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Abstract

Meningitis due to Cryptococcus neoformans is responsible for upwards of 180,000 deaths
worldwide annually, mostly in immunocompromised individuals. Currently there are no licensed
fungal vaccines, and even with anti-fungal drug treatment, cryptococcal meningitis is often fatal.
Our lab previously demonstrated vaccination with recombinant cryptococcal proteins delivered in
glucan particles (GPs) protects mice against an otherwise lethal infection. The aim of the present
study was to discover additional cryptococcal antigens affording vaccine-mediated protection.
Sixteen proteins, each with evidence of extracellularity, were selected for in vivotesting based on
their abundance in protective alkaline extracts of an acapsular C. neoformans strain, their known
immunogenicity, and/or their high transcript level during human infection. Candidate antigens
were recombinantly expressed in £. coli, purified and loaded into GPs. BALB/c and C57BL/6
mice received three subcutaneous injections of GP-based vaccine, and survival was assessed for 84
days following a lethal orotracheal challenge with strain KN99. As with our six published GP-
vaccines, we saw differences in overall protection between mouse strains such that BALB/c mice
typically demonstrated better survival than C57BL/6 mice. From these studies, we identified seven
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new proteins which, when administered as GP-vaccines, protect BALB/c and/or C57BL/6 mice
against cryptococcal infection. With these results, we expand the pool of novel protective antigens
to eleven proteins and demonstrate the potential for selection of highly transcribed extracellular
proteins as vaccine targets. These screens highlight the efficacy of GP-subunit vaccines and
identify promising antigens for further testing in anti-cryptococcal, multi-epitope vaccine
formulations.
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1. Introduction

Cryptococcus neoformans and its closely related sister species, Cryptococcus gattii are the
main etiologic agents of cryptococcosis, a fungal infection occurring predominately in
immunocompromised populations. Inhalation of the yeast and its subsequent colonization of
the lungs can present as fungal pneumonia. Dissemination to the central nervous system
results in cryptococcal meningitis (CM) which is estimated to cause nearly 200,000 deaths
annually or approximately 15% of AIDS-related mortalities [1]. The case fatality rate of CM
in persons with AIDS is estimated to be upwards of 70% and survivors often are left with
permanent neurological disabilities [1]. Moreover, the anticryptococcal drug armamentarium
is limited and the most effective medications are often not available in the resource-poor
countries experiencing the heaviest burden of cryptococcal disease. Vaccines to protect at
risk individuals from developing cryptococcal disease are clearly needed but are not
available.

Glucan particles (GPs) are porous cell wall shells derived from baker’s yeast
(Saccharomyeces cerevisiae) and composed primarily of p—1,3-glucan with small amounts of
chitin [2]. They are recognized by the p—1,3-glucan receptor, Dectin-1, on phagocytes and
are also potent activators of the complement system [3, 4]. GPs can be loaded with protein
antigens within the hollow GPs, enabling delivery to phagocytes, including dendritic cells
[2]. In initial studies, we found that immunization of mice with the model antigen ovalbumin
encased in GPs elicited robust and long-lasting antibody and Th1- and Th17-biased CD4 T
cell responses [2, 5]. Subsequent studies demonstrated vaccination of mice with a crude
antigen extract encased in glucan particles (GP) protected mice against an otherwise lethal
challenge with the highly virulent C. neoformans strain KN99 [6].

