IFN-y, TNF-a, IL-6, IL-10, IL-17, and IL-23 by
ELISA or CBA.

. During the dehydration process, when the sample was incu-

bated in absolute ethanol, it was important to use three differ-
ent containers of absolute ethanol to avoid decreasing the
dehydration efficiency. This procedure was also used during
the agent clearing and embedding tissue steps, in which the
sample was incubated twice in xylene and paratfin, using differ-
ent containers.

. The inoculum was made with a small amount of yeast. Four to

five colonies (approximately 2 mm diameter), which were
recovered from infected mice and grown on BHI agar plates,
were collected. Thus, dead cells in the colony constituted an
insignificant part of the total culture. The infection process had
to be performed only with inocula of cells with viability above
90%. Excess dead cells alter the results that would be obtained
by the treatment.

The culture was removed from the incubation shaker and left
for 5 min without shaking at 25 °C. Thereafter, 40 mL of the
culture supernatant was collected carefully to recover less
agglomerated yeast cells. This process made the inoculum
more homogenous by separating the cell agglomerates, and
aided the passage of cells through the syringe; thus, the cell
viability is maintained.

The cell viability was determined as the mean of percentages of
viable cells (green) in three random fields.

Trypan blue was used for the analysis of cell viability. Cells with
damaged membranes were stained in blue, and this facilitated
the cell counting.

The amounts of inoculated yeast cells in each animal during
intravenous and intranasal infection were 1 x 10° (100 pL) and
2 x 10° (40 pL) yeast cells, respectively.
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14.
the same side.

15.

167

In all mice, the lung or one lobe of the lung was removed from

Each dilution was performed in duplicate, and two dilutions

were chosen for seeding on BHI agar.

16.

The supernatant was centrifuged (10,000 x g, 4 °C, 10 min),

stored at —20 °C to precipitate the aggregates, and only the

upper layer was used.

17.

Neutral buffered formalin volume was 20 times that of tissue

weight (For 1 g of tissue 20 mL of neutral buftered formalin).
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Chapter 13

Nanoparticle-Based Mycosis Vaccine

Swaleha Zubair, Asim Azhar, Nazoora Khan, Ejaj Ahmad, Mohd Ajmal,
and Mohammad Owais

Abstract

Many diseases that were considered major affliction of mankind in the past have been successfully eradicated
with introduction of appropriate vaccine strategies. In order to expedite new challenges coming up to deal
with various infectious diseases, nano-particulate-based subunit vaccines seem to be the demand of ordeal.
The nano-vaccines can find better scope for the diseases that were not rampant in the semi-advanced world
few years back. For example in present-day circumstances that corroborate with advancement in the field of
medical sciences in terms of cancer chemotherapy, organ transplantation, therapy of autoimmune diseases,
ctc.; along with prevalence of altogether unheard diseases such as HIV infection, people are at risk of infliction
with many more pathogens. In this regard, development of an effective prophylactic strategy against many
opportunistic infections primarily caused by fungal pathogens needs better understanding of host pathogen
relation and role of active immunity against pathogenic fungi. In the present study, we have tried to decipher
effectiveness of a nano-sized vaccine delivery system in imparting protection against fungal pathogens.

Key words Antifungal vaccines, Cryptococcosis, Escheriosome, Fibrin, Fungal infections, Liposome,
Lipid vesicles, Nanoparticles

1 Introduction

Recent efforts exploiting technologies to uplift quality of the life
have benefited mankind in several ways. For example, advance-
ments in the field of medical sciences like the introduction of anti-
biotics as well as newer chemotherapeutic option in the treatment
of cancer and organ transplantation made tremendous impact on
general public health. Paradoxically, some of these offer opportu-
nity to infections, mainly those of fungal origin to establish them-
selves in the host. In fact, human subjects have become more
susceptible to a range of opportunistic infections for the last two or
three decades. Patients receiving broad-spectrum antibacterial
therapy or those subjected to invasive procedures are highly prone
to fungal infections [1]. Besides HIV infection, individuals who
have undergone organ transplantation or remain on treatment
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1.1 Why Nanosized
Antigen Delivery
Systems

with anticancer drugs are prime targets of such infections [2]. The
association of the most of the opportunistic infections in patients
with AIDS background significantly exacerbated the situation both
in developing and in developed countries. For example, candidiasis
occurs in as many as 90% of AIDS patients [3]. The incidences of
invasive candidiasis in such patients have increased several folds to
become among the first five most common blood culture isolates
including it. The recent upsurge in the incidence of candidiasis
certainly needs serious attention, since India is poised to register
the highest number of HIV infection cases in the world [4].

Nanotechnology is the science involving design, synthesis, charac-
terization, and application of materials and devices whose one
dimension is at least of nanometer size [5]. Structures, fabricated
employing nanotechnology, are categorized as “nanoparticles.”
One of the most promising applications of nanotechnology is in
the realm of medicine and involves the development of nano-sized
tools and machines that can act as biosensor, or as a vehicle to
deliver drugs to cure diseases and repair damaged tissues, at the
molecular level in cells and organelles. The National Institutes of
Health, USA, has coined the term “nanomedicine” to refer to the
mushrooming innovations in nanotechnology. In other words,
nanomedicine is the medical application of nanotechnology.
Initially, nanotechnology was used in the form of passive structures
(such as in cosmetics); however, later these have been exploited as
an active structure that can be developed in the form of new, more
effective drug delivery systems. Nanomedicines are now within the
realm of reality starting with nano-diagnostics, drug delivery and
also as a vehicle to administer subunit vaccine for immunization
purposes. The discoveries have been highly instrumental in revolu-
tionizing the temporal and spatial site-specific delivery of biologi-
cally active compounds [6]. During nanofabrication, the molecular
synthesis and assemblage can be regulated in a controlled fashion
so that designed nano-engineered materials exhibit specific and
controlled bulk chemical and physical properties.

In order to be successtul, therapeutic and preventive strategies
not only depend on the appropriate choice of the active principle
(drug or antigen) but to a large extent on the use of an appropriate
delivery system. This holds true for difficult-to-deliver compounds;
in particular drugs having poor solubility (hydrophobic) and unde-
sirable membrane permeability attributes. In fact, the quest to find
the ideal therapeutic strategy will continue till a drug with maxi-
mum efficacy and no side effects is found. Many of the present-day
drugs are plagued by narrow therapeutic window, and their effective
use is limited by problems of dose limiting toxic effect. Nevertheless,
the bottlenecks need to be circumvented so that the therapeutic
effectiveness of existing drugs can be improved through the use of
an appropriately designed delivery system that can modify the
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distribution of the drug in the body by targeting it to desired site
and by controlled release of the encapsulated material over the time.

Beside drug delivery, nano-particles offer a formidable platform
for antigen delivery as well. Antigen-loaded nano-particles have
altogether different types of shortcomings, for example, one of the
major challenges is to maintain native structure of the antigen of
interest in the formed nano-formulation. In the present scenario,
exploitation of nanotechnology to develop nano-particulate deliv-
ery systems for drug and antigen delivery has altogether a different
purview. Nanotechnology has been increasingly used by the phar-
maceutical and biotechnology industries that are likely to make a
significant impact on global pharmaceutical planning and marketing
(market intelligence and lifecycle management).

The age of nano-structural delivery systems began with the
development of liposomes by Bangham [7]. Since then a large
number of nanoparticulate systems have been developed and as of
this day, the sheer number and types of nano-particulate structures
that have been already developed or being researched upon are
tremendous. The concept of the “magic bullet” proposed a cen-
tury ago by Nobel laureate Paul Ehrlich came to reality with the
recent appearance of several approved forms of drug-targeting sys-
tems for the treatment of certain cancer and serious infectious dis-
eases. An interesting example is the launch of the FDA-approved
breast-cancer drug Abraxane (American Pharmaceuticals, U.S.A).
Furthermore, many other nano-medicinal formulations for treat-
ment of skin disorders and infections are in the pipeline.

The earliest delivery systems investigated were polymer carriers
for accomplishing spatiotemporal release of therapeutics involving
both pulsatile dose delivery products and implanted reservoir sys-
tems. Various polymers including cellulose derivatives, poly-
ethylene glycol (PEG), and poly (N-vinyl pyrrolidone) are in use
for over five decades and their early applications include usage in
drug sprays, coating, encapsulation, etc. [8]. A large number of
other natural and synthetic drug delivery systems have also been
investigated with varying success.

From the drug or antigen delivery perspective, polymer devices
can be classified into:

(1) diftusion controlled (monolithic devices), (2) solvent acti-
vated (swelling or osmotically controlled devices), (3) chemically
controlled (biodegradable), and (4) triggered system [8].

In a manner similar to drug delivery, the use of nanotechnology
approaches to antigen delivery focuses on developing nanoscale
particles to maximize bioavailability of an antigen at a specific place
in the body over an extended period of time. Nanoparticulate sys-
tems can be designed to favorably interact with cells and tissues at
the molecular level. The small size of these particles and the plausi-
bility to engineer their surface with synthetic polymers or appropri-
ate ligands allow nanoparticulate carriers to be targeted to specific
cells, tissues, and extracellular elements in the body. These
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1.2 A Brief Overview
to Nano-Particle-
Based Delivery
Systems

approaches are aimed at enhancing detection sensitivity in medical
imaging, improving therapeutic effectiveness, and minimizing anti-
gen dose for nano-vaccines. Nano-scale engineering may also enable
specialized structures that can be activated by change in the envi-
ronmental pH, chemical stimuli, by the application of a rapidly
oscillating magnetic field, or by the application of an external heat
source [9, 10]. Such modifications offer control over particle integ-
rity, delivery rates, and the location of load (drug/antigen) release,
for example within specific organelles. The nano-carriers can be
made to target cell receptors and simultaneously deliver encapsu-
lated material along with biological sensors [11]. The strategies can
be applied to deliver drugs, antigens, genetic materials, and diag-
nostic agents (encapsulated, covalently attached, or adsorbed to
such nanocarriers) etc., selectively to specific sites via intravenous
and interstitial routes of administration [12-14]. During vaccine
development programs, one may deal with both water soluble and
hydrophobic membrane proteins as well as other chemical classes of
antigens. Nanoparticulate carriers can be useful to stabilize immu-
nogens and protein drugs, such as various cytokines, agents effec-
tive against enzymatic and chemical degradations and to increase
their bioavailability. Such auxiliary systems can also be employed in
the targeting of nucleic acids in gene therapy and antigen for vac-
cine development. It has been proved that nano-particulate systems
provide a useful tool in the trans-dermal and pulmonary antigen
administration. Moreover, many immunomodulators and immuno-
suppressive agents, which require long-term, even lifelong adminis-
tration, benefit much from being packaged in nano-particles.

A vast array of diverse types of nanoparticles of different shapes,
sizes; composition of the assortment materials and with various
chemical and surface properties have already been constructed.
The nanoparticulate systems comprise a variety of constructs viz.
nanospheres, nanocapsules, lipid nanoparticles, microemulsions,
macromolecular complexes, ceramic nanoparticles, and vesicular
carriers like liposomes, niosomes, etc. Progress in nanotechnology
is very dynamic and new systems continue to be developed. Some
more common general classes of nanoparticulate delivery systems
and their functions are listed as follows:

Bucky balls and carbon tubes are carbon-based lattice like
potentially porous structures and are grouped as a fullerene class of
systems. Bucky balls are spherical while carbon tubes are cylindri-
cal. In nanomedicine, carbon tubes have been used as carriers for
vaccines, drugs, and other molecules.

Nanoshells also called core-shells are few nanometers thick
spherical cores composed of a particular compound surrounded by
a shell or outer coating of another compound. Their ability to
absorb at biologically useful wavelengths, depending on the shell
thickness, justifies their use in nanomedicine. For example, silica is
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used to form the core and some sticky compound to adhere gold
particles as the outer shell. Such nanoshells can be injected into a
tumor, followed by application of radiation whereby nanoshells
heat up enough to kill the tumor cells.

Dendrimers are highly branched structures having hook-like
structures on their surfaces that can be used to attach cell-
identification tags, fluorescent dyes, enzymes, and other molecules.
Dendrimers are of two basic structural types: (a) globular with
branches radiating from a central core, (b) a series of highly
branched polymers with no central core. Nanomedical applications
for dendrimers are many and include nanoscale catalysts and reac-
tion vessels, micelle mimics, imaging agents, chemical sensors, and
agents for delivery of drugs, antigens, or genes into cells.

Qunantum dots are also known as nanocrystals. Quantum dots
behave as semiconductors emitting light in the entire visible light
spectrum. These nanostructures confine conduction band elec-
trons, valence band holes, or excitons in all three spatial directions.
Examples of quantum dots are semiconductor nanocrystals and
core-shell nanocrystals, where there is an interface between differ-
ent semiconductor materials. They are used for cell labeling and
imaging, particularly in cancer imaging studies.

Cross-linked Micelles are selt-forming particles that are pre-
pared from individual surfactant molecules that have a water-lov-
ing and a water-hating component. The surfactant molecules
orientate themselves to form spheres where the water-loving com-
ponent is on the outside and in contact with the water. The water-
hating component remains inside the sphere, preferring to interact
with itself rather than with the water. This hydrophobic core makes
them ideal carrier systems for water-hating small molecules. Cross-
linked micelles are similar. However, they are held in their configu-
ration much more tightly and are therefore more robust. Typically
prepared in the size range 5-50 nm, they offer more protection
than conventional micelle systems do. Size and physico-chemical
properties can be manipulated by varying the composition or
molecular weight of the surfactant.

Lipid vesicles are basically highly ordered assemblies of one or
several concentric bilayers that are formed when certain amphiphilic
building blocks are dispersed in water. The commonly used vesicu-
lar systems include liposomes, niosomes, transferosomes, pharma-
cosomes, ISCOMS, etc. These vesicles can be formed from a
diverse range of amphiphilic building blocks. Vesicular carriers are
used extensively in the pharmaceutical and cosmetic industries
because of their capacity for entering into and breaking down
inside cells. Liposomes have the distinction of being the first engi-
neered nanoparticles used for drug delivery. However, their affinity
to fuse together in aqueous environments and release entrapped
material has led to devising of measures to stabilize them or replac-
ing them with alternative nanoparticles made from more stable
materials.
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A wide variety of lipids and surfactants can be used to prepare
vesicular carriers [15]. The composition of the vesicles influences
their physico-chemical characteristics such as size, charge, thermo-
dynamic phase, lamellarity, and bilayer elasticity. The physico-
chemical characteristics have a significant effect on the behavior of
the vesicles and hence on their effectiveness as a drug delivery sys-
tem. Vesicular systems have been able to address the problems of
drug insolubility, instability, and rapid degradation. Encapsulation
of an antigen in vesicular structures can be predicted to prolong
the existence of the antigen in systemic circulation, and reduce the
toxicity if selective uptake can be achieved [16]. Vesicular antigen
delivery vehicles reduce the cost of immunization by improved
bioavailability of antigens. The antigen comprising of subunit vac-
cine can be entrapped into the internal aqueous compartment.

When vesicles such as liposomes and niosomes are adminis-
tered into host they either disintegrate in the bloodstream or may
wander in the systemic circulation until picked up, mostly by mac-
rophages. The endothelial lining of healthy blood vessels usually
prevents escape of these vesicles from the circulation. During
inflammation, the endothelium becomes more permeable thus
allowing extravasations of small vesicles. This leads to their rapid
clearance from the blood circulation and their capture by the com-
ponents of the reticulo-endothelial system [17], corresponding to
the tissue distribution pattern of some pathogenic microorganisms
responsible for intracellular infections. Passive site-specific antigen
targeting with vesicles, as it is called, may facilitate lowering of the
antigen dosage relative to the amount of the free antigen used,
thereby reducing the undesirable features produced by higher
doses of the antigen (cf. Anergy or Tolerance Effect). To this end,
antibodies or other ligands may be covalently attached to the sur-
face of vesicles allowing uptake of the vesicles by macrophages or
dendritic cells. In this regard, grafting anti-DEC antibody on the
surface of antigen-bearing vehicles can facilitate specific targeting
to dendritic cells. The applications of vesicles in antigen delivery
are based on physicochemical and colloidal characterization such as
composition, size and loading efficiency and the stability of the car-
rier, as well as their biological interactions with the cells. A major
interaction is lipid exchange, whereby liposomal lipids are
exchanged with the lipids of various cell membranes. This depends
on the mechanical stability of the bilayer and can be reduced by the
addition of cholesterol (which gives rise to improving mechanical
properties, such as increased stretching elastic modulus, resulting
in stronger membranes and reduced permeability). The second
major interaction is adsorption onto cells, which occurs when the
attractive forces (electrostatic, electrodynamic, Van der Waals,
hydrophobic interaction, hydrogen bonding, etc.) supersede repul-
sive forces (electrostatic, steric, hydration, undulation, protrusion,
etc.). Adsorption onto phagocytic cells is normally followed by
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endocytosis, or rarely by fusion as well. Fusogenic vesicles mimic
the way by which several viruses (HIV, Sendai virus) bind and
merge with cell membranes at neutral pH and subsequently release
their content into the cytoplasm. In the perspective of treating
intracellular infections (where the pathogen resides inside host
cells, mainly the macrophages), once the drug-carrying vesicle is
endocytosed by the macrophage, the acidic environment of the
phagolysosome ruptures the membrane and releases the drug
therein. The released drug can access to the cytosol as well. The
cytosolic delivery inside the pathogen-harboring macrophage sig-
nificantly increases the chance of the drug interacting directly with
the pathogen leading to efficient killing. Escheriosome-based
vesicular carriers, the vesicles composed of E. co/i membrane lipid
are regularly used to deliver drugs, immunogens, genetic materials,
and diagnostics agents to specific desired locations [ 18-20]. Several
studies have shown that escheriosomes have been able to overcome
the major problem; that is low membrane permeation of drugs to
access cytosol of the cells in treating intracellular infections.
Phagocytic uptake of drug-loaded vesicular delivery system from
the systemic circulation provides an efficient method for cytosolic
delivery of encapsulated material. In a manner similar to drug mol-
ecules, escheriosome can deliver protein-based antigens to cytosol
of target cells. Once in the cytosol, the antigen is likely to be pro-
cessed by proteasome machinery for the induction of cell-mediated
immune response in the host.

Escheriosomes emulate biological membranes that form the
ubiquitous delimiting structures that surround and compartmental-
ize prokaryotic cells and mitochondria or chloroplast of eukaryotic
cells. Over the years, lipid vesicles have evolved successfully as vehicles
for controlled delivery of encapsulated materials. E. co/s membrane
comprises a great majority of anionic phospholipids that play a pivotal
role in membrane-membrane fusion [21]. In vivo administration of
escheriosomes encapsulated model antigen-induced antigen-specific
strong Cytotoxic T lymphocyte (CTL) responses in the immunized
mice. In contrast, the antigen encapsulated in egg phosphatidyl cho-
line- (egg PC) liposomes, in a manner similar to the antigen-Incom-
plete Freund’s adjuvant emulsion, had limited access to the cytosolic
pathway of MHC-I-dependent antigen presentation and failed to
generate antigen-specific cell-mediated immune response.

Fibrin is a critical blood component responsible for hemostasis
and has been used extensively as a biopolymer scaffold in tissue
engineering. Fibrin can be prepared from autologous plasma, and
is available as glue or as engineered microbeads. Fibrin alone or in
combination with other materials has been used as a biological scaf-
fold for stem or primary cells to regenerate adipose tissue, bone,
cardiac tissue, cartilage, liver, nervous tissue, ocular tissue, skin,
tendons, and ligaments. It is a versatile biopolymer, which shows a
great potential in tissue regeneration and wound healing [22].
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Fibrin is a biopolymer of the monomer fibrinogen. The fibrinogen
molecule is composed of two sets of three polypeptide chains
named Aa, Bb, and g, which are joined together by six disulfide
bridges [23]. Fibrin is formed after thrombin-mediated cleavage of
fibrinopeptide A from the Aa chains and fibrinopeptide B from the
Bb chains [24], with subsequent conformational changes and
exposure of polymerization sites. This generates the fibrin mono-
mer that has a great tendency to self-associate and form insoluble
fibrin. Further, the blood coagulation factor XIIIa is a transgluta-
minase that rapidly cross-links g chains in the fibrin polymer [25]
by introducing intermolecular x-(g-glutamyl) lysine covalent bonds
between the lysine of one g-chain and glutamine of the other [26].
This covalent cross-linking produces a stable fibrin network that is
resistant to protease degradation [27]. This effect can be reinforced
by introducing chemical cross-linkers such as genipin. Fibrin micro-
beads (FMBs) are small spherical dense beads with a diameter rang-
ing from 50 to 250 microns. FMBs are basically consisting of highly
condensed and cross-linked fibrin and produced from plasma
fibrinogen obtained by fractionation [28]. The fibrinogen is mixed
with thrombin, and the activated fibrin is immediately and quickly
stirred in a heated oil emulsion (corn oil: isooctane, 1:1:75 °C) to
yield spherical droplets that are further cross-linked into solid beads
[29]. Fibrinogen denatures above 50 °C due to the instability of
the p-domain, whereas factor XIIla is much more stable and can
cross-link proteins at higher temperatures. Denatured fibrinogen in
the FMB is greatly haptotactic to mesenchymal-type cells, such as
endothelial cells, smooth muscle cells, and fibroblasts [29]. FMBs
have been used widely to isolate and grow mesenchymal stem cells
from both bone marrow and blood [28, 30]. Kidney gene and cell
therapy have been tested in vitro using FMBs as a three-dimen-
sional platform, since a variety of transduced renal cells grow and
differentiate in this material [30]. Further, FMBs in combination
with the appropriate cell source can be used in bone regeneration
and wound healing [31].

The use of fibrin for tissue engineering has been a popular field
of research over the past several years. The ability of fibrin to
achieve homeostasis during healing and to naturally act as a scaf-
told for tissue repair has resulted in a vast field of research aimed at
investigating fibrin as a delivery system for cells and biomolecules
in tissue engineering. Fibrin has been used as a delivery system for
sustained release of embedded antibiotic [32, 33]. Senderoff et al.
have investigated different forms of fibrin for sustained drug deliv-
ery [34]. Fibrin microparticles, fibrin-coated drug particulates,
and fibrin sheets with entrapped drug molecules were assessed for
drug release behavior. It was seen that fibrin microparticles pre-
pared by oil emulsion, with entrapped dexamethasone sustained
the release of the drug, but only for 4 h. Release kinetics of the
drug from fibrin films were evaluated and showed a diffusion
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coefficient corresponding to near-zero-order release kinetics.
Yoshida et al. evaluated the release of different anti-cancer drugs,
and it was noted that sustained release can be correlated with the
hydrophobicity of the drug [35]. Similarly, Woolverton et al. inves-
tigated tetracycline release, as an example of a poorly soluble drug
[36]. Tetracycline was delivered within an implanted fibrin scaffold
to the peritoneal wall of a mouse model. The animals were subse-
quently infected with 10%colony-forming units (CFU) of S. aureus.
A single treatment of fibrin containing 500 mg/ml tetracycline
provided 100% protection against infection in mice for 7 days com-
pared to control mice treated with fibrin only. However, it has
been noted that addition of the drug to the fibrin during polymer-
ization results in fragile scaffolds and poor retention of the drug.
Therefore, researchers have used freeze-dried fibrin as a possible
fabrication method for preventing spontaneous release of the drug
[37]. Results exhibited sustained release of tetracycline for 12 days
with no initial burst release [37], and release of total drug for 18
days [38]. Fibrin has also been used to deliver chemotherapeutic
agents such as carboplatin to the retina [39, 40], sustaining deliv-
ery for up to 2 weeks. In the treatment of brain tumors, fibrin has
been investigated as a delivery system for emitting radioisotopes in
microspheres [41]. Results showed that fibrin adhered to the brain
tissue, showing superior adherence than all other tested mucoad-
hesive materials, thereby preventing migration of microparticles to
nearby tissues. Survival data proved the efficacy of this treatment.
Recently, a tissue engineering strategy to treat bone fractures suf-
tering infection involved the codelivery of an antibiotic system in
addition to bone marrow mesenchymal stem cells via a fibrin scaf-
fold [42]. Vancomycin alginate beads were embedded in a fibrin
scaffold, to localize antibiotic exposure at the site of the defect and
combat infection. Additionally, bone marrow mesenchymal stem
cells were delivered in the scaffold to encourage bone regenera-
tion. In vitro results showed that cell morphology did not change
with exposure to antibiotic beads, and cells showed a tendency to
proliferate more in fibrin scaffolds containing antibiotic beads. A
possible reason for this enhanced proliferation was suggested to be
due to the more porous fibrin scatfold resulting from inclusion of
the beads, thereby facilitating cellular proliferation.

Biodegradable polymers have emerged as one of the most impor-
tant polymeric systems with remarkable drug delivery potential.
Although molecules that undergo bio-erosion are also classified
interchangeably with biodegradation, the two differ; erosion occurs
by the dissolution of chain fragments in non-cross-linked systems
without chemical alterations to the molecular structure, while bio-
degradation occurs through the covalent bond cleavage by a chemi-
cal reaction. Both biodegradation and erosion can occur as surface or
bulk process. In surface degradation the polymeric matrix is progres-
sively removed from the surface but the polymer volume fraction
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remains almost unaltered. In contrast, during bulk degradation no
significant changes occur in the physical size of the polymer until it is
nearly completely degraded or eroded. To be biodegradable, a poly-
mer undergoes hydrolysis, usually enzymatic, of a susceptible bond
either in the backbone or in the cross-linker. Most of the biodegrad-
able carriers rely on the cleavage of ester bond, ester derivatives like
poly (lactic/glycolic acid) and poly (e-caprolactone) or peptide
bond. Other hydrolysable bonds include those of poly(anhydrides),
poly(orthoesters), poly(phophoesters). Biodegradable polymers
include polymers of diverse origin such as polysaccharide, protein,
and synthetic polymers. Among the polysaccharide polymers algi-
nate, dextran, hyaluronic acid, chitosan, and cellulose have been
studied extensively. Gelatin, collagen, albumin, and silk fibroin are
proteinacious studied in detail. Synthetic polymers investigated for
drug delivery include polyphosphazene, polyurethane, polycaprolac-
tone, polyorthoester.

Commercial alginates are extracted from brown algal species
that include Laminaria hyperbovean, Ascophyllum nodosum, and
Macrocystis pyrifera. It is a linear polysaccharide containing varying
amounts of 1, 4-linked p-p-mannuronic acid and a-L-gulucronic
acid. The exact composition and residue sequence of alginates vary
depending on the source. Due to its biocompatibility, low toxicity,
non-immunogenic nature, relatively low cost, and ready gelation
with divalent cations such as Ca?*, it has been widely used in drug
delivery and tissue engineering applications [43]. Cross-linking
with various types of molecules has been carried out to control the
mechanical and/or swelling properties of alginate gel. The high
porosity of alginates makes it more suitable for the entrapments of
cells and large molecular weight pharmaceuticals [44]. Alginate
has also been studied as an injectable delivery vehicle of cells [45],
proteins [46], hormones [47 ], and various growth factors [48].

Dextrans are a complex, high molecular weight, branched
polymer of b-glucose, available in a wide range of molecular dimen-
sions and types. Dextrans have been investigated for numerous
applications, including as plasma expanders and blood substitutes
in addition to their use as delivery vesicles of drugs. Dextran-based
microparticles have been used for the delivery of recombinant
human bone morphogenetic protein-2 (rhBMP2) [49]. Acetylated
dextran microparticles are potent in vitro delivery platforms for
vaccine adjuvants [50, 51], prepared composite BSA-dextran
nanoparticles for the delivery of an anticancer drug doxorubicin
for the treatment of murine ascites hepatoma H22 tumor-bearing
mice. Collagens are a group of naturally occurring proteins found
exclusively in animals, especially in the muscle and connective tis-
sues of mammals [52].

Collagens are the main components of connective tissue, and
the most abundant proteins in mammals, making up to about
25-35% of the whole body protein content [53]. Collagen gels are
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visco-elastic thereby semisolid, which facilitates their administration
by parenteral route and development of biocompatible drug deliv-
ery matrices. They can even be induced to flow under stress (e.g.,
extrusion from a syringe) [54-57]. In addition, they exhibit good
cell and tissue compatibility [54, 58, 59] and thus do not interfere
with normal body functions. When injected into the site of interest,
collagen matrices release the entrapped pharmaceuticals in their sur-
roundings in a controlled manner [60]. The available forms of
injectable collagen gels include suspensions of collagen fibers [54,
56] and non-fibrillar, viscous aqueous solutions [57]. Small molec-
ular weight drugs and therapeutic proteins have also been used with
the fibrillar suspensions or viscous collagen solutions [60]. The col-
lagen networks readily retain various cells by physical entrapment
[60] and have also been employed as scaffolds in tissue engineering,
delivery matrices for cells, and gene therapy [60].

Albumin is the most abundant protein in blood plasma of
higher animals and constitutes up to 50% of total mass of plasma.
Albumin plays an important role in binding and transport of both
endogenous and exogenous substances, including those that are
toxic in unbound state. Albumin has the ability to bind to a variety
of molecules including fatty acids and a variety of drugs [61] and
serves as a circulating depot of several compounds [62]. Nearly all
of human body cells degrade albumin making the protein a highly
suitable for biomedical applications [63]. Serum albumin can be
casily processed into a variety of forms including microsphere,
membranes, nanofibers, nanospheres [64 ]. Human serum albumin
microspheres have potential as a slow release drug delivery system.
They offer advantages over other types of polymeric microspheres
in being non-antigenic, readily metabolizable with potential to bind
a variety of drugs in a relatively nonspecific fashion. Albumin conju-
gated with heparin was used in the preparation of microsphere for
some interesting drug delivery applications. Adriamycin-loaded
albumin-heparin conjugate microspheres (AHCMS) show an
increased anti-tumor efficacy in L1210 tumor-bearing mouse and
the CC531 tumor-bearing rat model and reduce its acute toxicity.

A key factor in the design of injectable protein/drug delivery
systems is the choice of an appropriate biodegradable polymer.
Poly(lactic co-glycolic acid) (PLGA) is one of the polyesters largely
used as a drug delivery system because of availability of toxicologi-
cal and chemical data, biocompatibility/histocompatibility, pre-
dictable biodegradation kinetics, ease of fabrication, versatility in
properties, chemical integrity, commercial availability, variety in
copolymers ratios and molecular weights, lastly and most impor-
tant is its regulatory approval. Microsphere, composed of chemi-
cals like biodegradable polymer polyvinyl alcohol (PVA) and
PLGA, is one of the primary candidates that can be used as a carrier
for sustained release of drugs and antigens administered either by
oral or parenteral routes [65, 66]. These polymers have



180

Swaleha Zubair et al.

demonstrated excellent tissue compatibility. Moreover, the restor-
able synthetic polymers are nontoxic and have already been used
for other biochemical applications including drug delivery [67].
PVA, obtained from poly (vinyl acetate) by alcoholysis, hydrolysis,
or aminolysis [ 68 ], is useful to deliver proteins in a controlled man-
ner [69]. The PVA is also used to increase the loading content of
water-soluble drug molecules into porous PLGA microcapsules
[70], as well as for long-term delivery of proteins [71]. DL-PLGA
induces only a minimal inflammatory response and biodegrades
through the hydrolysis of its ester linkages to yield biocompatible
lactic and glycolic acids. The parameters such as co-polymer ratios,
different crystallinities, glass transition temperature, and hydrophi-
licity affect biodegradation profile of PLGA microspheres.
Homogeneous degradation involves bulk erosion that is the case in
aliphatic polyesters, erosion occurs throughout the device and rate
of water penetration is greater than its conversion to water-soluble
fragments. Initially, there is random cleavage of hydrogen bonds
due to hydration followed by cleavage of covalent bonds. The
molecular weight decreases due to continuous cleavage and solubi-
lization of low molecular weight components and complete absorp-
tion. The carrier in such situations retains its original shape and
mass until significant degradation has occurred (~90%). At a given
time point, it attains critical molecular weight that ultimately
results in solubilization and mass loss. The poly-lactic acid (PLA)
and PLGA chains are cleaved to monomeric acids, i.e., lactic and
glycolic acids that are eliminated from the body through Kreb’s
cycle as CO, and water. Role of enzymatic involvement in biodeg-
radation is not clear. It varies depending upon other properties that
include molecular weight of the polymer, sequencing and cross-
linking within the polymer backbone, surface area of the device,
porosity of the matrix, hydrophobicity of matrix and reactive
groups present. A ratio of 50,/50 poly(DL-lactide-co-glycolide)
degrades in approximately 1-2 months, 75 /25 in 4-5 months, and
85/15 in 5-6 months [72]. To formulate microspheres from the
biodegradable polymer matrix, it is essential to select an encapsula-
tion process, which fulfills the requirements of an ideal controlled
release system. The attributes of the encapsulating material are
optimal drug loading, high yield of microspheres, stability of the
encapsulated drug, batch uniformity, inter-batch reproducibility,
adjustable release profiles, low burst effect, free-flowing attributes
of formed microspheres. The encapsulation efficiency of the drug
molecule should be high. The particles should be formulated in
such a way that minimum of the encapsulated drug is released dur-
ing the burst phase. This will help in extending the release of the
core drug for a longer period of time. The encapsulation method
used should always produce free-flowing microspheres that do not
aggregate. As with all parenteral products, microspheres need to
be sterile. This can be ensured by a terminal sterilization step or
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through aseptic processing. Further, in relation to safety require-
ments, the excipients and various solvents used in the processing
should either be nontoxic or removed from the final product.

The release of active components from the microspheres is
dependent both on diffusion through the polymer matrix and on
polymer degradation. If during the desired release time, polymer
degradation is considerable, then the release rate may be unpre-
dictable and erratic due to breakdown of microspheres. However,
the release of encapsulated material depends on the fact that
whether microspheres are covered by one or several core material
so that release of active component is dependent on its diffusivity
through the polymer barrier, solubility of core in bulk phase, size
of drug/antigen molecule and distribution of core throughout the
matrix, etc. In general, chemical nature of polymer plays a major
role in release process. Route of administration of injectable micro-
spheres may also alter the duration of release. Release from PLA
and PLGA is dependent on both diffusion and polymer degrada-
tion [73]. The possible mechanisms of drug release include: (1)
initial release from microsphere surface; (2) release through the
pores dependent on spheres structure; (3) diffusion through the
intact polymer barrier that is dependent on intrinsic polymer prop-
erties and core solubility; (4) diffusion through a water-swollen
barrier dependent on polymer hydrophilicity, which in turn
depends on polymer molecular weight; (5) polymer erosion and
bulk degradation, release atfected by the rate of erosion and hydro-
lysis of polymer chains, leading to pore formation in matrix. All the
above-specified mechanisms might together play a crucial role in
the release process. Nature of core also influences release kinetics
either by increasing polymer degradation or by physically binding
with the polymer chain. Drug—polymer interaction leads to
decreased release. Additives such as plasticizers decrease Tg (glass
transition temperature) which leads to decreased diffusion rates.

Microspheres are capable of forming protein depots that can
facilitate release of core protein at the injection site. Interestingly,
microsphere size is an important design parameter. Small particles,
with sizes smaller than 10 pm, can be directly taken up to macro-
phages by phagocytosis, whereas larger microspheres (greater than
10 pm) need to undergo biodegradation before phagocytosis can
occur. In this case, microspheres are covered by one or several lay-
ers of macrophages as a consequence of wound-healing response
to injected particles. Consequently, degradation, release, location,
and presentation of antigen released from microspheres (size larger
than 10 pm) are to be different from smaller ones. Upon adminis-
tration of the microspheres, a foreign-body response occurs, result-
ing in an acute initial inflammation. This initial inflammation is
followed by the infiltration of small foreign-body giant cells and
neutrophils [74]. The immune cells can take up the released pro-
tein and produce an immune response. However, if protein is
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1.3 Limitations

of the Existing
Antifungal Treatment
Options

1.4 Immunomodu-
lation to Rejuvenate
Fungal Therapy

recognized as a self-protein (e.g., homologous), the probability of
an immune response by these cells is reduced. It is therefore always
essential to release the protein in native conformation. The release
of denatured protein from the microspheres may result in an
unwanted immune response [75].

Currently available antifungal drugs have limitations such as toxic-
ity, availability, spectrum of adverse activity in the host. Moreover,
when used for long periods of time, they also develop a problem of
resistance [76]. Considering these limitations, it is tempting to rely
more on body’s own defense measures and take help of agents just
to supplement immune strategies that ensue in elimination of fun-
gal pathogens. It is important to develop new strategies involving
antifungal vaccines in order to reduce the mortality. The idea of an
efficient fungal vaccine is to generate immune responses that will
lead to immunological memory and protection against a recurrent
exposure to fungi and their conidia/spores. Immuno-competency
is often required for the generation of immunity against an infec-
tious disease. So, current research is converging on development of
vaccines that can be used during immunodeficiency or immediately
prior to the development of a severe immunodeficiency among the
immune-compromised patients.

Polyene resistance has emerged as a challenge in the field because
these drugs are the most etfective available antitungals till date. It
seems that naturally resistant strains produce modified sterols that
bind these drugs with lower affinity. The greater the polyene sterol
affinity, the greater is the rate of fungal membrane damages.
According to a hypothesis resistance arises due to changes, either
quantitative or qualitative, in the sterol content of the cells. Thus,
resistant cells with altered sterol content should bind smaller
amounts of polyenes than do susceptible cells. Unfortunately,
occasionally even the liposomal formulation of antibiotics fails to
eliminate less susceptible strains of Candida pathogens. Since these
fungal infections are restricted mainly to the immunodebilitant
subjects, one can speculate that a formulation of Amp B with
altered pharmacokinetic properties in combination with some
immuno-modulator can synergistically subdue drug-resistant fun-
gal infections.

Already vexatious with the availability of limited number of anti-
fungal agents, the recent emergence of drug-resistant candidiasis
infections against the gold standard Amp B leaves little choice but
to opt either for its appropriate replacement by some potent sub-
stitute. In this regard, relying on altogether different prophylactic
strategy by developing vaccines against the deadly disease could be
an effective strategy. Successful efforts were made to evaluate the
fully biocompatible and biodegradable delivery system made up of
fibrin microsphere for sustained delivery of antifungal drugs/
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immunomodulators for the efficient elimination of the fungal
pathogens from systemic circulation. Candida cytosolic proteins
with immunogenic potential when entrapped in the fibrin network
directly or after their encapsulation in appropriate liposome (co-
entrapment of antigen-bearing liposomes in fibrin beads to give
rise to a dual coated delivery system). The tunction of the immune
system becomes more pertinent in case of opportunistic fungal
pathogens that target immunodebilitant subjects mainly. The
pathogens that inflict such subjects do not respond to conventional
chemotherapy presumably because of collapsing physiological con-
ditions as well as fragile immune system of the host. Concomitant
delivery of anti-fungal agents and immunomodulators, using deliv-
ery systems that facilitate specific targeting to the pathogen har-
boring immune cells (macrophages and neutrophils), is expected
therefore to be beneficial in eliminating the pathogens from the
immunocompromised host. Earlier, our group attempted the
development of sustained delivery system using a combination of
immunomodulators tuftsin/picroliv along with antifungal drugs
and incorporating them in fully physiological and biodegradable
fibrin microspheres. A parallel study involving incorporation of C.
albicans immunogenic proteins (cytosolic/membrane proteins) in
fibrin microspheres as candidate vaccine was also undertaken. Both
free and liposome-encapsulated antigens were incorporated in the
fibrin microspheres and evaluated for its potential to impart pro-
tection against experimental murine candidiasis.

Macrophages of the reticuloendothelial system (RES) are
capable of rapid recognition and uptake of particulate matter. Such
interactions provide a rational approach for specific targeting of
nanocarriers to macrophage [9]. Intracellular pathogens, such as
Cryptococcus  neoformans, Candida  spp., Toxoplasma  gondii,
Leishmania spp., Mycobactevium tuberculosis, and Listeria monocy-
togenes, reside in the lysosome and /or cytoplasm of the host mac-
rophages. Nanoparticulate vehicles containing encapsulated
antimicrobial agents passively targeted to such infected macro-
phages is a favorable strategy for combating intracellular microbes
[9,12,77,78]. The endocytic pathway of the macrophage directs
drug-loaded nanoparticles to lysosome where pathogens reside.
Lysosomal enzymes then degrade the carrier, releasing the drug
into the phagosome-lysosome compartment itself or into the cyto-
plasm of the target cells either by diffusion or by specific transport-
ers, depending on the physicochemical nature of the drug molecule.
This strategy has been successfully applied in FDA-approved lipid-
based amphotericin B formulations (100-200 nm) for human use,
and is recommended for the treatment of visceral leishmaniasis or
confirmed infections caused by specific fungal species [12, 77].
This mode of targeting has significantly reduced the required clini-
cally effective quantity of Amp-B for treatment, achieving thera-
peutic drug concentrations in the infected macrophages. Other
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beneficial effects include significant reduction in nephrotoxicity, a
common side effect associated with Amp-B administration, and
pro-inflammatory cytokine release [79]. For example, intravenous
injection of tuftsin-bearing liposomes to infected animals has not
only resulted in the delivery of liposome-encapsulated drugs to the
macrophage phagolysosomes, but also in the nonspecific stimula-
tion of liver and spleen macrophage functions against parasitic,
fungal, and bacterial infections [78]. The latter effect is due to the
binding of tuftsin to its receptor, which further incites macrophage
antimicrobial responses. Intracellular abode of these pathogens to
avoid antibody onslaughts and to escape neutralizing agents unable
to enter cells combined with apparent lack of vaccines capable of
obliterating these pathogens by CTL response persuaded us to
develop alternative prophylactic strategies.

Among various immunomodulators, which can modulate
immune system nonspecifically, tuftsin a tetrapeptide from IgG
(289-292 residue of the Fc region) has been found to be effective
against cancer as well as infectious diseases. Tuftsin is a natural
killer activator of macrophages/monocytes that can easily be
grafted onto the surface of liposomes [80]. It is released physiolog-
ically as the free peptide fragment after enzymatic cleavage and has
been used extensively in a liposomized form both for chemother-
apy, prophylaxis and also as an immunoadjuvant. Tuftsin provokes
monocytes/macrophages for their natural killer activity against
microbes. It has been shown that immunization of animals with
Tuft-lip-Ag is effective in increasing antigen-specific antibody titer,
T cell proliferation and switching of IgG isotyping to lgG2a.

Grafting of immuno-modulator tuftsin on the surface of
nystatin liposomes increases the efficacy of the drug against C. a/bi-
cans isolate, less susceptible to polyenes, upon causing infection in
the neutropenic mice. The observed anti-candidal activity of the
liposomal drug formulations is likely to be mediated via tuftsin
receptors, which have been reported to be present on macro-
phages, monocytes, granulocytes, etc., the key components of host
defense mechanisms. It can be speculated that concomitant deliv-
ery of liposomized anti-fungal agents along with an immuno-
modulator to the pathogen harboring immune cells will not only
help in specific targeting but also activate these cells for nonspecific
elimination of the pathogens from the body. Upon administration
into the host, the liposomes are avidly taken up by macrophages,
which subsequently act as secondary depot and help in carrying the
active drug molecules to the site of infection. The components of
the C. albicans cell wall, particularly mannoproteins, have been
reported to exert immuno-suppression both in vivo and in vitro,
presumably by inhibiting NO production by macrophages which
in turn results in the depletion of IL-12. Tuftsin stimulates IL-1
production by human mononuclear cells, which play predominant
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role in the induction of NO secretion by peritoneal macrophages.
In addition, it also helps in maturation and clonal expansion of
B-cells so that residual primed B cells respond rapidly to C. albi-
cans infection under the effect of tuftsin.

The success of tuftsin-bearing liposomes against both drug-
sensitive and drug-resistant fungal infections may be explained on
the premise that antifungal activity of amphotericin B could be
augmented in the presence of an immuno-modulator, which has
the ability to stimulate immune system of the host. Besides, tuftsin-
bearing liposomes are specifically recognized by macrophages and
neutrophils, and may help in targeting of the drug to these cells,
which subsequently act as the secondary depot for the drug. These
cells can wander to locate the site of infection (chemotaxis) and
help in selective targeting of the antifungal agent. Earlier, it has
been demonstrated that prophylactic treatment with muramyl
dipeptide resulted in the significant enhancement of antifungal
activity of the Amp B.

Immunomodulators such as Protein A from Staphylococcus
anrens (SpA) and lipopolysaccharide (LPS) from E. coli have been
used to rejuvenate the suppressed immune response. When these
immunomodulators were used with antigen carrier systems, they
stimulate both arms of immune system, i.¢., humoral as well as cell-
mediated responses presumably by improving uptake of antigen by
antigen-presenting cells (APCs) such as macrophages.

Immunotherapy offers a formidable approach to treat fungal
infections as it involves stimulation of immune function. In
immune-compromised patients, the management of fungal infec-
tions becomes problematic due to non-etfectiveness of antifungal
therapy in such subjects. The therapy involves replacement immu-
notherapy, which is designed to correct the underlying immuno-
logical defects that predispose people to fungal diseases. While
augmentative therapy enhances immune function against the
pathogens, immune therapy can either be specific or nonspecific.
Cytokines, growth factors, and leukocytes can enhance host defense
against a range of pathogens and thus constitute nonspecific immu-
notherapy. In contrast, the administration of immunoglobulins is
specific immunotherapy that, similar to antimicrobial therapy, is
directed specifically toward the pathogen.

Chlorogquine is an anti-malarial drug that has been reported to
modulate pH of intracellular compartments of macrophage and
thus play important role in survival of pathogens that seek intracel-
lular abode inside them. Chloroquine limits the availability of iron
inside the macrophages and promotes killing of Histoplasma capsu-
latum. We have shown chloroquine-mediated elimination of fun-
gal pathogens earlier for example, in case of C. neoformans,
chloroquine inhibits the intracellular growth by raising phagolyso-
somal pH and thus affects pathogen survival [81].



186 Swaleha Zubair et al.

1.5 Immunity
to Fungal Infections

GM-CSF promotes differentiation and proliferation of mono-
nuclear cells as well as neutrophils. GM-CSF is used to promote
bone marrow recovery after immuno-suppression by chemother-
apy [82]. GM-CSF may be effective in the prevention of fungal
infections in patients with neutropenia due to chemotherapy for
neoplastic diseases and organ transplantation.

IFN-y is a potent activator of macrophage function that can
enhance the activity of murine macrophages against a variety of
fungal pathogens both in vitro and in vivo. Antifungal agents show
synergy with IFN-y against Candida species, A. fumigatusand C.
neoformans. The rationale for the use of IL-12 as therapy for fungal
infections can be correlated with Thl-type cellular responses that
seem to be essential for protection against fungal pathogens. With
the identification of prophylactically and therapeutically important
immunomodulators, it is now possible to alter or manipulate the
immune system in favor of the host.

The use of immunomodulators in combination of chemother-
apy opens new vistas in treatment of various infectious diseases of’
fungal and bacterial origin. Moreover, such a strategy would be of
great importance in immuno-compromised patients who usually
succumb to pathogen assault because of impaired physiological
activities.

Other than tuftsin, immuno-modulator SpA has been demon-
strated to impart prophylactic and therapeutic roles against murine
candidiasis. The immuno-modulatory role of SpA against fungal
infection is also supposed to be mediated through the production
of IFN-y and related type I cytokines that activate macrophages.
The treatment of macrophages with SpA also led to an increased
production of nitric oxide and IFN-y. Besides, it has also been
shown to enhance the counts of both polymorphonuclear and
mononuclear cells, and helps in the generation of superoxide radi-
cals in both resting and activated neutrophils. During infection
with HIV and also in cancer, SpA increases the number of both
CD4+ and CD34+ cells and may help in the revival of the immune
system in these patients, who are the major targets of fungal
pathogens.

During the early phase of host response lipopolysaccharide
(LPS) isolated from the cell wall of E. coli induces a Thl-like
response with abundant IFN-y and tumor necrosis factor alpha
(TNF-a) primarily by monocytes and macrophages.

The relative contribution of humoral and cellular immunity to host
defense against fungal infections has remained a controversial issue.
It is considered that cell-mediated immunity (CMI) is the main
mode of defense, but certain types of antibody response have also
been reported to be protective [83]. Several earlier reports suggest
that antibody-mediated immune response can protect the host
against fungal infection [84].
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In general, the primary protective defense mechanism against
invasive fungal infection involves a vigorous Th1 response to fungal
antigens. The susceptible hosts who are at risk of invasive fungal
infection generally possess a compromised immunity due to a num-
ber of factors, including corticosteroid therapy, undergoing cancer
chemotherapy or inflicted with HIV. Practically, all medically
important fungi carry an impressive line-up of macromolecules
with immuno-modulatory functions on their cell surfaces that play
significant roles in the fungus-host interaction and immunity.
However, CMI mediated by T lymphocytes and nonspecific cellular
immunity mediated by macrophages, neutrophils, and natural killer
cells account to provide the main defenses against fungi [85].

The cytokine milieu produced by the components of the innate
immune system results in the differentiation of CD4+ T-cells
toward the Thl or Th17 subtypes. When activated, these T-cell
subtypes can produce pro-inflammatory cytokines like interferon
gamma (IFN-y), tumor necrosis factor alpha, interleukin-6 (1L-6),
11-22, etc. [86]. The cytokines may also help in recruitment of
neutrophils and help control systemic fungal diseases [87, 88]. On
the other hand, the fungal pathogen-specific antibodies may help
in the prevention of adherence, toxin neutralization, antibodyopso-
nization, and antibody-dependent cellular cytotoxicity [84].

It can be concluded that both the components of immune sys-
tem work in coordination, and that very diverse components can
jointly contribute to the defense of the host. Some parts contribute
more than others under certain circumstances, but they are all
important for the overall protection against infection.

Recent times are witnessing rise of dangerous systemic fungal
infections, especially related to immunocompromised patients,
premature infants, cancer patients, and those with invasive treat-
ments for long periods in hospital settings, which are known as
high-risk groups [89]. Treatments for critical diseases like cancer
improve patient’s survival rates, but can also affect natural barriers
of the body or even significantly influence the competence of the
immune system of the individual, contributing to a raised vulner-
ability to infections caused by fungi [90]. With the development of
new treatments for diseases such as cancer and the acquired
immune deficiency syndrome pandemic, the number of immuno-
suppressed patients has risen and, as a consequence, also the num-
ber of invasive fungal infections has increased [91]. This is posing
threat in the form of new challenges such as emergence of newer
type of diseases including opportunistic fungal infections.

The frequency of life-threatening fungal infections has
increased dramatically, particularly among cancer, diabetic, and
immunocompromised patients [92-95]. On one hand, the
observed upsurge could be attributed to the advancement in the
field of medical sciences that made possible improved recognition
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and diagnosis of fungal infections. Besides prolonged survival of
patients with defects in their defense mechanisms, more invasive
surgical procedures, the use of prosthetic devices and indwelling
catheters, increased administration of parenteral nutrition, devel-
opment of resistance fungal strains to currently available antifungal
drugs, the increase in the number of patients contracting AIDS,
and the use of peritoneal dialysis and hemodialysis are some of the
potential opportunities offered to microbes for their establishment
leading to full blown disease. In these patients invasive fungal
infections accounted for as many as 30% ot deaths. Although the
occurrence of fungal drug resistance is far below in comparison to
antibacterial agents, historical precedence warns that it is only a
matter of time before selective pressures will lead to population
shifts resulting in more widespread resistance. Moreover, overuse
and inappropriate prescription of antifungal agents has contributed
significantly to the situation when pathogens do not respond to
the chemotherapy. The emergence of fungi as clinically important
pathogens has been well documented, although their role in patho-
genesis of human infection has only recently been appreciated [96,
971]. Perhaps more worrisome predicament is the increased occur-
rence of drug-resistant Candida spp. than their emergence as a
pathogen [98-100]. There is a strong suggestion that invasive fun-
gal infections have become more common in recent years, with a
nearly 500% increase in the incidence of bloodstream infection
with Candida spp. since the 1980s. Most systemic fungal infec-
tions are caused by Candida spp., followed by Aspergillus and
Cryptococcus spp. Infections due to Candida species are the fourth
most important cause of nosocomial bloodstream infection.
Systemic fungal infections cause ~25% of infection-related deaths
in leukemics. Serious fungal infections may cause 5-10% of deaths
in those undergoing lung, pancreas, or liver transplantation.
Acquired fungal sepsis occurs in up to 13% of very low birth weight
infants. Some of the predisposing factors to the establishment of
fungal pathogens in host include: neutropenia, T cell dysfunction,
immunosuppression, B cell dysfunction, organ transplantation,
AIDS, diabetes, cytotoxic chemotherapy, high dose corticoste-
roids, long-term antibiotic therapy (broad spectrum), prolonged
hospitalization, and burn.

In general, host is continually exposed to many species of fungi
that survive at body temperature and establish varying interac-
tions—f{rom symbiotic to pathogenic. The pathogens like Candida
spp. are well known for their commensal interactions. Others,
however, are mostly environmental fungi that can become oppor-
tunistic pathogens in immuno compromised hosts, like C. neofor-
mans [101], Aspergillus fumigatus [102], Blastomyces dermatitidis
[103], and Histoplasma capsulatum. It has been observed that
some fungal pathogens may act as primary pathogens that can
infect immune-competent individuals as well (many of dimorphic
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fungi, for instance). These microorganisms infect the host whose
immune system fails to control invading spores or conidia. From
there, infection progresses to cause an invasive mycosis with high
mortality rates [ 104].

In the last two decades Candida spp. has emerged as a major
human pathogen. Candida albicansis an opportunistic pathogen,
which causes life-threatening disease in immune-compromised
mammalian hosts [105]. C. albicanshas been found to account for
~52-63% of all nosocomial fungal infections [100]. It has been
proposed that this occurrence may result from selective pressure
induced by the increased use of antifungal agents. In 1991,
Banerjee and colleagues reported rates of candidemia ranging from
0.28 t0 0.61 cases in every 1000 discharges in a hospital participat-
ing in the National Nosocomial Infection Surveillance (NNIS) sys-
tem [96]. This represented a fivefold increase in the detection rate
of candidemia in NNIS members between 1980 and 1989 [96].
The upward trend has continued into the 1990s [97]. Among
NNIS system centers, Candida species have been reported to be
the sixth most commonly isolated pathogen and the fourth most
prevalent bloodstream pathogen [96]. Factors that are responsible
for the exponential rise in the isolation of the Candida species
include the emergence of AIDS, increased patient exposure to
broad spectrum antibiotics resulting in alterations in normal host
flora, increasing number of patients with neutropenia, in conse-
quence to cancer treatment and transplantation procedures, and
expanded use of intravascular catheter devices. As medical technol-
ogy progresses, it is likely that we will see the increased number of
opportunistic infections in critically ill patients. Consequently, the
infection by Candida species will probably become even more pre-
dominant in the future.

(a) Oropharyngeal Candidiasis(Oral thrush): This is the most
common infection of the mouth that involves buccal mucous
membranes, most commonly in infants and AIDS patients. It
appears in the form of white adherent patches with minimal
erosion of the membrane.

(b) Vaginal candidiasis (Vulvovaginitis): It resembles with
thrush in feature except that irritation, intense itching, and
discharge accompany it. The establishment of vaginal candi-
diasis is facilitated by loss of the normal bacterial flora (because
of antibiotic therapy). The bacteria maintain a low (acid) pH
in the vagina that does not allow growth of C. albicans, and
also not allow it to form pseudo-hyphae that facilitates estab-
lishment of infection. Skin infection occurs mostly in moist,
warm parts of the body, i.e., axilla, inframammary folds, groin,
or inframammary folds. Obesity and diabetes are predisposing
conditions for topical fungal infections.
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(c) Chronic mucocutaneous candidiasis: Chronic mucocutane-
ous candidiasis (CMC) is a primary immunodeficiency disease
presenting with debilitating, persistent, and refractory infections
with the opportunistic yeast C. albicans [106]. Infections vary
from mild to lethal, are characteristically localized to the skin,
mucous membranes, and /or nails, and as a rule do not usually
progress to disseminated disease or sepsis [107]. The underly-
ing immune defect is poorly understood, although it has been
appreciated that mucocutaneous infections with candida other
than CMC frequently accompany impairment of T-cell-
mediated immunity (HIV, Di George syndrome, etc.) [107].

(d) Secondary infections: Fungemia (presence of fungal patho-
gens in blood) is very common in immuno-suppressed indi-
viduals. The infection is not localized to a particular site or
organ but distributed in whole body including systemic blood
circulation.

C. albicans is a ubiquitous fungal organism that often colo-
nizes the skin and the mucosal surfaces of normal individuals, with-
out causing disease. However, when the normal host defense
mechanisms are impaired, C. albicans can become a pathogen.
First, CMI has consistently been shown to mediate protection
against many fungi as demonstrated by adoptive lymphocyte trans-
fer studies, enhanced susceptibility for hosts with CMI deficiencies
and the funding that granulomatous inflammation in often essen-
tial for control of infection in tissue. Second, humoral immunity
has been difficult to demonstrate by either transferring immune
sera or correlating antibody titers with protection. Although the
notion suggesting that antibody might have a role in protection
was controversial because of inconsistent results. CMI remains the
primary defense mechanism against fungal infections; however,
specific antibodies still play crucial role in complete eradication of
intracellular fungal pathogens. The innate immune system not only
specifically recognizes various classes of microorganisms, it also ini-
tiates and modulates the subsequent adaptive responses that are
delivered by T cells and B cells through their interactions with
APC. Recognition of an invading pathogen and activating the host
response are accomplished by pattern recognition receptors
(PRRs), which recognize conserved microbial chemical signatures
called pathogen-associated molecular patterns (PAMPs). The cells
of the innate immune system recognize elements of both the skel-
etal and matrix components of the C. albicans cell wall. Owing to
the localization of mannoproteins and mannans in the outermost
part of the cell wall, mannan detection would be expected to be
one of the first steps in the recognition of C. albicans by the host
innate immune system. Pattern recognition receptors (PRRs)
enable the innate immune system not only to recognize specific
PAMPs, but also to specifically modulate the response that follows.
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In addition, by inducing specific cytokine profiles, PRRs bring a
certain degree of specificity to the innate response. Phagocytosis of
C. albicans is mediated by the concerted action of several opsonic
and non-opsonic receptors. Complement binding and activation is
mediated by the alternative pathway, and complement activation is
mainly important for the chemotaxis and opsonization of C. albi-
cans. TLRs do not mediate fungal uptake, but they might be
involved in directing the subsequent maturation of the phagosome
and presentation of antigens. Following uptake, killing of C. albi-
cans occurs through both oxidative and nonoxidative mechanisms.
Dectin 1 receptor induces the respiratory burst in response to
fungi, an activity that can be enhanced by TLR signaling. The
respiratory burst is an essential antifungal effector mechanism that
results in the production of toxic oxidants and in the activation of
granule proteases that can kill C. albicans. Dectin 1 induces the
production of numerous cytokines and chemokines in response to
fungi, including TNF-a, macrophage inflammatory protein 2
(MIP2), macrophage inflammatory protein la (MIPla), granulo-
cyte—macrophage colony-stimulating factor (GM-CSF), granulo-
cyte colony-stimulating factor (G-CSF), IL-10, IL-2, IL-1a, IL-1p,
11.-23, and 1L-6. Upon recognition of microbial structures, TLRs
activate either the NF-xB or MAPK pathway, which lead to the
stimulation of pro-inflammatory cytokine production. Recent evi-
dence suggests that the various surface components of the fungus
engage different TLRs, for instance TLR4 and TLR2, which pro-
tects fungus and results in disease enhancement.

The generation of Abs directed against the virulence fungus
traits and capable to tip the protective enhancer balance toward the
former is likely to be a convincing response by the immune system
against Candida spp. There is ample evidence that some Candida-
specific Abs can do this job by neutralizing the virulent factors and
thereby suppress fungus-aggressive potential. In their study,
Casanova et al. showed that Fab fragments of a MAb specific for a
hyphal cell wall moiety inhibited germ tube formation. Researchers
have demonstrated the inhibition of C. albicans adherence to poly-
styrene by two MADs directed against cell wall antigens of C. albi-
cans [108]. Ponton’s group has demonstrated the capacity of a
MAD directed to a stress mannoprotein of C. albicans to exert three
different activities (inhibition of adhesion, inhibition of germina-
tion, and direct killing) against the fungus and induce protection.
There is clear experimental proof that some kind of Abs may indeed
be therapeutic, and suggests that Abs play a role under natural
course of infection; however, their effect may be concealed by the
excess of irrelevant if not disease-enhancing Abs. A strong body of
evidence has suggested the protective role of some antibodies in
experimental animals. Opsonization and complement deposition
are most important for effective protection, in both active and pas-
sive vaccination models. However, these antibodies require the
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presence of cellular effectors, to finally exert their activity, which
can be a limiting factor especially in case of immunocompromised
patients. Some other antibodies have also been generated following
vaccination which work by inhibiting some form of toxicity and
enzyme activity. Few highly relevant antibodies can counteract their
cognate adhesins, which is a virulent trait of several fungi.

The pathogenic dichotomy of disseminated and mucocutane-
ous form of candidiasis has led to a very simple immunological
explanation. For the prevention of mucocutaneous candidiasis, T
cell immunity is required, while neutrophil function is necessary
for the prevention of disseminated disease. These observations
were made on the basis of the studies on patients with CMC [109,
110]. The observation shows that neutrophil functioning is needed
for the prevention of disseminated disease and T cell immunity is
essential for the protection against mucocutaneous candidiasis.
These studies were limited, however, in patients with rare anomaly
of thymic aplasia that exhausts and washes out all T cell population
but led to the prediction that CMC could be induced in mice with
congenital thymic aplasia (e.g., nu/nu mutant mice). The mice,
however, not only resisted attempts to induce mucosal disease, but
some even exhibited enhanced resistance to disseminated candidia-
sis [111, 112]. Apparently T cells are responsible for host defense
against mucosal candidiasis but bouts of the vaginal candidiasis
apparent in women with normal thymic functions suggest the
involvement of non-T-cell factors [113]. Unfortunately, mucosal
candidiasis models with any level of severity are not very satisfac-
tory and this complicates attempts to sort out immunological
defects that are subtler than those of patients with CMC. The story
is further complicated by experimental studies in mice that demon-
strate that Thl-dependent cell-mediated immunity is critical to
host defense against disseminated candidiasis [ 114-116]. Mice like
humans are highly susceptible to life-threatening disease when ren-
dered neutropenic (Martino et al., 1989). The host defense against
hematogenously disseminated candidiasis is thus quite intricate
and incumbent upon a number of diverse factors [117-121].

Current antifungal treatment for candidiasis comprises a lim-
ited armamentarium mainly of a small number of strategies relying
on the differences between the eukaryotic fungal and mammalian
cells. The last two decades have however witnessed the emergence
of several effective strategies in the treatment of fungal infections.
These include use of amphotericin B formulations [122], which
target membrane ergosterol and create membrane-spanning chan-
nels, several azole derivatives with a broad spectrum of diverse
activities such as fluconazole, itraconazole, voriconazole, posacon-
azole, and allylamines (terbinafine) which target enzymatic synthe-
sis of ergosterol [123-125], the cell wall inhibitors echinocandins
that include caspofungin, micafungin, which interfere with the syn-
thesis of the cell wall polysaccharide, p-1, 3-glucan and flucytosine,
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an anti-metabolite of DNA and RNA synthesis [ 126 ]. Unfortunately,
success rates for many mycoses remain unacceptably low and drug
therapy against candidiasis is often limited by issues like high cost,
toxicity, and resistance of the fungus to the drugs [127]. Invasive
candidiasis is often fatal because of the diagnostic challenges [117],
drug resistance [128, 129], and/or a poor immunologic status
[130]. Patients with mucocutaneous disease may either not respond
to counter antifungals [131] or develop recurrent disease as noted
above. Prevention of candidiasis is more manageable, especially
with patients undergoing invasive medical procedures that place
them at high risk of developing the disease. It is now a common
practice to give such patients antifungal treatment to accomplish a
reduction of normal C. albicans flora [132]. The importance of
preventing certain forms of candidiasis was further recognized
when weekly fluconazole therapy was successful in reducing the
incidence of recurring vulvovaginal candidiasis in women.

The concept of fungal vaccination as discussed above for
humans is sound and apparently feasible but has not attracted
remarkable attention in the past because of the relatively low inci-
dence of the infections and the limited geographic distribution of
several fungi as compared to many viral and bacterial diseases.
However, the advent of AIDS and the increasing use of potent
immunosuppressive therapies to combat autoimmune diseases,
malignancies, and transplantation rejection have reenergized inter-
est in the search for effective vaccines against clinically important
fungi. Fungal diseases are no longer merely considered mysterious
infections but recognized as important causes of morbidity and
mortality. Ideally, a vaccine should induce a long-term adaptive
immune response and avert the invasion or multiplication of its
target pathogen without causing significant adverse effect to the
host [133]. The efficacy of the immuno-protection invoked by a
vaccine depends on the nature of the infecting microbe and the
host’s immuno-competence. The aspect of immuno-protection is a
major concern when one considers the range of candidal infections
(i.e., mucocutaneous to disseminated) in humans that necessitate
both innate and adaptive immunity for effective protection [134].
Unfortunately in case of the immunocompromised patients who
are most vulnerable to mucocutaneous and disseminated candidia-
sis, induction of active immunity is precluded. Passive immunity
therefore appears the most beneficial form of immunotherapy in
such patients as it provides immediate protection to the individual,
albeit temporarily. On the contrary, active immunization benefits
mostly those peoples who are immunocompetent but are highly
vulnerable to candidiasis. Women are the major at-risk population
for candidiasis and they are the best target subjects for vaccination.
The cells of immune system involved in providing protection
against candidal vaginitis, particularly recurrent vulvovaginitis, have
not yet been identified. However, an effective immunoprophylactic
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vaccine could potentially prevent the occurrence of vulvovaginal
candidiasis, as well as the transfer and subsequent colonization of
Candida species to new-born infants [134]. Others who should
benefit from active immunization are diabetics, denture wearers,
patients with predisposing iatrogenic factors (indwelling catheters,
corticosteroid treatment, broad-spectrum, or multiple narrow-
spectrum antimicrobial chemotherapy) and hospital workers (i.e.,
nosocomial-derived infections) [135]. Irrespective of whether
immuno-protection against Candida is mediated by active or pas-
sive immunity, availability of an effective immuno-protective agent
is the need of the hour in view of the proliferation of the “at-risk”
population. Vaccine development against any infectious disease is
highly challenging and necessitates both scientific and practical
considerations prior to taking up the endeavor [136-138].
Therefore, following is the rationale for initial considerations.

Strong arguments exist in favor of vaccine development against
Candida spp. These include: (1) the disease causes sufficient mor-
bidity and /or mortality to be considered a significant public health
problem, (2) currently available disease treatment and prevention
measures are inadequate, (3) the normal history of the disease indi-
cates that specific acquired immunity can either prevent or signifi-
cantly reduce the disease severity, (4) the etiology of the disease is
limited to one or a small number of closely related agents, all or
most of which can be affected by an appropriate vaccine
formulation.

Understanding of the mechanisms of protection against hema-
togenously disseminated candidiasis continues to be limited, but
new and useful information is surfacing. From clinical observa-
tions, it is clear that neutropenia is a significant risk factor [125,
139, 140] and experimental studies on animal models of dissemi-
nated candidiasis support this conclusion [ 125, 130, 131 ]. Whereas
T cell deficiency or dysfunction is not an obvious risk factor in
humans [141], animal models of disseminated disease suggest that
T-cell-dependent cell-mediated immunity contributes remarkably
toward host defense against this form of candidiasis [142].
Although the results obtained from mouse models may help in the
understanding of the protective mechanism that is critical to C.
albicans defense in this species, extrapolating the conclusions to
humans may be misleading or overstated. To date, no correlation
has been established between the development of disseminated
candidiasis in humans and moderate or severe T cell deficiency in
HIV/AIDS and CMC, respectively [118, 143]. Whether cell-
mediated immunity against disseminated disease is an important
factor in humans is, therefore, not known; clearly, humans have
other mechanisms of handling this form of disease. Innate and
acquired specific immunity acting in concert or independently,
could well include phagocytic cells, cell-mediated immune
responses, specific antibodies, and a range of associated humoral
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factors such as complement and cytokines [144]. Furthermore,
any host defense element that prevents unrestrained fungal replica-
tion should be sufficient to ward off life-threatening invasion of the
deep organ systems and morbidity associated with mucosal tissue
disease. In order to develop an effective Candida vaccine, the
complex dichotomy (i.e., commensal and opportunistic pathogen)
of C. albicans and its interactions with human host needs to be
understood thoroughly. There are two divergent postulates that
explain fungus-host interaction. The first is based on the idea that
C. albicansis present in the host as a latent pathogen controlled by
the immune system. When the condition of the host becomes dev-
astating this obvious pathogen causes the mucocutaneous and dis-
seminated disease. This idea comes from the transitory occurrence
of colonization by C. albicans in the healthy individuals [145] and
the increased predisposition of the development of candidiasis in
the individuals who are colonized prior to immunosuppressive
therapy. In contrast, the second postulate states that the C. albicans-
host interaction is a mutualistic relationship where both microbe
and host-derive reciprocal benefit from each other. When the con-
dition of the host becomes debilitated, the interaction shifted from
favorable to invasive state. Accordingly, there are two distinctive
approaches in the development of a vaccine against candidiasis.
One approach involves the complete elimination of the organism
from the human system (i.e., immunoprophylaxis) supporting the
theory that Candida species are pathogens. The other involves
inducing and maintaining an immune response against restricted
antigens that correlate with an infectious disease state (i.e., immu-
notherapy), thus permitting the maintenance of the mutualistic
Candida-host interaction [134].

We tackled disseminated candidiasis in mouse model by rejuve-
nating the host immune system with liposomized immuno-modulator
viz. Tuftsin tetrapeptide as well as liposomes intercalated Amphotericin
B-based formulation. The escheriosome-based vaccine that contains
cytosolic proteins of C. albicans was also found to be effective against
disseminated candidiasis in mouse model [146, 147].

Aspergillosis, a systemic fungal disease, becomes life threatening in
persons with weak immune system, since these individuals are easy
targets of systemic fungal infections. The treatment with antifungal
drugs along with some immuno-stimulating agents should offer
additional advantage over conventional chemotherapy [78, 80].

Another important opportunistic fungal pathogen Cryptococcus
neoformans can live in both plants and animals. Its teleomorph is
Filobasidiella neoformans, a filamentous fungus belonging to the
class Tremellomycetes. It is often found in pigeon excrement. The
genome sequence of C. neoformans was published in 2005 [148].
Recent studies suggest that colonies of C. neoformans and related
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fungi growing on the ruins of the melted down reactor of the
Chernobyl Nuclear Power Plant may be able to use the energy of
radiation (primary beta radiation) for “radiotrophic” growth
[149]. C. neoformans grows as yeast (unicellular) and replicates by
budding. C. neoformans makes hyphae during mating, and eventu-
ally creates basidiospores at the end of the hyphae before produc-
ing spores. Under host-relevant conditions, including low glucose,
serum, 5% carbon dioxide, and low iron, among others, the cells
produce a characteristic polysaccharide capsule [150]. When grown
as yeast, C. neoformans has a prominent capsule composed mostly
of polysaccharides. Microscopically, the India ink stain is used for
easy visualization of the capsule. The particles of ink pigment do
not enter the capsule that surrounds the spherical yeast cell, result-
ing in a zone of clearance or “halo” around the cells. This allows
for quick and easy identification of C. neoformans. C. neoformans
grows rapidly on exposure to radiation such as gamma-radiation.
Radiation seems to increase the electron-transfer capability of mel-
anin in the fungus, increasing its total metabolic activity.

Infection with C. neoformans is termed cryptococcosis. Most
infections with C. neoformans consist of a lung infection. However,
fungal meningitis, especially as a secondary infection for AIDS
patients, is often caused by C. neoformans making it a particularly
dangerous fungus. Infections with this fungus are rare in those
with fully functioning immune systems. For this reason, C. neofor-
mans is sometimes referred to as an opportunistic fungus. It is a
facultative intracellular pathogen [151].

Cryptococcosis that does not affect the central nervous system
can be treated with fluconazole alone. Cryptococcal meningitis
should be treated for 2 weeks with intravenous amphotericin B
0.7-1.0 mg/kg/day and oral flucytosine 100 mg/kg/day (or
intravenous flucytosine 75 mg/kg/day if the patient is unable to
swallow). This should then be followed by oral fluconazole 200 mg
daily for 10 weeks [152] and then 200 mg daily until the patient’s
CD4 count was above 100 for 3 months and, if infected, his HIV
viral load remained undetectable [153, 154]. Intravenous
Ambisome 4 mg/kg/day may be used but is not superior: its main
use is in patients who do not tolerate amphotericin B. Flucytosine
at dose of 200 mg,/kg/day when given orally was not much effec-
tive and associated with more side-effects. However, this does not
result in cure because it merely suppresses the fungus and does not
kill it; viable fungus can continue to be grown from CSF of patients
who have taken fluconazole for many months. An increased dose
of 400 mg daily does not improve outcomes [155], but prelimi-
nary data from Uganda suggested that very high doses at 1200 mg
or more per day may be effective. The duration of this treatment
and the posttreatment maintenance dose is not known.

C. neoformans is the causative agent of cryptococcosis, a dis-
ease typified by an initial pulmonary infection, which can
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disseminate to produce an ultimately fatal form of meningitis. The
diagnosis of the disease relies either on the isolation of the yeast or
on the detection of capsular polysaccharide via the latex agglutina-
tion test with either cerebrospinal fluid or serum. Thus far, three
molecular species have been defined as cryptococcal exo-antigens
in culture filtrate: high-molecular-weight glucuronoxylomannan
(GXM), galactoxylomannan (GalXM), and mannoprotein.
Mannoproteins (MNPs) are major structural and antigenic com-
ponents of the cell walls of Saccharomyces and Kluwyveromyces spp.
as well. The surface location of cell wall MNP of the nonpatho-
genic yeasts is supported by immunochemical and agglutination
data. MNP can be recovered in small amounts from cultural super-
natants of the pathogenic yeast C. neoformans. MNPs are known
to be immunogenic in cryptococcal infections, since antibodies to
MNP in the sera of patients with cryptococcosis have been found.
Murphy et al. found that C. neoformans secreted MNDPs elicits a
significantly stronger delayed-type-hypersensitivity response in
mice than capsular polysaccharide does. Although the function of
MNP in the cryptococcal cell and its cellular location are not
known, analogy with the above examples suggests that MNP may
come from the outer surface of the cell wall.

Cytosolic proteins (Cp) of C. neoformans were used in the
present study for the development of prophylactic vaccines. The
Cp (consisting of primarily T cell antigens) was immunogenic and
readily induced formation of specific antibody in the host.

During blood coagulation, the plasma fibrinogen is converted
to fibrin that readily undergoes polymerization to form a 3D net-
work, in which various plasma constituents including proteins and
blood cells are entrapped. Thrombin catalyzes this process and
cleaves fibrinogen to smaller polypeptides that readily aggregate
and form the clot [156].