While these studies provided a proof of principle that GP-based vaccines could protect mice
against experimental cryptococcosis, crude antigen preparations may be difficult to get
approved for use in human vaccines due to concerns about potential toxicity including
autoimmunity and reactogenicity. Therefore, an active focus of our laboratory is the
identification of protein antigens for use in subunit vaccines to protect at risk individuals
from developing cryptococcal disease. Our approach has been to recombinantly express
candidate cryptococcal antigens in £. coli, load the antigens into GPs, vaccinate mice and
then assess protection following a lethal fungal challenge. Using biased and unbiased
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approaches for antigen identification, we previously tested six such antigens and found four
of them afforded significant protection when used in a GP-based vaccine in at least one
mouse model of infection [7]. Here, we expanded our search for protective protein antigens
using new approaches for candidate antigen identification. We predicted extracellular protein
antigens would demonstrate an increased potential for detection by host immune
surveillance over those internal to the pathogen and serve as better vaccine candidates. We
therefore focused on proteins predicted to be extracellular, whether secreted or localized to
the cell surface or wall. This paradigm has been taken for other subunit vaccines currently
licensed for human use, targeting secreted toxins (tetanus), capsid proteins (HPV), and
surface proteins (pertussis) [8, 9]. In our studies, we assessed the ability of 16 additional £.
coli-derived recombinant cryptococcal proteins delivered as GP-vaccines to protect BALB/c
and C57BL/6 mice against challenge with C. neoformans strain KN99. Seven of the new
vaccines protected at least one mouse strain. With the four previously described, we now
have a pool totaling 11 recombinant antigens which can be further analyzed for the
development of a multi-epitope cryptococcal vaccine.

2. Materials and methods

2.1 Chemicals and culture media.

Reagents were from Thermo Fisher Scientific (Pittsburgh, PA), unless stated otherwise.
Media was YPD (Difco Yeast Extract, Bacto Peptone, Dextrose with and without 2% agar);
and Sabouraud Dextrose Agar (Remel) for culture of Cryptococcus. The BL21 strain of £.
coliwas used for protein expression by culturing in Overnight Express Instant TB medium
(EMD Millipore, Billerica, MA) for 18h at 30°C with shaking. Antibiotic selection was with
ampicillin (100 pg/ml) or kanamycin (100 pg/ml).

2.2 Strains of Cryptococcus.

C. neoformans var grubii strain KN99 [10] was maintained as a glycerol stock at —80°C and
cultured initially on YPD agar. For in vivo challenge, KN99 was cultured in liquid YPD at
30°C with shaking for 18-20 h. Yeast cells were harvested by centrifugation and washed
twice with phosphate-buffered saline (PBS). After counting with a hemocytometer, cells
were suspended in PBS at a concentration of 4 x 10° cells/mL to challenge BALB/c mice
and 2 x 10° cells/mL for C57BL/6 mice. CFUs were verified by culturing on Sabouraud
dextrose agar.

2.3 Expression of cryptococcal proteins in E. coli and purification of protein.

The cDNA for each new protein, excluding sequence encoding an N-terminal signal peptide,
C-terminal serine/threonine-rich region, and/or a GPI anchor was synthesized and cloned in
PET19b by GenScript (Piscattaway, NJ), Cloning was done so as to fuse the vector-encoded
HIS tag to the N-terminus of the cDNA. Methods for purification of recombinant protein on
His Bind resin (EMD Millipore, Burlington, MA) were done as previously described [7] ;
6M Urea was included in the purification buffers to retain protein solubility. Following
dialysis against 6M urea/ 20 mM Tris-HCI to remove imidazole, protein concentration was
determined by the BCA assay and concentrated to 10 mg/ml using Amicon Ultra-15
centrifugal filters (10 kDA cutoff, Merck Millipore, Cork, Ireland). Protein purity was
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further assessed by SDS-PAGE followed by staining with Coomassie InstantBlue
(Expedeon, Ltd. Cambridgeshire, UK).

2.4 Glucan particle (GP) vaccines.

Each recombinant protein was encapsulated in GPs as described [6, 7]. In addition to
recombinant protein, each vaccine included mouse serum albumin (MSA; Equitech-Bio,
Kerrville, TX) and yeast RNA (YRNA; Sigma-Aldrich, St. Louis, MO). A vaccine dose of
0.1 ml contained 10 pg of recombinant protein, 25 pg of MSA complexed with yRNA in 200
Hg GPs (approximately 108 particles) suspended in sterile 0.9% saline. A control vaccine
without recombinant protein included MSA and yRNA was designated as GP-MSA.