Besides their wide usage in antibiotic delivery system for years,
fibrin had been exploited for antigen delivery system as well. The
fibrin clots can be readily prepared in vitro in various forms includ-
ing glues, foams, and beads or can be combined with other poly-
mers to yield more complex preparations [ 156]. The high antibody
titer in the sera of mice immunized with fibrin bead-entrapped Cp
vaccine compared to groups of animals receiving the antigen alone
suggests the effectiveness of the fibrin cross-linked fibrin beads as
effective antigen delivery vehicles. Apparently, the fibrin beads by
slow release of entrapped antigen contribute toward the activation
of the immune system. The Fib+PLGA-Cp mediated antigen deliv-
ery ensued highest up-regulation of Type I cytokines that facilitate
induction of CD8+ T lymphocyte response. Thus, immunization
with Fib+PLGA-Cp formulation induces IEN-y to levels higher
than those by PLGA-Cp and Fib+Cp. The use of fibrin bead
based liposomized antigen leads to the generation of both Th1 and
Th2 cells. Since the optimum activation of Th cells requires not
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only TCR occupancy by the presented MHC-antigens complex,
but also a set of specific costimulatory signals provided by APCs.
Fibrin beads offer a nearly ideal antigen delivery platform with
regard to biocompatibility and biodegradability.

Due to the use of bovine thrombin, the risks of immunologi-
cal complications arising out of the use of commercial fibrin,
thrombin, and factor III preparations as sealants cannot be
ignored. Consider that fibrin beads can be prepared rapidly from
autologous plasma without the need for added thrombin or
other clotting factors. Beaded plasma clots (or fibrin bead) pre-
pared employing autologous plasma; contain cross-linked fibrin,
for sustained delivery of pharmaceuticals along with vaccine
antigen [156].

2 Materials

1. Tris—-HCL buffer (50 mM, pH 7.6) containing 1 mM EDTA,
1 mM DTT, 0.1 mM PMSEF.

2. Protease inhibitor cocktail: tosyl-1-lysine chloromethyl ketone,
100 pg/ml; pepstatin A, 50 pg/ml; leupeptin, 50 pg,/ml (see
Note 1).

. PBS stock solution (5 M).

. Normal saline.

Ammonium sulfate, (0.1 gin 1 ml distilled water).
. Yeast Peptone Dextrose (YPD) broth.

. SDS-PAGE 12%, p mercapto-ethanol, 0.1% Coosaie Brilliant
Blue R-250.

. Pellet diet ad libitum.
9. PLGA(Poly(lactic co-glycolic acid)), PLA(poly-lactic acid).
10. PBS-Tween 20 buffer.
11. Blocking bufter (3% skimmed milk in PBS-Tween 20).
12. Carbonate-bicarbonate buffer, 0.05 M, pH 9.6.
13. Streptavidin-HRS.
14. Orthophenylene diamine dihydrochloride (OPD.2HCI).
15. 7% H,SO..
16. Biotinylated goat anti-mouse IgG1 and IgG2a.
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17. Dichloromethane.

18. Bath-type sonicator.

19. Polyvinyl alcohol (PVA).

20. Silverson L4RT homogenizer.
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3 Methods

3.1 Cytosolic Preparation of crude extract: All the manipulations to purify the
ProteinPurification proteins were carried out at 4 °C unless mentioned otherwise.

1.

10.

11.

12.

3.2 Ammonium 1.

Sulfate Fractionation

Culture the C. neoformans cells in YPD liquid medium for
(12-16 h) (see Note 2).

. Centrifuge at 6000 x g for 20 min., wash three times with nor-

mal saline to remove traces of medium.

. Suspend the cells in 50 mM Tris-HCI buffer pH 7.6 and

required amount of the protease inhibitor cocktail.

. Ground the cells in a chilled mortar followed by sonication for

30 min in a bath-type sonicator (se¢ Note 3).

. Centrifuge the resulting homogenate at 10,000 x 4 for 30 min.

And the supernatant, which was carefully separated from the
fatty layer at the top of the tube by means of a pipette, was
referred to as “crude extract.”

. To avoid contamination of lipid components, subject the extract

to additional centrifugation at 15,000 x g4 for 30 min and
recover the supernatant underlying the fatty layer (sec Note 4).

. Use Lowry’s method to know the concentration of the crude

proteins.

. Add ammonium sulfate to get the desired protein as per the

formula:

W= {533 x (£-5) x 100}/{100—-(0.3 &)

where

W = Weight of ammonium sulfate to be added per liter of
crude protein.

S, = Final amount required.

S, = Initial amount.

. After ammonium sulfate was dissolved very gently, keep the

protein overnight at 4 °C (see Note 5).

Collect the proteins that got precipitated by centrifugation at
15,000 x g for 20 min at 4 °C.

Suspend the pellet in PBS and dialyze the protein again to
remove extra ammonium sulfate.

Estimate the protein by Lowery et al. and perform the SDS-
PAGE for the characterization of proteins (se¢ Note 6).

Ammonium sulfate-mediated fractionations of crude cytosolic
protein. Different types of ammonium sulfate cuts were given
to the cytosolic crude proteins. The precipitated protein frac-
tion obtained after each cut was dialyzed to remove excess of
ammonium sulfate.
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2. Determination of the amount of ammonium sulfate needed for
the next cut or fraction and dissolve in the rest of crude pro-
teins (157).

3. Bring the crude extract to 20% saturation with solid ammo-
nium sulfate at 4 °C.

4. Allow the preparation to stand for 8 h at 4 °C and collect the
precipitate (see Note 7).

5. Dialyze the suspension overnight against the same buffer with
three changes at 4 °C.

6. After dialysis remove the undissolved material by centrifuga-
tion at 10,000 x g (see Note 8).

3.3 Gel 1. Perform SDS-PAGE using 12% polyacrylamide slab gel in the
Electrophoresis presence of 0.5 ml of p mercapto-ethanol (see Notes 9 and 10).
2. Detect the proteins by staining the gel with 0.1% Coomassie
brilliant blue R-250 (Fig. 1). Apply the ammonium sulfate cuts
to the cytosolic crude protein mixture and obtain different
fractions of proteins such as 0-20, 20-40, 40-60, 60-80.
3. Calculate the amount of the ammonium sulfate and dissolve
very gently into crude cytosolic proteins.

4. Leave overnight at 4 °C.

5. Collect the precipitated proteins by centrifugation at 15,000 x
yat4 °C for 10 min.

6. Suspend the proteins in PBS and dialyze to remove the extra
ammonium sulfate.

7. Finally, separate the proteins on SDS-PAGE for their
characterization.

Fig. 1 SDS-PAGE profile of different fractions of C. neoformans cytosolic proteins.
Lane1; molecular wt markers, lane 2; 20% amm. Sulfate fraction, lane 3; 40%
amm. Sulfate fraction, lane 4; 60% amm. Sulfate fraction lane 5; 80% amm.
Sulfate fraction
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8. Calculate the amount of ammonium sulfate for the next cut or
fraction and add to the rest of crude proteins (supernatant).

9. Follow the above-described procedure to obtain the proteins
of this fraction and perform SDS-PAGE again for the study of
gel profiles of these proteins.

1. Dissolve a known amount (15 mg) of cytosolic protein (Cp) in
0.5 ml PBS.

2. Dissolve 190 mg of PLGA in 1.0 ml of dichloromethane.

3. Mix dissolved protein with PLGA solution in bath-type sonica-
tor (10-15 min) to get an emulsion.

4. Mix the resulting primary emulsion with 100 ml 10% (w/v)
PVA.

5. Homogenize using the Silverson L4RT homogenizer.

6. Stir the ensuing (O/W) emulsion at 25 °C for 18 h to allow
solvent evaporation.

7. Finally, centrifuge the Cp-bearing microsphere at 10,000 x g
for 10 min, wash with PBS.

8. Lyophilize the final solution and store at 4 °C until further use.

1. A total of 30 female Balb/c mice of weight 25 + 2 gm were
procured from laboratory animal resources, IVRI, Bareilly,
India (see Notes 11 and 12).

. Give the animals a standard pellet diet and water ad libitum.
. Check the animals daily for their mortality and morbidity.

. Do not include the moribund animals in the study.

OS2 "IN I 8]

. The techniques used for bleeding, injection etc. are approved
by the Institutional Animal Ethics Committee.

Immunize the Balb/c mice with three doses (100 pg antigen/per
dose) of control or PLGA-bearing cytosolic protein (Cp), incorpo-
rated in fibrin mesh carrier, subcutaneously.

On the 21st day of the first immunization boost the animals
with another dose of antigen [158]. Evaluate the immunized ani-
mals for the presence of antibodies as well as cell-mediated immune
response.

1. To perform protection experiments, immunize the Balb/c
mice (five animals per group) with free as well as fibrin mesh
incorporated cytosolic antigen by subcutaneous route. Ranges
of doses regimen schedule were followed for immunization of
animals. Other routes of administration were also evaluated to
achieve possible better immunological response.
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2.

Boost the animals with appropriate antigens for three consecu-
tive weeks.

. On day fifth of the last booster, challenge the Balb/c mice

(subcutaneously) with 107colony-forming units of C.
neoformans.
4. Keep the animals under surveillance and assess the efficacy of

3.8 Increased
Antibody (IgG) Titer
in Mice Immunized
with Different
Ammonium Sulfate
Precipitated Fraction
of C. neoformans GCell
Extract

3.9 IgG Isotypes
Profile in Animals
Immunized

with Various Vaccine

Formulations 1.
as Determined

by ELISA

0.D at 492 nm

Fig.

vaccine on the basis of survival data as well as fungal load in
various vital organs.

. Include various control groups of animals in the study to deter-

mine efficacy of the vaccine. The control mice normally die
within 10 days of the challenge [159].

. Determine the antibody response against different delivery sys-

tems in sera of immunized mice.

. Our results showed that mice immunized with antigen-bearing

PLGA microspheres entrapped in fibrin beads showed maxi-
mum antibody titer. PLGA microspheres entrapped antigen
gives superior antibody titer over fibrin bead encapsulated anti-
gens but elicited immune response was not as prominent as
PLGA microspheres entrapped in fibrin beads. Various
nanoparticle-based vaccines imparted better Abs titer than
CFA-Ag (Fig. 2).

The IgG isotype responses in various animals immunized with con-
trol free Cp, emulsified form with CFA, PLGA entrapped Cp and
fibrin mesh encapsulated Cp or in Cp entrapped in both PLGA and
fibrin meshes were determined.

Analyze the sera (1:300 dilutions) obtained from normal and
experimental animals 5 days post immunization for the pres-
ence of Cp-specific IgG by ELISA method (see Note 13).

1.4

1.2

1

0.8

0.6

0.4 - '
0

Control CFA+Cp PLGA+Cp Fib+Cp Fib+PLGACp

2 Immunoglobulin (IgG) titer measured by ELISA in animals immunized with

various forms of Cp antigen
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. Coat 96-well microtiter plates overnight with 50 pl of Cp (25

pg,/ml) in carbonate-bicarbonate buffer at 4 °C (see Note 14).

. After extensive washing with PBS-Tween 20 bufter, apply 300

pl of blocking buffer to the wells followed by incubation at 37
°C for 90 min (se¢ Note 15).

. Remove the blocking buffer and add logs 2 dilutions of test

and control sera.

. Allow the reaction to proceed at 37 °C for 2 h.
. Wash the microtiter plate and add 50 pl of biotinylated goat

anti-mouse IgG1 and IgG2a Abs.

. Incubate the plate at 37 °C for 1 h.
. After usual steps of washings, add 50 pl of streptavidin-HRP in

cach well and incubate the plate at 37 °C for 1 h (see Note 16).

. Wash the plate once again before the addition of 50 pl of

orthophenylene diamine dihydrochloride (OPD.2HCI) and
finally incubate at 37 °C for 20 min.

Terminate the reaction by the addition of 50 pl of 7% H,SO,.
Read the absorbance at 492 nm with microtiter plate reader.

Express the level of IgG isotypes as absorbance (A 492 nm) of
the colored complex developed in the immunosorbant assay
(Fig. 3).

The data shown in Fig. 3 suggest that IFA-Cp can induce
IgG2a isotype antibodies in the host presumably because of its

0.8 -

0.6 -
mIgGl W IgG2a
04 -
. I
0+ -'r . - . . §

Control CFA-Cp PLGA-Cp Fib-Cp PLGA-Fib-Cp

Fig. 3 Effect of various formulations of cytosolic antigen on induction of IgG iso-
type response in Balb/c mice measured by ELISA
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innate T cell antigen properties. Various novel nano-vaccines
of Cp antigen described in the study cause further enhance-
ment in the immunogenic potential of Cp antigen. Dual
delivery-based antigen carrier system comprising of
microsphere /fibrin beads induces maximum antibody produc-
tion with preponderance of IgG2a class of antibodies in the
host. In general, the Thl/Th2 dichotomy plays a crucial role
in containment of intracellular pathogens. CD4+ cells with
Thl phenotype activate cell-mediated immune response by
upregulating IFN-y and IL-2 cytokines in the immunized host.
IFN-y can educate B cells for specific production of antibodies
with IgG2a isotypes, while cytokines expressed by Th2 helper
cells upregulate IgG1 class of antibodies in the host. The ratio
of IgG2a versus 1gG1 titer thus indirectly reflects Thl/Th2
bias and is widely used as a parameter to define potential of a
given vaccine antigen to induce CMI or humoral response in
the host. The observed 1gG2a/IgGl ratio (Fig. 3) suggests
that the fibrin-based antigen delivery system used in the pres-
ent study can specifically eradicate fungal pathogens such as C.
albicans and C. neoformans that prefer to reside inside host
macrophages during infection in the host.

3.10 Fungal Burden Determining fungal load in kidney, spleen, and liver of the infected
in Vital Organs of Mice  animals assessed the efficacy of various antigenic formulations.

Immunized

with Ammonium
Sulfate Precipitated
Fraction of
Cryptococcus
neoformans GCell
Extract

1.

2.

Sacrifice the animals belonging to various treatment groups on
day 6, post challenge infection and take out the organs
aseptically.

Triturate the organs separately with 2 ml of 1.5 M PBS (pH
7.4) and plate an aliquot (100 pl) of this suspension on YPD
agar plates after appropriate dilution (se¢ Notes 2 and 17).

. Incubate the plates for 48-72 h at 37 °C.

. Note the development of colonies in each group and calculate

the fungal load by multiplying with the respective dilution
factor.

Figure 4 clearly shows the high efficacy of novel fibrin based

delivery systems in eliminating fungal pathogen from the host. The
opportunistic fungal infections as the name suggests are consid-
ered to be the disease that establishes in the host with compro-
mised immune system. Recent trend regarding prevalence of
opportunistic infections, however, suggests that disease cannot be
classified as an opportunistic infection. The pathogen inflicts range
of otherwise healthy host especially female human beings. In such
circumstances, there is urgent need to evolve a prophylactic strat-
egy that can check establishment and prevalence of fungal infec-
tions in the host. In this regard, nano-vaccines hold center stage
among other types of existing vaccines.
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Fig. 4 CFU count on 6th days post infection in the vital organs of animals immu-
nized with various forms of antigen

4 Notes

. Protease inhibitor cocktail must be used during extraction and

purification of protein to prevent degradation caused by
proteases.

. Media (YPD) should be freshly prepared and autoclaved.
. Avoid heating the sample during sonication.

4. At the time of centrifugation, the centrifuge machine should

be handled properly. Lid of high speed centrifuge closed and
all the samples in the microcentrifuge tube should be weighed
and balanced in a rotor of the machine.

. While fractionating with ammonium sulfate, add the salt slowly

with stirring to avoid temporarily exceeding the desired
concentration.

. Ammonium persulfate should be prepared freshly every time

while running SDS-PAGE.

. Work at 4 °C and keep all protein fractions on ice during

purification.

. At the time of dialysis, be sure the bag is not leaking the pro-

tein of interest and is of appropriate mw cut.

. Always wear gloves and mask while handling and weighing

SDS, acylamide, PMSEF, etc. and other chemicals as some
chemicals are carcinogenic.
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10. Keep the apparatus of gel electrophoresis away from sinks or
other water sources and turn off power before opening lid or
reaching inside chamber.

11. In case of animal handling, one should wear proper cotton
gloves to avoid their bite as mice have sharp teeth.

12. Possibility of zoonotic diseases and allergies associated with
animals must always be considered. The safest policy is to
reduce exposure by wearing protective clothing.

13. While performing ELISA, spillover must be avoided to pre-
vent contamination.

14. All buffers and stock solution should be prepared in deionized
water.

15. Use fresh buffers all at the correct pH.

16. Accuracy can be increased by running duplicates for all points
in the assay including background, standard, and sample wells.

17. pH of all buffers should be maintained with calibrated pH
meter.
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Chapter 14

Yeast Expressing Gp43 Protein as a Vaccine Against
Paracoccidioides brasiliensis Infection

Aline Ferreira Oliveira and Paulo S.R. Coelho

Abstract

Paracoccidioidomycosis (PCM) represents the most frequent systemic mycosis in Latin American. The
disease is caused by the pathogenic thermally dimorphic fungus Paracoccidioides brasiliensis, and is initially
characterized by pulmonary lesions, which can subsequently disseminate to other organs, resulting in sec-
ondary injuries. Although its high incidence, there is no commercially available vaccine against fungal
disecases. A novel strategy, using Saccharomyces cerevisine yeast as a vehicle for immunization against PCM,
was recently successfully described. Herein, we describe strategies for the construction of the suitable S.
cerevisine vaccine, and protocols of administration and evaluation of the efficacy of the vaccine against
experimental PCM.

Key words Saccharomyces cerevisine, Paracoccidioidomycosis (PCM), Gp43 recombinant protein,
Paracoccidioides brasiliensis, Vaccine

1 Introduction

In the past few years, Saccharomyces cerevisine has been tested as a
vaccine against many mycoses. Vaccination of mice with heat-killed
S. cerevisine provides protection against experimental aspergillosis,
coccidioidomycosis, candidiasis, zygomycosis, and paracoccidioi-
domycosis [ 1-6]. This yeast has also been tested in clinical trials as
immunotherapeutic vaccine for cancers and chronic infections [7].
Some aspects make yeast a promising vaccine vehicle. Yeast delivers
antigens to antigen-presenting cells that elicit both CD4 and CD8
T cells. In addition, yeast presents intrinsic adjuvant characteristics,
by having p-glucan as a component of its cell wall. Due to its genetic
tractability, yeast can be genetically engineered to express patho-
gen-specific antigens. Here, we describe a method to construct a
yeast strain that expresses gp43, the P brasiliensis dominant anti-
gen. We also describe methodologies to evaluate the efficacy of this
vaccine against experimental paracoccidioidomycosis.

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_14, © Springer Science+Business Media LLC 2017
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2 Materials

2.1 Gateway Cloning
of gp43 into a Yeast
Expression Plasmid

2.1.1 Gateway Vectors

2.1.2  Construction
of Expression Vector

2.2 Detection
of Expressed
Recombinant Protein
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. Entry vector: pDONR201 (Thermo Fisher).
. Destination vector: BG1805 (Dharmacon—GE healthcare).

. LR Clonase and BP clonase and bufters (Thermo Fisher).

. Deoxynucleotide 5’-triphosphates (dNTDPs).

. Platinum High Fidelity 729 DNA polymerase (Thermo Fisher).
. Luria Bertani (LB) broth.

. Electrocompetent Escherichin coli DH10B competent cells.

. Ultrapure agarose.

. Primers of 1st PCR (Polymerase Chain Reaction):

Forward: 5'-CAAAAAAGCAGGCT TC ATG AAT TTT
AGT TCT CTT AAC CTG G- 3.

Reverse: 5'-GTACAAGAAAGCTGGGT C CCT GCA
TCC ACC ATA CTT-3".

Gp43 translation start codon is in bold, partial AzB
sequence is in italics.

. Primers of 2nd PCR:

Forward: 5'-GGGGACAAGTTIGTACAAAAAAGCAGG
CTT-3'.

Reverse: 5'-GGGGACCACTTTGTACAAGAAAGCIGG
GTC-3'.

. Deoxyribonucleic acid (DNA) gel purification Kkit.
10.
11.

Thermal cycler.

DNA gel electrophoresis equipment.

. Lysis buffter: 50 mM Tris-HCI at pH 7.5, 150 mM NaCl, 1

mM EGTA, 10% glycerol, 0.1% Triton X-100, 0.5 mM DTT,
1 mM PMSE, 1x Complete protease inhibitors.

. Complete Mini, EDTA-free protease inhibitor.

. 0.5 mm Zirconia/Silica Beads (Biospec Products, INC.).

. Calf Serum.

. Rabbit anti-HA antibody.

. Goat anti-rabbit antibody.

. ECL Plus Western Blotting.

. SDS-PAGE and Western blotting transfer equipment.

. Mini BeadBeater 16-cell disrupter (Biospec Products, INC.).

. Yeast strain: Y258-MATapep4-3, bis4-580, wra3-53, len2-3,
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2.3 Inducing Protein
Expression
with Galactose

2.4 Vaccine
Preparation and Mice
Administration

2.5 Cultivation
of P, brasiliensis
and Experimental
Infection
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All bufters should be prepared with high quality, filtered and

endotoxin-free water.

1.

SC-ura media: Dissolve 1.7 g of yeast nitrogen base without
amino acids, 5 g of ammonium sulfate, 2 g of SC-ura dropout
mix, and 20 g of dextrose in H,O to a final volume of 1 L, and
autoclave.

. SC-ura raffinose media: Dissolve 1.7 g of yeast nitrogen base

without amino acids, 5 g of ammonium sulfate, 2 g of SC-ura
dropout mix, and 20 g of ratfinose in H,O to a final volume of
1 L, and autoclave.

. 3x YP + 6% galactose (wt/vol): Dissolve 30 g of yeast extract

and 60 g of peptone in 700 mL of H,O and autoclave. Add
300 mL of sterile 20% galactose solution (wt/vol) under sterile
conditions (sec Notes 1 and 2). Mix well and store at
4 °C. Galactose should not be autoclaved.

. Erlenmeyer flasks of 250 mL and incubator shaker (se¢ Note 3).

2. Sterile 50 mL conical polypropylene centrifuge tube and

centrifuge.

. Standard phosphate-buftered saline (PBS): suspend 8 g NaCl,

0.2 g KCI, 1.44 g Na,HPOy,, and 0.24 g KH,PO, in 900 mL
of ultrapure water, under vigorous agitation for solubilization.
Adjust pH to 7.2 with HCl and make up to 1 L with ultrapure
water. Autoclave at 121 °C for 20 min.

4. Trypan blue: 0.4% solution in water.

. Neubauer Chamber Cell Counting and optical microscope (see

Note 4).

. Heat plate to kill Sacharomyces cevevisine yeast.
. Male BALB/c mice (4-6 weeks of age).
. 1-mL insulin syringe fitted with 29-Gauge 0.5 needle.

. Paracoccidioides brasiliensis 18 yeast cells (1 x 10°/mice).
. YPD liquid medium: add 10 g Yeast Extract, 20 g Peptone,

and 20 g Dextrose in a glass beaker and solubilize in 900 mL
of distilled water. Afterward, adjust the pH to 6.5 with 1 M
HCI and make up to 1 L with distilled water. Autoclave at
121 °C for 15 min.

. Erlenmeyer flasks of 250 mL and incubator shaker (see Note 5).

. Sterile 50 mL conical polypropylene centrifuge tube and

centrifuge.

. Trypan blue: 0.4% solution in water.

. Neubauer Chamber Cell Counting and optical microscope

(see Note 6).
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7. Sterile PBS buffer.

. 1 mL insulin syringe fitted with 29-Gauge 0.5 needle.

9. Male BALB /c mice (4-6 weeks of age).

Anesthetics for mice: dissolve ketamine hydrochloride (150
mg/kg) and xylazine hydrochloride (7.5 mg/kg) in sterile
PBS butfter, endotoxin-free (see Note 1).

Gloves.

. Process/embedding cassettes.
. Stock phosphate buffer 0.2 M: suspend 5.52 g NaH,P0,.H,O

and 22.72 g Na,HPO, in 900 mL of ultrapure water, under
vigorous agitation for solubilization. Adjust pH to 7.3 and
make up to 1 L with ultrapure water. Filter the solution, using
number one filter paper, and store at 4 °C for up to 1 month.

. 4% Paraformaldehyde solution (se¢ Note 7): add 4 g of parafor-

maldehyde in 45 mL of distilled water heated at 55 °C and stir
continuously on heat/stir plate for 15 min. Do not allow tem-
perature to exceed 60 °C, because at higher temperature, formic
acid decomposition can occur. Add a few drops of 1 N NaOH
until solution turns clear (se¢ Note 8). Filter the solution, using
number one filter paper. Complete the volume to 100 mL,
using stock phosphate buffer 0.2 M, pH 7.3 (see Note 9).

. Absolute ethanol, 95%, 90%, 80%, 70%, and 50% ethanol.

. Xylene.

. Paraffin in melting point ranges from 56 to 58 °C (se¢ Note 10).
. Microtome, blade, and cover slip.

. Hematoxylin-cosin (H&E) stain.

Grocott’s methenamine silver stain [8].

. Optical microscope equipped with a digital camera.

KS-100 software (Carl Zeiss, Germany).

. Sterile falcon round-bottom polystyrene tubes.

. Sterile PBS bulfter.

. Scales.

. Tissue homogenizer.

. Brain heart infusion agar (BHI): Add 37 g of BHI and 15 g of

agar in a glass beaker and solubilize in 900 mL of distilled
water. Afterward, complete to 1 L with distilled water, and
proceed with the autoclave sterilization at 121 °C for 15 min.
Next, wait the medium temperature to reach 55 °C and add
4% FBS (see Note 11) and 100 pg/mL ampicillin or 96 pg/
mL gentamicin (see Note 1).
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6. Sterile Petri dishes (90 mm x 15 mm)).

7. Microbiological culture incubator at 37 °C.

2.8 CQuantification 1. 96-well polypropylene ELISA plates.
of Cytokines by ELISA 2. Microplate reader able to measure absorbance at 450 nm.
3. Precision pipettes and Multichannel pipettor, 50-200 pL, and
tips that hold at least 100 pL.
4. Distilled or deionized water.
5. Automated washer.
6. 1.5 mL polypropylene tubes for diluting standards.
7. Plate sealers.
8. Coating buffer: 0.1 M Sodium Carbonate, pH 9.5 or 0.2 M
Sodium Phosphate, pH 6.5 (see Note 12).
9. Assay diluent: PBS with 10% FBS, pH 7.0.

10. Wash buffer: PBS with 0.05% Tween-20 (see Note 13).

11. Substrate solution: 3,3’,5,5'-tetramethylbenzidine dihydro-
chloride (TMB) (see Note 14) and Hydrogen peroxide (see
Note 15).

12. Stop solution: 2 N H,SO,.

13. Recombinant cytokines, specific antibodies, and horseradish
peroxidase enzyme are from BD OptEIA™ Set Mouse IFN-y
or IL-12(p40) kits.

3 Methods

The methods used for the construction of a yeast strain expressing

P. brasiliensis gp43 and for the evaluation of this strain as a vaccine

against PCM are described in the following sections. The steps are

(1) cDNA cloning into a yeast expression vector, (2) yeast transfor-

mation and detection of recombinant protein, (3) vaccine prepara-

tion and mice administration, (4) cultivation of P. brasiliensis and
experimental infection, (5) histopathological analysis, (6) assay for
organ colony-forming Units (CFU), and (7) quantification of
cytokines by ELISA.

3.1 gp43 ORF The cloning method described below uses the commercially avail-

Cloning into a Yeast
Expression Vector,
Construction

of Expression Plasmid

able Gateway technology [9] and basic recombinant DNA tech-
niques [10]. The Gateway technology is a method for rapid and
efficient transfer of DNA sequences into vectors designed for pro-
tein expression. A PCR product is obtained, containing gp43 open
reading frame (ORF) flanked with a#zB bacteriophage lambda
sequences. By in vitro site-specific recombination (BP reaction),
the ORF is transferred to an a#tP-containing entry vector
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(pDONR201). In a final recombination reaction (LR reaction),
the ORF is transferred to a destination vector (BG1805). The
resulting yeast plasmid carries the gp43 ORF in an in-frame
C-terminal fusion with a tandem affinity tag that includes a hemag-
glutinin (HA) tag, 6x histidine tag, a protease C cleavage site, and
the ZZ domain of protein A. Other relevant features of BG1805
are (1) the ORF is under the control of the GALI promoter, (2)
the plasmid carries a URA3 transformation marker. In principle,
the method described can be applied to cloning of any heterolo-
gous protein.

1.

10.
11.

Perform reverse transcription of P. brasiliensis mRNA (RT-
PCR) and PCR clone gp43 ¢DNA into a bacterial plasmid vec-
tor. This cDNA will be used as a template in the next PCR
reaction (see Note 16).

. Perform a 2-step amplification of full-length gp43 coding

sequence. The advantage of a 2-step PCR is that there is no
need to use long and expensive primers that contain template
specific and a#zB sequences. Instead, in the first step template-
specific primers containing 14-17 nucleotides of the a#B sites
are used in 15 cycles of PCR to amplify the cDNA. In the sec-
ond step a portion of the reaction mixture is transferred to a
second PCR containing universal aztB adapter primers to
amplify the full azB PCR product. The C-terminal primer of
the first PCR reaction should include one additional nucleo-
tide to maintain the frame with a#B and the tandem tag in
BG1805 expression vector (see Note 16).

. Check the presence and correct size of the PCR product

(1.3 kb) by agarose gel electrophoresis.

. Clean the PCR product. A commercial kit supplied by GE can

be used.

. Perform Gateway BP reaction to transfer the purified fragment

coding gp43 into entry vector (pDONR201).

. Use a portion of the BP reaction (2 pl) to transform DH10B

competent cells and plate transformants into kanamycin-
containing plates.

. Purify plasmid DNA from individual kanamycin-resistant

colonies.

. Check the presence of the insert by PCR.
. Perform Gateway LR reaction to transfer the coding gp43

from the entry vector to the destination vector (BG1805).
Repeat steps 6-8.

Check the construct by sequencing.
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Before using as a vaccine, the authors should check if galactose-
induced yeast cells are expressing the recombinant gp43 by west-
ern blotting. Protocols for yeast transformation with the plasmid
harboring the expression construct and selection of URA+ trans-
formants are described elsewhere [11].

1.

Transfer the yeast harboring the expression construct to a
10-mL Falcon tube and pellet cells for 1 min at room tempera-
ture and 6000 x g.

. Discard the supernatant and resuspend cells with 1 mL 1x PBS.

. Transfer cells to a 2 mL eppendorf tube and centrifuge for

1 min at room temperature and 6000 x 4.

4. Harvest cells by centrifugation at 6000 x g for 1 min at 4 °C.

. Discard supernatant and add 1 cell volume of zirconia beads

(~300 pL; 0.5 mm) and 2 cell volume of lysis buffer.

. Disrupt the cells in a Mini BeadBeater 16-cell disrupter using

10 cycles of 20 s beat, 1 min rest (for cooling) in a cold room.

. Samples are centrifuged (10,000 x g, 1 min, 4 °C), and transfer

the supernatant to an eppendorf tube.

. Quantity the protein quantity with the Bradford method.
. Separate total yeast proteins with 10% SDS-PAGE.

. Electrotranster proteins to PVDEF, and probe membrane with

anti-HA antibody (1:2000). You should detect a 61 kDa recom-
binant protein (including the 19 kDA tandem fusion tag).

. Grow §. cerevisine cells carrying the construct overnight in SD-

uracil, then dilute 1 mL overnight culture into 25 mL SC-uracil
+2% raffinose and grow for several hours at 30 °C, followed by
dilution into 300 mL SC-ura + raffinose and overnight growth
to OD600 1.0.

. Induce recombinant protein expression by the addition of 150

mL 3x YP + 6% galactose, tfollowed by growth for 6 h; harvest
the cells by centrifugation at 3000 x g, wash with 5 mL cold
H,O, centrifuge again and store in two aliquots at =70 °C.

. Kill the cells by heating at 56 °C during 1 h, and adjust the cell

concentration to 2 x 107 yeast/0.1 mL (sec Note 4).

. Inoculate the S. cerevisine suspension in mice weekly (on days

0, 7, and 14), through intraperitoneal route (i.p.), by using
1 mL insulin syringe (se¢ Notes 17 and 18) (Fig. 1).

. Grow P. brasiliensis yeast (Pb 18 strain) in YPD medium, at

37 °C, 150 rpm, for 10 days (se¢ Note 19).

. Harvest the yeast cells by centrifugation at 3000 x g, 10 min,

4 °C, and wash twice with sterile PBS bufter (see Note 1).
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3. Suspend the cells with 1 mL sterile PBS buffer and adjust the
concentration to 1 x 10°yeast/0.1 mL PBS (see Notes 6 and 20).

4. 1 week after the last immunization (day 21), anesthetize the
BALB/c mice intraperitoneally with 100 pL ketamine hydro-
chloride and xylazine hydrochloride, and inoculate the P. brasil-
iensis yeast suspension intravenously, through ophthalmic
plexus, by using 1 mL insulin syringe (se¢ Note 17) (Fig. 1).

5. Following infection, add sterile PBS in the eyes of mice to

avoid blindness. Afterward, keep the animals in a warm condi-
tion until they recover from the anesthesia.

6. On days 30 and /or 60 post-infection, sacrifice mice by cervical
dislocation.

7. Remove fragments of the lung and spleen from all mice in
order to perform the histopathology analysis (Subheading

3.5), and measure the fungal burden (Subheading 3.6), and
the levels of cytokines produced (Subheading 3.7) (see Notes

1 and 21).
3.6 Histopatho- 1. Collect fragments of the right lobe of the lung from all mice on
logical Examination of days 30 and 60 post infection and put them inside appropri-
Infected Mice ated cassettes (see Note 22).

2. Immerse the cassettes in a bottle, containing 4% paraformalde-
hyde diluted in 0.1 M phosphate butfer, for fixation, at room
temperature (see Notes 23 and 24).

3. After 12-24 h (see Note 25), dehydrate the tissues through a
series of graded ethanol baths to displace the water, and then
embed them in paraffin (see Note 26).

0 7 14 21 51 81
Days | 1 | 1 1 1

t— [mmuLization-—T I t_ and/or —T

Infection

“?:%6“, ]
e
PBS PB18 CFU
S. cerevisiae + BG1805 1X10¢ yeast | mouse Cytokine production
S. cerevisiae + BG1805GP43 Histopathological analysis

Fig. 1 Protocol of mice immunization and infection with P. brasiliensis yeasts. On days 0, 7, and 14, groups of
mice were inoculated, through intraperitoneal route, with S. cerevisiae yeast carrying the GP43 protein
(S. cerevisiae BG1805GP43), with S. cerevisiae yeast carrying the empty vector (S. cerevisiae BG1805), or with
buffer alone (PBS). On day 21, all mice were intravenously infected with 1 x 108, brasiliensis yeast per mouse.
Several aspects of the immune response mounted by these mice and the protection conferred by vaccination
were evaluated 30 and 60 days post-infection, as summarized in the figure
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. After solidification of the paraffin, cut the tissues into

5-pm-thick-sections, using a microtome (see Note 27).

. Pick the tissue sections up with a fine paintbrush and float

them on the surface of the 37 °C water bath.

. Transfer the sections onto the surface of clean glass slides.
. Place the slides in a 65 °C oven for 20 min (se¢ Note 28).

. Afterward, let the slides air-dry at room temperature or dry

them up at 56 °C overnight in an oven.

. Perform the deparaffinization and rehydration of the sections,

using xylene, ethanol in decreasing concentrations, and water
(see Note 29).

Stain the sections with hematoxylin and eosin (H&E), for the
analysis of the inflaimmatory reactions and granulomas
formation.

Stain the sections with Grocott’s methenamine silver impreg-
nation, to detect polysaccharides in the fungal cell wall, gener-
ally localized inside the granulomas.

Use an optical microscope equipped with an integrator lens to
obtain images of the lung sections and measure the granuloma
area (mm?) by using a KS-100 software.

. Collect aseptically specific fragments of the lung and spleen,

and transfer to sterile falcon round-bottom polystyrene tubes,
which were previously weighed with 1 mL of sterile PBS
buffer.

. Weigh the tubes again, in order to determine the value of mass

of tissue that will be used to calculate the number of colony-
forming units (CFU)/mL /g of tissue.

. Perform the tissue homogenization (see Note 30) and spread

100 pL into sterile Petri dishes containing BHI agar, supple-
mented with 4% FBS, plus ampicillin or gentamicin, in dupli-
cate (see Note 31).

. Incubate the plates during 7-14 days, at 37 °C (see Notes 32

and 33).

. Express the fungal burden as CFU/mL /g of tissue.

. After plating the tissue homogenates for the determination of

the CFU, centrifuge the tubes at 2000 x g, at 4 °C, for 10 min.
Collect the lung and spleen supernatants for cytokines quanti-
fication (see Note 34).

. Analyze the supernatants by ELISA, according to the manu-

facturer’s instructions (se¢ Note 35).
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4 Notes

11.
12.

13.
14.

15.

16.

17.
18.

. Perform this procedure only in a clean and confined environ-

ment, or ideally, in a sterile laminar flow hood.

. Sterilize the 20% galactose solution by filtration, using a 0.22-

pm filter.

. Grow 8. cerevisine recombinant strains in 100 mL of medium.

. Dilute S. cerevisine cells in 0.4% Trypan blue solution (1:100)

and count, using Neubauer Chamber, for the adjustment of
the desired cell concentration.

. Grow P. brasiliensis yeast in 100 mL of medium.

. Dilute P. brasiliensis cells in 0.4% Trypan blue solution (1:100)

and count, using Neubauer Chamber, for the adjustment of
the desired cell concentration.

. Paraformaldehyde has to be prepared in fume hood, because of

its toxicity.

. Flocculent material may remain, in a small amount.
. 4% Paraformaldehyde solution should be freshly prepared.
10.

Paraffin can be purchased with melting points at different tem-
peratures, the most common for histological use being about
56 °C-58 °C. At its melting point, it tends to be slightly vis-
cous, but this decreases as the temperature is increased.

FBS: Heat inactivated fetal bovine serum.

The 0.1 M Sodium Carbonate bufter is used for the quantifica-
tion of IEN-g, and the 0.2 M Sodium Phosphate is used for
1L-12(p40) quantification.

PBS-TW buffer: make it fresh or filter-sterilize and store at 4 °C.

Dissolve 3,3’,5,5’-tetramethylbenzidine dihydrochloride to
0.75% (w/v) in water and filter to 0.22 pm to remove any
undissolved material. Store in 1 mL aliquots at —20 °C.

Hydrogen peroxide should be stored at 4 °C, but it has a lim-
ited shelf life, and should be replaced every 6 months.

The reactions are split into four tubes that are pooled after the
PCR to prevent the possible predominance of a mutation that
may occur early in one of the PCR reactions.

Inoculate 0.1 mL of the cell suspension per mouse.

Three groups of mice are used: one group is immunized with
recombinant yeast expressing the gp43 protein (YMAgp43;
Vaccine group), and the other two groups of mice are used as
controls: one group is immunized with yeast cells carrying an
empty plasmid (yMA; Vector Group) and the other with vehi-
cle only (PBS Group).
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20.
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23.
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28.

29.
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The Pb18 isolate is chosen based on its high virulence and abil-
ity to induce granulomatous reaction [12].

The cells viability is verified using the Trypan blue solution.
Only the suspension containing higher than 90% of yeast live
should be used for mice inoculation.

It is important to collect fragment of the same region of the
tissue from all animals for each assay.

Cut the tissues to be fixed and processed no thicker than 3 mm.

Fixative volume should be adjusted to a ratio of 1,/20 (tissue
weight per total volume); use 20 mL of 4% paraformaldehyde
buffer per 1000 mg of tissue.

Place the bottle in a vacuum system, at 25 Hg, during the
enough time to make the cassettes, containing floating lung
fragments, settle to the bottle bottom. This procedure is
extremely important to remove the air from the lungs, allow-
ing its replacement by the fixative.

The tissues can become very brittle if the fixation process takes
longer than 24 h.

The dehydration process is done as follows:
Solution 1: water—15 s.

Solution 2: 50% ethanol—1 h.

Solution 3: 70% ethanol—1 h.

Solution 4: 80% cthanol—1 h.

Solution 5: 90% ethanol—1 h.

Solution 6: absolute ethanol—1 h.
Solution 7*: absolute ethanol—1 h.
Solution 8: Clearing reagent (xylene)—I1 h.
Solution 9*: Clearing reagent (xylene)—1 h.
Solution 10: Paraffin 1-1 h.

Solution 11*: Paraffin 2—-1 h.

Solution 12*: Paraffin 3-1 h.

*The repetition of some steps is important occasionally to
remove water and /or previous solution.

Once the tissue is embedded, it is stable for many years and can
be stored at room temperature.

During this step, the paraffin starts to melt, and it favors the
tissue bonds to the glass.

The deparaffinization and rehydration of tissue slides are done
as follows:

(a) Deparaffinize the slides in two changes of xylene for 5 min
each.



(b) Transfer the slides to absolute alcohol, make two changes
for 3 min each, and transfer once to 95% alcohol for 3 min.

(c) Transfer the slides to 90%, 80%, 70%, and 50% alcohol,
(d) After rinsing the slides in distilled water they are ready for

Tissue homogenizer speed: 3000 x g

Dilute 1:10 or 1:100 the homogenized tissue from each mouse
in sterile PBS sterile, before plating the 100 pl. on BHI agar.

Seal the plates with parafilm to avoid medium dryness.
Check the plates daily to inspect the growing yeast colonies.

Tissues homogenates: use immediately after centrifugation or

All the assay procedures and buffer preparations were done in
accordance with the manufacturer’s recommendations of the

ELISA (OptEIA set; Pharmingen, San Diego, CA, USA).
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respectively.
the staining procedure.
30.
31.
32.
33.
34.
store at —20 °C.
35.
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Chapter 15

Vaccination with Phage-Displayed Antigenic Epitope

Yicun Wang and Li Wang

Abstract

Phage-displayed antigenic epitope is able to induce both humoral and cell-mediated immune responses,
which could be used as an delivery system to design vaccines without compromising safety and tolerability.
Here, we describe the vaccination with phage-displayed antigenic epitope (M13 phage-displayed
SLAQVKYTSASSI) against Candida albicans infection in BALB /¢ mice by this method.

Key words Phage display, Vaccine, Epitope

1 Introduction

Phage display technique allows us to insert exogenous DNA into
the genes of the coat proteins [1], then the peptides are displayed
on the surface of phage coat proteins with natural construction [2,
3]. The filamentous bacteriophages (f1, fd, M13) are commonly
used for phage display, which are composed of a single-strand
DNA genome and surrounded surface coat proteins [1, 2]. The
major coat protein pVIII consists of about 4000 copies on the
lateral surface, and five copies of four minor coat proteins (pIII,
pVIL, pVII, and pIX) located at two filament ends [4, 5]. Since the
coat proteins are encoded by the DNA within the phage, the sur-
face of the phage can be genetically modified by fusing a foreign
peptide to the N-terminal end of the coat proteins.

The challenge for vaccine development is to design vaccines
that induce long-lasting protective immune response without com-
promising safety and tolerability [6, 7]. Phage particles are natu-
rally immunostimulatory [8], which could be taken up and
processed by the MHC class I and II pathways and then activate
antigen-specific CD4*T cell, induce the antibody response and
prime cytotoxic T lymphocytes (CTL) response [9, 10]. Unlike
other virus vectors, phage cannot replicate in a eukaryotic host
[11], it has been approved in food safety by FDA. Phage vaccines
are cheap, highly stable, and can be produced easily on a large scale.

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_15, © Springer Science+Business Media LLC 2017
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Now, phage is widely used as an antigen delivery system for B and T
cell epitopes [12], the immunogenicity of epitopes is enhanced
when they are displayed on the phage [13].

Candidanlbicans (C. albicans) infection causes high mortality
rates within immunocompromised patients [ 14 ], it is important to
develop an antifungal vaccine. Nevertheless, there are a few experi-
mental vaccines against candidiasis [15]. Only two anti-candida
vaccines, NDV-3 and PEV-7, made it to clinical trials, but are not
approved for clinical use yet. The secreted aspartyl proteinase 2
(Sap2) plays a protective role in systemically infected BALB/c
mice, and peptide SLAQVKYTSASSI was the IgG epitope of
Sap2in C. albicans|8]. We displayed the epitope SLAQVKYTSASSI
on phage and evaluated whether the phage-displayed epitope rep-
resents a potential vaccine candidate without adjuvant [8]. Our
result demonstrated that the phage-displayed epitope could be a
potential vaccine against C. albicans infections, which induced
strong immune responses in the animal model (Fig. 1). Here, we
introduce the procedure of vaccination with the phage-displayed
antigenic epitope.

Th1 TIL-2,IL-12
S Th17 T||_.17

Th 2 l IL-4, IL-10

/i

i ] B
WT p age Hybid phage

1‘(‘nti-Sanpz antibody

&

Antibodies

Fig. 1 Schematic of hybrid phage for protection and detection. (a) Schematic of
WT phage and hybrid phage displayed peptide on the pVIll, and schematic of the
host immune response to hybrid phage; (b) The peptides on hybrid phage cap-
ture anti-Sap?2 antibodies
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2 Materials

2.1 Preparation
of Hybrid Phage

2.2 Assessment
of Hybrid Phage

Prepare all the solutions using ultrapure water (prepared by purify-
ing deionized water following Millipore construction) and analyti-
cal grade reagents. Prepare and store all the reagents at room
temperature (unless otherwise indicated).

N O\ gk W

10.

11.

. Phagemid pfd8SHS and wild-type phage.

. CutSmart® Buffer.

. Restriction enzymes Sacll and BstBI (New England Biolabs).
. T4 DNA ligase kit (New England Biolabs).

. DNA purification kit (TTANgel Midi Purification Kit).

. Escherichin coli (E. coli) strain: TG1.

. IPTG stock solution (1 M): Dissolve 1.19 g IPTG in 5 ml

water, sterilize it through a 0.22 pm filter (see Note 1), store
at =20 °C.

. Ampicillin stock solution (100 mg/ml): Dissolve 1 g ampicil-

lin in 10 ml water (see Note 2), sterilize it through a 0.22 pm
filter, store at —20 °C.

. LB medium: Dissolve 10 g yeast extract, 5 g tryptone, and 5

g NaCl in 1 [ water, autoclave the medium (see Note 3), store
at 4 °C.

PEG6000 (20%)/2.5 M NaCl solution: Dissolve 200 g
PEG6000 and 146.1 g NaCl in 1 | water (see Note 4).

TE Buffer: 1.0 mM EDTA, 0.01 M Trisl, adjust pH with HCl
to pH 8.0.

. Blocking solution: Dissolve 5 g non-fat milk powder in 100 ml

of TBS butffer (vortex for 1 min). Freshly prepare the solution.

. SDS-loading buffer: 4% SDS, 20% glycerol, 100 mM Tris—

HCI, pH 8.3, 0.2% bromophenol blue.

. Tris—Tricine bufter: Dissolve 17.9 g Tricine, 12.11 g Tris, 1 g

SDS in 1 | water.

. Antibodies (Sigma): Rabbit anti-mouse antibody, HRP-

conjugated Rabbit anti M13 antibody; HRP-conjugated goat
anti-human IgG.

. TBS buffer: 50 mM Tris, 150 mM NaCl, adjust pH with HCI

to pH 7.6.

. TBS-T buffer: 50 mM Tris, 150 mM NaCl, 0.05% Tween 20,

adjust pH with HCl to pH 7.6.

. Silver staining buffer: Dissolve 0.2 g AgNOj; in 200 ml water,

and keep in a dark place (see Note 5).

. Stationary buffer I: Add 100 ml methyl alcohol and 10 ml ace-

tic acid in water to 200 ml.



228 Yicun Wang and Li Wang

2.3 Immunization

2.4 Assessment
of Cell Proliferation

2.5 Challenge

9.

10.

11.
12.

13.
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Stationary buffer II: Add 10 ml methyl alcohol and 10 ml ace-
tic acid in water to 200 ml.

Developing solution: Add 8.16 g sodium carbonate anhydrous
and 120 pl oxymethylene into 200 ml water (se¢ Note 6).

Nitrocellulose membranes.

Tris/glycine buffer: Dissolve 5.8 g Tris, 2.9 g glycine, 0.37 g
SDS, and 200 ml methyl alcohol in water to make 1000 ml.

3-amino-9-ethylcarbozole (AEC) reagent: Dissolve AEC 1 mg
in 1 ml DMF, add into 2 ml 0.025 mol /1 sodium acetate solu-
tion, before developing, add 10 ul 30%H,0,.

. PBS buffer (10x stock): Dissolve 2.4 g KH,PO,, 14.1 g

Na,HPO,-H,0, 2 g KCl and 80 g NaCl in 1 | water. This buf-
fer gives a pH of 7.4 when diluted to 1x PBS (se¢ Note 7).

. PBS-T: Add 100 ml of 10x PBS and 500 pl Tween 20- into

900 ml water.

. YPD medium: Dissolve 10 g yeast extract, 10 g tryptone, and 20

g glucose in 1000 ml water, autoclave the medium (see Note 8).

. Female BALB/c mice: Between 6 and 8 weeks of age, pur-

chased from the Specific-Pathogen-Free Animal Facility.

. C. albicans ATCC10231: Culture C. albicans on YPD medium

for 16 h at 28 °C. Collect the yeast cells and adjust the concen-
tration (2 x 10%cells/ml) for infecting mouse.

. LB solid media: Dissolve 10 g tryptone, 5 g yeast extract, 10 g

NaCl, 15 agar in 1000 ml water, autoclave the medium.

. Sterile PBS.

. 100-gauge wire mesh sieve.

. Centrifuge.

. Flat-bottom 96-well plates.

. RPMI 1640 medium supplemented with 10% FBS.

. CO, incubator at 37 °C.

. MTT (5 mg/ml): Add 5 mg MTT into 1 ml sterile PBS to mix

by vortexing or sonication until dissolved (see Note 9).

. DMSO.
. Microplate Reader.

. C. albicans conidial suspension.
. Glass pestle.

. Sterile saline.

. YPD solid medium.
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3 Methods

3.1 Preparation
of Recombinant
Phagemid

3.2 Transfection

3.3 Production
of Hybrid Phage

Carry out all procedures at room temperature unless otherwise
specified.

1.

Digest plasmid pfd8SHS in CutSmart® Buffer at 37 °C with
Sacll, then add BstBI and raise temperature to 65 °C, follow
the manufacturer’s instruction.

. Purificiate enzyme-digested plasmid by TIANgel Midi

Purification Kit, follow the manufacturer’s instruction.

. Synthesize and anneal complementary oligonucleotides encod-

ing the epitope SLAQVKYTSASSI(5'-GGAGGGTTCTTTGG
CTCAAGTCAAATATACTTCTGCTTCCAGTATTCCAT-
3',5-CGATGGAATACTGGAAGCAGAAGTATATTTG
ACTTGAGCCAAAGAACCCTCCGC-3') (see Note 10).

. Mix the digested vector with the synthetic exogenous DNA

fragments at a molar concentration of 1: 3 in a total reaction
volume of 10 pl at 16 °C in T4 DNA Ligase Reaction Buffer
over night, follow the manufacturer’s instruction.

. Add 10 pl recombinant phagemid into 100 pl of competent

TG1 cells, place the cell on ice for 30 min.

. Place the cell in 42 °C water bath for 90 s (see Note 11), then

quickly transfer to the ice bath for 2 min, add 800 pl LB broth,
culture at 37 °C for 45 mins, shake at 100 rpm/min.

. Centrifuge (5000 x g) for 5 min, discard the supernatant, cul-

ture remaining part on an LB solid media containing 100 pg/
ml ampicillin, 37 °C overnight.

. Select single colony, inoculate to 2 ml LB medium containing

100 pg/ml ampicillin, 37 °C overnight, and sequence DNA.

Phage was prepared based on a procedure described by P. Malik [16].

1.

Take transformed cells with correct insertion recombinant
phagemid on LB plates (100 pg,/ml ampicillin).

. Inoculate the colony to 3 ml LB medium containing 100 pg/

ml ampicillin, 37 °C overnight.

. Transfer 0.5 ml of the culture into 100 ml LB medium with

ampicillin (100 pg/ml) and wild-type phage (5 ng) for 4 h at
37 °C (see Note 12), shake at 200 rpm/min.

. Centrifuge the culture at 2000 x g for 10 min, resuspend the

bacteria pellet in 100 ml of fresh LB medium (1 mM IPTG),
incubate overnight at 37 °C (see Note 13).

. Centrifuge at 8000 x g for 10 min at 4 °C, recover phage par-

ticles in the culture supernatants, and purify it in polyethylene
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3.4 Assessment
of Hybrid Protein

glycol-6000 (final concentration 5% polyethylene glycol-6000,
0.5 M NaCl) by two consecutive precipitations for 12 h.

. Centrifuge at 8000 x g for 30 min 4 °C, resuspend phage pel-

let in 20 ml TE buffer.

. Centrifuge at 12,000 x g for 20 min at 4 °C, discard the pre-

cipitate, and add 5 ml PEG6000 (20%),/2.5 M NaCl solution
into supernatant, 4 °C stand for 5 h.

. Centrifuge at 12,000 x g for 20 min at 4 °C, resuspend phage

pellet in 1 ml TE buffer.

. Estimate the amount of phage by spectrophotometry, which

an OD of 1.0 at 270 nm represents a concentration (pg/pl) of
1/3.84.

. Boil phage samples for 5 min in an equal volume of loading

buffer.

. Subject the 30 pg phage samples to 20% SDS-PAGE using

Tris—Tricine buffer, 80 V for 1 hand 120 V for 2.5 h according
to the method described previously [17].

. Incubate the gel in stationary Buffer I for 1 h.
4. Incubate the gel in stationary Buffer II for 1 h.
. Wash the gel five times by water, and silver stain the gel by

incubation in the silver staining buffer for 30 min in a dark
place (see Note 14).

. Develop the gel by 50 ml developing solution for 30 s, and

exchange 150 ml developing solution until band presenting
(see Notes 15 and 16) (Fig. 2).

Fig. 2 SDS-PAGE for hybrid phage and WT phage. Lane 1, WT phage, lane 2,
Hybrid phage [8]
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Perform western blotting with patient sera containing an
antibody to C. albicans or healthy individual sera to test anti-
genicity of the phage-displayed epitope SLAQVKYTSASSI,
according to the method described by Matthews et al. [18].
Transblot the separated proteins onto nitrocellulose mem-
brane in Tris/glycine bufter, 60 V for 4 h.

Wash the nitrocellulose membrane by TBS.

Block nitrocellulose membrane overnight at 4 °C in blocking
solution.

After washing four times with TBS-T, incubate the nitrocellu-
lose membrane with diluted serum in TBST-5% nonfat milk at

37 °C for 1 h.

After further washing, incubate the membrane with peroxidase-
conjugated IgG at 37 °C for 1 h, stain with AEC reagent as a
chromogen until the band presenting.

. Select no-pregnant female BALB /¢ mice (18-20 g) (6-8 weeks).

. Using a 22-G needle, inject mice intraperitoneally four times

(see Note 17) at weekly intervals, with 25 pg hybrid phage
particles mixed in 100 pl TE.

. Collect 100 pl blood, 7 days after every immunization by cut-

ting the tail with sterile sharp scissors (see Note 18), and get
the serum for determining the antibody titer by ELISA (Fig. 3)
and western blotting. Coat the ELISA with rSap2. The titer
was given as the reciprocal of the highest dilution with an
OD450 that was 2.5-fold greater than the OD of TE treated
mice sera at the same dilution [8].

34
EZ3 Hybrid phage
2. E3 WT phage
o TE

0D450

The time of immuntiy

Fig. 3 1gG determination by ELISA. Serum IgG responses in mice vaccinated with
hybrid, WT phage on weeks 0 and 6. Sera were collected on 1 day prior to each
immunization, and tested by ELISA using rSap2. The titer was given as the recip-
rocal of the highest dilution with an 0D450 that was 2.5-fold greater than the OD
of TE treated mice sera at the same dilution [8]
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3.6 Cell Proliferation

3.7 Challenge

1.

One week after the last immunization, collect spleen tissues
from mice, wash with PBS, and tease the spleen gently using a
sterile needle and forceps from the tissue under aspetic condi-
tion, and prepare single-cell suspension by passage through a
100-gauge wire mesh sieve.

. Centrifuge at 1000 x g for 5 min at 4 °C, discard the superna-

tant, collect cells, and count cells by using a small aliquot of
cell suspension.

. Culture the cells in triplicate wells of flat-bottom 96-well plates

at a concentration of 2.5 x 10* cells/ml in 200 pl RPMI 1640
medium (10% FBS) alone or in medium containing a pool of
hybrid phage (25 pg/ml), incubate plates in a humidifier CO,
incubator at 37 °C for 72 h.

. Add 20 pl MTT (5 mg/ml) to all wells and incubate for 4 h at

37 °C.

. Pipette out the spent media along with suspension of cultured

cells, add DMSO (150 pl/well), and mix to dissolve the forma-
zan crystals, then measure the absorbance by using a Microplate
Reader at 492 nm (Fig. 4).

. Mice are immunized three times, 2 weeks after the final immu-

nization, inject mice with 10°C. albicans by tail intravenous
injection.

. Seven days after the infection, sacrifice mice, remove and weigh

the kidney and spleen under aspetic condition.

Cell Proliferation (0D492)

1 2 3

Fig. 4 Splenocytes proliferation measured by MTT. Cells were seeded into a
96-well plate with the density of 5 x 10° cells per well and cultured with stimulus
at 37 °C. The MTT assay was performed after 72 h. The data shown are means
+ SD of three independent experiments. Group 1, hybrid phage immunized mice;
group 2, WT phage immunized mice; group 3, TE injected mice. **Statistically
significant (P < 0.01) [8]
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Fig. 5 Hybrid phage was used to induce protection against C. albicans infection.
Percent survival in mice immunized with different immunogens. Eight mice of
each group were inoculated with 107C. albicans after the final immunization. The
survival rates were evaluated for 15 days after challenge [8]

3. Grind up the samples using glass pestle, dilute the homogenate
using normal saline (1:100) and culture 100 pl diluent on YPD
solid medium 20 °C for 48 h, count the colony-forming units.

4. Two weeks after the final immunization, inject mice with 107 C.
albicans by tail intravenous injection, observe and calculate
survival for 15 days (Fig. 5).

4 Notes

1. IPTG is used to induce the expression of cloned genes, and the
aliquots can be stored at —20 °C for at least 1 year.

2. For bacteria use the final working concentration (in media) of
ampicillin is 100 pg/ml, aliquots can be stored at —20 °C for
at least 1 year.

3. The LB medium can be stored for up to 6 months at 4 °C or
for 1 month at RT, when preparing the LB medium with

ampicillin, cool down the medium until it is cool enough to be
held in the hands (about 40 °C), and then add the ampicillin.

4. Dissolving PEG and NaCl requires stirring for several hours. If
using a glass beaker, it can be dissolved faster when the water is
warmed to about 37 °C.

5. Prepare and precool silver staining buffer when it will be used;
it needs to be fresh each time.

6. Prepare and precool the developing solution when it will be
used, it is best to be fresh each time.

7. Autoclave the buffer and store it for months at RT.
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Avoid touching gel when sliver staining.

If developing solution turns yellow, which often appears
within 30 s, discard and replace with fresh 150 ml developing
solution.
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sheet. Top band is hybrid protein with epitope, and the bot-
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Chapter 16

Preparation of an Oral Vaccine by Proteome Analysis
and Molecular Display Technology

Seiji Shibasaki and Mitsuyoshi Ueda

Abstract

In recent years, genetic engineering and protein expression technologies have promoted the development
of recombinant protein vaccines. To accelerate the development of efficient vaccines for mycosis, screening
candidate antigens, and determining the optimal route of administration are indispensable steps. Two
methods for identifying novel antigens and producing antigens specific to Candida albicans, as a model
causative pathogen of mycosis, are discussed in this chapter. Specifically, the application of liquid chroma-
tography/tandem mass spectrometry using a long monolithic column for proteome analysis to identify
virulence factors of C. albicans, followed by molecular display technology to produce an oral vaccine using
antigens found by the proteomic study, is described.

Key words Oral vaccine, Molecular display, Saccharomyces cevevisine, Lactobacillus casei, LC-MS/MS,
Proteome analysis, Cell surface, Candida albicans

1 Introduction

The use of recombinant proteins is a route for vaccine development
that presents an alternative to the use of attenuated virulent organ-
isms. For example, vaccines for hepatitis B virus and human papil-
loma virus are made using genes from each pathogen to produce
antigens, which generate a protective immune response. Each gene is
inserted into an expression system capable of producing the protein
antigen. The gene for the hepatitis B virus antigen has been inserted
into yeast cells, which produce large quantities of the antigen [1].
However, these conventional methods need several complicated
steps to recover the antigen from the protein fraction of microbial
cells to produce an efficient and high-purity vaccine. On the other
hand, the development of mycosis vaccines first requires the identifi-
cation of efficient antigenic proteins, because no clinically efficient
antigen has yet become available. This chapter describes technologies
that can be applied to find a novel antigen and conveniently produce
the antigen for the development of a mycosis vaccine.
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1.1 Screening for
Antigens Using
Proteomics

1.2 Molecular
Display Technology

In recent years, new approaches to the study of vaccine develop-
ment have involved screening for antigenic proteins. For instance, a
proteomic analysis of hyphal induction as an infectious phenotype
in Candida albicans identified characteristic cell wall protein pro-
files [2]. In another study, the virulent protein of C. albicans cul-
tured in serum was examined by liquid chromatography/tandem
mass spectrometry (LC-MS/MS) using a long monolithic capillary
column [3]. For this analysis, C. albicans was cultured in fetal
bovine serum (FBS) for 0—180 min, and the time-dependent varia-
tions of protein abundance in the cultured cells were quantified by
LC-MS/MS. A clustering analysis of the results identified some
FBS-induced proteins that were associated with virulence factors.

We can choose a convenient tool for the preparation of antigenic
proteins using an engineered microbial cell surface. This approach
is called “cell surface engineering” or “molecular display technol-
ogy” [4-6]. In general, the method involves the genetic fusion of
a heterologous protein to a cell wall protein, which results in the
hybrid protein being displayed on the microbial cell surface. The
use of molecular display technology to produce target proteins has
recently been especially well established for use with Saccharomyces
cerevisine and Lactobacillus casei. S. cerevisine and Lactobacillus spe-
cies are organisms that are “generally recognized as safe” for
human consumption, and engineered cells of these strains can be
used to prepare oral vaccines without purification, unlike recombi-
nant proteins produced in Escherichin coli [7].

Interestingly, the oral delivery of yeast cells that displayed
Enolp on their surfaces (Fig. 1a) protected 60% of mice against
candidiasis [8]. A similar study of L. casez also suggested that the
molecular display of antigenic proteins on microbial cell surfaces
(Fig. 1b) has a high potential to generate oral vaccines against
infectious diseases [9]. For the application of molecular display
technology, the only requirement is the availability of a DNA
sequence that encodes the antigenic protein; no purification step is
needed to produce oral vaccines (Fig. 2).

2 Materials

2.1 Strains

2.2 Vectors
and Primers

1. C. albicans strain SC5314 (American Type Culture Collection,
Manassas, VA, USA).

2. S. cerevisine strain BY4741 (MATa his3-1 len2 metl5 ura3)
(GE Healthcare, Little Chalfont, UK).

3. Lactobacillus casei strain 525 [10].

P

. pULDI §. cerevisine expression vector [8].

. pKV-Pald-pgsA380L L. casei expression vector [10].

[\
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2.3 Media
and Buffers

2.4 Reagents

2.5 Equipment

3.

[S2 0" “NVS I )

Primers for vyeast display; ENOI-ydF (5-ACGCGGC
CGCTCTTACGCCACTAAAATCCACGCC-3) and ENOI1-
ydR  (5-TGCTCGAGCAATTGAGAAGCCTTTTGGAAAT
CTTTACC-3').

. Primers for yeast display; ENOIL-LDF (5-CGGGATCC

ATGTCTTACGCCACTAAAATCCAC-3') and ENOI1-LDR
(5-GCTCTAGATTACAATTGAGAAGCCTTTTG
GAAATCTTTACC-3).

. Yeast extract—peptone—dextrose (YPD) medium: 1% (w/v)

yeast extract, 2% (w/v) glucose, and 2% (w/v) peptone.

. Fetal bovine serum (FBS).
. Phosphate-buffered saline.
. SDC medium: 2% (w/v) glucose, 0.67% (w/V) yeast nitrogen

base without amino acids, 1% (w/v) casamino acids, and sup-
plemented with appropriate amino acids.

. Lysis  bufter: 4% (w/v) 3-(3-cholamidepropyl)dimethyl

ammonio-1-propanesulfonate, 1% (w/v) dithiothreitol, 1%
(v/v) protease inhibitor cocktail, 7 M urea, and 2 M thiourea.

. 200 mM triethyl ammonium bicarbonate (TEAB).

. 200 mM Tris-(2-carboxyethyl) phosphine.

. 375 mM iodoacetamide.

. TMT (tandem mass tag) 6-plex labeling kit (Thermo Fisher

Scientific, Waltham, MA, USA).

. Sequencing-grade modified trypsin (Promega, Madison, WI,

USA).

. Protein Assay Bicinchoninate Kit (Nacalai Tesque, Kyoto,

Japan).

. BeadSmash 12° cell disruptor.
. 0.5 mm glass beads.
. LC-MS/MS: LC (UltiMate® 3000; Thermo Fisher Scientific);

MS (LTQ Orbitrap Velos™; Thermo Fisher Scientific).

3 Methods

3.1 Protein
Preparation
for Proteome Analysis

. Precultivate C. albicansin 300 mL YPD media for 24 h. Collect

C. albicans cells (5 g wet weight) by centrifugation at 4000 x 4
for 5 min at 25 °C and resuspend in fresh 300 mL YPD media.
Incubate the cells for 2 h at 37 °C to maintain the exponential
growth phase (Fig. 3a).
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. Collect C. albicans cells and transfer to 50 mL buffered YPD

media or FBS (30 mg wet weight of cells/mL). Immediately
shake the media for 0, 30, 60, 120, and 180 min at 37 °C (see
Note 1).

. After incubation, cool each cell sample in ice-cold water and

centrifuge at 7000 x g for 2 min at 4 °C.

. Wash the collected cells twice with PBS to eliminate serum

proteins (see Note 2).

. Resuspend cells in 700 pL lysis buffer. Mix the solution with

200 mg of 0.5-mm glass beads and disrupt mechanically ten
times using a BeadSmash 12¢ cell disruptor at 4 °C with 4000
agitations per minute for 1 min.

. Centrifuge the solution at 3000 x g for 15 min at 4 °C, and

collect the supernatant.

. Mix each supernatant (350 pL) with 135 pL of 200 mM TEAB

and 30 pL of 200 mM Tris-(2-carboxyethyl) phosphine.
Incubate the solution at 55 °C for 1 h for reduction.

. Add 60 pL of 375 mM iodoacetamide to the solution and

incubate for 30 min.
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3.2 TMT Labeling

3.3 LC-MS/MS
Analysis

3.4 Plasmid
Construction for Yeast
Surface Antigen
Display

9.

10.

Mix the reactant with 4 mL of ice-cold acetone and incubate at
—20 °C for 2 h to precipitate the proteins.

Resuspend precipitated proteins with 100 pL. of TEAB and
mix with 2 pL of 1 pg/pL sequencing grade modified trypsin
at 37 °C for 12 h.

. Dissolve the TMT-labeling reagents in 41 pL of acetonitrile

and mix with 30 pL of each tryptic digest.

. Quench the reactants by the addition of 8 pL of 5% (w/V)

hydroxylamine and then lyophilize after mixing the six solu-
tions in either the YPD or FBS series labeled with TMT-126 to
TMT-131 together in a 1:1:1:1:1:1 ratio (Fig. 3b).

. Reconstitute the dried samples in 90 pL of 0.1% (v/v) formic

acid.

. Inject tryptic digests and separate peptides by reversed-phase

chromatography using a long monolithic silica capillary col-
umn (see Note 3).

. Produce a solvent gradient by changing the mixing ratio of the

two eluents: A, 0.1% (v/v) formic acid; and B, 80% (v/v) ace-
tonitrile containing 0.1% (v/v) formic acid.

. Start the gradient with 5% B and increase to 45% B over

600 min, then further increase to 95% B to wash the column.

. Observe the separated analytes by MS with a full-scan range of

350-1500 m/z in the positive mode followed by 10 data-
dependent high-energy C-trap dissociation (HCD) MS/MS
scans acquired for TMT reporter ions.

. Apply an ESI voltage of 2.4 kV directly to the LC buffer distal

to the chromatography column using a MicroTee. Use a nor-
malized collision energy of 80% for HCD scans with an activa-
tion time of 0.1 ms. Set the ion-transfer tube temperature on
the LTQ Velos™ ion trap to 300 °C.

. Proteome Discoverer™ 1.2 (Thermo Fisher Scientific) can be

used for protein quantification. Protein identification can be per-
formed using MASCO'T (Matrix Science, London, UK) with the
assembly database at the Candida Genome Database [11].

. To construct the pULD-enol plasmid for the display of Enolp

(C. albicans antigen protein) from pULD1, amplify the Enolp
coding sequence by polymerase chain reaction (PCR) using
the primers ENOIl-ydF and ENOIl-ydR and the genomic
DNA of C. albicans.

. Insert the fragment of the gene encoding ENOI into the

pULDI plasmid. The resulting plasmid is referred to as pULD-
enol in the following sections (Fig. 4a) (see Note 4).
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3.5 Plasmid 1.
Construction for
L. casei Surface 2
Antigen Display

3.6 Oral 1.

Administration of Cells
Displaying C. albicans

Antigen 2

. Introduce the pULDI1-enol plasmid and parent pULDI plas-

mid (as a control) into §. cerevisine using the lithium acetate
method [12] to achieve the surface display of the antigenic
protein Enolp.

. Select the cells harboring these plasmids using uracil-deficient

SDC (SDC-ura) medium.

Amplify the ENOI gene by PCR with the primers ENO1-LDF
and ENOI1-LDR and the genomic DNA of C. albicans.

. Insert the ENOI PCR product into pKV-Pald-pgsA380L. The

resulting plasmid is referred to as pPG-enol in the following
sections (Fig. 4b) (sec Note 4).

. Introduce the constructed plasmid (pPG-enol) into L. casei

525 using the previously described electroporation protocol
for microorganisms [9].

. To assess the transformation of L. case; with the recombinant

plasmid, select colonies and perform PCR with primers flank-
ing a region on the PgsA-Enol-FLAG sequence.

Select a colony of cells harboring a plasmid for an antigenic
protein on the cell surface and place it in SDC-ura liquid
medium.

. Cultivate cells in SDC-ura liquid medium at 30 °C overnight.
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3.

Take 1 mL of cultivated liquid medium and pour it into fresh
SDC-ura liquid medium. Cultivate cells at 30 °C overnight.

4. Collect yeast cells by centrifugation at 6000 x g for 5 min.

. Wash the cell pellet with PBS and store at 4 °C until

administration.

. Check the display of Enolp by immunofluorescence staining

(Fig. 5) [8].

. Adjust the concentration of S. cerevisiae or L. casei cells displaying

Enolp on their surfaces to 1.6 x 10 cells in 400 pL using PBS.

. Administer solutions to mice at weeks 0, 1, and 3 (priming)

and at week 7 (booster) (see Note 5).

4 Notes

. In cultures of C. albicans grown in FBS, we observed hyphal

development, while cells maintained the yeast-type morphol-
ogy in YPD media.

. The cells were frozen quickly using liquid nitrogen and pre-

served at —80 °C until required.

. The monolithic column is prepared from a mixture of tetrame-

thoxysilane and methyltrimethoxysilane (470 cm long, 0.1 mm
internal diameter) as described previously [13].

Fig. 5 Immunofluorescence staining of antigens displayed on cell surface. (a, b)
S. cerevisiae BY4741 (control cells). (¢, d) S. cerevisiae harboring pULD1-enol.
(a, c) Bright-field images. Scale bars = 10 pm
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4. Check the nucleotide sequence of the plasmid using an ABI
PRISM® 3130 Genetic Analyzer (Applied Biosystems, Foster

City, CA, USA).

5. Suspend all inocula in PBS (400 pL per animal) and administer
via an intragastric tube after 2 h of fasting, once per day, 5 days

per week.
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Chapter 17

Precise and Efficient In-Frame Integration of an Exogenous
GFP Tag in Aspergillus fumigatus by a GRISPR System

Chi Zhang and Ling Lu

Abstract

As one of the most common airborne fungal pathogenic species, Aspergillus fumigatus intection is the
increasingly fatal threat to immunocompromised patients worldwide. Setting up an efficient live-cell
pathogen-labeling system will give insight into the dynamic process of the pathogen invasion in host,
which offers us opportunities to explore the pathogenesis of A. fumigatus. In this chapter, we have
described an efficient CRISPR-Cas9 system, which enables a precise in situ tag-insertion of an exogenous
GFP tag at the predicted site with or without marker insertion in A. fumigatus. According to the detect-
able proportional fluorescence intensity, it is possible to in vivo track the A. fumigatus infection and to
assess the fungal burden in relative organs.

Key words GFP, CRISPR-Cas9, Aspergillus fumigatus

1 Introduction

The CRISPR (clustered regularly interspaced short palindromic
repeats)-Cas9 system has emerged as a powerful tool for the
genome editing technology across varied species [1]. This bicom-
ponent system consists of a Cas9 endonuclease and a single guide
RNA (sgRNA) that recruits Cas9 to a site-specific target in the
genome [2]. The sgRNA consists of a CRISPR RNA (crRNA) and
a transactivating crRNA (tracrRNA) module. The ribonucleopro-
tein complex composed of Cas9 and sgRNA generates a double-
stranded break (DSB) in the target region [3]. The nick generated
by the complex is sealed by both endogenous repair mechanisms:
nonhomologous-end joining (NHE]J) and homology-directed
repair (HDR) [1]. Based on this principle, we have established a
high-efficiency CRISPR mutagenesis system with which we can
efficiently target the genome and introduce changes via
microhomology-mediated end joining (MME]) with only very
short (approximately 35-bp) homology arms [4]. Through this
approach, we can carry out precise and efficient in-frame integration

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_17, © Springer Science+Business Media LLC 2017
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of an exogenous GFP tag at the predicted site without marker
insertion (approximately 95-100% accuracy rate). Moreover, we
found that this MME]-CRISPR mutagenesis occurs via a ku80-
independent pathway, indicating that this system may serve as a
powerful and versatile genome-editing tool in clinical Aspergilins
isolates.

The CRISPR approach would make for an excellent method-
ology that could be applied to endpoint assessment in vaccine
studies. In order to evaluate antifungal vaccine protection, vacci-
nated laboratory animals can be infected with a constantly GFP-
expressing Aspergillus strain. Fungal fluorescence emission allows
in vivo monitoring of A. fumigatus infection and assessment of
fungal burden in organs, which are directly proportional to fluo-
rescence intensity.

2 Materials

2.1 Strains
and Reagents
for Aspergillus
Transformation

1. A. fumigatus strain A1160 (Aku80; pyrG1) was obtained from
EGSC [5].

2. A. fumigatus strain ZC03 (Aku80; pyrGl; AMAIL:PgpdA::
Cas9::pyr4) was constructed from A1160 transformed by plas-
mid FM-6 and this strain could constitutively express Cas9 [4].