2.5 Mice.

BALB/c and C57BL/6 mice were from Jackson Laboratories and Charles River
Laboratories. Mice were housed in a pathogen-free environment at the University of
Massachusetts Medical School. All experimental procedures were approved by the
University of Massachusetts Medical School Institutional Use and Care of Animals
Committee.

2.6 Vaccination and challenge studies.

Vaccination was done by subcutaneous injection in the abdomen. Each mouse received 0.1
mL (1 dose) of GP vaccine with each vaccination. Three vaccinations were administered at
two-week intervals. Two weeks after the third vaccination, the mice were challenged by
orotracheal infusion into the lungs with 2x10* CFU (BALB/c mice) or 1x10* CFU
(C57BL/6 mice) of C. neoformans strain KN99 in 50 pL PBS [7]. Mice were anesthetized
with 2% isoflurane (Piramal Health Care, Andrah Pradesh, India) for inoculation. At 84 days
post infection (DPI), surviving mice were euthanized. Dissected lungs were homogenized in
4 mL PBS with100 U/mL penicillin and 100 pg/mL streptomycin and plated on Sabouraud
dextrose agar. CFUs were counted following incubation at 30°C for 2—-3 days. Detection
limits were 20 CFU/lung.

2.7 Bioinformatics.

cDNA and protein sequences were retrieved using respective CNAG numbers from the
NCBI database for C. neoformans var. grubii strain H99 (taxid:235443). Homology
determinations were based on Basic Local Alignment Search Tool protein (BLASTP) results
of NCBI protein databases [11]. SignalP v3.0 was used to query each protein for a cleavable
signal peptide [12].

2.8 Statistics.

Statistical analyses were performed and graphs generated using GraphPad Prism V 7.04.
Kaplan-Meier survival curves were compared using the Mantel-Cox, log-rank test; p-values
were assigned based on pair-wise comparisons to survival data for the control vaccine
without recombinant protein, GP-MSA. As multiple comparisons were made, before
statistical significance was denoted, the Bonferroni correction was applied.
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3. Results and Discussion

3.1 Antigen Selection

We previously demonstrated the potential of subunit vaccines delivered by GPs to protect
mice against an otherwise lethal infection with the highly virulent C. neoformans strain
KN99 [6]. Those studies examined the first six recombinant protein antigens listed in Table
1. Of the six proteins, Cda2, MP88, and Fpd1 were selected for their known immunogenicity
[6, 7, 13, 14]. The immunoreactivity of Cda2 coupled with the well-documented importance
of chitosan for cryptococcal virulence prompted the testing of Cdal and Cda3, the other two
members of the cryptococcal chitin deacetylase family. The sixth protein, Sod1, is a
superoxide dismutase and was selected for its abundance in alkaline extracts [6]. Four of the
six antigens were protective when administered as GP-based vaccines [7].

Given human leukocyte antigen diversity and the lack of known cryptococcal antigens that
are immunodominant in humans, we reasoned that a protective T cell vaccine would need to
contain epitopes from multiple proteins. Therefore, in the present study, we sought to
identify additional protective protein antigens. Due to the larger size of the proteome and the
probable homology to human proteins, vaccine protein antigen discovery for eukaryotic
pathogens is considerably more complex compared with viral and bacterial pathogens. The
C. neoformans genome is predicted to contain 6,967 protein-coding genes, of which >99%
contain introns [10]. Thus, we needed to devise strategies to prioritize proteins for testing as
candidate vaccine antigens.