3. Glucanex (lysing enzymes from Trichoderma harzianum,
Sigma-Aldrich, cat. no. 1.L1412-5G) and Yatalase (Takara, cat.
no. T017); Hygromycin B 200 mg/mL, 0.2 pm filtered.

4. Yeast extract and agar.

5. 20x salt solution (1 L): 120 g NaNO;,10.4 g KCI, 104 g
MgSO, -7H,0, 30.4 g KH,PO, Add ddH,O up to 1 L, auto-
clave and store at room temperature (RT).

6. Trace elements (100 mL): 2.20 g ZnSO,-7H,0, 1.10 g H;BO;,
0.50 g MnCl,-4H,0, 0.16 g FeSO,-7H,0, 0.16 g CoCl,-5H,0,
0.16 g CuSO,-5H,0, 0.11 g (NH,4);Mo,0,,4H,0, 5.00 g
Na,EDTA, put in 80 mL ddH,O in the order shown, make sure
each component is dissolved, add water up to 100 mL, you may
need to add KOH to fully dissolve trace elements solution,
store at 4 °C.

7. Minimal media (MM) (100 mL): 1 g glucose, 2 g agar, 0.1 mL
trace elements and 5 mL 20x salt solution, store at 4 °C.

8. YAG (100 mL): 0.5 g yeast extract, 2 g agar (BD Difco), 1 g
glucose, and 0.1 mL trace elements, store at 4 °C.

9. Liquid Minimal Medium (LMM) (100 mL): 1 g glucose, 5
mL 20x salt solution, 100 pL trace elements, 0.1 g yeast extract
(optional), supplements. Adjust pH to 6.5 prior to
autoclaving.



2.2 Material
Preparation for sgRNA
and GFP Repair
Template (Donor DNA)

2.3 Materials

10.

11.

12.

13.

14.
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Stabilized Minimal Medium (SMM) (1 L): 10 g glucose,
50 mL 20x salt solution, 1 mL trace elements, 218.6 g sorbitol
(1.2 M), 1 g yeast extract. Adjust pH to 6.5, add 10 g agar
prior to autoclaving.

Osmotic Medium buffer (OM buffer) (500 mL): 1479 g
MgSO, (1.2 M), 10 mM NaPhosphate buffer (can be made
from a 2 M NaPB stock, which has 90.9 g Na,HPO, and 163.4
g NaH,PO, per liter). Adjust pH to 5.8 with 1 M Na,HPO,,
filter sterilize and store at 4 °C.

Trapping buffer (1 L): 109.3 g Sorbitol (0.6 M), 0.1 M Tris—
HCI, pH 7.0 (can be made using 100 mL 1 M Tris), autoclave
and store at 4 °C.

STC buffer (1 L): 218.6 g sorbitol (1.2 M), 1.11 g CaCl, (10
mM), 10 mM Tris—-HCI, pH 7.5 (can be made using 10 mL
1 M Tris), autoclave and store at 4 °C.

PEG solution (1 L): 60% PEG 4000, 5.55 g CaCl, (50 mM),
50 mM Tris-HCI, pH 7.5 (can be made using 50 mL 1 M
Tris), autoclave and store at RT.

. Plasmid pX330 (Addgene, plasmid I1D: 42230). This plasmid

contains a codon-optimized human Cas9 gene and a sgRNA

scaffold.

. Takara DNA polymerase PrimeSTAR® HS and PrimeSTAR®

Max DNA Polymerase.

. MEGAscript T7 Kit (Life Technologies, cat. no. AM1333).

4. Gel Extraction Kit and PCR Purification Kit.

. Phenol/chloroform /isopropanol (25:24:1, pH > 7.8),

Chloroform, Isopropanol, RNase-free Water.

. 15 and 50 mL Centrifuge tubes.

and Equipment 2.1.5 mL MaxyClear Snaplock Microcentrifuge Tube,
Polypropylene, Clear, Nonsterile, (AXYGEN, cat. no.
MCT-150-C).
3. 50 and 250 mL conical flask.
4. Incubator and Thermal cycler.
3 Methods
3.1 Design Principle 1. Design for the optimal crRNA target sequence (Fig. 1).
?Z_dsz;"ﬁ ng:;nﬂote 7 (a) Guanine-cytosine (GC) content for the crRNA sequence

must be limited to a range within 40-60% [6, 7].

(b) The GC content of the six nucleotides adjacent to proto-
spacer adjacent motif (PAM) should be more than 40% [8].
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Fig. 1 Schematic illustration of the rules for designing the optimal crRNA target sequence

JGNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTA

GTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT

CCGTGGCTCAGCCACGAAAAAA
sgRNA-R

Fig. 2 Schematic illustration for design of primers T7-sgRNA-F and sgRNA-R

(c) A short crRNA sequence only with an 18-nt targeting
sequence is able to significantly decrease oft-target rate
while with a similar mutagenesis efficiency to a 20-nt tar-

geting sequence [8, 9].

(d) crRNA target sequence must be included two or three
nucleotides Gs in its 5’-sequence for the efficient transcrip-

tion of T7 promoter.

(e) At least 12-nt unique sequences adjacent to the PAM are
required for the design of crRNAs, which can be checked
in website http://www.aspergillusgenome.org/cgi-bin/
compute /blast_clade.pl (Input the crRNA sequence with
PAM—select intended Target Genomes—select complete
genome sequence as Target Sequence Dataset—Run blast).

2. Primers containing T7 promoter and crRNA sequences are
designed according to the rule shown in Fig. 2. After finishing
preparation of PCR, the followed procedure is carried out.

3. Mix PCR components in a PCR tube (Table 1).

4. Place the PCR reaction in a Thermal cycler, and run program

as shown in Table 2

5. Run all the PCR products on a 2% (wt/vol) agarose gel to
check the presence of an approximate 120 bp amplicon.

6. Purify the intended amplicon by an appropriate Gel Extraction

Kit (see Note 2).

7. Transcribe the sgRNA via the T7 MEGAscript kit (Life
Technologies) according to the manufacturer’s instructions

(Table 3).
8. Incubate the reaction mixture at 37 °C for 16 h.


http://www.aspergillusgenome.org/cgi-bin/compute/blast_clade.pl
http://www.aspergillusgenome.org/cgi-bin/compute/blast_clade.pl
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Table 1
PCR components for the dsDNA template

Amount per reaction
Component (uL or ng) Final concentration
5x PrimeSTAR buffer (Mg?* 10 pL 1x
plus)
dNTP Mixture (2.5 mM 4 pL 200 pM each
each)
10 pM T7-sgRNA-F 2 uL 0.4 pM/pL
10 pM sgRNA-R 2 uL 0.4 pM/pL.
pX330 200 ng 4 ng/pL
PrimeSTAR HS DNA 0.5 pL 1.25 units /50 pL
polymerase ddH,O
Up to 50 pL

Table 2
PCR program for dsDNA amplification

Cycle number Denature Anneal Extend

1 98 °C, 2 min

2-34 98 °C, 10 s 48-51°C, 20 s 72 °C, 15 s

35 72 °C, 5 min
Table 3

The recipe for sgRNA in vitro transcription

Amount per reaction
Component (uL or ng)
Nuclease-free water Up to 20 pL
ATP solution 2 L
CTP solution 2 uL
GTP solution 2 uL
UTP solution 2 uL
10x Reaction buffer 2 L
dsDNA template DNA 200 ng

Enzyme mix 2 pL
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3.2 Design

and Prepare the GFP
Repair Template
(Fig. 3, See Notes 3
and 4)

3.3 Transformation

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.
19.

Add 1 pL TURBO DNase from T7 MEGAscript kit, mix well
and incubate at 37 °C for 15 min (optional).

Add 115 pL. RNase-free water and 15 pL. ammonium acetate
stop solution, and mix thoroughly.

Extract with 150 pL phenol/chloroform/isopropanol
(25:24:1, pH > 7.8), and add 300 pL chloroform.

Centrifuge at 12,000 x g for 5 min, 4 °C.
Transfer aqueous phase to a new RNase-free tube.

Add 1 volume of isopropanol to precipitate the RNA and mix
well.

Chill the mixture for at least 15 min at —20 °C. Centrifuge at
4 °C for 15 min at maximum speed to pellet the RNA.

Carefully remove the supernatant solution and resuspend the
RNA in 75% ethanol. Centrifuge at maximum speed for
15 min, 4 °C.

Carefully remove the supernatant solution and air-dry the
RNA pellet for 5-10 min.

Add 20-30 pLL RNase-free water to dissolve the RNA.

Measure the RNA concentration and frozen store at =70 °C.

. Design the primers for amplification of donor dsDNA and mix

PCR components as Table 4.

. Run the PCR program in a Thermal cycler (Table 5).
. Run 2 pL. PCR products on a 1% (wt/vol) agarose gel to check

the presence of the intended amplicon.

. Purify the PCR products by an appropriate kit and elute in

20 pL STC bufter.

Protocol for the generation and transformation of protoplasts was
previously described by Huang et al. and Thomas Schathause et al.
[10, 11]. It has been modified for Aspergillus transtormation.

1.

Inoculate about 10° ZCO03 fresh spores in 100 mI, LMM and
shake at 28 °C, 280 rpm for approximately 14 h.

. Observe the presence of young germlings under the

microscope.

. Pellet the germlings in 50 mL tube at 13,000 x g for 10 min,

4 °C. Decant the supernatant and wash pelletin 20 mL ddH,O,
centrifuge again, and resuspend in 10 mL filter sterilized OM
buffer containing 30 mg/mL Yatalase and 45 mg/mL glu-
canex. Transfer the mixture into a sterilized 50 mL conical
flask (see Note 5).

. Shake at 28 °C, 80 rpm for 4.5 h. Check and verify the forma-

tion of protoplasts under microscope (see Note 5).
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A
Tagging a protein at the N-terminus Tagging a protein at the C-terminus
gene Locus Promoter _CrRNA ORF 1 Terminator
Repair Template ——
LeftAm  GFP  Right Arm LeftArm  GFP Right Arm
~30bp ~30bp ~30bp ~30 bp
eg. 1
ene Locus crRNA Sequence PAM
g -——--AGTTCACACTGCGCAAG ATGGATCAAGCACTGGCGCGCGCGGTGAGGG—

Initiation Codon

Repair Template _ p o1TcACACTGCGCAAG mmmmATGGATCAAGCACTGGCGCGCGCCGTGAGGG--
GFP Silent Mutation

Left Arm ) Right Arm
~30bp ~30bp

SrRNA crRNA

- -

promoter

. RNA S
eg. 2 PAM crl equence _>2bp
---CGACGCTCCATCCACAACACAGCTACCC-mmmmmmmmmmm ATGCTTGCTTCAG--------—-

Initiation Codon

--CGACGCTCCATCC s s A\ TGCTTGCTTCAG----—-----
Promoter GFP

(4 crRNA crRNA

. 4 D NN,

Marker Ma;e.r

eg. 3
PAM crRNA Sequerlce 2 bE
] > 1

---CGACGCTCCATCCACAACACAGCTACCC-mmmemmammnan ATGCTTGCTTCAG-----==--=-
Initiation Codon

—--CGACGCTCCATCC e — s ATGCTTGCTTCAG-----------
Marker Promoter GFP

Fig. 3 (a) Schematic illustration for design of repair templates for crRNA targets located at the initiation or stop
codon region. (b, ¢) Schematic illustration of repair templates for crRNA targets located at the promoter or
terminator region

Table 4
PCR components for the repair template amplification

Amount per reaction Final
Component (pL or ng) concentration
PrimeSTAR Max Premix (2x) 25 pL 1x
10 pM primer mixture (F) 2 ul 0.4 pM /pL
10 pM primer mixture (R) 2 uL 0.4 pM/pL
Template (plasmid) 100 ng 2 ng/pL

ddH,O Up to 50 pL
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Table 5

PCR program for repair template amplification

Cycle number Denature Anneal Extend
1 98 °C, 2 min
2-32 98 °C, 10 s 55-60 °C,20s 72 °C, (5-10 s/kb)
33 72 °C, 5 min
Table 6

The appropriate quantity of sgRNA and donor for transformation

Amount per

Component reaction (puL or pg)
(a)
Protoplast 80 uL
sgRNA >4 pg
Repair template (containing an integrated >4 g

selection marker)
(b)
Protoplast 80 uL
sgRNA >4 pg
Repair template (not containing >8 g

a selection marker)
Selection marker <4 pg

5. Transfer the protoplasts into a new 50 mL tube, carefully cover
the mixture with 10 mL trapping buffer, centrifuge at
11,000 x g for 15 min (see Note 5).

. Transfer about 6 mL protoplast suspension from the inter-
phase into a sterile 15 mL tube, pellet protoplasts with an equal
volume of STC buffer, centrifuge at 12,000 x g for 8 min,
decant the supernatant, and resuspend the protoplast in about
1 mL STC buffer (see Note 5).

. Add sgRNA and GFP repair template as mentioned in Table 6
to 80 pL protoplasts and incubate on ice for 50 min.

. Add 1.5 mL PEG solution to the mixture, mix gently by turn-
ing the tube on its side and rotating it and incubate at RT for
20 min.

. Add 2 mL STC butffer and 6.5 mL molten SMM (about 45 °C)
into the mixture and mix gently (see Note 5).



10.

11.

12.
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Quickly plate the 10 mL transformed mixture onto a 10 mL
solid SMM in Petri dish, and culture at 37 °C for about 3 days.

Purify the candidate transformants on the medium with cor-
responding selection stress.

Extract the genomic DNA of A. fumigatus for diagnostic PCR
and sequencing (see Note 6).

4 Notes

. To avoid affecting functions of the adjacent genes, the location

of crRNA target should be close to the target gene ORF.

. The purity of the dsDNA template is critical for the transcrip-

tion efficiency. Gel extraction of the intended amplicon is
necessary.

. If the crRNA sequence contains the initiation/stop codon or

the distance between the crRNA sequence and initiation/stop
codon is less than 3 bp, a precise in-frame integration of a pure
GFP tag with microhomology arms at the N- or C-terminus
can be carried out. For this case, a selection marker without
microhomology arms should be randomly integrated into
genome. Design details are described as in Fig. 3-¢4. I, where
the repair template GFP fragments harbored 39 bp micro-
homology arms located proximally to the PAM region. In
addition, in order to avoid repair-template-editing by Cas9, a
silent mutation must be introduced at the PAM site.

. If there are no suitable crRNA targets described in Note 3,

selecting a crRNA target sequence, which is closest to the ORF
in the promoter or terminator region, will be a compromised
alternative strategy. For this case, in order to integrate a GFP
tag into the N-terminus of a target protein, an extra-promoter-
sequence should be fused into the GFP repair template to
complement the disruption of endogenous promoter by Cas9.
In addition, the left microhomology arm of the modificatory
repair template should be located to the left side of the pre-
dicted cleavage site (between the third and the fourth base in
the front of the PAM), and the right microhomology arm
should be located to ATG region as shown in Fig. 3-¢4. 2. In
order to increase the mutagenesis efficiency, the selection
marker can be incorporated into the repair template as shown
in Fig. 3-¢g. 3.

. For transformation: the superabundant germling pellets will

reduce the efficiency of enzymolysis. Check every 30 min
under the microscope to see if protoplasts are being formed. If
protoplasts have been formed rapidly, reduce the incubation
time accordingly. Usually, 3—4 h are sufficient. Protoplasts are
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thin-walled and about two times as large as spores. Do not try
to mix the trapping buffer and osmotic medium buffer before
centrifugation. High quality protoplasts form a white disk in
the interphase. Add appropriate supplements for selection
markers, such as 150 pg,/mL hygromycin B.

. To verify the integration of exogenous donor in the target pro-

tein, PCR fragments (approximately 1 kb) covering the pre-
dicted Cas9 cleavage sites were generated from the purified
genomic DNA. Then, the perfect seamless conjunction
between GFP and target sequence should be confirmed by
sequencing and presence of fluorescence.
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Chapter 18

Endpoint Assessment in Rabbit Models of Invasive
Pulmonary Aspergillosis and Mucormycosis

Vidmantas Petraitis, Ruta Petraitiene, William W. Hope,
and Thomas J. Walsh

Abstract

Multiple animal models have been developed to study the pathogenesis of invasive pulmonary aspergillosis,
as well as to evaluate the efficacy, pharmacokinetics, and pharmacodynamics of various antifungal agents
and vaccines. Each model is beneficial depending on the questions that are asked. In this chapter, we will
discuss the endpoints assessment of the persistently neutropenic rabbit models of invasive pulmonary
aspergillosis and invasive pulmonary mucormycosis.

Keywords Aspergillosis, Mucormycosis, Endpoints, Pulmonary, PCR, Galactomannan, (1 — 3)-
B-p-glucan

1 Introduction

Invasive pulmonary aspergillosis (IPA) and invasive pulmonary
mucormycosis (IPM) are life-threatening infections in immuno-
suppressed patients, particularly in those with severe and prolonged
neutropenia as a consequence of aplastic anemia, myelotoxic che-
motherapy for the treatment of cancer, and in those receiving
immunosuppressive medication for rejection prophylaxis after
organ transplantation or treatment of graft-versus-host disease in
allogeneic bone marrow transplantation [1-4]. Eleven new anti-
fungal agents have been developed in different classes including
triazoles, echinocandins, and lipid formulations of amphotericin B
through these model systems from bench to bedside. Several new
compounds are now in the path of development. These models
also provide a platform for the study of antifungal vaccines.
Endpoint interpretation allows better understanding of the patho-
genesis of IPA and IPM, as well as the evaluation of efficacy,
pharmacokinetics, and pharmacodynamics of new antifungal agents
and novel vaccines.

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_18, © Springer Science+Business Media LLC 2017
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This chapter herein will describe a panel of endpoint variables
in the persistently neutropenic rabbit model of IPA and IPM,
including residual fungal burden (quantitative cultures), organism-
mediated pulmonary injury (lung weights, pulmonary infarct
scores, and ultrafast computerized tomography), survival, serum
galactomannan antigenemia [detected by the double sandwich
enzyme-linked immunosorbent assay (ELISA)], (1 — 3)-p-b-
glucan levels (detected by Limulus amebocyte lysate assay), and
pharmacokinetic-pharmacodynamic endpoints. Further discussion
is provided in describing the use of quantitative real-time PCR as
an endpoint in IPM.

2 Materials

2.1 Quantitative
Fungal Cultures

2.2 Organism-
Mediated Pulmonary
Injury

2.3 (1- 3)-p-o-
Glucan Assay

2.4 Galactomannan
Assay

2.5 PCR Studies
of IPA and IPM

2.5.1 PCR for Sera

. Sterile polyethylene bag.

. 0.9% sterile normal saline.

. Homogenizer (Stomacher 80; Tekmar® Corp., Cincinnati, OH).
. Sabouraud Glucose Agar (SGA) plates.

. Incubator 37 °C.

[ 2T SNV S

. Surgical tools and instruments.

(NS

. Sedation solution: ketamine and xylazine.

3. Ultrafast electron-beam CT scanner (model CE 0459 HiSpeed
CT/I; GE Medical Systems, Milwaukee, Wis.).

The assay for the detection of (1 — 3)-p-b-glucan (Fungitell,
Associates of Cape Cod).

1. Platelia Aspergilius, Immunoenzymatic detection of galacto-
mannan antigen of Aspergillus in serum (Sanofi Diagnostics
Pasteur or now Bio-Rad, Marnes La Coquette, France).

2. Microplate spectrophotometer equipped with 450- and
620 nm filters.

. MagNA Pure LC system.

. DNA Isolation Kit III for bacteria and fungi.
. Bacteria Lysis Buffer.

. Proteinase K (Sigma Aldrich).

. Eppendorf thermomixer (Eppendorf).

. Phosphate-buffered saline (PBS).

. qPCR LightCycler Instrument (Roche Applied Sciences,
Indianapolis, IN).

N QN Ul N
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. Master mix for MqPCR-1: 0.25 pM of each primer, 1x PCR

bufter (Invitrogen Corp., Carlsbad, CA), 3 mM MgCl,, 0.025%
BSA (Sigma-Aldrich Corp., St. Louis, MO), 0.025 U Platinum®
Tag DNA polymerase (Invitrogen Corp., Carlsbad, CA),
0.2 mM PCR Nucleotide Mix™= (1 dATP, dCTP, dGTP, and 3
dUTP) (Roche Applied Sciences, Indianapolis, IN), 0.1 pM of
each fluorescein (FITC) and LC Red-640 probes (RD640)
(Idaho Technology, Inc., Salt Lake City, UT), and 0.002 U/pL
HK-UNG (uracil N-glycosylase) (Epicentre, Madison, WI).

. Master mix for MqPCR-2: 0.5 pM of each of the primers, 1x

PCR bufter (Invitrogen Corp., Carlsbad, CA), 4 mM MgCl,,
0.025% BSA (Sigma-Aldrich Corp., St. Louis, MO), 0.025 U/ml
Platinum® Taq DNA polymerase (Invitrogen Corp., Carlsbad,
CA), 0.2 mM PCR Nucleotide Mix S (Roche Applied
Sciences, Indianapolis, IN), and 0.2 pM of each FITC and
RD640 probes (Idaho Technology, Inc., Salt Lake City, UT).

. Spheroplast buffer: 1.0 M sorbitol, 50.0 mM sodium phos-

phate monobasic, 0.1% 2-mercaptoethanol, 10 mg of lyticase /mL
[Sigmal].

2. Rocking platform.

O 0 NN O Ul

16.

. AP1 bufter (DNeasy plant kit; Qiagen, Valencia, CA).
. Lysing matrix D tubes (Fastprep sample preparation system;

QBIOgene/MP Biomedical, Irvine, CA).

. FastPrep instrument (QBIOgene/MP Biomedical).

. 100 mg,/ml RNase A.

. Eppendorf thermomixer (Eppendorf, Westbury, NY).
. DNeasy plant kit.

. AE butffer (Qiagen, Valencia, CA).

10.
. Oligo software (Molecular Biology Insights, Cascade, CO).
12.
13.
14.
15.

Sterile water.

Probes (Idaho Technologies, Salt Lake City, UT).
Sequencher software package (Gene Codes Corp., Ann Arbor, MI).
The NCBI BLAST database search program.

The PCR master mix: 0.5 pM of each of the primers, 5 mM
MgCl,, 0.025% bovine serum albumin (Sigma-Aldrich Corp.,
St. Louis, MO), 0.05 U/mL Platinum 7zg DNA polymerase
(Invitrogen Corp., Carlsbad, CA), 10 pL PCR buffer
(Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide
Mix Plus (dATP, dCTP, and dGTP at 10 mM each and dUTP
at 30 mM; Roche Molecular Biochemicals, Indianapolis, IN),
and 0.1 pM each of the fluorescein and LC Red-640 probes.

HK-UNG thermostable uracil N-glycosylase (Epicentre,
Madison, WI).
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2.6 Histopathology

2.7 Pharma
cokinetics and
Pharmacodynamics

B~ W N

1. 10% necutral buffered formalin.
2. Paraffin.

3.
4
5

Periodic acid-Schift (PAS) stain kit.

. Grocott-Gomori methenamine silver (GMS) stain kit.

. Microscope.

1. Collect the blood via the indwelling Silastic catheter [5] at
24 h post-inoculation, just prior to the initiation of anti-
fungal treatment or vaccine and every other day thereafter
tor the determination of the serum galactomannan levels.

2. Determine the concentrations as described above by the
one-stage immunoenzymatic sandwich microplate assay
method.

. Indwelling Silastic catheter.

. Heparinized syringes.

. HPLC or LC-MS/MS.

. Pmetrics™ software (v1.3.2, University of Southern CA, Los

Angeles, CA, USA).

. ADAPT 5 (https://bmsr.usc.edu/software /adapt/ Biomedical

Simulations Resource, Los Angeles, CA, USA).

3 Methods

3.1 Quantitative
Fungal Cultures

Quantitative lung cultures facilitate the determination of the bur-
den of organisms within tissue. Measured in units of colony-
forming units per gram of tissue (CFU /g), changes in quantitative
lung cultures reflect the growth of organisms in untreated controls
or the effect of an antifungal agent or vaccine that may augment
pulmonary host defenses.

1.

Sample lung tissue from each rabbit and culture by a standard
excision of tissue from each lobe.

. Weigh each fragment individually, place in a sterile polyethyl-

ene bag, and homogenize with 0.9% sterile normal saline for
30 s per tissue sample.

. Prepare lung homogenate dilutions (107! and 107?) in 0.9%

sterile normal saline.

. Plate aliquots (100 pL) from homogenates and homogenate

dilutions onto SGA plates and incubate at 37 °C for 6-8 h in
IPM model and for 24 h in IPA model.

. Count the number of CFU of Aspergillus fumigatus or

Mucorales for each lobe, and calculate the CFU /g (see Notes
1 and 2).


https://bmsr.usc.edu/software/adapt/

3.2 Organism-
Mediated Pulmonary
Injury

3.2.1 Pulmonary Lesion
Scores and Lung Weights

3.2.2 Ultrafast
Computerized Tomography
(UFCT)
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Patients who develop IPA and IPM suffer serious morbidity and
high mortality as the result of organism-mediated pulmonary injury.
Aspergillus spp. and Mucorales mediate pulmonary injury through
several mechanisms, the most striking of which is angioinvasion.
Through the mechanism of angioinvasion, the damaged blood ves-
sels and endothelium promote vascular thrombosis with ensuing tis-
sue ischemia, infarction, and necrosis. In thrombocytopenic hosts,
the infarction is hemorrhagic resulting in impaired ventilation of the
damaged lung. Assessment of this process is assessed by pulmonary
infarct scores, lung weights, and computerized tomographic scans.

1. For the assessment of pulmonary lesion scores and lung weights,
resect carefully the entire heart-lung block at necropsy.

2. Dissect the heart away from lungs, leaving tracheobronchial
tree and lungs intact.

3. Weigh the lungs and inspect by at least two observers, who are
blinded to the treatment group, and record hemorrhagic
infarct lesions (it any) in each individual lobe.

4. Define hemorrhagic infarcts as dark red consolidated lesions
that correspond histologically to coagulative necrosis and
intra-alveolar hemorrhage.

5. Add the number of positive lobes together, and calculate the
mean value of all positive lobes for each treatment group [6-11].

Two-dimensional ultrafast computerized tomography is an accurate
tool in measuring pulmonary infiltrates in real time in experimental
IPA. Pulmonary infiltrates in neutropenic hosts with invasive pul-
monary aspergillosis are caused by vascular invasion, hemorrhagic
infarction, and tissue necrosis. Monitoring the dynamics of pulmo-
nary injury of invasive aspergillosis is an important tool for assessing
response to antifungal therapy and vaccines. Serial CT scans of the
lungs are obtained during all experiments in order to monitor the
eftects of antifungal or vaccine therapy on organism-mediated pul-
monary injury during the course of infection.

1. Sedate the rabbits with ketamine and xylazine and place prone,
head first, on the scanning couch.

2. Perform CT with an ultrafast electron-beam CT scanner (see
Note 3).

3. Use a small scan circle and a 9.6-cm-diameter reconstruction
circle with a matrix of 512 by 512 (see Note 4).

4. Scan parameters are 80 kV and 120 mA, and the scan duration
is 0.8 s (see Note 5).

5. Photograph the images by using lung windows with a level of
—600 Hounsfield units and a width of 1800 Hounsfield units.

6. Establish a mean 2-dimensional CT scan lesion score by evalu-
ating the infiltrate in each lobe (see Notes 6 and 7).



264 Vidmantas Petraitis et al.

3.2.3 Multidimensional
Volumetric Imaging (MDVI)

3.3 Survival

We further developed a method for multidimensional volumetric
imaging (MDVI) of pulmonary infiltrates for measuring therapeu-
tic response to antifungal or vaccine therapy in IPA in persistently
neutropenic rabbits [12]. We developed a semiautomatic method
to measure the volume of lung lesions, which is implemented as an
extension of the MEDx visualization and analysis software using
UFCT. The steps used in the technique are described below. A
point is placed within the lung on each CT section.

1. Perform seeded region growing with an inclusion threshold
range of (1023-775) to segment the lung.

2. A contour of the segmented lung boundary is automatically
created.

3. If necessary, select the option to semiautomatically exclude
non-lung tissue or include nonsegmented lung tissue and to
re-perform region growing.

4. If necessary, also make fine manual adjustments of the lung
boundary contour.

5. Compute the area of all pixels inside the lung boundary con-
tour that are above a threshold of 500 Hounsfield units. This
is the lung lesion area. Then determine the sum of the lesion
areas from all relevant CT sections and multiply it by the slice
thickness. This is the total lesion volume. Implement a com-
mon strategy of first segmenting the lung image and then look
inside the lung tissue for lesions (se¢ Notes 8 and 9).

6. Compare volumetric infiltrate measures with UFCT reading,
histopathological resolution of lesions, microbiological
clearance of Aspergillus fumigatus, and galactomannan index
(GMI) [12].

7. Perform these steps for each CT section.

Although measurement of survival is a time-honored but relatively
insensitive endpoint in assessing the effects of antifungal or vaccine
therapy, immunomodulation, or virulence in IPA or IPM, a differ-
ence in survival provides reassuring data supporting potential clini-
cal efficacy. Survival in IPA or IPM is ultimately determined by
organism-mediated pulmonary injury.

1. Record duration of survival in days post-inoculation for each

rabbit.

2. Euthanize the rabbits upon reaching prespecified humane end-
points approved by Animal Care and Use Committee by intra-
venous administration of pentobarbital at the end of each
experiment.

3. Euthanize surviving rabbits on day 14 of study.

4. Analyze and plot the data by log-rank test by Kaplan-Meier
methods [7, 9, 10, 13].
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3.5 Galactomannan
Assay
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(1 — 3)-p-n-glucan in serum, bronchoalveolar lavage (BAL) fluid or
cerebrospinal fluid (CSF) also is used as a sensitive biomarker for anti-
fungal or vaccine therapeutic response. (1 — 3)-p-D-glucan in serum
or BAL fluid also demonstrates a strong correlation between thera-
peutic outcome and biological outcome variables, including quanti-
tative cultures, organism-mediated pulmonary injury (lung weights,
pulmonary infarct score, and CT scan lesion scores), and survival.

1. Collect blood samples from each rabbit every other day for the
determination of plasma (1 — 3)-p-p-glucan levels.

2. Use the Fungitell assay for the detection of (1 — 3)-f-p-glucan
which is licensed for diagnosis of invasive fungal infections.

3. Detection of (1 — 3)-p-p-glucan is possible using a colorimet-
ric assay read at 405 nm (with 490 nm background subtrac-
tion), based upon para-nitroanilide absorption at that
wavelength. Lipopolysaccharide and (1 — 3)-p-p-glucan initi-
ate the coagulation cascade in the horseshoe crab (Limulus
polypbemus or Tachypleus tridentatus) by activating different
serine protease zymogens, factors C and G. Lipopolysaccharide
specifically activates factor C, while (1 — 3)-p-p-glucan acti-
vates factor G. Specificity of (1 — 3)-p-p-glucan is ensured by
using a Limulus polyphemus amebocyte lysate that is depleted
of factor C. The activated factor G converts the inactive pro-
clotting enzyme to the active clotting enzyme, which in turn
cleaves pNA from the chromogenic peptide substrate, Boc-
Leu-Gly-Arg-pNA, creating a chromophore that absorbs at
405 nm. The reagent is used in the Fungitell kinetic assay to
detect the rate of optical density increase in a sample. This rate
is interpreted against a standard curve to produce estimates of
(1 — 3)-p-p-glucan levels in the sample.

4. Interpretation of (1 — 3)-p-p-glucan values, according to
manufacturer’s instructions for use: <60 pg/mlL, negative; 60
to 79 pg/mL, indeterminate; > 80 pg/mL, positive. The cor-
relation coefficient of the standard curve is 7 > 0.9992 (range
from 0.9982 to 0.9998) [10, 14, 15] (see Notes 10 and 11).

Galactomannan is a cell wall carbohydrate found in Aspergillus spp.
Our studies have consistently demonstrated a strong correlation
between therapeutic outcome and biological outcome variables,
including quantitative cultures, organism-medicated pulmonary
injury (lung weights, pulmonary infarct score, and CT scan lesion
scores), and survival [6, 9-11, 14-19].

1. Collect the blood every other day from each rabbit for the
determination of serum galactomannan antigen levels.

2. Perform the Platelia Aspergillus one-stage immunoenzymatic
double-sandwich microplate assay (EIA) to determine galacto-
mannan antigen levels according to manufacturer’s directions
(see Note 12).
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3.

Briefly, mix 300 pL of each sample (serum or BAL fluid) with
100 pL of treatment solution and subsequently heat the mix-
ture at 100 °C for 3 min with a solution of EDTA in order to
dissociate the immune complexes and to precipitate serum
proteins that could interfere with the ELISA (see Note 13).

4. Centrifuge the specimens at 28,000 x g for 10 min.

AN

10.

11.

12.

13.

14.

15.

. After centrifugation, use the supernatant for further testing.

. Add an aliquot of 50 pL of conjugate (horseradish peroxidase-

labeled monoclonal antibody EBA-2) to each well of the
monoclonal antibody EBA-2-coated microplate, followed by
the addition of 50 pL of the supernatant and incubate for
90 min at 37 °C.

. After incubation wash the plates five times and add 100 pL of

substrate-chromogen solution containing tetramethylbenzi-
dine to each well, and incubate the plates for 30 min at room
temperature in darkness (see Note 14).

. Stop the enzyme reaction by the addition of'a 1 N sulfuric acid

solution and the blue color in the wells will change to yellow.

. Determine optical absorbance of specimens and controls with

a spectrophotometer set at 450,/620 nm wavelengths.

Calculate the galactomannan index (GMI) for each test sample
by dividing its optical density (OD) by the mean cutoff value
of the threshold control serum provided in the test kit (titrated
at 1 ng/mL).

For validation, each assay contained one negative control (no
galactomannan), one positive control containing 5 ng/mL of
galactomannan, and a duplicate threshold control serum con-
taining 1 ng/mL galactomannan for the calibration and con-
version of the measured absorbances into indexes.

The optical density of the threshold control (cut-oft control
serum) is recommended by the manufacturer to be between 0.300
and 0.800 (>0.300 and <0.800), the ratio between the negative
control and the threshold control is recommended to be below
0.40 (<0.40), and that of the positive control and the threshold
control is recommended to be greater than 1.50 (>1.50).

Calculate the ratio between the optical density of the test sam-
ple and that of the threshold control for each sample.

According to the manufacturer’s recommendations, a ratio of
less than 0.50 (<0.50) is considered negative, sera/BAL fluid
with an index greater than or equal to 0.50 (>0.50) is considered
positive for galactomannan antigen. For convenience, the term
galactomannan index (GMI) simply refers to EIA test results.

Plot serial serum or BAL fluid galactomannan levels over time
of administration of antifungal compound or vaccine and time
of initiation of study drug treatment.
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of IPA and IPM

3.6.1 Design of Assays

3.6.2 PCR for Sera
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Genomic DNA of Mucorales or Aspergillus spp., which can be
detected in BAL fluid and in serum or plasma, can be used as end-
point biomarkers for therapeutic response to antifungal agents or
vaccines and as indicators of virulence. We will exemplity the utility
of fungal PCR through our studies of experimental IPM.

1.

In order to measure circulating Mucorales-derived DNA, apply
two previously validated real-time, quantitative PCR (qPCR)
assays [20], using fluorescence energy transter (FRET) tech-
nology and targeting the 285 rRNA gene for the following
genera: Rhbizopus, Mucor, Rhizomucor, and Cunninghamelin.

. The amplicons of the first Mucorales qPCR assay (MqPCR-1)

from Rbizopus, Mucor, and Rhizomucor species are distin-
guished through melt curve analysis.

. The second Mucorales qPCR assay (MqPCR-2) detected

Cunningbamella species using a different primer/probe set
(see Note 15).

Circulating genomic DNA from Mucorales test species is measured
in plasma every other day by a quantitative real-time Light Cycler-
based PCR assay using primers and probes designed from 28 s
rRNA gene sequences.

1.

Extract plasma samples (100 pL) using the automated extrac-
tion MagNA Pure LC system with the DNA Isolation Kit III
for bacteria and fungi.

. Add 130 pL aliquot of Bacteria Lysis Buffer and 20 pL of

Proteinase K to the serum. Vortex the samples and incubate at
65 °C for 10 min in an Eppendorf thermomixer at 400 x 4.

. After incubation, centrifuge the samples 1 min at 1000 x gand

mix gently. Equilibrate the samples (250 pL) to room tempera-
ture and subsequently add to the sample cartridge prior to
being processed by the MagNA Pure LC instrument.

. Process an aliquot of 250 pL of PBS as a control. Store the

samples at —20 °C until analyzed by qPCR.

. Perform qPCR assays with a LightCycler. Include a “kit blank”

(water processed through extraction protocol) and a negative
master mix control (water) in each PCR run.

. Prepare master mixes in a laminar flow hood that is located in

a room separate from that where DNA extractions are
performed.

. For both assays, add 5 pL of extracted plasma to 15 pL of mas-

ter mix. Just prior to adding 5 pL of extracted specimen to the
master mix, briefly vortex all extracted specimens and then
centrifuge for 45 s at 4500 x g.
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3.6.3 PCR for BAL

10.

11.

12.

13.

14.

15.

16.

17.

. Uracil is released by incubating at 37 °C for 15 min, followed

by enzyme inactivation at 95 °C for 3 min.

. Perform touch-down PCR cycling as follows: 95 °C denatur-

ation for 0 s, followed by annealing in 1 °C incremental steps
between 68 °C and 54 °C for 5 s each with a 72 °C extension
of 15 s for each cycle.

Follow touchdown cycling with 35 cycles of 95 °C for O s,
54 °C for 5 s, and 72 °C for 15 s.

Following amplification, perform melt curve analysis by cool-
ing from 96 °C to 40 °C for 30 s, followed by a gradual increase
in temperature (2 °C/s) to 75 °C.