A top priority for selection was evidence of extracellularity based on the presence of a
predicted signal peptide in the protein sequence. C. neoformans H99 encodes 978 proteins
with a predicted signal peptide, as determined by SignalP analysis through FungiDB [15]. In
fungi, proteins with a signal peptide can be targeted to the cell membrane, to the cell wall, or
for secretion as an extracellular protein [16]. Fungal proteins lacking signal peptides may
also be secreted in vesicles, such as Sod1 [17]. We chose 17 extracellular cryptococcal
protein antigens for testing in GP-based vaccines (Table 1, Table S1). Their selection was
based on criteria including: 1) the presence of the protein in protective alkaline extracts of an
acapsular C. neoformans strain [6]; 2) relative abundance of transcript in RNA isolated from
C. neoformans collected from the cerebrospinal fluid (CSF) of patients with cryptococcosis
[18]; and 3) previously published immunogenicity. Some of the proteins tested matched
more than one criterion for their selection. To reduce the risk of vaccine-induced
autoimmunity, we prioritized antigens that lacked significant homology with human
proteins, as defined by the absence of hits on a BLASTP search [11].

We used the RNAseq data from human CSF in the selection of Glo1, 3223, Blp4, Rds1,
Sacch, Mep1, 3492, May1, 3143, and 4874 [18]. We prioritized transcripts which were
highly represented in the patient samples and that were predicted to encode for extracellular
proteins with minimal homology to human proteins. The 6,778 transcripts from the CSF
samples (GEO data GSE51573, [18]) were averaged and ranked by quantity of RNA seq
reads such that the most abundant transcript was ranked “1” and the least abundant “6,778”.
We determined the presence of a signal peptide for the 300 most abundant transcripts by
analyses through the FungiDB website [15]. Additional favorable, but not requisite, criteria
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for promising candidates were defined. Prioritization was given to proteins that were
members of protein families (Table S2), reasoning that cross-reactive vaccine responses to
homologous cryptococcal proteins might occur and augment protection. Each protein tested
as a vaccine had an ortholog in C. gattii for the potential development of a cross-species
cryptococcal vaccine.

In addition to Sod1, the proteins, PTP, ACK, Cerev, Cpdl, YjeF, and Nuc were found to be
present in alkaline extracts by mass spectrometry analysis [6]. Although initially selected for
their transcript abundance and/or their immunogenicity, Cda2, Sacch, 3223, Fpdl, MP88,
and 3492 were also identified in these extracts. Analyses of the transcriptome also identified
previously selected proteins as highly transcribed during human infection, including Cdal,
Sod1, and Cerev. Combined, these methods and analyses culminated in testing 16 of the 17
selected proteins as new GP-vaccines in mice; recombinant protein yield for 3223 was
insufficient for testing as a vaccine. We did not use previous characterization as a virulence
factor as a selection criterion for the new proteins.

3.2 Assessment of vaccine efficacy in BALB/c and C57BL/6 mice

Each of the candidate proteins, absent a signal peptide and/or serine/threonine-rich region,
was recombinantly expressed with a His-tag in £. coli (Table 1). The recombinant proteins
were then purified over nickel columns, concentrated and loaded into GPs. As serine/
threonine-rich regions of fungal proteins are often O-glycosylated, and proteins generated in
E. colilikely lack glycosylation, we did not include such portions of sequence. We have not
yet defined the impact of glycosylation on vaccine efficacy for protein antigens delivered by
GPs. While mannose receptor recognition of glycosylated regions of cryptococcal proteins
does enhance immune responses compared to that seen with corresponding chemically
deglycosylated proteins, we speculate the use of GP technology may abate this potential
impact as GP phagocytosis is mediated by Dectin-1 and complement receptors [4, 19]. Cda2
(MP98) is an example of a protein which is heavily glycosylated in its native form, yet its
production in £. colistill generates a protective vaccine [20]. Nevertheless, glycosylation
and other posttranslational modifications can affect antigen presentation and processing, as
well as inform antibody responses [21, 22]. Therefore, it is possible that had we used native
glycosylated proteins in our vaccines, protection would have differed from that seen with the
E. coli-derived recombinant proteins.

Mice received 3 biweekly subcutaneous injections of GP-vaccine containing 10 ug of
recombinant protein. Two weeks after the third vaccination, the mice were challenged
orotracheally with a lethal dose of C. neoformans strain KN99. Survival was monitored for
84 DPI, at which point the fungal burden in the lungs of each surviving mouse was assessed.
Survivors had on average fewer CFUs than what was administered as a lethal challenge (1-
2x10% CFUs); many had <20 CFU’s, which indicated the infection likely was cleared from
the lungs (Figure S2). For perspective, a typical unprotected mouse dies with a fungal load
of about 109 CFUs [7]. We observed distinct groups of mice that cleared infection and mice
that succumbed to infection, but there was a third group of survivors at 84 DPI with a high
fungal burden in the lungs (Figure S2). For these mice with high CFUs, progression to fatal
cryptococcosis may have occurred had the experiment been extended.
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Vaccines were tested in BALB/c and C57BL/6 mice, and, consistent with our published data
on Cdal, Cda2, Cda3, Fpd1, Sodl and MP88, the protection conferred by each GP-based
vaccine varied as a function of mouse strain and candidate antigen (Figures 1 and Figure 2)
[6]. Control groups included mice left unimmunized and mice immunized with GPs loaded
with mouse serum albumin (GP-MSA). These control groups succumbed to infection by 30
DPI for both mouse strains.

Remarkably, BALB/c mice vaccinated with either GP-Cda2 or GP-Blp4 demonstrated 100%
survival at the end of study (Figure 1). Six other GP-vaccines (GP-Cdal, GP-Glo1, GP-
Cpd1, GP-Sacch, GP-Sod1, and GP-Cda3) afforded protection against fungal challenge, as
judged by 84-day survival. For all the vaccinated animals, there were few deaths at
intermediate time points; if mice survived 30 DPI, they were highly likely to still be alive at
the end of the experiment (84 DPI). Intermediate geometric means reflect biphasic survival
data wherein there are distinct groups of early deaths compared to survivors.

Eight of the GP-based vaccines conferred protection in C57BL/6 mice at 84 DPI (Figure 2).
GP-Blp4 conferred the best protection in this mouse line, with 70% overall survival,
followed by GP-4874, GP-3143, GP-Cdal, GP-Mep1, GP-Sod, GP-Cpd1, and GP-Cda2.
None of the vaccines tested elicited 100% survival in C57BL/6 mice. Interestingly,
vaccination with GP-Sacch or GP-3492 resulted in significantly /ess protection compared
with GP-MSA.. However, the difference in geometric mean survival was only two or three
days and the biological relevance of this finding is unclear.

For most GP-vaccines in which protection was observed, efficacy was greater in BALB/c
mice compared with C57BL/6 mice. (Figure 1 and Figure 2, Figure S1). That BALB/c mice
are easier to protect is perhaps not surprising given that this mouse strain is generally less
susceptible to cryptococcosis compared with C57/BL6 mice [23, 24]. However, in our
studies using the highly virulent C. neoformans KN99 strain, the geometric mean survival of
unvaccinated BALB/c and C57BL/6 mice did not greatly differ (26 and 23 DPI,
respectively). Of interest, for three of the vaccines, GP-3143, GP-4874, and GP-Mepl1,
protection was greater in C57BL/6 mice. We speculate this finding could be due to these
antigens having protective epitopes that stimulate more robust CD4* T cells responses in
C57BL/6 mice compared with BALB/c mice. As BALB/c and C57BL/6 mice have different
MHC Class Il and Class | haplotypes, it is predicted that some antigens will stimulate
disparate strain-dependent T cell responses [7].