In case of the second master mix (MqPCR-2), as with qPCR-
1, HK-UNG thermostabile uracil N-Glycosylase is utilized as
recommended by the manufacturer to prevent potential ampli-
con carryover.

The cycling conditions are as follows: uracil activation, 37 °C,
15 min (slope 20 °C/s), uracil heat-inactivation, 95 °C, 3 min
(slope 20 °C/s) for 1 cycle.

Amplification cycles: denaturation 95 °C, 0 s (slope 20 °C/s),
annealing 57 °C, 5 s (slope 10 °C/s), extension 72 °C, 15 s
(slope 3 °C/s) for 50 cycles. A melt cycle 96 °C, 0 s (slope
20 °C/s), 40 °C, 30s (slope (2 °C/s), 75 °C, 0 s (slope
0.2 °C/s)) is performed at the end of each run to confirm that
the correct amplicon is generated via the PCR product melt
temperature analysis.

DNA copy number/mL of serum is used for quantification of
circulating DNA.

The area under the concentration time curve (AUC) is then
calculated.

The AUCO-co0 is calculated from amplicon plasma concentra-
tion profiles over time using the linear trapezoidal rule with
extrapolation to infinity by standard techniques.

. Thaw frozen BAL fluid samples before extraction is

performed.

. As previously described [16], vortex the samples for 1 min

before a 500 pL aliquot is taken for processing.

. Following centrifugation for 10 min at 16,000 x g, discard the

supernatant, and gently resuspend the pellet in 100 pL sphero-
plast buffer and 10 pL of lysing enzymes and incubate at 37 °C
on a rocking platform for 60 min.

. After centrifugation for 20 min at 400 pg, resuspend the

spheroplast-BAL fluid pellet in 400 pLL AP1 buffer.

. Add the sample to lysing matrix D tubes and process using a

FastPrep instrument.
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17.
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19.
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. Centrifuge specimens at 16,000 x g for 30-60 s and then vor-

tex gently.

. Transfer an aliquot of 300 pL of the specimen to a 1.5 mL tube

and adjust to a volume of 400 pL. with AP1 buffer.

. Add an aliquot of 4 pL of RNase A (100 mg/ml), vortex vig-

orously, and incubate for 10 min at 65 °C in an Eppendorf
thermomixer at 400 x g.

. Follow the DNeasy plant kit protocol with the following mod-

ification: after the 200 pL of preheated (65 °C) AE bufter is
applied to the column, heat the entire apparatus (column and
collection tube) at 65 °C in an Eppendorf thermomixer for
5 min.

Also, process an aliquot of 100 pL of sterile water as described
above as a control for any contamination from the DNA extrac-
tion kit components.

Design a real-time quantitative PCR assay targeting the ITS1,
5.8S, and I'TS2 regions of the rRNA gene complex.

Design the primers and probes using Oligo software based on
a multiple sequence alignment of rRNA sequences from
GenBank, utilizing the Sequencher software package. Use the
NCBI BLAST database search program to determine the
uniqueness of the primers and probes for A. fumigatus (see
Note 16).

Utilize HK-UNG thermostable uracil N-glycosylase as recom-
mended by the manufacturer to prevent potential amplicon
carryover.

Each reaction mix contains an aliquot of 5 pL of extracted
specimen, together with 15 pL of the master mix.

The cycling conditions are as follows: uracil activation (37 °C,
180 s), uracil heat inactivation (95 °C, 60 s for 1 cycle), and
denaturation (95 °C, 0 s), annealing (58 °C, 5 s), and exten-
sion (72 °C, 15 s) for 50 cycles.

Perform quantitation standards in conjunction with each set of
samples.

Screen the BAL fluid samples from each rabbit with the follow-
ing controls: (a) DNA extracted from normal BAL fluid and
(b) a negative control master mix (sterile water).

Use tenfold serial dilutions of genomic DNA extracted from
A. fumigatus isolate 4215 as external quantitation standards
tor all quantitative PCRs.

In order to confirm the lack of PCR inhibitors in BAL fluid
samples, perform a separate set of PCR/fluorescent reso-
nance energy transfer reactions that specifically did not target
A. fumigatus (or mammalian) DNA (see Note 17).
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3.7 Histopathology

3.8 Pharma
cokinetics and
Pharmacodynamics

3.8.1 Blood Collection

3.8.2 Single and
Multiple-Dose PK Analyses

20. Test the presence of inhibitors, by comparing the amplification
efficiency of this reaction with the extracted samples against
those performed with sterile water (see Note 18).

Histopathology of IPA and IPM provides important insight into
the relative burden of organism, morphology of organisms, and
degree of organism-mediated pulmonary injury.

1. Excise the lesions and fix in 10% neutral buffered formalin.

2. Stain the paraffin-embedded tissue sections with periodic acid-
Schiff (PAS) and Grocott-Gomori methenamine silver stains
(GMS).

3. Examine the tissues microscopically for histologic indicators of
pulmonary injury [8, 11, 15, 21].

The rabbit models of IPA and IPM are also used to determine the
immunopharmacology, pharmacokinetics (PK), and pharmacody-
namics (PD) of the exposure-response relationship of antifungal
agents and vaccines [7, 8, 10, 19, 21-30]. We will describe herein
the use of serum galactomannan suppression to characterize the
PK/PD relationship [18].

1. Collect the blood via the indwelling Silastic catheter [5] at
24 h post-inoculation, just prior to initiation of antifungal
treatment or vaccine and every other day thereafter for the
determination of the serum galactomannan levels.

2. Determine the concentrations as described above by the one-
stage immunoenzymatic sandwich microplate assay method.

1. Conduct single-dose PK analyses in four noninfected rabbits
per each dosage group.

2. Time points, depending upon the antifungal agent or vaccine,
for example may include pre-dose, 1, 2,4, 8, 12, 18, 24, and
48 h post-dosing.

3. Determine multiple-dose PKs in infected animals 7 days
post-inoculation.

4. Draw blood samples in this population pre-dose and at 1, 4, 8,
and 24 h post-dosing.

5. Collect each blood sample for PK assay in heparinized syringes.

6. Separate plasma samples immediately by centrifugation at
400 x g and store at —80 °C until assayed.

7. Measure the antifungal agent or vaccine in serum by a vali-
dated HPLC or LC-MS/MS assay.
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and Pharmacodynamic
Mathematical Modeling

Pulmonary Aspergillosis and Mucormycosis 271

Perform mathematical modeling in a step-wise manner as follows.

1.

First, construct a population pharmacokinetic (PPK) model
using non-parametric estimation in Pmetrics™ software [31]
and fitted to the rabbit plasma concentration data [31].

. Estimate the weighting functions using a combination of

ADAPT 5 and Pmetrics error estimation runs. Specifically, in
ADAPT 5, estimate slope and intercept values using maximum
likelihood estimation for each individual rabbit.

. In Pmetrics, use the error estimation run script (i.e., ERRrun)

to estimate the assay error polynomial coefficients directly from
the data.

. After establishing a model that best describes the PK data, add

the galactomannan concentrations to the dataset for each indi-
vidual rabbit.

. Build linked PK-PD model using the following set of difteren-

tial equations:

dXP /dt(1)= -Ka- X (1) (1)

dXP / deXP(2) = Ka- X (1) ((%1) . X(Z)J CKep X(2)+Kpe-X(3)  (2)

dXP /dtXP(3)= Kcp- X (2)— Kpe- X (3) (3)

(2

Hp
X (2
C50p”"+(( ))

()

([ B

dXP /dt(4)=Kp,, | 1-

X(4) (4)

The first three equations describe the pharmacokinetics of the
drug, (compartment 1, theoretical absorptive compartment for
oral administration; 2, central compartment, and 3, peripheral
compartment). Cl is the clearance defined, as the amount of drug
being cleared from the central compartment over time and V'is the
volume of the central compartment. Ka is the first-order absorp-
tion constant, Kcp is the rate of drug moving from the central to



272 Vidmantas Petraitis et al.

3.8.4 Bridging
to Humans

peripheral compartment, and Kpc is the rate of drug moving from
the peripheral to central compartment. Equation 4 describes the
rate of change of the serum galactomannan values. Kp,,,, repre-
sents the maximum rate of production, Hp is the slope function for
production, Cs, is the amount of drug where there is half maximal
production, pop,. is the theoretical maximum density of galacto-
mannan, ks, is the maximum rate of galactomannan suppression,
Csos 18 the amount of drug where there is half maximal suppression,
and Hs is the slope function for the galactomannan suppression.

6. Evaluate an acceptance of the final model by visual inspection
of the observed-versus-predicted values plotted over time after
the Bayesian step, the coefficient of determination (7?) from
the linear regression of the observed versus predicted values, as
well as, evaluation of the estimated bias and precision.

7. After fitting the model to the PK-PD data, use the Bayesian
posterior estimates for each rabbit to estimate the

concentration-time profiles for antifungal agent or vaccine and
GMLI for each rabbit. Perform the simulations in ADAPT 5.

8. Calculate area under the plasma concentration-time curves
(AUCGs) by the linear trapezoidal rule from the simulated
concentration-time profiles on the last day of dosing (at steady-
state) in ADAPT 5.

9. Using simulated AUC values of the antifungal agent or vaccine
and the GMI at the end of the dosing period for each rabbit,
construct an inhibitory sigmoid E,,, model to establish the phar-

macodynamic relationship between exposure (AUC) over MIC
and response (GMI). Use the model Eq. 5 described below:

AUC)H

Effect = EQ - ( MIC o
A UC)

EC50" +(
MIC

(5)

EQ is the baseline level of galactomannan prior to exposure to
drug, E., is the maximum galactomannan value, ECs, is a measure
of drug potency, and H is the slope factor.

To bridge the exposure-response results from the rabbits to
humans, a PPK model may be constructed using the antifungal
agent or vaccine plasma concentration data from one or more clini-
cal trials.

1. Develop a PPK model using nonparametric estimation in
Pmetrics software [31] (see Note 19).

2. Use Mean Bayesian parameter estimates from the fitted human
model to perform Monte Carlo simulations of 1000 patients
using Pmetrics.
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. Use the simulations to calculate steady-state AUCs within

Pmetrics by the trapezoidal rule for each simulated patient.

. Using Eq. 5 above, calculate the effect of AUC/MIC at vari-

ous MIC values representative of the MIC distribution and
epidemiological cutoff value for the investigational antifungal
agent for the organism.

. Perform the comparisons between the groups by the analysis

of variance (ANOVA) with Bonferroni’s correction for multi-
ple comparisons or the Mann-Whitney U test, as appropriate.
A two-tailed P value of <0.05 is considered to be statistically
significant.

. Plot survival by Kaplan-Meier analysis. Analyze differences in

survival of treatment groups and untreated controls by log-
rank test.

. Express the values as means + standard errors of the means

(SEMs).

. Compare pharmacokinetic parameters using ANOVA or

Student’s # test, as appropriate.

. Perform correlation between AUC,_,, and outcome variables

using Pearson’s correlation method.

4 Notes

. A finding of one colony of Aspergillus fumigatus or Mucorales

is considered positive culture.

. Before implementing these comparative experiments, we con-

ducted preliminary studies of the methodology of quantitative
cultures of infected tissues [6—-11]. Among the methods stud-
ied are cultures of lung sections, minced tissue, and gently
homogenized tissue. No loss of viability is found using these
techniques. As there are no significant differences among these
methods, the aforementioned method is selected for all subse-
quent experiments.

. With the high-resolution, table-incremented, volume acquisition

mode, 3-mm-thick ultrafast CT scans are obtained every 4 s.

4. These parameters resulted in a pixel size of less than 1 mm.

. In virtually all cases, 30 slices are sufficient to scan the entire

thorax of the rabbit.

. The pulmonary lesion score in each lobe is initially 0. Each

lobe is evaluated and scored independently. If the pulmonary
infiltrate within the lobe demonstrated worsening, stabiliza-
tion, or improvement, a score of —1, 0, or +1, respectively, is
added at that time to the previous score.
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7.

10.

11.

12.

13.

14.

The mean pulmonary lesion score for that day represents the
mean of all lobes of all rabbits in each treatment group [32].

. The use of an automatic method to segment the lung, such as

seeded region growing, provides for a robust technique with
less inter/intraoperator variability than manual tracing. The
threshold range (1023 to 775) is determined empirically. If it
is necessary to include/exclude tissue that is not properly seg-
mented in the region-growing step, an option exists for the
operator to trace the targeted tissue to include/exclude. For
inclusion, the pixel values within the targeted tissue will be
modified to be within the threshold range. For exclusion, the
pixel values will be modified to be outside the threshold range.
Perform the region-growing algorithm again, and the targeted
tissue is now included /excluded as desired.

. The threshold value of 500 Hounsfield units for lesion deter-

mination is based on previous literature and empirical evidence.
Selecting a threshold value of 500 Hounsfield units excludes
the air in the lungs but might include blood vessels, which
have similar density to the lung lesions. Inclusion of these small
vessels may reduce the sensitivity of detecting a lesion volume
change over time.

Common human fungal pathogens are Candida spp. and
Aspergillus spp., opportunistic fungal pathogens, including
Fusarium spp., Trichosporon spp., Saccharomyces cerevisine,
Acvemonium, Coccidioides immitis, Histoplasma capsulatum,
Sporothrix schenckii, Blastomyces dermatitidis, and Pneumocystis
carinii. The (1 — 3)-p-p-glucan produced by these organisms
can be detected by the Fungitell assay.

Certain fungal species produce very low levels of (1 — 3)-f-Dp-
glucan and are not usually detected by the Fungitell assay.
These include Cryptococcus, Zygomycetes such as Absidia,
Mucor, and Rhbizopus.

The assay uses the rat monoclonal antibody EB-A2, which is
directed against Aspergillus galactomannan and recognizes the
(1 — 5)-p-p-galactofuranoside side chain of the galactoman-
nan molecule. The monoclonal antibody is used: (a) to sensi-
tize the wells of the microplate and to bind the antigen, and
(b) as the detector antibody in the conjugate reagent
(peroxidase-linked monoclonal antibody).

A monoclonal antibody-galactomannan-monoclonal anti-
body/peroxidase complex is formed in the presence of
Aspergillus galactomannan antigen.

The substrate solution will react with the complexes bound to
the well to form a blue color reaction.
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The assays are specific for the target genera and did not amplify
mammalian genes or those found in other fungal genera,
including Candida spp. and Aspergillus spp. that are likely to
be present in the same host [13, 16, 20, 33].

The amplicon generated is 253 bp long.

The primers and probes are designed to target the common
plasmid cloning vector pBR322. The PCR master mix included
a specific amount of target DNA (pBR322).

Equivalent amplification efficiencies compared to reactions
performed with water reflected the lack of inhibitors.

The model fitting process includes evaluating both two- and
three-compartment models with and without lag-time and oral
bioavailability terms.
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Chapter 19

CDA4+* T Cells Mediate Aspergillosis Vaccine Protection

Diana Diaz-Arevalo and Markus Kalkum

Abstract

Adaptive effector CD4* T cells play essential roles in the defense against fungal infections, especially against
invasive aspergillosis (IA). Such protective CD4* T cells can be generated through immunization with
specialized antifungal vaccines, as has been demonstrated for pulmonary Aspergillus fumigatus infections
in mouse experiments. Adaptive transfer of fungal antigen-specific CD4* T cells conferred protection onto
non-immunized naive mice, an experimental approach that could potentially become a future treatment
option for immunosuppressed IA patients, focusing on the ultimate goal to improve their otherwise dim
chances for survival. Here, we describe the different techniques to analyze CD4* T cell immune responses
after immunization with a recombinant fungal protein. We present three major methods that are used to
analyze the role of CD4* T cells in protection against A. fumigatus challenge. They include (1) transplan-
tation of CD4* T cells from vaccinated mice into immunosuppressed naive mice, observing increasing
protection of the cell recipients, (2) depletion of CD4* T cells from vaccinated mice, which abolishes vac-
cine protection, and (3) T cell proliferation studies following stimulation with overlapping synthetic pep-
tides or an intact protein vaccine. The latter can be used to validate immunization status and to identify
protective T cell epitopes in vaccine antigens. In the methods detailed here, we used versions of the well-
studied Asp f3 protein expressed in a bacterial host, either as the intact full length protein or its N-terminally
truncated version, comprised of residues 15-168. However, these methods are generally applicable and
can well be adapted to study other protein-based subunit vaccines.

Key words CD4* T cells, Isolation by negative selection, Magnetic microbeads, Synthetic peptide,
Vaccine, A. fumigatus, T cell depletion

1 Introduction

CD4* T cells are known as helper T cells that become activated
after interaction of their T cell receptor (TCR) with peptide anti-
gens displayed by MHC class II molecules, presented on the sur-
face of antigen-presenting cells (APCs) [1]. After activation, T cells
can differentiate into one of different subtypes, TH1, TH2, Treg,
THI17, TFH, or TH9, which secrete cytokines to drive distinct
types of immune responses that eliminate the pathogens [2—4].

It has been demonstrated in human and murine studies that
antigen-specific CD4* T cells coincide with the protection against
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or regression of Aspergillus-inflicted lesions [5-8]. Hence, the pro-
tective mechanism mediated by successful antifungal vaccines can
be driven by antigen-specific primed CD4* T cells. Accordingly,
there is substantial interest in characterizing the in vivo and in vitro
CD4* T cell immune responses to test novel anti-aspergillosis vac-
cines [7,9-12].

In recent years, several studies reported that CD8* T cells can
also mediate protection against fungi. For Histoplasma capsulatum
vaccinated mice, it was demonstrated that CD8*T cells play a pro-
tective role in the absence of CD4* T cells, and antifungal memory
CD8* T cells were maintained in the absence of CD4* T cells.
Likewise for A. fumigatus, CD8* T cell immunity contributed to
the protection of CD4* T cell depleted mice, and it was shown that
the absence of CD8* T cells is associated with susceptibility to
infection [13-15].

Animal models to study innate and acquired host-responses as
well as therapeutic strategies against aspergillosis have been pur-
sued extensively. For the most part murine, and to some extent
avian models, have been used to study aspergillosis vaccine candi-
dates. Mouse models are particularly popular among researchers,
due to the wide availability strains with various genetic backgrounds
that can be managed at ease and under affordable costs. Thereby,
immunocompetent and immunosuppressed animals have been
used to study susceptibility to the infection, to compare virulence
to various strains of Aspergillus, to test preventive vaccines, and to
study the protection after transplantation of adaptive T and B cells
[16]. The mouse model with its established cell biological tech-
niques is most adequate to study depletion or transplantation of
adaptive immune cells and to elucidate their role in protection
against the disease.

In this chapter, we describe three methods to analyze the func-
tionality of CD4* T cells. The first method uses the transplantation
of adaptive CD4* T cells to transfer protection against aspergillosis
from vaccinated to naive mice. Isolation of adaptive CD4* T cells
is required for this study, while maintaining their functionality for
protection. The cells are isolated using a negative selection method
[17], which relies on magnetic beads with crosslinked antibodies
specific for certain membrane proteins of non-CD4* T cells. This
method can be used to gently isolate the cells without perturbing
their functional capacity.

The second method, depletion of CD4* T cells, is used to con-
firm the ability of vaccine-primed CD4* T cells to drive the immune
response and to confer protection against aspergillosis. Complete
depletion is achieved by the systemic treatment of mice with a
CD4* T cell-specific antibody (GK1.5) for 3 days [7, 18-21]; and
the efficiency of CD4* T cell depletion in the spleens and blood is
assessed by flow cytometry. Treatment with the GK1.5 antibodies
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efficiently depletes >98% of the CD4* T cells, which suppresses
vaccine protection to a low ~10% level [7].

The third method described here measures the vaccine-
dependent proliferation of primed CD4* and CD8* T cells using
the CellTiter-Glo luminescent cell viability assay [22], instead of
using radioactive *H thymidine. In addition, this assay does not
require prior isolation of T cells or radiation of antigen-presenting
cells. The assay utilizes magnetic beads crosslinked to GK1.5 anti-
body and Ly-2 antibody (anti-CD8a) to enrich T cells following
the stimulation with antigens (peptides or proteins) and controls.

2 Materials

2.1 Materials

for Adaptive Transfer
and Depletion of CD4*
T Cells

2.1.1  Mouse Immunization,
Antigens-Adjuvant

2.1.2 Negative Selection
of CD4* T Cells

2.1.3  Immuno-
suppression of Mice

2.2 Depletion
of CD4* T Cells

Mice: Female CF-1 mice 6-8 weeks of age (Charles River
Laboratories).

Antigens: 15 pg tull length or N-terminally truncated rAsp {3,
the latter encompassing residues 15-168 (rAsp f3(15-168)
expressed in E- coli, TiterMax adjuvant (TiterMax USA, Inc.,
Norcross, GA USA).

1. CD4* T Cell Isolation Kit, mouse (Cat # 130-104-454,
Miltenyi Biotec).

2. Separation Butffer: phosphate buffered saline (PBS), pH 7.2,
0.5% bovine serum albumin (BSA), and 2 mM EDTA.

3. LS Column for max 1 x 108 labeled cells and max. 2 x 10° total
cells (Miltenyi Biotec).

4. MidiMACS Separator (Miltenyi Biotec).

5. Labeled antibodies by fluorescence-activated cell sorter (FACS)
analysis: Anti-Mouse CD4 FITC, Clone: RM4—4, Isotype Rat
IgG2D, x, and Anti-Mouse CD3e PE, Clone: 145-2C11.

6. FACS Buffer (PBS, 0.5-1% BSA).

7. FACS tubes (Corning Falcon Round-Bottom Polystyrene
Tubes, 12 x 75 mm size).

8. Sterile surgical instruments (forceps and scissors), petri dishes,
sterile cell-strainer (40 pm), ethanol beaker, centrifuge
(medium speed), and Flow Cytometer.

2.5 mg/mouse cortisone acetate (CA), methylcellulose (0.5%) and
Tween 80 (0.1%), PBS, Levofloxacin (Levaquin; Ortho-McNeil).

Monoclonal anti-CD4 IgG,GK1.5 antibody or alternatively, GK1.5
hybridoma cells (TIB-207; ATCC, Manassas, VA) to produce the
mAb. The latter also requires Iscove’s Modified Dulbecco’s Medium
(IMDM), Fetal bovine serum (EBS), BD Cell™ MADb Medium (BD
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2.3 Challenge

of Immunosuppressed
Mice with

A. fumigatus Conidia

2.3.1  Culturing of A.
fumigatus to Produce
Conidia

24 TCell
Proliferation Assay

2.4.1  Overlapping
Peptides and Controls

2.4.2 Magnetic Beads

Biosciences, San Jose, CA), Corning CELLine Disposable
Bioreactor, Sterile (CELLine), HiTrap protein G column (GE
Healthcare Biosciences, Pittsburgh, PA), standard CO2 incubator,
Binding bufter: 20 mM sodium phosphate, pH 7.0, Elution buffer:
0.1 M glycine-HCL, pH 2.7, 1 M Tris—HCI, pH 9.0, Ultrafiltration
devices such as Amicon® Pro Purification System-100K (EMD
Millipore, Billerica, MA), rat isotype control, Pierce Bicinchoninic
acid (BCA) Protein Assay Kit, sodium citrate (3.8%), IMDM, and
complete IMDM, 900 mL of IMDM +100 mL FBS + 10 mL of
100 x Penicillin-Streptomycin (10,000 U/mL) (Pen/Strep).

Acidified water containing sulfamethoxazole (0.8 mg/mL) and tri-
methoprim (0.16 mg/mL), three million viable conidia in suspen-
sion in PBS (30 pL).

A. fumigatus strain, potato dextrose (PD) agar (BD/Difco,
Franklin Lakes, NJ), PBS, pH 7.2- Tween 80 (0.1%), PBS, 260
mL-vented tissue culture flasks, loops.

Ten consecutive 20 amino acid containing peptides that cover the
compete sequence of rAsp f3(15-168), each peptide overlapped
five amino acids at the beginning and the end of the sequence
(Peptide 2.0, Inc. Chantilly, VA) (Table 1), Sep-Pak C18 column
(Waters Corporation, Milford, MA), DMSO (100%), 10 ng/mL
phorbol myristate acetate (PMA) and 500 ng/ml Ionomycin,
RPMI 1640-10% FBS.

CD4 (L3T4 or GKI1.5) MicroBeads, mouse (Cat # 130-049-201),
CD8a (Ly-2) MicroBeads, mouse (Cat # 130-049-401) (Miltenyi
Biotec, Inc., Bergisch Gladbach, Germany), 96-well plate mag-
netic separation rack and separation bufter.

1. CellTiter-Glo luminescent cell wviability assay (Promega
Corporation, Madison, WI), plate shaker for mixing 96-well
plates, luminometer, CCD camera, or spectrophotometer.

2. Opaque 96-microwell Plates, 96-well plate centrifuge adapter,
complete RPMI: 900 mL RPMI-1640 Medium plus 100 mL
of FBS plus Pen/Strep.

3 Methods

3.1 Adaptive
Transfer and Depletion
of CD4* T Cells

3.1.1 Immunization
(Fig. 1)

1. Prepare the vaccine by emulsifying a solution of rAsp {3 [or
rAsp £3 (15-168)] in PBS by combining it with an equal vol-
ume of TiterMax, followed by vortexing in the presence of glass
beads (final rAsp {3 concentration should be 0.3 mg/mL).

2. Vaccinate the CF1 mice with TiterMax emulsified rAsp {3 [or
rAsp £3 (15-168)] by subcutaneous injections at the base of the
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Synthetic overlapping Asp f3(15-168) peptides used for T cell proliferation assay

Peptide residue positions Peptide sequence
P1 (15-34) VESYIPWSEDKGEITACGIP
P2 (3049) ACGIPINYNASKEWADKKVI
P3 (45-64) DKKVILFALPGAFTPVCSAR
P4 (60-79) VCSARHVPEYIEKLPEIRAK
P5 (75-94) EIRAKGVDVVAVLAYNDAYV
P6 (90-109) NDAYVMSAWGKANQVTGDDI
P7 (105-124) TGDDILFLSDPDARESKSIG
P8 (120-139) SKSIGWADEEGRTKRYALVI
P9 (135-154) YALVIDHGKITYAALEPAKN
P10 (150-168) EPAKNHLEESSAETVLKHL
A. fumigatus
Challenge
Vaccination Immuno-
suppression
Observation
.~ 0 e v
&2 wwwwwl
I I I I I I 1 | I 1
Day 0 7 14 21 28 46 56 63 156
" 6 [
Blood Blood
Draw Draw Blood -2,1d -1d Spleen cells
Draw  cxq5 Blood Isolation
injection Draw (FACS

Analysis)

Fig. 1 Workflow of vaccination, cortisone acetate immunosuppression, A. fumigatus challenge, and T cell
depletion with anti-CD4-1gG (GK1.5 mAb). The time points for blood draws on days 0, 14, and 28 days for
antibody titer determination are indicated

tail. Per mouse 50 pL should be injected, corresponding to 15
pg rAsp 3. To avoid leakage of the emulsion, keep the needle
inserted into the subcutancous space for 10-15 s after each
injection.

. 14 days after the first immunization, vaccinate a second time

with freshly prepared rAspf3 emulsified in TiterMax as described
in steps 1 and 2 above.

. Obtain blood serum 2 weeks after the second immunization.

Blood should be taken from the tail (small incision into one of
the lateral veins after warming the animal up under a heat lamp).
Determine the titer of anti-rAspf3 antibodies using ELISA
and/or Western blot.
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3.1.2  Isolation of CD4* 1.

T Cells

10.

11.

12.

3.1.3  FACS Analysis 1.

Euthanize ten vaccinated and ten mock-vaccinated mice
humanely with carbon dioxide.

. Dip the entire mouse into 70% ethanol, held in a beaker. With

sterile surgical instruments carefully cut an incision through
the peritoneal layer and remove the entire spleen.

. Pool the spleens of vaccinated mice and place them into RPMI-

FBS (10%) medium at room temperature and continue the
procedure in a sterile tissue culture hood.

. Place sterile cell-strainers (40 pm) onto a petri dish with 10 mL

of RPMI-FBS (10%) medium and transfer the spleens to these
cell-strainers. With the plunger from a 5 mL syringe, smash the
spleens and pass them through the strainer.

. Transfer the spleen cell suspension to a 50 mL centrifuge tube.

Wash the cells twice with separation buffer and count the cells
after Trypan blue (0.4%) staining.

. Repeat the same procedure (steps 3—-5) with mock-vaccinated

mice.

. Resuspend the cell pellet, transfer 4 x 10% cells into 1600 pL of

separation buffer and mix with 400 pL of Biotin-Antibody
Cocktail from the CD4* T cell purification kit. Incubate for
5 min at 4 °C.

. Add 1200 pL of separation buffer and mix with 800 pL of

Anti-Biotin MicroBeads, incubate for 10 min at 4 °C.

. Place the LS Column into the magnetic field of the MidiMACS

separator and rinse the column with 5 mL separation buffer.

Add the cell suspension onto the column and collect the flow-
through containing unlabeled cells (enriched CD4* T cells).

Wash column with 3 mL of separation bufter, collect the elut-
ing CD4* T cells and combine with the flow-through from the
previous step (see Note 1).

Wash the unlabeled cells twice with PBS, resuspend the cells in
30 mL of PBS, analyze the viability of the cells by counting the
cells after Trypan blue staining. Separate an aliquot of 2 x 10°
cells for FACS analysis and keep the rest for transplantation.

Adjust the cell suspension to a concentration of 2 x 10° unla-
beled cells/1 mL in ice-cold FACS Butffer. Add 100 pL of cell
suspension to each of five FACS tubes (2 x 10° cells/tube).
Add 0.05 to 0.1 pg/mL of: Isotype control to tube #1, anti-
Mouse CD4 FITC (Clone: RM4—4) and anti-Mouse CD3e PE
(Clone: 145-2C11) to tube #2, anti-Mouse CD4 FITC
(Clone: RM4—4) to tube #3, anti-Mouse CD3e PE (Clone:
145-2C11) to tube #4 and FACS buffer to tube #5.



3.1.4  Immuno-
suppression of Naive
and Immunized Mice
(Fig. 1)

3.1.5 Transfer of CD4+ T
Cells from rAspf3
Vaccinated and Mock
Vaccinated into Naive
Immunosuppressed Mice

(Fig. 2)
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-10 +2
immunosuppression

NS ot
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period
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Fig. 2 Workflow: experimental transplantation of enriched CD4+ T cells into cor-
tisone acetate-immunosuppressed naive CF-1 mice (10 day treatment), on the
day before A. fumigatus challenge

. Incubate for 30 min at 4 °C in the dark.
. Wash the cells twice with cold FACS buffer by centrifugation at

350 x g for 5 min, following resuspension of the cells in 400 pL
ice-cold FACS buffer, repeat. Keep the cells in the dark on ice
or at 4 °C. Analyze the labeled cells with the flow cytometer.

. The immunosuppressive cortisone acetate suspension is

injected subcutaneously at the base of the tail. Typically, 100
pL of a suspension of 2.5-mg of CA with methylcellulose
(0.5%)-Tween 80 (0.1%), in PBS (sterilized by autoclaving) are
injected each day for ten consecutive days prior to challenge
and/or CD4* T cell transplantation.

. To reduce the risk of bacterial infection, change the drinking

water to acidified water containing Sulfamethoxazole (0.8
mg/mL) and Trimethoprim (0.16 mg/mL). Inject 200 pg of
Levofloxacin subcutaneously 1 h prior to fungal challenge.

. Transplant 2.5 x 10° enriched CD4* T cells (in 100 pL of PBS,

from Subheading 3.1.2) per recipient (naive immunosup-
pressed CE-1mice) one day before A. fumigatus challenge (day
—1) and 1 day after the last injection of the immunosuppres-
sant (day +1) by tail vein injection [7, 23].

. Challenge with A. fumigatus spores (see Subheading 3.3).
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3.2 Depletion of CD4
T Cells in Vaccinated
and Mock-Vaccinated
Mice

3.2.1 Production

of Monoclonal Anti-Mouse
CD4 IgG from GK1.5
Hybridoma Cells

3.2.2 Monoclonal
Anti-Mouse CD4 IgG
Purification

1.

10.

11.

12.

13.

14.

15.
16.

17.
18.

Thaw the vial with GK1.5 hybridoma cells in a 37 °C water
bath. Thawing should be performed rapidly (approximately 2
min). Decontaminate the vial’s outside surface by dipping it
into 70% ethanol.

. Transfer the cells to a centrifuge tube containing 9.0 mL com-

plete IMDM and centrifuge at 300 x g for 5 min.

. Discard the supernatant and resuspend the cell pellet with

complete IMDM.

. Count the cell suspension and adjust cell density to 2-5 x 10°

viable cells/mL and dispense into a 25 cm? cell culture flask.
Incubate the culture at 37 °C in an incubator with 5% CO,.

. Grow the cells to a density of 30 x 10° (see Note 2).

. Transfer the cells to a centrifuge tube and spin down at 300 x

y for 5 min.

. Resuspend the cells in 15 mL BD Cell™ MAb medium.
. At the same time, add 50 mL of BD Cell™ MADb medium into

the medium compartment of CELLine reactor and let it stand
for 5 min.

. Loosen the front cap of medium compartment, open the cell

compartment and add 15 mL cell suspension using a serologi-
cal pipette into the cone (see Note 3).

Close the cell compartment and add 975 mL of BD Cell™
MADb medium into the medium compartment.

Tighten both caps and place the CELLine reactor into a stan-
dard CO, incubator.

After 7 days of culture, loosen the front cap and open the cell
compartment and transfer the 65 mL of the cell suspension
into a centrifuge tube.

Spin down at 300 x g for 5-7 min, collect the supernatant
(contained the monoclonal antibody), keep it at =20 °C.

Resuspend the cell pellet in 30 mL IMDM and count the via-
ble cells using Trypan blue.

Collect 30 x 106 cells and add to 15 mL fresh medium.
Return 15 mL of cell suspension back into the cell compart-
ment and place the CELLine into a standard CO, incubator.
Repeat the steps 12-16 on days 14 and 21.

On the 28th day collect and keep the supernatant of the cell
compartment and discard the CELLine reactor.

. Thaw the supernatant of the GK1.5 mAb and dilute it 1:1 with

binding buffer (sec Note 4).

. Add 200 pL. 1 M Tris-HCI, pH 8.0, per 1 mL of elution to

collection tubes.
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Fig. 3 FACS analysis of CD3* CD4* T cells in tail vein blood (taken at day —1) from mice that were depleted of
CD4+ T cells in vivo by i.v. treatment with rat GK1.5 antibody (anti-CD4 1gG). Nonspecific rat IgG (control IgG)
was used as a control. Relative frequencies of CD3*CD4* T cells are indicated in the upper right quadrants

3. Wash the column with 10 column volumes of binding buffer at
1 mL/min.

4. Apply the sample onto the column at 0.7 mL/min. Collect the
flow-through to measure antibody concentration by the BCA
assay.

. Wash with 7-10 column volumes of binding bufter.

. Elute with 3-5 column volumes of elution buffer.

. Analyze the purity of the mAb by SDS-GEL electrophoresis.

. Collect all positive fractions and dialyze against PBS for 12 h or

exchange and concentrate the eluted fractions with an Amicon
100 K MWCO ultrafiltration device.

o NN O v

3.2.3 Depletion of CD4* 1. Inject GK1.5 mAb or rat isotype control (1.0 mg per mouse)
T Cells (Fig. 1) via intravenous injection into the tail vein on days —2 and —1
prior to fungal challenge (se¢ Note 5).

2. Monitor the depletion of the CD4* T cells by FACS analy-
sis (Fig. 3), using tail vein blood (50 pL samples) collected
with 6.25 pL of sodium citrate (3.8%). Use the same proce-
dure as in Subheading 3.1.3 (FACS analysis) (see Note 6).
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3.3 A. fumigatus
Infection
and Evaluation

3.3.1 A fumigatus
Culture and Collection
of Conidia (Spores)

3.3.2 A fumigatus
Challenge

34 Tcell
Proliferation Assay

3.4.1 Lympho-
proliferation Assay

. Pour 50 mL of PD agar into a 260 mL tissue flat culture flask

and leave it to set for 30 min.

. Place 5 pL of a spore suspension from an A. fumigatus stock

culture into the culture flask. Add 200 pL of PBS and spread
the spores on the surface of the PD agar.

. Incubate at 37 °C for 5-10 days with periodic monitoring.
4. Place 15 mL of PBS-0.1% Tween 80 into the flask and pipette

it up and down until most of the spores have been dislodged.

. Collect the spores using a 25 mL plastic pipette.
6. Wash the spores twice with PBS-0.1% Tween 80 and resuspend

them in 10 mL of sterile PBS.

. Count the spores with a hemocytometer and keep them at —80

°Cin 15% glycerol-PD broth (see Note 7).

. Administer 200 pg of levofloxacin subcutaneously 1 h prior to

infection.

. Anesthetize the mice with ketamine-xylazine (100 mg/kg to

10 mg/kg, respectively). To confirm that animals are deeply
anesthetized, test for absence of reflexes by gently squeezing
the footpad.

. Inoculate the mice intranasally with 30 pL of conidial suspen-

sion containing 3 x 10° viable conidia by depositing the sus-
pension onto the nostrils while holding the mouse in a vertical
position. Hold the mouse for a few seconds to minutes until its
breathing rhythm returns to normal.

. Placed mice on their backs during recovery from anesthesia.

Keep the mice warm using a heat pad (37 °C) under the mouse
cage/enclosure.

. Observe the mice twice a day for up tol0 days, measure their

weight on a scale, and determine their body temperature using
an infrared noncontact thermometer (e.g., MiniTemp MT4 IR
Thermometer, Raytek, Santa Cruz, CA). For this, restrain each
mouse manually, expose the ventral side of the body, and point
the thermometer to three different test areas on the animal’s
abdomen. Calculate and record the average of all three
measurements.