3.3 Evaluation of antigen selection criteria

These studies identify seven novel GP-vaccines, which protect BALB/c and/or C57BL/6
mice against challenge with C. neoformans strain KN99. These vaccines (GP-Cpd1l, GP-
Sacch, GP-Mep1, GP-Glol, GP-Blp4, GP-3143, and GP-4874), combined with the four
previously described vaccines (GP-Cdal, GP-Cda2, GP-Cda3, and GP-Sod1), comprise a
pool of eleven protective protein antigens. A variety of overlapping methods was used to
select antigens for testing (Figure 3). For example, Cda2, selected for its known
immunogenicity, was also identified as abundant by mass spectrometry analysis of an
alkaline extract from a cultured acapsular strain [6, 13]. Despite being one of the most
protective antigens, however, Cda2 transcripts are not abundantly expressed by
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Cryptococcus from the CSF of human patients (Figure 3) or from infected mice [25]; Cdal,
which yields comparable protection, is the more abundant transcript in this family. Rds1,
contrastingly, is one of the most abundantly transcribed cryptococcal proteins in the CSF
during human infection, yet it does not generate a protective vaccine response. Each of the
methods for selection yielded promising experimental vaccines as well as non-protective
antigens, which we believe reinforces the importance of utilizing a multi-faceted approach in
the identification of candidate antigens. While our selection process utilized transcriptomic
data obtained from human infections [18], comparing rank of transcript abundance for these
samples to those from YPD-cultured C. neoformans demonstrates a highly similar trend
between conditions (Figure 3, Figure S1). This may aid in future screens as it suggests that
transcript or proteomic data obtained from cell culture may suffice for the selection of
candidate antigens when human or mouse derived samples are not available for such
analyses. Eight of the eleven protective cryptococcal antigens are members of protein
families (Table S2), perhaps highlighting the importance of protein cross-reactivity in
amplifying a productive vaccine response. A larger sample size would be needed to
determine the true value of each criterion for selection of antigens. Other factors, such as
glycosylation and MHCII-restricted antigen presentation undoubtedly play a role.

Recently, four cryptococcal proteins were identified that elicited predominantly 1gG2a
responses in the sera of infected mice [26]. As 1gG2a responses are a surrogate for protective
Th1 responses, IgG2a-associated antigens make promising candidates for testing in vaccine
models. Of these four, three exhibit significant homology to human proteins. The fourth,
however, is both abundantly transcribed in YPD and a member of a protein family; it may
therefore be the most attractive prospect. Interestingly, 21 of the proteins we tested as
vaccines are absent from several publications, which focused on identifying
immunodominant cryptococcal proteins [26—28]. YjEf is the only protein of the 22 antigens
deemed immunodominant based on serum antibodies in these studies [27], but GP-YjEf is
not a protective vaccine in either mouse strain tested.

Conclusions

We have identified 7 novel cryptococcal protein antigens which, when formulated in GP-
based vaccines, confer protection in BALB/c and/or C57BL/6 mice against an otherwise
lethal challenge with C. neoformans strain KN99. These antigens (Cpd1, Glo1, Blp4, Sacch,
Mepl, 3143, and 4874), combined with those previously published (Cdal, Cda2, Cda3, and
Sod1), comprise a pool of 11 candidate antigens which warrant further study as components
of subunit cryptococcal vaccines. Ongoing and future studies will determine if protection is
enhanced by co-loading GPs with multiple, protective antigens, whether other adjuvants can
substitute for GPs, and the immunological mechanism of protection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Cryptococcal protein antigens were recombinantly expressed in £. coli.

Two mouse strains were vaccinated with recombinant protein-filled glucan
particles.

After a lethal C. neoformans challenge, vaccine efficacy was assessed by
survival.

Protection achieved in at least one mouse strain with 11/22 experimental
vaccines.
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Protein | n= # mics || Geomeiric P value
84 DPI | Mean (DPI)
Cda2 15 15 84 <0.0001
Blp4 10 10 84 <0.0001
Cda1 15 14 83 <0.0001
Glo1 10 8 74 <0.0001
Cpd1 15 8 61 <0.0001
Sacch 9 6 57 0.0009
Sod1 15 9 56 <0.0001
Cda3 20 8 46 <0.0001
4874 10 4 43 0.0103
Mep1 10 4 42 0.0015
May1 10 3 41 0.0006
Fpd1 9 2 34 0.0334
3492 10 2 33 0.0434
Cerev | 10 2 32 0.0863
MP88 9 0 29 0.0194
Nuc 10 1 29 0.1319
ACK 10 0 28 0.3673
PTP 10 0 27 0.0303
Unvac | 15 0 26 0.2776
3143 15 0 26 0.1857
MSA 10 0 25 n/a
DHA1 10 0 25 0.9892
Rds1 10 0 25 0.9016
YjeF 5 0 24 0.6038

Figure 1: Survival following vaccination with GP-recombinant proteins in BALB/c mice.
Mice received 3 vaccinations with the indicated recombinant protein followed by an

orotracheal challenge with 2x10* CFU of C. neoformans strain KN99. Mice were then
assessed for survival over the next 84 days. Protective proteins are listed in bold. (A) Each
dot represents one mouse, and the bars denote the geometric mean survival. Experimental
groups are depicted as solid black circles with red bars. Unvaccinated and GP-MSA
vaccinated controls are shown as hollow circles with black bars. (B) Descriptive statistics of
candidate GP-vaccines. n = number of mice in the group. # mice 84 DPI indicates the
number of survivors at d84 when the study ended. Geometric mean (DPI) refers to geometric
mean survival in DPI. P values were calculated by Kaplan-Meier survival with Mantel-Cox

significance compared to GP-MSA vaccinated mice. After applying the Bonferroni

correction, significant comparisons (£<0.0023) are denoted in italics.
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B
Protein | n= #Mice | Geometric P value
C57BL/6 84 DPI | Mean (DPI)
Blp4- . . o | i Blp4 10 7 75 <0.0001
4874+ - | = I 4874 | 10 6 66 <0.0001
3143 . S e o] i 3143 11 5 60 <0.0001
Gdgid » s % sws [ w ) Cdal | 15 7 58 <0.0001
Meptd - - - . 9 i Mep1 | 10 5 55 <0.0001
Sod1{ i e | | Sod1 | 15 8 50 <0.0001
Cpdi o e o] [ | Cpd1 15 8 49 <0.0001
Cda2d{ - : - odo oo o e i Cda2 | 16 5 49 <0.0001
Glot] 2 ¢ ees | . . Glo1 | 10 0 34 0.0486
MP88{ weill o . MP88 | 10 1 30 0.0539
ACK{ = i- ACK | 10 2 27 0.0076
Cerev ee efee . Cerev | 10 0 27 0.1238
Rds14 3<b . Rds1 | 9 1 26 0.9256
MSA{ -EFE MSA | 14 0 23 n/a
Unvac{ <F Unvac | 15 0 23 0.5333
Fpdi] <fbee o Fpd1 | 10 0 23 0.9966
YieF{ 1E-- YieF | 10 0 23 0.6631
PTP1 id - PTP | 10 0 24 0.6669
DHA1Y - B DHA1 | 10 0 23 0.3372
May14 (b - s May1 | 10 0 23 0.5293
Cda3{ <k ! Cda3 | 10 0 22 0.3047
Nucq B Nuc | 10 0 21 0.0110
caechy e Sacch | 9 0 21 0.0023
Mo K. 3492 | 10 0 20 0.0021
20 30 40 50 60 70 80
DPI

Figure 2: Survival following vaccination with GP-recombinant proteins in C57BL/6 mice.
As in Figure 1, except C57BL/6 mice were studied, and the challenge inoculum was 1x10%

CFU.

Vaccine. Author manuscript; available in PMC 2021 January 16.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hester et al. Page 15
10000 :
E Ade1
) : pTP 4
: YjF _Cda3
1000 : Fpd1
: FUUTRUUTRURURURUR Nue DR
0 i 48744 voMay1 E
o ] Blp4 ‘:ACK
> Cdal_ .  Sodl i
£ 100-= erev
E Rds1 ® 3492
e . Sacch®
$ { Mep1 Glo1
o - d ° m Cda2
1 MP88 m
10-93143
Rationale for Testing Vaccine Response
1 © Abundant Transcript in CSF 1 — Protective
- Abundant Protein in Alkaline Extract: — Non-Protective
Immunogenic :
1 L] L] ] IIIIII | | | ] IllIlI | | ] L} IIIII L] ] L lIIIII