. Collect splenocytes from rAspf3 (15-168) immunized mice

and mock-vaccinated mice following the protocol Subheading
3.1.2 (Isolation of CD4* T cells) from steps 1 to 5, but do not
pool the spleens for this assay.

. Suspend 2.5 x 10° cells/mL in RPMI-10% FBS with anti-

biotic/anti-mycotic and distribute 100 pL per well onto a
round-bottom 96-well microtiter plate. Each antigen should
be tested in three wells.
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. Dilute the stimulants (or antigens) inside of 1.5 mL micro-

centrifuge tubes at room temperature as follows: for peptides
create a solution of 20 pg peptide/mL, for positive controls a
solution of 200 ng/mL PMA with 1 pg/mL ionomycin, and
10 pg/mL of rAsp £3 from 1 mg/mL stock solutions.

. Add 100 pL of stimulants to be tested to triplicates of wells

with cells. Include a negative control (non-stimulated cells)
with 100 pL of complete RPMI medium.

. Place the 96 microtiter plates into a humidified incubator at 37

°C, 5% CO,, for 3 days.

. Centrifuge the cells with a 96-well plate centrifuge adapter for

5 min at 350 x g and discard the supernatant.

. Add separation buffer and centrifuge for 5 min at 350 x g.

Remove the supernatant. Repeat this wash twice.

. Resuspend the cells in 50 pL separation bufter.

4. Add 10 pL of CD4-microBeads, and 10 pL of CDS8a-

10.

11.

12.

13.

microBeads, incubate at 4 °C for 30 min.

. Place the plate onto the microtiter plate magnetic separation

rack and allow the CD4/CD8 microbeads to bind to the mag-
net (it takes approximately 10 min).

. Remove the nonbinding cells and separation buffer.
. Add 200 pL of separation buffer and repeat steps 5 and 6.
. Reconstitute the CellTiter-Glo® Substrate (lyophilized) with

the CellTiter-Glo® Buffer and leave it at room temperature for
30 min. Transfer the CellTiter-Glo® buffer-substrate mix into
opaque 96-microwell plates, and keep the plate in a dark
container.

. Resuspend the CD4,/CD8-magnetic beads with 100 pL of

separation buffer, and transfer them well-by-well into the
opaque 96-microwell plate with the reconstituted Cell Titer-
Glo reagents from step 8 and mix.

Add separation buffer into three separate wells with the
CellTiter-Glo luminescent substrate that are free from cells and
beads. Use these wells as controls to determine the biolumi-
nescent background signal.

Place the plates onto an orbital shaker at 200 RPM for 2 min
to lyze the cells.

Analyze the ATP content by measuring the bioluminescence
with a plate-reading luminometer.

Calculate the stimulation indices by dividing the mean of rela-
tive luminescent units of stimulated cells by the mean relative
luminescence of non-stimulated controls:

RLU(stimulated cells — background)/RLU(non-stimulated con-

trol — background) = Stimulation Index
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. The labeled non-CD4* T cells can also be removed from the

column and frozen for future analysis. To do so, remove the col-
umn from the separator and place it onto a fitting centrifuge tube
and add separation bufter (5 mL) onto the column. Immediately
flush out the cells by pushing the plunger into the column.

. Most of the hybridoma cells will require a brief period of adap-

tation to BD Cell™ MADb medium. Seed the cells from the
existing culture into the 75% of complete IMDM medium
combined with 25% of BD Cell™ MADb medium. The cells will
produce growth factors that will help them to adapt to the new
medium. Every other day, split the cell population from one
onto two separate flasks with BD Cell™ MADb medium. After
five splits, spin down the cells at 300 x g for 5-7 min, resus-
pend the cells in 100% BD Cell™ MAb medium, place them in
a humidified 37 °C, 5% CO, incubator for 2 days, and transfer

. Minimize the introduction of air bubbles into the cell com-

partment of the CELLine reactor during seeding. If air gets
trapped within the cell compartment, try to remove the big
bubbles by aspirating them back into the pipette.

. The sample should be completely solubilized. We recommend

filtration immediately before loading the supernatant on the

. The vaccinated mice use for CD4* T cell depletion is immuno-

suppressed with CA. Do not forget other controls as group of
mock-vaccinated (PBS) mice and a group of mice vaccinated

. Only use two mice per group to prevent stress in all mice.

. Spores should be collected fresh to challenge the mice.

This work was supported by the Hermann Foundation.

4 Notes
the 30 x 10° to the CELLine reactor.
column (0.45 pm filter).
and CA immunosuppressed.
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Chapter 20

T-Cell-Mediated Cross-Protective Immunity

Nina Khanna and Claudia Stuehler

Abstract

Human invasive fungal infections are caused by different mold and yeast species. Hence, cross-reactive T
cells that recognize conserved epitopes of various fungal pathogens are of special interest for vaccination
protocols or adoptive T cell transfer. Here, we describe an ELISpot-based method to test cross-reactivity
of T cell lines or clones to different molds and yeasts.

Key words Cross-reactive T cells, ELISpot, Heat-inactivated fungi, Dendritic cells, T cell lines, T cell
clones

1 Introduction

Invasive fungal infections are caused by a variety of different molds
and yeasts [1, 2]. Hence, cross-reactive T cells that recognize
conserved epitopes of various fungal pathogens are of special
interest for vaccination protocols or adoptive T cell transfer. We
have previously shown that Aspergillus (A.) fumigatus-specific T
cell lines and clones were able to respond to Candida albicans and
to other Aspergillus species including A. flavus, A. terreus, A.
niger, and some Mucorales species such as Rhbizopus microspores
and Lichtheimia corymbifera |3, 4].

T cell cross-reactivity is inherent in the way T cells recognize
antigen [5-8]. T cells are activated after recognizing a pathogen-
derived peptide epitope bound to major histocompatibility com-
plex (MHC) molecules on antigen-presenting cells (APC). MHC
class T or class IT molecules can accommodate 9 or 11 amino acids
in their antigen binding grove, respectively. Each MHC molecule
can bind a great variety of different peptides as only some amino
acids of the peptide serve as so-called anchor residues that make
intimate contact with the MHC molecule, whereas the other
amino acids can vary freely. Similarly, not all amino acids of the
peptide presented in peptide-MHC complexes make contact to the
T cell receptor (TCR). In general, only three to four amino acids

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_20, © Springer Science+Business Media LLC 2017
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of the peptide are exposed on the surface of the peptide-MHC
complex and recognized by the TCR. Therefore, one specific TCR
can recognize a great variety of peptides that share common
motives. Depending on their phylogenetic relationship, the differ-
ent fungal species show certain degrees of protein sequence homol-
ogy (Table 1). Hence, there is a reasonable likelihood that T cells
generated against one particular fungus might be cross-reactive to
other phylogenetically related fungi.

Often in in vitro experiments a certain degree of cross-reactivity
can be observed if T cells are stimulated with unphysiologically
high peptide concentrations. However, these cells would not
respond in vivo during an infection and it is therefore of impor-
tance to assess genuine cross-reactivity under more physiologic
conditions. In vitro challenge of T cell lines or clones with autolo-
gous dendritic cells exposed to inactivated fungal pathogens can
provide a good estimate of potential protective cross-reactivity
in vivo. To definitely proof cross-reactivity of a single antigen-
specific T cell /TCR to different fungal pathogens, the experimen-
tal work has to be conducted with T cell clones. However,
cross-reactivity can also be assessed on the population level with
oligo- or polyclonal T cell lines. Antigen-specific T cell lines can be
generated within 2 weeks for instance via CD154- or CD137-
based enrichment of antigen-specific cells.

Here, we describe an ELISpot-based assay to analyze antigen-
specific T cell lines or clones for potential cross-reactivity to various
clinically relevant molds and yeasts.

2 Materials

2.1 Fungal
Cultivation and
Inactivation

1. Liquid culture medium: Potato Dextrose Broth, prepared
according to manufacturers’ instructions (se¢ Note 1). Suspend
24 g of powder in 1 L of distilled water. Mix thoroughly. Heat
to completely dissolve the powder. Autoclave at 121 °C for
20 min. Store at 4 °C after cooling.

2. Culture plates: Prepare Potato Dextrose Broth with 15 g Agar
per liter. Autoclave at 121 °C for 20 min, let the agar medium
cool down to approximately 50 °C, and pour 20 ml per plate
into 90 mm petri dishes. Let the plates dry in a laminar flow
cabinet. Store at 4 °C.

. Incubator at 25 °C (se¢ Note 2).
. Starting cultures of the different fungal strains (se¢ Note 3).
. Sterile 0.9% NaCl.

. NaCl/Tween: Sterile 0.9% NaCl with 0.05% Tween 80 (see
Note 4).

7. Sterile petri dish spatulae, cotton swaps, or similar devices to
harvest spores.

QN Ul W
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10.
11.
12.

2.2 Generation 1.

of Antigen-Specific T
Cell Lines or Clones

NelNC RN BN

10.

11.
12.
13.

2.3 Assessment 1.

of Cross-Reactivity
by ELISpot

. Sterile needles or similar devices for the transfer of fungal

hyphae to fresh plates.

. Sterile cell strainers (40 pm), cotton wool, or tissue paper for

filtration of spore solutions (se¢ Note 5).

250 ml conical flasks or similar culture vessels.

Orbital shaker for 250 ml conical flasks (optional, see Note 6).
Heating block for 1.5 or 2 ml tubes.

Peripheral blood drawn in the presence of an anticoagulant like
heparin or EDTA or isolated peripheral blood mononuclear
cells (PBMC). From 10 ml of whole blood you can expect
around 1-2 x 107 PBMC.

. Sterile Dulbecco’s phosphate-buftered saline (DPBS).
. For isolation of PBMC from whole blood: Ficoll-Paque

(p = 1.077 g/ml) and sterile DPBS/EDTA: Dulbecco’s
phosphate-buftered saline with 2 mM EDTA.

. Culture medium: RPMI 1640 with 5% pooled human serum,

sterile filtered (sec Note 7).

. Specific antigen (e.g., peptide, peptide pool, recombinant

protein, lysate). In this protocol, we used commercially avail-
able peptide pools of A. fumigatus Crfl, Pmp20, and Gell
(Miltenyi Biotec).

. Incubator with 5% CO, at 37 °C.

. Human CD154 MicroBead Kit (Miltenyi Biotec; see Note 8).
. MACS Separator for MS Columns (Miltenyi Biotec).

. Purified anti-CD40 blocking antibody (optional according to

the manufacturers’ instructions but highly recommended for
longer incubation times).

MACS butffer: PBS pH 7.2 with 0.5% bovine serum albumin
and 2 mM EDTA.

Gamma-irradiation device.
Interleukin (IL)-2, IL-7, and IL-15 (see Note 9).

For T cell expansion or generation of T cell clones: purified
anti-CD3 antibody (OKT-3), allogeneic PBMCs, T2 feeder
cells.

Inactivated fungi (see Subheading 2.1).

2. Expanded antigen-specific T cell lines or clones (see

Subheading 2.2).

. Autologous PBMC for the generation of dendritic cells (DC)

and as control for the T cell lines or clones (fresh or frozen).



10.

11.
12.

13.

T-Cell-Mediated Cross-Protective Immunity 299

. Optional: anti-CD14 microbeads (Miltenyi Biotec) for DC

generation.

. Culture medium RPMI/HS: RPMI 1640 with 5% pooled

human serum, sterile filtered (see Note 7).

. Dulbecco’s phosphate-butfered saline (DPBS).
. Optional: DPBS with CaCl, and MgCl, (see Note 10).
. Recombinant human IL-4 (1000 U/pl), GM-CSF (800 U/

pl), IL-6 (1000 U/ul), IL-1p (10 ng/pl), TNF-a (10 ng/pl)
and prostaglandin E2 (PGE2, 1 pg/pl).

. Positive control antigen (e.g., Staphylococcal enterotoxin B,

SEB).

Optional: Irrelevant antigen (e.g., viral peptide pools, tetanus
toxoid).

Multiscreen Filter Plates (e.g., Millipore MSIPN4W50).
Anti-human IFEN-y and IL-17 ELISpot reagents (e.g., from
Mabtech) including purified coating antibodies (1-D1K for
IEN-y and MT44.6 for 1L.-17), biotinylated detection antibod-
ies (7-B6-1 for IFN-y and MT504 for IL-17), Streptavidin-ALP
and BCIP/NBT substrate solution (se¢ Notes 11 and 12).

PBS/Tween: PBS with 0.05% Tween 20.

3 Methods

3.1 Fungal
Cultivation
and Inactivation

All preparations should be done in a laminar flow cabinet under
sterile conditions. Culture media and culture plates should be pre-
warmed to room temperature before use. Keep inoculated culture
plates sealed with parafilm to avoid release of spores. Check regu-
larly for the contamination of the plates, especially when simulta-
neously working with different fungal strains.

1.

3.

Transfer hyphae or spores from the starting culture to 2-5
fresh culture plates, depending on the amount of fungal spores
needed and the growth properties of the fungal strain (Table 2).
Fungal spores can be transferred with a sterile cotton swap
moistened with sterile 0.9% NaCl. Actively growing hyphae
can be transferred by cutting out small pieces of agar from the
edge of the growing fungus with sterile needles and placing
them on fresh culture plates. Seal the plates with parafilm.

. Incubate the plates at 25 °C for 1-4 weeks until the fungi

sporulate (see Note 2 and Table 2). Check regularly.

To harvest the spores, carefully open the lid of the petri dish and
flood the surface with 10 ml sterile NaCl/Tween (see Note 4).
Bring the spores into solution by carefully detaching the spores
for instance with a sterile petri dish spatula or cotton swap.
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3.2 Generation

of Antigen-Specific

T Cell Lines and T Cell
Clones

4.

10.

11.

12.

13.

Filter the spore solution through a sterile cell strainer, cotton
wool, or tissue paper to remove hyphae and pieces of agar (see
Note 5).

. Spin down (400 x g, 5 min), decant the supernatant, and wash

with 0.9% NaCl.

. Determine the concentration of the spores with a

hemocytometer.

. To obtain germinating spores or hyphae for T cell stimulation

inoculate 100 ml of liquid culture medium in 250 ml conical
flasks with up to 1 x 10% fungal spores (se¢ Notes 6, 13, and
14). Incubate the cultures at 25 or 37 °C with or without
shaking for several hours to days depending on the fungal
strain and the growth stage needed (Table 2). Check regularly
under a microscope for the desired growth state.

. Transfer the liquid cultures to 50 ml tubes and spin them down

(400 x g, 5 min). If possible decant the supernatant or transfer
the hyphal structures to fresh tubes with disposable sterile plas-
tic pasteur pipettes (se¢ Note 15). Wash with 0.9% NaCl.

. Prepare stock solutions in distilled water and aliquot them in

1.5 ml or 2 ml tubes.

Heat-inactivate the fungal preparations at 96 °C for 24 hin a
heating block.

All aliquots should be tested individually for surviving spores
by plating a small volume on culture plates and culturing them
for 7 days at 25 °C. If necessary, repeat the heat-inactivation
step.

The concentration of germinating spores can be determined
with a hemocytometer.

Large hyphal structures can be mechanically fragmented to
smaller pieces for instance by repeatedly forcing the hyphal
solution through a thin needle. As quantification of hyphal
structures is difficult, we recommend titrating the optimal
amount of antigen for stimulation of dendritic cells in prelimi-
nary experiments (see Note 16).

Various protocols for the generation of antigen-specific T cell lines
and T cell clones are published. This protocol describes the genera-
tion of antigen-specific T cell lines within 14 days by CD154-based
MicroBead selection. For generation of T cell lines by repeated
restimulation and generation of T cell clones from T cell lines, see
Notes 17 and 18, respectively.

1.

PBMC isolation from blood: Mix blood 1:1 with
DPBS. Carefully layer 20-35 ml of diluted blood over 15 ml of
Ficoll-Paque in a 50 ml conical tube. Spin down at 700 x 4 for
15 min at 20 °C with reduced brake. Carefully transter the



10.

11.

12.
13.

14.

15.
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interphase containing the lymphocytes and monocytes to a
fresh 50 ml conical tube (for instance with a disposable sterile
plastic pasteur pipette). Fill the tube with DPBS/EDTA and
spin down at 400 x g for 5 min at 20 °C. Wash a second time
with DPBS. Resuspend cells in RPMI/HS and count with a
hemocytometer.

. For CD154-based selection transfer 5-8 x 107 PBMC in 5 ml

of RPMI/HS to one well of a 6-well plate for each condition.

. Add antigen to each well (e.g., peptide, peptide pool, recom-

binant protein, lysate). In this protocol, we used a combina-
tion of A. fumigatus Crfl, Pmp20 and Gell peptide pools at a
final concentration of 1 pg/peptide /ml (see Note 19).

. Add purified anti-CD40 blocking antibody at a final concen-

tration of 1 pg/ml to prevent downregulation of CD154
(optional according to the manufacturers’ instructions but
strongly recommended for longer incubation times).

. Incubated the cells at 37 °C with 5% CO, for 12-14 h.
. Optional: Store a small aliquot of each sample at 4 °C to deter-

mine expression of the activation marker before isolation.

. CD154 selection is performed according to the manufacturers’

instructions as described below.

. Count the cells, spin them down (300 x g, 10 min), and resus-

pend the cells in MACS bufter (40 pl per 107 cells). Add 10 pl
of CD154-Biotin per 107 cells. Mix well and incubate for
15 min at 2-8 °C.

. Wash the cells by adding 0.5-1 ml MACS buffer per 107 cells

and centrifuge (300 x g, 10 min). Aspirate the supernatant
completely.

Resuspend the cell pellet in 80 pl of MACS bufter per 107 cells.
Add 20 pl of Anti-Biotin Microbeads per 107 cells. Mix well
and incubate for 15 min at 2-8 °C.

Wash the cells by adding 1-2 ml MACS bufter per 107 cells and
centrifuge (300 x g, 10 min). Aspirate the supernatant
completely.

Resuspend up to 103 cells in 500 pl of MACS buffer.

Place a MS MACS Column in the magnetic field (sufficient for
up to 1 x 107 labeled cells and 2 x 103 total cells). Rinse the
column with 500 pl MACS bufter.

Apply cell suspension onto the column. Wash 3x with 500 pl
MACS buffer. The flow through containing the unlabeled cells
is also collected for each sample and used later as feeder cells.

Remove the column from the magnet and place it on a suitable
collection tube. Pipette 1 ml of MACS butffer onto the column
and immediately flush out the cells by firmly pushing the
plunger into the column.
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16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

To increase the cell purity, the eluted positive fraction can be
passed over a second column.

Count the positive and negative fractions in a hemocytometer.
In our experience, 5-8 x 107 PBMC will yield 1-5 x 10° A.
Sfumigatus peptide-specific cells.

Optional: Analyze small aliquots of the positive and negative
fractions (as well as the aliquots retrieved before isolation) on
a flow cytometer for cell types and purity (e.g., CD3, CD4,
CD8, CD56, CD154).

The positive fractions can be either expanded as polyclonal T
cell lines as described below or used for T cell cloning (see
Note 18).

Gamma-irradiate all negative fractions at 35 Gy.

Transfer up to 4 x 10° cells of each positive fraction together
with cells of the respective gamma-irradiated negative fraction
in a ratio of 1:50 to one well of a 48-well plate in a final volume
of 1 ml.

Add 5 U/ml IL-2 at days 0, 2, 4, and 6. Replenish 50% of the
medium if it turns orange to yellow (see Note 9).

Add 10 ng/ml IL-7 and IL-15 at days 7, 9, and 11. Replenish
50% of the medium if it turns orange to yellow. As soon as the
medium has to be replenished every day and microscopic
inspection shows a dense layer of growing cells, split the cul-
ture to two wells (see Note 20).

Determine the specificity of the cell lines by ELISpot, intracel-
lular cytokine assay, ELISA, or other (se¢ Note 11 and
Subheading 3.3).

If the cell number of the T cell lines is not sufficient for further
characterization, we recommend expanding the T cell lines
with the rapid expansion protocol from Beck et al. [9] as
described below.

Incubate 1-3 x 10° antigen-specific T cells together with
2.5 x 107 35 Gy-irradiated allogeneic PBMC and 5 x 10°
60 Gy-irradiated T2 feeder cells in 25 ml RPMI/HS contain-
ing 30 ng/ml OKT-3 in 25 cm? cell culture flasks.

On day 1, add 50 U/ml IL-2.

On day 4, transfer the cultures to 50 ml conical tubes, spin
down (400 x g, 5 min), and resuspend the cell pellet in RPMI1/
HS. Transfer the cells to fresh 25 ¢cm? cell culture flasks with
25 ml PRMI/HS with 50 U/ml IL-2.

On days 7 and 10 add 50 U/ml IL-2. If the medium turns
yellow, exchange 10 ml of the culture medium. If the medium
turns yellow every day, split the culture to two flasks.

Cells can be used for experiments after 12-15 days.
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As expanded T cell lines or clones are devoid of antigen-presenting
cells (APC), additional APCs are needed to process and present
fungal antigens. In this protocol, we use autologous dendritic cells
(DC) generated within 3—4 days [10, 11] (see Note 21).

T cell clones are preferred to test cross-reactivity due to their
purity. In contrast, T cell lines are only enriched for antigen-specific
cells and may contain T cells with other specificities. To confirm
that the antigen-specific T cells mediate cross-reactivity to different
fungal pathogens and that the response is not due to other cells
contained in the T cell line, we compare the response to PBMC of
the same donor (Fig. 1).

1. The optimal amount of fungal antigen for feeding immature
DC should be titrated in preliminary experiments, especially
when working with larger hyphal structures. For germinating
spores a multiplicity of infection (MOI) of 1-2 spores per APC
in most cases works well. For stimulation with hyphal struc-
tures it is essential to properly titrate the optimal amount of
antigen (se¢ Note 16).

2. Twelve to fifteen days before the cross-reactivity assay expan-
sion of the antigen-specific T cell lines or clones has to be
started (see Subheading 3.2, steps 25-30).

3. Generation of autologous monocyte-derived DC is started 3—4
days before the cross-reactivity assay. For monocyte enrich-
ment by adherence, 2—-3 x 107 freshly isolated or frozen PBMC

PBMC
[ Gell line
[ Crf1+Gel1+Pmp20 line

\Q’e‘ R

J S
RS &
3 « &

v

Fig. 1 IFN-y secretion of PBMC, an A. fumigatus Gel1-specific and an A. fumigatus Crf1 + Gell + Pmp20-
specific T cell line of the same donor after stimulation with different fungal pathogens determined by ELISpot
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10.

per well are incubated in tissue culture-treated 6-well plates for
2-3 h at 37 °C and 5% CO, (see Note 22). For each fungal
pathogen, a separate well is needed plus additional wells for
control DC. For the cross-reactivity assay we recommend a
DC:T cell ratio of 1:10. For the total number of cells needed
see Note 23 and Table 3.

. After 2-3 h when the monocytes have attached to the culture

plate, carefully aspirate the non-adherent cells and repeatedly
wash the layer of adherent cells with culture medium or DPBS
with CaCl, and MgCl, (see Note 10). Check microscopically
for the removal of non-adherent cells.

. Add RPMI/HS with 1000 U/ml IL-4 and 800 U/ml

GM-CSF and incubate for 2-3 days at 37 °C and 5% CO, to
let the cells differentiate to immature DC.

. One day prior to the stimulation experiment coat ELISpot

plates with IFN-y and IL-17 coating antibody (see Notes 11
and 12). Pretreat the plates with ethanol if necessary (pretreat-
ment is dependent on the type of plate used, for instance
Millipore PVDF plates type MSIP plates should be pretreated
with 15 pl sterile 35% ethanol for maximally 1 min at RT).
Wash the plates 3x with sterile PBS and add IFN-y or 1L.-17
coating antibody in the concentration recommended by the
manufacturer. We suggest preparing at least duplicates for each
condition and titrating the cell number of antigen-specific T
cells (Table 3). Store the plates at 4 °C.

. The evening before the stimulation experiment the immature

DC are stimulated with heat-inactivated fungi overnight with
the amount of antigen determined in preliminary experiments.
Control DC or DC that will be used for peptide stimulation
are matured overnight by addition of a maturation cocktail
containing 1000 U/ml IL-6, 10 ng/ml IL-1p, 10 ng/ml
TNEF-a, and 1 pg/ml PGE2.

. At the day of stimulation, wash the ELISpot plates 3x with

PBS and block the membrane by the addition of 200 ul RPMI1/
HS per well for at least 90 min.

. Preparation of control PBMC (optional, if working with T cell

clones): Forisolation of PBMC from fresh blood see Subheading
3.2, step 1. Alternatively, cryopreserved PBMC can be used.
However, we recommend using freshly prepared PBMC if pos-
sible as they in general give better results.

Detach the DC by gentle scraping with a cell scraper (mature
DC adhere only weakly to the cell culture plate) and transfer
them to 15 ml conical tubes. Rinse the wells with RPMI/HS
or DPBS to recover any left cells. Spin down (400 x g4, 5 min)
and resuspend the pellet in RPMI/HS. Count the cells with a
hemocytometer.
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Number of samples and cell numbers needed for a hypothetical cross-reactivity assay with three
different T cell lines and PBMC from the same donor

Sample Number of
wells

Control DC and fungus-pulsed 11 x 2 wells
DC only (background

control)
PBMC only (background 1 x 2 wells
control, optional) (optional)

PBMC + unpulsed mature DC 1 x 2 wells
(negative control)

PBMC + SEB (positive 1 x 2 wells
control)

PBMC + fungus-pulsed DC 10 x 2 wells

T-cell lines only (background 3 x 2 wells
control, optional) (optional)

T-cell lines + unpulsed mature 3 x 2 wells
DC or DC pulsed with
irrelevant antigen (I)

T-cell lines + unpulsed mature 3 x 2 wells
DC or DC pulsed with
irrelevant antigen (II)

T-cell lines + DC pulsed with 3 x 2 wells
specific antigen (positive
control) (I)

T-cell lines + DC pulsed with 3 x 2 wells
specific antigen (positive
control) (IT)

T-cell lines + fungus-pulsed 3x10x2

DC (I) wells
T-cell lines + fungus-pulsed 3x10x2
DC (II) wells
Total numbers 198 wells

Number of
PBMC/T cells

2% 3 x 10°

2x 3 x 10°

2x 3 x 10°

20x 3 x 10°

2x 5 x 10* of each
line

2x 5 x 103 of each
line

2x 5 x 10* of each
line

2x 5 x 103 of each
line

2x 5 x 10* of each
line

20x 5 x 10° of
each line

20x 5 x 10* of
each line

PBMC:
26x 3 x 10°
(7.8 x 10°)
T-cell lines (3x):
26x 5 x 10* + 24x
5x 103
(1.42 x 10°)

Number of DC

2x 3 x 10* of control DC and each
fungus-pulsed DC population

2x 3 x 10* control DC

2x 3 x 10* of each fungus-pulsed
DC population

6x 5x10? control DC

6x 5x103 control DC

2x 5x10? of each antigen-pulsed
DC population

2x 5 x 10° of each antigen-pulsed
DC population

6x 5 x 10? of each fungus-pulsed
DC population

6x 5 x 103 of each fungus-pulsed
DC population

Control DC:
4% 3 x 10*+ 6x 5 x 103 + 6x
5x10%(1.53 x 10%)
Antigen-pulsed DC (3x):
2x5x 103 +2x 5 x 10?
(1.1 x 10%)
Fungus-pulsed DC (10x):
4x 3 x 10* + 6x 5 x 103 + 6x
5x10%(1.53 x 10%)

Cross-reactivity to ten different fungal pathogens is analyzed in duplicates using two different cell numbers (5 x 10% and
5 x 10* cells/well) and a DC:T-cell ratio of 1:10. If two different cytokines are tested (e.g., IFN-y and IL-17) the

double amount of cells is needed
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11.

12.

13.
14.

15.

16.

17.

Preparation of T cell lines or clones: Spin the cells down, wash
with RPMI/HS or DPBS, resuspended in RPMI/HS, and
count them with a hemocytometer.

Prepare dilutions for the T cell lines, PBMC, and DC accord-
ing to the number of cells needed for restimulation (Table 3).
To facilitate the assay procedure, we recommend preparing
tenfold concentrations for each sample. For example, if the
final number per well is 5 x 10* cells, the cells should be
adjusted to 5 x 10° cells/ml. The optimal number of cells per
well in the ELISpot assay strongly depends on the specificity of
the T cell line. For highly specific T cell lines or T cell clones
cell numbers <10* per well should be used, for lines with lower
specificity the cell number can be increased to 10° cells per
well. We recommend titrating the optimal cell number in pre-
liminary experiments or using at least two different cell num-
bers (Table 3). For stimulation of whole PBMC a cell number
of 3 x 10° per well works well in our hands.

Discard the blocking medium from the ELISpot plates.

To each well add 100 pl of the respective tenfold T-cell /PBMC
suspension and 100 pl of the respective tenfold DC
suspension.

24-72 h after stimulation, the ELISpot can be developed.
IFN-y secretion is usually faster and the plates can be devel-
oped after 24 h. For the 11L.-17 ELISpot we recommend stimu-
lating the cells for 48-72 h.

Shake out the cell suspension and wash the plates 5x with
PBS/Tween. Add biotinylated IFN-y or I1.-17 detection anti-
body in the concentration recommended by the manufacturer.
Incubate for 2 h at RT. Wash the plates 5x with PBS /Tween
and add streptavidin-ALP in the concentration recommended
by the manufacturer. Incubate for 1 h at RT. Wash the plates
5x with PBS/Tween, peel off the underdrain, and rinse the
plates from both sides with tap water. Add to each well 50 pl of
BCIP/NBT solution. After the appearance of spots, rinse the
plates from both sides with tap water and let the plates dry
overnight.

The number of spot forming cells (SFC) is determined with an
ELISpot reader.

4 Notes

. Different fungal species need different culture media for opti-

mal growth. However, Potato Dextrose Broth worked well for
all fungal species used in this protocol (see Table 2).
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. Different fungal species need different temperatures for opti-

mal growth. However, 25 °C worked well for all fungal species
used in this protocol. If possible, some species can be incu-
bated at 37 °C to accelerate growth (see Table 2).

. Starting cultures can be obtained on petri dishes, agar slants,

cryopreserved, freeze-dried, or others. Please follow the
instructions of the provider on how to start the culture.

. Other protocols suggest varying concentrations of other deter-

gents such as Tween 20 or Triton X-100 in 0.9% NaCl, PBS,
or distilled water. All detergent solutions should work
similarly.

. Removal of hyphal structures and agar from spore suspensions

can be achieved by different methods. A very convenient way
is the use of sterile 40 pm cell strainers that fit on top of 50 ml
conical tubes. Further options can be filtration of the spore
suspensions through sterile filter paper or several layers of ster-
ile lens tissue or filtration through cotton wool or glass wool
inserted into 5 ml pipet tips or syringes.

. In our experience, spores germinate faster and more uniformly

in conical flasks on an orbital shaker at low speed. However, if
there is no orbital shaker available, the spore solutions can also
be incubated without shaking.

. Pooled human serum can be ecither purchased or prepared

from at least five ditferent healthy volunteers. For long-term
expansion of very rare populations of antigen-specific cells, we
strongly recommend the use of human serum instead of fetal
calf serum to avoid background due to T cell responses to
bovine proteins. For short-term experiments with T cell lines
or clones fetal calf serum might also work.

. Alternatively, antigen-specific T cells can be enriched with

CD137 MicroBeads or by weekly restimulation with antigen
for several weeks (see Note 16).

. Instead of 1L-2/I1.-7 /11-15, also other cytokine combina-

tions such as IL.-4 /11.-7 can be used for T cell expansion [12].

Monocyte adhesion is dependent on the presence of divalent
cations. To avoid monocyte detachment during the wash steps
we recommend using either cell culture medium or DPBS sup-
plemented with CaCl, and MgCl, for washing.

ELISpot allows an estimation of the number of cells that secrete
the specific cytokine of interest. Other methods for the detec-
tion of responding cells such as intracellular cytokine (ICC)
assays, ELISA or Multiplex Cytokine detection assays can be
used alternatively or in addition to the ELISpot assay. ICC
assays also allow quantification of responding cells, can detect
several cytokines simultaneously, and can provide additional
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12.

13.

14.

15.

16.

17.

18.

information about the phenotype of responding cells. However,
the sensitivity is in our experience often lower than in ELISpot.
ELISA and Multiplex Cytokine detection assays are very sensi-
tive, but only provide information about the total amount of
cytokines secreted by a whole cell population and do not give
information about the frequency of responding cells.

In this protocol we analyzed IFN-y and IL-17 secretion to
estimate cross-reactivity of the T cell lines. IFN-y and IL-17
are signature cytokines for Tyl and Tyl7 cells, respectively,
which have been shown to be protective in anti-fungal immu-
nity. Depending on the fungal pathogen, the importance of a
Tyl or Tyl7 response can differ, for instance Tyl7 immunity
seems to be of minor importance in protection against A.
Sfumigatus, but of great importance in protection against C.
albicans infections.

Resting spores are in general only little immunogenic and do
not induce proper maturation of antigen-presenting cells and
T cell stimulation.

If the spore suspension is too concentrated, often only a part
of the spores germinate. If the spores do not germinate uni-
formly, dilution of the spore solution might help.

Longer hyphae often do not form compact pellets during cen-
trifugation. We suggest either centrifuging the cultures with-
out brake or letting the hyphal structures settle for some time
after centrifugation and transfer them with disposable sterile
plastic pasteur pipettes to fresh tubes.

Small hyphal fragments might be counted with a hemocytom-
eter. For hyphal preparations with larger fragments, we gener-
ally titrate the optimal amount of antigen in preliminary
experiments. It is often also helpful to estimate the ratio of
fungal structures to immune cells by visual inspection in flat-
bottom 96-well plates under a microscope.

For the generation of T cell lines by repeated restimulation,
around 2 x 107 PBMC per well are cultured in 6-well plates for
several weeks. The cells are restimulated weekly with antigen-
pulsed antigen-presenting cells (for the generation of dendritic
cells, see Subheading 3.3). The cultures are supplemented with
5 U/ml IL-2 every second day and the medium replenished as
needed.

For limiting dilution cloning, 300 cells of the T cell lines are
mixed with 1 x 10% gamma-irradiated (35 Gy) allogeneic
PBMC and 7.5 x 10° gamma-irradiated (60 Gy) T2 feeder
cells in 200 ml RPMI/HS. The medium is supplemented with
30 ng/ml purified anti-CD3 antibody (OKT-3) and 50 U/ml
IL-2. The cell suspension is then distributed to ten 96-well
U-bottom plates (200 pl/well). Wrap the plates in aluminum
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foil to reduce evaporation and incubate them at 37 °C and 5%
CO, for 14 days. Wells that contain a growing T cell clone can
be recognized by a dense cell pellet.

19. If antigen is limited, PBMC can be stimulated with antigen in
a 15 ml conical tube in 100-200 pl of RPMI/HS for 1 h at
37 °C and afterward transferred to the 6-well plate and the
culture medium filled up to 5 ml.

20. In our experience, the cells grow better in dense conditions. If
the cells are split too early, growth might be slowed down.
Microscopic estimation of the density of viable cells is only
possible during the second week of expansion, after the feeder
cells start to degenerate.

21. Instead of DC, also macrophages can be used as APC for stim-
ulation of the T cell lines. However, DC have in general a
higher potency to stimulate T cells. If macrophages are used,
the APC:T cell ratio should be increased from 1:10 to 1:5.

22. Alternatively to monocyte isolation by adherence, CD14* cells
can be isolated by CD14* microbeads. The initial cell number
is around 20% of PBMC, but in our experience the final num-
ber of dendritic cells is comparable to the number obtained by
monocyte adherence.

23. PBMC contain approximately 5% monocytes. In our experi-
ence the amount of monocyte-derived DC after 3 days is
approximately 1-2% of PBMC. To reduce cell manipulation
and cell loss, we generally do not detach and count the imma-
ture DC prior to stimulation but assume a cell number equiva-
lent to 1-2% of the PBMC per well at the start of the culture.
If you want to count the DC prior to stimulation, we suggest
setting up a separate well.
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Chapter 21

Assessment of Post-Vaccination Phagocytic Activation
Using Candida albicans Killing Assays

Wengqing Li and Yan Hu

Abstract

Candida albicans is an important opportunistic fungal pathogen. It is now the fourth leading cause of
nosocomial bloodstream infections and a great threat to the immuncompromised patients attributed to the
disseminated candidiasis with the mortality up to 40%. Phagocytic cells are the first line of defense against
Candidn infections. Antibodies induced by vaccination can effectively enhance the capacities of phagocy-
tosis and killing of neutrophils and macrophages. In this chapter, flow cytometric analysis (FACS) and
killing assay by plate culture methods are introduced to evaluate the phagocytosis and killing of strains of
Candida albicans opsonized with immune serum obtained from mice vaccinated with yeast and recombi-
nant enolase.

Key words Neutrophils, Macrophage, Phagocytosis, Killing, Flow cytometric analysis, Antibody

1 Introduction

Candidn albicansis a widespread opportunistic pathogen that con-
tinues to be a leading cause of mucocutanecous and disseminated
infections in immunocompromised hosts. It is now the fourth
most common cause of nosocomial bloodstream infections, with
an associated mortality rate of up to 40-50%, even with modern
antifungal therapy [1, 2]. Until now, one of the main concerns has
been focused on the preventive or therapeutic use of vaccines
against candidiasis.