1 10 100
Rank in CSF

1000 10000

RNA seq reads

Figure 3: Criteria for selection of extracellular protein antigens.
Initial selection of candidate antigens was based on transcript abundance (@), presence in

alkaline extracts (A), and/or known immunogenicity (l). Each method of selection yielded
both protective (red) and non-protective (black) vaccines. Dotted lines indicate the cutoff for
the top 500 most abundant transcripts, wherein a rank of “1” represents the highest number
of transcripts. Transcriptome data from YPD-cultured Cryptococcus are graphed against
those obtained from human CSF [18].

Vaccine. Author manuscript; available in PMC 2021 January 16.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hester et al.

Description of Selected Proteins

Table 1

Page 16

RNA "

ousc | nanet | oeen | T e | S| ot | rne® | ooy
05799 Cdal chitin deacetylase 424 not found 37 CNBG_1745 344 no
01230 Cda2 chitin deacetylase 43.8 24 1600 CNBG_9064 226 no
01239 Cda3 chitin deacetylase 37.9 not found 5344 CNBG_0806 331 no
06291 Fpdl deacetylase 29.3 <1 4362 CNBG_5149 6355 no
01019 Sodl superoxide dismutase 20.1 97 84 CNBG_0599 820 yes
00776 MP88 mannoprotein 329 <1 346 CNBG_1155 555 no
00919 Cpdl carboxypeptidase 62.8 19 5209 CNBG_6045 5616 yes
05097 YijeF ribokinase 415 13 1024 CNBG_4593 1607 yes
07442 PTP phosphotidylinositol transfer 21.8 100 325 CNBG_0642 709 no

protein
07422 DHA1 delayed-type hypersensitivity 36.9 not found 5502 CNBG_0934 6285 no

protein
00264 Nuc S1 nuclease/phospholipase C 46.8 11 121 CNBG_0307 1334 no
02030 Glol glyoxal oxidase 66.2 not found 261 CNBG_5182 768 no
03223 3223 unknown 24.4 6 128 CNBG_2366 140 no
06432 ACK acetate kinase 48.1 50 476 CNBG_5028 1041 yes
01562 Blp4 unknown 34.2 not found 101 CNBG_3874 246 no
06267 Rdsl ferritin-like 42.7 not found 6 CNBG_9636 149 no
00581 Sacch saccharopepsin, aspartic 48.6 27 59 CNBG_1355 102 yes

protease
04625 Cerev cerevisin, peptidase 54.8 23 47 CNBG_1027 86 yes
04735 Mepl metallo proteinase 92.7 not found 3 CNBG_6001 13 no
03492 3492 unknown 452 <1 66 CNBG_2122 388 no
05872 Mayl aspartic protease 47.8 not found 152 CNBG_1672 677 yes
03143 3143 heat shock protein 9/12 115 not found 1 CNBG_2441 3 no
04874 4874 glucanase 415 not found 60 CNBG_5802 104 no

'ZThe first 6 proteins listed were previously tested and published [7]. 3223 was selected as a vaccine candidate but not tested due to insufficient
protein yields using the methods described.

2Mass spec data is normalized such that the top hit, PTP, has an abundance of 100 (bold) [6].

3 . . . -
C. neoformans RNA seq reads from CSF of two human infections [18] were averaged to generate rank; 1 indicates the most abundant transcript

(bold).

46‘. neoformans genes were transformed by orthology to C. gattii R265 using OrthoMCL Version 2.0.

56‘. gattif RNA seq. data from the bronchoalveolar lavage fluid of mice 24 hours post infection [29] were sorted so that the most fragments per
kilobase of transcript per million mapped reads (FPKM) is ranked 1.

6Human homology was determined using NCBI BLASTP; any homologs detected are designated “yes” regardless of score.
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