Phagocytic cells are the first line of defense against systemic
and mucocutaneous Candida infections. The efficiency of phago-
cytosis and killing of various Candida isolates by neutrophils and
macrophages is closely related to the susceptibility of host to can-
didiasis. The antibodies induced by the live yeasts, attenuated
yeasts, recombinant cell wall polysaccharides, proteins and peptides
of Candidn species can effectively protect host against Candida
infections with enhancing phagocytosis and killing of yeasts
through opsonization and neutralization of antigens [ 3]. Therefore,

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_21, © Springer Science+Business Media LLC 2017
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the assessment of the capacities of phagocytosis and killing of neu-
trophils and macrophages is essential to evaluate the protective effi-
ciency of vaccines against Candida infection.

In this chapter, flow cytometric analysis (FACS) and killing

assay by plate culture method were mainly introduced to evaluate
the phagocytosis and killing of strains of Candida albicans which
were opsonized with immune serum obtained from mice vacci-
nated with yeast and recombinant enolase.

2 Materials

2.1 Immunization

2.1.1 Live Candida
albicans

2.1.2 Heat-Killed
Yeast [5]

2.1.3 Preparation

of Recombinant Protein

of Candida albicans (See
Note 1) (Cloning,
Expression, Purification,
and Immunological
Identification Recombinant
Enolase) [6]

N O\ Ul W

. Candida albicans isolate 3630 was obtained from the

Australian  Medical Mycology Reference Laboratory
(AMMRL) at the Royal North Shore Hospital, Sydney. The
strain 3630 was isolated from the nail of a patient with cuta-
neous candidiasis.

. Candida albicans isolate 3683 was obtained from the Austral

ian Medical Mycology Reference Laboratory (AMMRL) at the
Royal North Shore Hospital, Sydney. The strain 3683 was
isolated from the mouth of a patient at Fairfield Hospital,
Victoria, Australia in 1991.

. C. albicans SC5314 (ATCC Catalogue number MYA-2876)

was a gift from Dr. P. Sundstrom, Ohio State University. SC5314
is described in the ATCC catalogue as a clinical specimen sub-
mitted by Dr. Y.R. Thorstenson, and has been described as an
isolate from a patient with disseminated candidiasis [4].

. Glycerol.

. Sabouraud broth.

. Shaker.

. Phosphate Buffered Saline (PBS): NaCl 40 g, KCI 1 g,

Na,HPO, 7.2 g, KH,PO, 1.2 g dissolved in 4 L distilled water.
Adjust pH to 7.4, add distilled water till 5 L. Autoclave and
store at room temperature.

. The high virulence Candida albicans ATCC 26555 was used

for vaccination with the heat-killed yeast.

. Coding sequence of enolase.
. 5’primer (5'-GGGCATATGATGTCTTACGCCACTAAA

ATC-3") and 3’ primer (5-AAACTCGAGCAATTGAGAAG
CCTTTTGG-3") with Ndel /Xhol restriction enzyme sites.

. Prokaryotic expression vector pET30a (+) (Novagen).

4. Escherichin coli BL21 (DE3) (Promega).

. 1.0 mM isopropyl-p-d-thiogalactopyranoside (IPTG).



2.2 Mice (See Note 2)

2.3 Enzyme Linked
Immunosorbent Assay
(ELISA)

O 0 N O

15.
16.

17.

18.
19.
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. Centrifuge and sonicator.

. His Bind Purification Kit (Novagen).

. ToxinEraserTM endotoxin removal resin (Genmed).
. Limulus Amebocyte Lysate (LAL) assay (Genmed).
10.
. Bovine serum albumin (BSA) standard.
12.
13.
14.

Bradford reagent.

SDS-PAGE (12% gel).
Polyvinylidene difluoride (PVDF) membrane.

Blocking buffer: PBS, 0.05% Tween 20 (PBS-T, pH 7.4) and
1% bovine serum albumin (BSA).

Horseradish peroxidase (HRP)-conjugated anti-mouse immu-
noglobulin G (Fab specific, 1:2000 dilutions).

Dilution buffer: 0.1% BSA in PBS-T.

Diaminobenzidine solution (Dako Denmark A /S, Denmark):
1 mL Reagent A solution and 50 pL. Reagent B solution well
mixed.

Complete Freund’s adjuvant.

Incomplete Freund’s adjuvant.

Inbred mice (BALB/c, CBA/CaH, and C57BL/6]) are the widely
used strains in the study. Mice are suggested to be kept in filter top
cages in a PC2 facility, and given food and water ad libitum. All the
animal experiments should be done in the environment with PC2
facility and approved by the Animal Experimentation Ethics
Committee.

1.
2.

Microtiter plates.

0.1 M carbonate /bicarbonate buffer (pH 9.5): Na,CO; 1.59 g
and NaHCOj; 2.94 g mixed in 1000 mL distilled water and
stored at 4 °C.

. PBS-T (pH 7.4): 0.5 mL Tween-20 in 1000 mL PBS, mixed

together and store at room temperature.

4. Blocking bufter: 5% skim milk in PBS-T.

. Dilution buffer: 0.1% BSA in PBS-T.

6. (HRP)-conjugated goat anti-mouse immunoglobulin G

(1:20,000 dilution).

. 1 mg/mL 3,3-,5,5-tetramethylbenzidine.
. 2 M H,SO,.

. Microplate spectrophotometer.
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2.4 Isolation
of Phagocytic
Neutrophils
and Monocytes

2.5 Percoll Density
Gradient

2.6 Differentiation
of Macrophages
In Vitro

2.7 Opsonization
of Yeasts with Normal
or Immune Serum

2.8 Phagocytosis
of Yeasts
by Phagocytic Gells

1.

RPMI-1640 medium.

2. Centrifuge.

9]

QN Ul W

. Bone marrow culture medium (BMM): Glutamine 0.292 g,

Pyruvic acid 0.11 g, HEPES 2.383 g, NaHCO; 2 g,
Monothioglycerol 10 pL, Hydrocortisone 21-hemisuccinate
0.462 mol, FCS (fetal calf serum) 150 mL. Add RPMI-1640
w,/o0 l-glutamine and NaHCO; to 1 L.

. 75 em? cell culture flask.
. Cell culture incubator, 5% CO, at 37 °C with 95% humidity.

. Percoll.

. 10x Hanks’ balanced salt solution without Ca?** and Mg?*

(HBSS).

. 10 mM HEPES.

. Pasteur pipettes .

. RPMI-1640 medium.

. Mouse-osmolality phosphate-buffered saline (MPBS): Na,HPO,

0.92 g, KH,P0O, 0.2 g, KC1 0.2 g, NaCl 9.83 g. Dissolvedin 1 L
distilled water and filtered with 0.2-mm filter.

. RPMI-1640 medium.

2. Medium nylon mesh (diameter at 0.2 mm).

. Red cell lysis solution (Sigma, USA. 100 mL ready-to-use

solution, store at 2-8 °C).

4. Cell counter.

. Macrophage culture medium (MCM): 10% FCS, 20% L-cell

supernatant in RPMI-1640 with I-glutamine and NaHCO;.

. L-cell supernatant: Supernatant collected from 3 to 4 day

L-cell cultures (1 x 107 cells set up in 150 cm? flask).

. L-cell Medium (for AIC 1.929 cells). 5% FCS in RPMI-1640

with I-glutamine and NaHCOj

. 95 x 15 mm bacterial culture dishes.

. Cell scraper.

. Sterile PBS.

2. 37 °C water bath.

IO S NS ]

. Microscopic slides.

. Giemsa stain.

. Ethanol.

. 0.1 mg/mL FITC in 0.5 M carbonate/bicarbonate buffer

(pH 9.5).
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. 10x Hanks’ balanced salt solution without Ca?>* and Mg?*

(HBSS).
PBS.

. 1.5 mL microcentrifuge tube.
. 37 °C water bath with horizontal shaking at 90 rpm.
. Stop solution: 0.02% ethylenediaminetetraacetic acid (EDTA)

in PBS.

. 10 pg/mL ethidium bromide (EB).
. Flow Cytometer with CellQuest Version 3.1, FACS Calibur.

12. 0.1 mg/mL FITC-rat IgG2a/PE-rat IgG2a.
2.9 Candida 1. C. albicans cells.
Killing Assays 2. 0.3 mg/mL FITC in HBSS (pH 7.2).
2.9.1 Assessment 3. PBS.
of Killing with FACS 4. 1.5 mL microcentrifuge tube.
5. 37 °C water bath with horizontal shaking at 90 rpm.
6. Distilled water.
7. 0.02% (w/v) DNAse solution.
8. 100 pg/mL propidium iodide (PI).
292 Assessment 1. C. albicans cells.
of Killing of Yeast 2. PBS.
by Plati
v Hatng 3. Distilled water.
4. YPD medium.
5. Incubator 37 °C.
3 Methods
3.1 Immunization 1. Store yeasts at =70 °C in 15% (v/v) glycerol in Sabouraud’s
Protocol broth and grow in Sabouraud’s broth for 48 h at room tem-
L perature with continuous agitation.
3.1.1  Immunization
with Live Yeast 2. Inject mice with 3 x 10° C. albicans 3630 and 3683, but
4 x 10* SC5314, in 200 pL PBS via the tail vein [6, 7] (see
Note 4).
3.1.2  Immunization 1. Incubate C. albicans ATCC 26555 at 37 °C for 48 h.
with Heat-Killed Yeast 2. Collect the cells by centrifugation and wash with PBS prior to
the inactivating treatment.
3. Heat-kill the cells (20 x 10° cells/mL in PBS) by incubating at
100 °C for 1 h.
4. Inject 2 x 107 cells via the tail vein.
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3.1.3 Preparation

of Recombinant Cell-Wall
Protein Enolase of Candida
albicans (Cloning,
Expression, Purification,
and Immunological
Identification Recombinant
Enolase) and Immunization
(See Notes 5 and 6).

3.2 Obtain
Immune Serum

1.

10.

Amplify the coding sequence of enolase by polymerase chain
reaction (PCR) using 5'primer (5'-GGGCATATGATGTCTTA
CGCCACTAAAATC-3")and 3’ primer(5’-AAACTCGAGCAA
TTGAGAAGCCTTTTGG-3") with Ndel/Xhol restriction
enzyme sites (underlined), respectively.

. Purify the PCR product and clone into the corresponding

restriction sites of a prokaryotic expression vector pET30a (+)
and confirm the recombinant vector by double-enzyme diges-
tion and sequencing.

. Transform the recombinant plasmid into Escherichin coli BL21

(DE3) and induce protein expression by IPTG at a final con-
centration of 1.0 mM for 5 h at 37 °C.

. Collect the induced bacterial cells by centrifugation and dis-

rupt by ultrasonication.

. Purity of the recombinant enolase from the supernatant by

affinity column chromatography using His Bind Purification
Kit. Remove endotoxin by ToxinEraserTM endotoxin removal
resin, resulting in levels <0.lendotoxin units/mL as indicated
by the LAL assay, following the manufacturer’s protocol.

. Determine the protein concentration using the Bradford

method, with BSA as a standard.

. Subject the purified rEnolase (5 pg) to SDS-PAGE (12% gel)

and then electro-transfer to PVDF membrane.

. Block the membranes with the blocking buffer overnight at

4 °C and then incubate with either immune or normal serum
from C57BL /6] mice at 1:100 dilutions for 2 h at room tem-
perature (RT).

. After washing five times with PBS-T, probe the membranes

with HRP-conjugated anti-mouse immunoglobulin G for 1 h
at RT. Dilute both primary and secondary antibodies with
0.1% BSA in PBS-T. After further washing, develop the mem-
branes with diaminobenzidine solution as a substrate.

Vaccinate ten (6-week) female C57BL/6 mice subcutaneously
with 100 pg of purified recombinant enolase (rEnolp) in com-
plete Freund’s adjuvant, then boost twice, at 2 week intervals,
with 50 pg of rEnolp in incomplete Freund’s adjuvant, and infect
systemically 2 weeks after the final boost. Ten female C57BL/6
mice of the same age received adjuvant alone mixed with PBS as
a control group, and a further ten of the same age mice received
PBS alone (without adjuvant) as a negative control group.

. Obtain the blood from immunized mice by direct heart punc-

ture on weeks 2, 5, and 8 after systemic immunization.

. Collect the sera by centrifugation of blood at 30,705 x4 for

15 min at 4 °C. Store pooled sera at —20 °C until used.



3.3 Antibody
Assay—ELISA

3.4 Isolation
of Phagocytic
Neutrophils
and Monocytes

3.5 Obtain
Phagocytic Cell
with Percoll [8, 10]
(See Note 3)
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Antibody isotypes and titers in serum were measured by an enzyme
linked immunosorbent assay (ELISA).

1.

Coat microtiter plates with 0.5 pg purified rENO1 antigen in
0.1 M carbonate-bicarbonate buffer (pH 9.6) per well and
incubate at 4 °C overnight.

2. Block with blocking buffer for 2 h at 37 °C.

. Add 100 pL serum samples diluted 1:100 with PBS-T contain-

ing 0.1% BSA per well and incubate at 37 °C for 2 h.

. Add 100 pL HRP-conjugated goat antimouse IgG to each

well and incubate the plate for 0.5 h at 37 °C.

. Develop with substrate 3,3-,5,5-tetramethylbenzidine.

6. Stop the reaction by adding 2 M H,SO, (50 pL per well).

. Measure the microtiter plates with microplate spectrophotom-

eter at 450 nm.

Long-term bone marrow cultures for the production of neutro-
phils and monocytes were established as follows [8, 9].

1.

Flush bone marrow cells from femurs and tibias using RPMI-
1640 medium, centrifuge at 626 x4 for 10 min.

2. Resuspend in BMM.

. Inoculate 3.3 x 107 cells into a 75 cm? cell culture flask in

20 mL BMM, incubate in 5% CO,, at 37 °C with 95% humid-
ity for 3 weeks, replacing half of the medium with fresh medium
every week.

. On week 4, remove the culture medium and add an equal vol-

ume of freshly isolated bone marrow cells into the flasks, after
that culture them for a further week.

. Collect the total supernatant on week 5 for the isolation of

neutrophils and monocytes.

. Harvest the cells weekly.

. Prepare Percoll density solutions by mixing nine volumes

Percoll with one volume of 10x PBS. Dilute this solution to 1x
HBSS (pH 7.2) with 10 mM HEPES to the following working
concentrations: 81% (1.1002 g/mL); 65% (1.0812 g/mL);
and 55% (1.0693 g/mL) (see Note 3).

. Isolate neutrophils and monocytes on a discontinuous Percoll

density gradient. Harvest the non-adherent cells from the cul-
tures and resuspend in 3 mL Ix HBSS with 10 mM
HEPES. Layer the cells onto the gradients and centrifuge at
2143 x g for 40 min at 10 °C. Harvest the cells in the third
layer with Pasteur pipettes as neutrophils and others as
monocytes (Fig. 1). Wash the cells twice with MPBS and sus-
pend in RPMI-1640 for use.
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i

Layer 1

<= Density of 1.085

<= Layer 2

<= Density of 1.095

<= Layer 3

<= Density of 1.10

<> Layer4

Fig. 1 Layering of cells after centrifugation on Percoll density gradients. According
to the density, the third layer containing neutrophils, and the second containing

monocytes
3.6 Differentiation 1. Flush mouse bone marrow cells from femurs and tibias with
of Macrophages RPMI-1640, pass through medium nylon mesh to remove
In Vitro clumps.

2. Centrifuge at 626 x g for 10 min and resuspend in red cell lysis
solution for 5 min at 37 °C.

3. Wash the cell suspension twice with RPMI-1640, count, and
dispense 1 x 107cells in 15 mL MCM into 95 x 15 mm bacte-
rial culture dishes.

4. Incubate the plates in 5% CO,, 95% humanity at 37 °C for
7 days. Replace the medium on days 4 and 6 with an equal
volume of MCM.

5. Harvest the macrophages using a cell scraper, wash once with
RPMI-1640, and resuspend at the appropriate concentration
for use.

3.7 Opsonization Incubate the yeasts with 20% normal mouse serum, or immune
of Yeasts with Normal serum from systemically immunized mice, in PBS, in a 37 °C water
or Immune Serum bath for 30 min and wash twice with PBS before use.



3.8 Phagocytosis
of Yeasts
by Phagocytic Cells

3.9 Candida Killing
(See Note 8)

3.9.1 Assessment
of Killing with FACS
[11,12]
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. Place functional neutrophils, monocytes, and macrophages on

slides, stain with Giemsa, and examine their morphology.

. Fix the yeasts with 75% ethanol for 1 h at room temperature

and label with 0.1 mg/mL FITC in 0.5 M carbonate /bicar-
bonate buffer (pH 9.5) for an hour in the dark with continu-
ous agitation. After washing twice with PBS, resuspend
Candida in HBSS and store at —70 °C for use.

. Wash the fixed yeast cells, with or without opsonization, twice

with PBS and incubate with phagocytic cells (1 x 10°) in 1 mL
PBS in a 1.5 mL microcentrifuge tube at ratios of effector to
yeast of 1:1, 1:2, and 1:4 for 30 min in a 37 °C water bath with
horizontal shaking at 90 rpm.

. After incubation, spin down the cells, and add 1 mL of stop

solution to stop phagocytosis. Finally, add 500 pL EB followed
by flow cytometric analysis (FACS). Preliminary experiments
demonstrated that a 30 min incubation at a ratio of effector to
yeast of 1:1 was optimal for comparison of phagocytosis
(Fig. 2a) (see Note 7).

. Perform FACS using two-color fluorescence. Typical FACS

dot-plots for phagocytosis and killing of C. albicans by mouse
neutrophils are shown in Fig. 3.

. Adjust detector/Amps and color compensation using phago-

cytic cells incubated with FITC-rat IgG2a/PE-rat IgG2a.
Yeasts labeled with FITC lose their green fluorescence and
acquire red fluorescence after staining with EB, unless they are
internalized by phagocytic cells. Thus, after staining with EB,
a single positive (green) population represents cells with
ingested yeasts, and a double positive population represents
cells with both ingested and adherent yeasts. Thus, phagocyto-
sis was calculated as the percentage of single positive (green)
plus double positive (green and red) fluorescent cells. A repre-
sentative result from a quantitative assay of neutrophil phago-
cytosis of C. albicansis shown in Fig. 3.

. Label live C. albicans with 0.3 mg/mL FITC in HBSS

(pH 7.2) for 1 h by agitation in the dark at room
temperature.

. Wash the yeasts twice with PBS, and resuspend in PBS for use.

Incubate the labeled yeasts, with or without opsonization,
with phagocytic cells (1 x 10°) in 1 mL PBS in a 1.5 mL
microcentrifuge tube at an effector-to-yeast ratio of 1:1, 2:1,
4:1 for 90 min in a 37 °C water bath with horizontal shaking.

. After incubation, lyze the cells by hypotonic shock (1 mL dis-

tilled water added for 10 min). Remove extracellular DNA by
adding 0.02% (w/v) DNAse solution for 5 min at 37 °C.
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Fig. 2 Comparison of different ratios of effector to yeast for phagocytosis (a) and killing (b) assays for BALB/c
and CBA/CaH mice. Phagocytosis and killing were performed with neutrophils and strain 3630 without opso-
nization. “*” denotes a significant difference between BALB/c and CBA/CaH mice (p < 0.05)
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Fig. 3 A representative FACS dot-plot showing phagocytosis of C. albicans by mouse neutrophils. (a) Neutrophils
labeled with IgG as control. (b) Neutrophils after phagocytosis of yeasts labeled with FITC and the addition of
ethidium bromide (EB). Double positive cells in the top-right quadrant represent phagocytic cells with ingested
and adherent yeasts, single positive cells in the bottom right quadrant represent cells with ingested yeasts
only. In the top-left quadrant are cells with adherent Candida only

4. After washing twice with PBS, add 200 pL PI at 100 pg/mL
to the tube for 30 min at 4 °C in the dark before FACS analy-
sis. Killing of yeasts showed a direct correlation with increased
effector: target (E:T) ratio, and 1:1 was chosen for a compari-
son of killing by effectors from the two strains of inbred mice
(Fig. 2b) (see Note 9). After staining with FITC, the dye Pl is
able to penetrate dead yeasts and stain the DNA, yielding red
fluorescence, while the yeasts retain their green membrane
fluorescence. Therefore, the number of yeasts showing both
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Fig. 4 A representative FACS dot-plot showing Killing of Candida albicans by mouse neutrophils. Double posi-
tive cells in the top-right quadrant represent dead yeasts, and those in the bottom-right quadrant represent live
yeasts. (@) Shows yeasts only as a control, while (b) represents phagocytic cells cocultured with live yeasts

3.9.2 Assessment
of Killing of Yeast
by Plating [13, 14]

green and red fluorescence reflects the number of dead yeasts
in the sample.

. Use the FITC-labeled yeasts without the addition of cells as a

control, to adjust Detector/Amps and color compensation.
Calculate the percentage of killed Candida as follows:
Percentage of killed yeasts = Percentage of double positive
yeasts in sample—percentage of double positive yeasts in con-
trol. A quantitative assay of killing of C. albicans by mouse
neutrophils is presented in Fig. 4.

. Coculture 4 x 10* neutrophils with 2 x 10* C. albicans cells

(2:1 ratio) for 2 h at 37 °C in PBS.

. After incubation, lyse the cells by hypotonic shock (1 mL dis-

tilled water added for 10 min).

. Serially dilute yeasts, overlay with YPD, and incubate 48 h at

37 °C.

. Count CFU and calculate percentage of killing as follows:

(1-CFU from the plates of yeasts with cells/CFU from the
plates of yeasts only) x 100%.

4 Notes

. The vaccine targets against Candida infection are mainly cell-

wall polysaccharides, proteins, and peptides of Candida spe-
cies. Recombinant p-1,2-mannotriose, the secreted aspartic
proteases family (rSap2), the agglutination-like sequence 1
(rAlsl), and enolase can enhance mouse resistance to
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Candidiasis. Here, we choose recombinant enolase as an exam-
ple of vaccine target since it is located on the cell wall of
C. albicans and plays an important role in energy metabolism.
According to our study, enolase is highly immunogenic and

the antibody titer in the immune serum of mice can reach up
to 1:51,200.

. The inbred mice BALB/c, CBA/CaH, and C57BL/6] have

different genetic background. According to previous studies,
BALB/c mice are resistant to systemic Candida infection,
whereas CBA/CaH mice are susceptible to systemic Candida
infection and C57BL/6] mice are the widely used strain in
animal experiments. For other objectives of studies, special
gene knockout mice should be considered.

. Percoll density gradient preparation varies between laboratories.

However, a simple method to prepare Percoll is as follows.

Dilute Percoll with 10x PBS at 9:1 (Percoll:PBS) first, and
then make required densities with diluted Percoll and 1x HBSS
(pH 7.2) with 10 mM HEPES.

Always layer the gradient solutions from bottom of tube
starting with the most dense solution, followed by the second
and third dense, and finally carefully place the sample on the
top. Always make fresh gradient density Percoll within 1 week
of the experiment.

. The concentration of Candida albicansused in systemic immu-

nization is different from strain to strain, and very important.
In this protocol, 3 x 10° C. albicans 3630 and 3683, but
4 x 10* SC5314, in 200 pL PBS was injected via the tail vein.
The reduced concentration for SC5314 was necessary because
the higher dose resulted in the death of the mice within 1 week
after injection. Where necessary for comparisons between
yeasts, the dose for 3630 and 3683 was also reduced to 4 x 10%.

. In the immunization protocol, the dose of recombinant pro-

tein should be considered. For the first time of immunization,
the same dose of recombinant enolase (100 pg) and complete
Freund’s adjuvant (CFA) were mixed together. For the boost
immunization, a half dose of recombinant enolase (50 pg) was
mixed together with incomplete Freund’s adjuvant (IFA). The
dose of recombinant protein should be decided by the purified
protein concentration. The dose 100 pg of the recombinant
protein has been proved to be the ideal dose, because of the
high antibody titer after the immunization and the better pro-
tective effect against infection.

. In the immunization protocol, in order to avoid the influence

of Freund’s adjuvant in the immune response, mice that
received adjuvant alone mixed with PBS were used as a control
group, and a further group of mice received PBS alone (with-
out adjuvant) as a negative control group. With the two
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control groups, the protective effect against Candida infection
of recombinant proteins can be more convincing.

. In the phagocytosis assay, the ratios of effectors to yeasts have

been evaluated at 1:1, 1:2, and 1:4. According to the results
(Fig. 2a), a ratio of effector to yeast of 1:1 was optimal for
comparison of phagocytosis.

. Both FACS and killing assay by plate culture methods can be

used for the killing assay of neutrophils and macrophages. The
FACS method is quick and accurate, and the results are more
intuitive. However, there are more procedures and a little bit
hard to master. The plate culture method is easy to operate,
and results are more stable and repeatable. But the amount of
work is more than the FACS method, since plenty of plates
need to be overlaid with Candida. And more time is needed,
since the plates are required to be cultured 48 h at
37 °C. Therefore, researchers can choose from the two meth-
ods according to their own conditions.

. In the killing assay, the ratios of effectors to yeasts have been

evaluated at 1:1, 2:1, and 4:1. According to the results
(Fig. 2b), a ratio of effector to yeast of 1:1 was optimal for
comparison of killing.
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Chapter 22

Immunization with Antigen-Pulsed Dendritic Gells Against
Highly Virulent Cryptococcus gattii Infection: Analysis
of Cytokine-Producing T Gells

Keigo Ueno, Makoto Urai, Shogo Takatsuka, Masahiro Abe,
Yoshitsugu Miyazaki, and Yuki Kinjo

Abstract

Cryptococcosis caused by highly virulent Cryptococcus gattii (Hv-Cy) is an emerging infectious disease that
affects immunocompetent individuals. The Hv-Cg outbreak began in 1999, but the mechanisms respon-
sible for its hyper-virulence as well as protective immunity against Hv- Cg infection remain to be elucidated.
To better understand the protective immunity against Hv- Cy infection, we developed a novel immuniza-
tion method using antigen-pulsed dendritic cells (DCs). We constructed a capsule-deficient Cg strain
(Acap60) and used it as a vaccine antigen. Mouse bone marrow-derived DCs were pulsed with Acap60 and
transferred into mice twice before pulmonary infection with Hv-Cyg strain R265. This DC-based immuni-
zation strongly induced cell-mediated immunity, including Th1 cells, Th17 cells, and multinucleated giant
cells enclosing fungal cells in lungs. This vaccination significantly ameliorated the fungal burden and the
survival rate after pulmonary infection with R265. The efficacy of DC-based immunization was signifi-
cantly but partially reduced in IFNy-deficient mice, thereby suggesting that the Thl and Th17 responses
play roles in vaccine-induced protection against Hv-Cy infection. This approach might provide new
insights into overcoming Hv- Cg infections in immunocompetent subjects. In this chapter, we describe the
procedures for DC-vaccine preparation and the analysis of cytokine-producing CD4* T cells.

Key words Adoptive transfer, Bone marrow-derived dendritic cell, Cryptococcus gattii, DC vaccine,
Pulmonary infection, Th17 cell

1 Introduction

Cryptococcus gattii (Cy) and C. neoformans (Cn) are encapsulated
fungi that cause cryptococcosis, a life-threatening infectious dis-
case with lesions in the lungs and central nervous system. An out-
break of Cy infection started on Vancouver Island and in the
surrounding area during 1999, and cryptococcosis caused by Cgis
perceived as an emerging infectious disease. The highly virulent C.
gottii (Hv-Cy) isolated in the outbreak can infect healthy

Markus Kalkum and Margarita Semis (eds.), Vaccines for Invasive Fungal Infections: Methods and Protocols, Methods in Molecular
Biology, vol. 1625, DOI 10.1007/978-1-4939-7104-6_22, © Springer Science+Business Media LLC 2017
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individuals, and the mortality rate due to Cy infection has been
estimated to be 8-20% [1-3]. The public health authorities in
British Columbia and the USA have brought this situation to the
public’s attention [4, 5].

Previous studies have detected a weaker migration of leuko-
cytes and lower amounts of cytokines in the lungs and cerebrospi-
nal fluid of hosts infected with Hv-Cg compared with those in
hosts infected with the conventional Cn strain H99, which has
been analyzed frequently [6-10]. These studies also indicate that
Hv-Cyg is less likely to be recognized by the immune system.
Because Hv-Cy induces a weaker inflammatory response after
infection, some studies have shown that Hv-Cy can infect immu-
nocompetent and immunocompromised subjects in the same man-
ner. For example, a comparison of immunocompetent and CD4* T
cell-depleted mice showed that they had equal fungal burdens of
Hv-Cy in their lungs and comparable survival rates [11]. Similar
results were obtained in immunodeficient CD4C/HIVM*A trans-
genic mice expressing proteins of human immunodeficiency virus
and exhibiting severely atrophied lymphoid organs [12]. By con-
trast, these immunodeficient mice were more susceptible than
immunocompetent mice to infection by Czn strain H99, and it is
generally considered that CD4* T cells play a crucial role in protec-
tion against Cz infection [13]. However, it has not been deter-
mined whether a CD4* T cell response is required for the protection
against Hv-Cy infection. Studies have demonstrated that granulo-
cyte—-macrophage colony-stimulating factor (GM-CSF) and com-
plement factor C3 are key factors for the protection against Hv- Gy
infection [14, 15]. Thus, the protective immunity against Hv-Cg
infection still remains unclear [13].

Several experimental vaccines have been developed to analyze
the protective immunity against cryptococcosis, which have been
evaluated in a murine infection model based on “gain-of-function
analysis” [16]. These studies have provided insights into protective
immunity against cryptococcosis, which includes T cell-mediated
immunity (CMI) and antibody-mediated immunity (AMI) [16].
Two experimental vaccines have been developed against Hv-Cy
infection [17, 18]. In the first study, an intranasal vaccine was used
based on crude protein-antigens that are expressed in Hv-Cy strain
R265. This intranasal vaccine induced an Hv- Cg-specific antibody
referred to as AMI, but there have been no evaluations of the effi-
cacy of the passive transfer of serum from immunized mice and the
vaccine’s efficacy in B cell-deficient mice. This previous study also
identified immunodominant proteins by two-dimensional gel elec-
trophoresis using immune sera from immunized mice [17]. In the
second study, we proposed an immunization method using antigen-
pulsed dendritic cells (DCs) [18], where we constructed a capsule-
deficient mutant (Acap60) and used heat-inactivated Acap60 cells
as the vaccine antigens. The antigen-pulsed DCs (DC vaccine) were
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adoptively transferred into mice before pulmonary infection with
R265. This immunization markedly activated CMI, including Th1
cells, Th17 cells, and the multinucleated giant cells (MGCs) that
enclose fungal cells in the lungs. Furthermore, this vaccination
could significantly ameliorate the lung pathology, fungal burden,
and mortality following infection with R265. The DC vaccine-
induced protective effect decreased significantly, but partially, in an
interferon gamma (IFN-y)-deficient mouse. These results suggest
that an IFNy-independent response is also involved in vaccine-
induced protection against Hv-Cyginfection [18]. The role of inter-
leukin (IL)-17A in cryptococcosis is controversial, but a previous
study showed that IL-17A-deficient mice are susceptible to Cn
infection [19], and it was also demonstrated that IL-17A is required
for the development of the MGCs that engulf fungal cells [19].

MGCs develop by fusing macrophages to enclose foreign sub-
stances, such as pathogens that cannot be eliminated, and they are
key players in CMI for controlling cryptococcal cells in lesions [ 20,
21]. In addition, cytokine-producing T cells such as Th1 and Th17
are required for MGC formation [19, 22, 23]. In this chapter, we
describe an experimental DC vaccine that is available for analyzing
CMI in Hv-Cy infection. In particular, we focus on the analysis of
the cytokine-producing T cells involved in MGC formation.

2 Materials

2.1 |Isolation of Bone
Marrow (BM) Cells

1. C57BL /6] mice.

. Complete medium: RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS), 1% streptomycin—penicillin
solution (10,000 units of penicillin and 10 mg/mL of strepto-
mycin), and 44 pM 2-mercaptoethanol.

[\

. 10 cm diameter Petri dishes, untreated for cell culture.
. 26 G x 13 mm needle.

. 2.5 mL syringe.

. 70 pm cell strainer.

. 10x Red blood cell (RBC) lysis buffer: 150 mM ammonium
chloride, 10 mM sodium bicarbonate, and 1 mM ethylenedi-
aminetetraacetic acid (EDTA)/2Na, sterilized by filtering
through a sterile 0.2 pm membrane after adjusting the pH to
7.4. Working solution prepared by mixing nine volumes of 10x
RBC lysis buffer and one volume of sterile distilled water.

N O\ Ul W

8. Hemocytometer.

9. Trypan blue solution, 0.4% (w/v), sterile-filtered.
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2.2 Differentiation
Gulture for
BM-Derived DCs
(BMDCs)

2.3 Immunization
with Antigen-Pulsed
BMDCs

2.4 Preparation
of Lung Leukocytes
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. Complete medium: RPMI 1640 medium supplemented with

10% EBS, 1% streptomycin—penicillin solution (10,000 units of
penicillin and 10 mg/mL of streptomycin), and 44 pM
2-mercaptoethanol.

. Murine GM-CSE.
. 10 cm diameter Petri dishes, untreated for cell culture.
. Hemocytometer.

. Trypan blue solution, 0.4% (w/V), sterile-filtered.

. Heat-killed Acap60 cells (1 x 10? cells/mL).
. Complete medium: RPMI 1640 medium supplemented with

10% FBS, 1% streptomycin—penicillin solution (10,000 units of
penicillin and 10 mg/mL of streptomycin), and 44 pM
2-mercaptoethanol.

. Murine GM-CSF.
. 10 cm diameter Petri dishes, untreated for cell culture.

. Sterile and endotoxin-free Dulbecco’s phosphate buffered

saline (DPRBS).

. Hemocytometer.

. Trypan blue solution, 0.4% (w/v), sterile-filtered.
. C57BL/6] mice.

. 27 G x 19 mm needle and 1 mL syringe.

. Ophthalmic scissors with two sharp tips.

. Sterile DPBS.

. 2R medium: RPMI 1640 medium supplemented with 2% FBS.
. Collagenase-D: 100 mg/mL stock solution prepared with

DPBS containing magnesium and calcium.

. Hyaluronidase: 100 mg/mL stock solution prepared with

DPBS containing magnesium and calcium.

. DNase I: 10 mg/mL stock solution prepared with DPBS con-

taining magnesium and calcium.

. EDTA: 500 mM EDTA (pH 8.0) solution prepared with dis-

tilled water and then diluted to 100 mM with DPBS.

. 70 pm cell strainer and 2.5 mL syringe.

. 14 mL round-bottom tube with snap cap.
10.
11.
12.

18 G x 51 mm SURFLO® indwelling needle and 20 mL syringe.
Percoll.

Complete medium: RPMI 1640 medium supplemented with
10% FBS, 1% streptomycin—penicillin solution (10,000 units of
penicillin and 10 mg/mL of streptomycin), and 44 pM
2-mercaptoethanol.



2.5 Induction

of Cytokine-Producing
T Cells by Polyclonal
Stimulation

DC Vaccine Against C. gattii Infection 331

. Complete medium: RPMI 1640 medium supplemented with

10% EBS, 1% streptomycin—penicillin solution (10,000 units of
penicillin and 10 mg/mL of streptomycin), and 44 pM
2-mercaptoethanol.

. Phorbol 12-myristate 13-acetate (PMA): 50 pg/mL stock

solution prepared with dimethyl sulfoxide (DMSO).

. Jonomycin: 1 mM stock solution prepared with DMSO.

. 2x PMA /ionomycin medium: complete medium containing

100 ng/mL PMA and 1 mM ionomycin.

. Brefeldin: ready-to-use reagent, 1000x solution with DMSO.
. Monensin: 72 mM stock solution prepared with methanol.

. 10x BrefeldinA/monensin medium: complete medium con-

taining 10x brefeldin and 20 pM monensin.

. Cell staining buffer: DPBS containing 0.5% (w/v) bovine

serum albumin and 0.1% (w/v) sodium azide.

3 Methods

3.1 Isolation
of BM Cells

This protocol and representative results are shown in Figs. 1 and 2,
respectively.

1.

Prepare two sterile 50 mL conical tubes. Add 10 mL of RPMI
1640 complete medium to one tube and 40 mL of 70% ethanol
to the other. Keep the tube containing medium in crushed ice.

. Sterilize the forceps and scissors by soaking in 70% ethanol.

. Euthanize three mice with carbon dioxide gas, and isolate the

temurs and tibias from both legs with forceps and scissors.
Remove any surrounding tissues manually using paper towels.
Sterilize by soaking the bones in 70% ethanol for 10 s and asep-
tically transfer the bones into the complete medium. Keep the
conical tube containing bones in crushed ice (see Note 1).

. Prepare three sterile 10 cm diameter dishes. Transfer the

medium and bones from the conical tube into the first dish.
This medium includes a small amount of ethanol used for ster-
ilization, as described above, so it should be discarded. Place
the bones in the second dish and add 30 mL of complete
medium to the dish (see Note 2).

. Hold a bone with forceps above the second dish and cut off

both ends of each bone using scissors. Place the bone shafts in
the second dish containing the complete medium. Flush out
marrow clumps from the shafts using the complete medium
from the second dish with a 26 G needle and 2.5 mL syringe.
Receive the marrow clumps in the third dish (see Note 3).
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Fig. 1 lllustration of the protocol. (a) Preparation of DC vaccine. BM cells are cultured in RPMI medium contain-
ing 10-ng/mL GM-CSF for 6—7 days. Non-adherent cells are harvested as BMDCs. BMDCs are then pulsed
overnight with 10 ng/mL GM-CSF and heat-Kkilled acapsular C. gattii (Acap60: “Heat-killed Cg” in the figure).
BMDCs engulfing several Acap60 cells are observed by microscopy after cultivation. The collected cells are
used for DC-based vaccination. (b) Analysis of cytokine-producing T cells after vaccination. The DC vaccine is
intravenously injected twice every 2 weeks. Lung leukocytes are isolated at appropriate times and are stimu-
lated with PMA and ionomycin for 3 h to induce cytokine-producing T cells
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