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Abstract

Immunotherapeutic strategies aimed at enhancing tumor cell killing by tumor-specific T cells hold great potential for reduc-
ing tumor burden and prolonging survival of cancer patients. Although many potential tumor antigens have been described,
identifying relevant targets when designing anti-cancer vaccines or targeted cell therapies remains a challenge. To identify
novel, potentially immunogenic candidate tumor antigens, we performed integrated tumor transcriptomic, seromic, and
proteomic analyses of high grade serous ovarian cancer (HGSC) patient tumor samples. We identified tumor neo-antigens
and over-expressed antigens using whole exome and RNA sequencing and examined these in relation to patient-matched
auto-antibody repertoires. Focusing on MHC class I epitopes recognized by CD8" T cells, HLA-binding epitopes were
identified or predicted from the highly expressed, mutated, or auto-antibody target antigen, or MHC-associated peptides
(MAPs). Recognition of candidate antigenic peptides was assessed within the tumor-infiltrating T lymphocyte (TIL) popula-
tion expanded from each patient. Known tumor-associated antigens (TAA) and cancer/testis antigens (CTA) were commonly
found in the auto-antibody and MAP repertoires and CD8" TILs recognizing epitopes from these antigens were detected,
although neither expression level nor the presence of auto-antibodies correlated with TIL recognition. Auto-antibodies
against tumor-mutated antigens were found in most patients, however, no TIL recognition of the highest predicted affinity
neo-epitopes was detected. Using high expression level, auto-antibody recognition, and epitope prediction algorithms, we
identified epitopes in 5 novel antigens (MOB1A, SOCS3, TUBB, PRKAR1A, CCDC6) recognized by HGSC patient TILs.
Furthermore, selection of epitopes from the MAP repertoire identified 5 additional targets commonly recognized by multi-
ple patient TILs. We find that the repertoire of TIL specificities includes recognition of highly expressed and immunogenic
self-antigens that are processed and presented by tumors. These results indicate an ongoing autoimmune response against a
range of self-antigens targeted by HGSC TILs.
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Therapeutic vaccination against tumor-expressed antigens
can promote tumor-specific T cell-mediated killing of can-
cer cells and represents a promising form of immunother-
apy for cancer. Tumor target antigens fall broadly into two
classes: tumor-associated antigens (TAAs), including tis-
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in tumor-expressed protein-coding regions and can include
non-synonymous single nucleotide variants (SNV) leading
to amino acid substitutions or insertions/deletions gener-
ating altered reading frames. While “driver” mutations in
oncogenes and tumor suppressors, such as IDH1, KRAS
and TP53, can give rise to antigenic neo-epitopes [4-6],
“passenger” mutations resulting from dysregulated tumor
DNA replication/repair processes, and that are elevated in
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environmentally exposed tissue sites (e.g. skin, lung, colon),
are thought to provide the greatest source of neo-epitopes
[7].

A large number of TAAs that can be recognized by cyto-
toxic T lymphocytes (CTL) and mediate tumor rejection
have been described and a number of clinical trials using
vaccination against TAAs to boost therapeutic anti-tumor
immunity are ongoing [8]. Limitations and concerns when
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«Fig. 1 The auto-antibody repertoire of HGSC patients targets highly
expressed tumor genes and known TAA. a Schematic workflow of
multi-omics approach used in the study. b, ¢ Number of significant
auto-antibody “hits” from HGSC (b) and non-HGSC (c) patients
identified by ProtoArray. Patients with high auto-antibody counts
(>500 target hits, dotted line), and low counts (<500 targets) were
present in both groups. d Differential gene expression (edgeR) anal-
ysis of the HGSC auto-antibody repertoire compared to non-HGSC
patients. Normalized ProtoArray signals were used for 9 samples
in each group. e Tumor RNA-seq gene expression (TPM) and auto-
antibody target gene ProtoArray Z-Factor were used to plot all sig-
nificant hits (Z-Factor>0.4) from all HGSC patients (black circles),
and targets differentially enriched in the HGSC group or shared
between at least 4 of 9 patient samples are highlighted (red circles). f
Auto-antibody target gene expression (RNA-seq TPM) versus thymic
mTEC expression (from Ref. [35]) was similarly plotted for all HGSC
patient auto-antibody hits (black circles), and shared targets (red cir-
cles). g-h CT antigens (red circles) were plotted by tumor expression
versus ProtoArray Z-Factor (g) or thymic mTEC expression versus
tumor expression (h) and compared with total auto-antibodies hits
from all samples (black circles). i—j Tumor and thymic mTEC expres-
sion level of cancer antigen genes with reported T cell epitopes from
the TANTIGEN database (red circles), plotted over total auto-anti-
body hits (black circles)

using shared, non-tumor-specific TAA vaccination included
pre-existing tolerance against the endogenous antigen(s)
and the possibility of on-target/off-tumor tissue destruc-
tion. Neo-antigen TSAs, on the other hand, represent new
“foreign” antigenic elements not previously encountered by
the immune system, and thus may be more immunogenic.
Mutated sequences identified in melanoma patient tumors
were found to be recognized by expanded TILs [9, 10] and
subsequently, neo-antigen-specific TILs were shown to be
therapeutic in melanoma [11], cholangiocarcinoma [12], and
breast cancer [13]. Neo-epitopes were demonstrated to be
immunogenic when administered as peptide, peptide-pulsed
dendritic cells, or RNA-encoded vaccines [14—17]. There is
currently great interest in determining which mutated neo-
antigens or other tumors antigens are immunogenic in cancer
patients, in order to design personalized cancer vaccines or
targeted cell-based immunotherapies.

High grade serous ovarian cancer (HGSC) remains one
of the most common and lethal subtypes of ovarian can-
cer affecting women [18]. Despite the ability to treat some
HGSC patients with effective chemotherapies including
taxol, platinum, and PARP-inhibitors, tumor growth often
progresses or recurs, and 5-year survival prognosis remains
low [18]. Additionally, HGSC patients respond poorly to
immunotherapies [19, 20]. HGSC is characterized by homol-
ogous repair defects and frequent mutations in TP53 and
BRCA1/2, with large-scale and focal chromosomal copy
number alteration but relatively few SNV substitutions [21].
Despite this paucity of potential neo-antigens in HGSC, sev-
eral groups have reported detection of neo-epitope-specific
T cells within TIL populations from epithelial ovarian can-
cer patients [6, 22-25], indicating that targeting neo-antigen

with personalized vaccines or cell therapies may be feasible
therapeutic approaches for these patients.

Historically, several TAAs were discovered using sero-
logical identification of antigens by recombinant expres-
sion cloning or “SEREX” [26]. The co-occurrence of anti-
gen recognition by serum IgG antibodies with the presence
of CD4%and CD8* T cell specific for linear epitopes in the
same antigen is supported by the requirement for CD4* T
cell help for Ig class switching, and for enhancing CD8* T
cell memory cell development [27], and linked immunity to
the same antigen in the humoral and cellular compartments
has frequently been reported [28-30].

Advances in the accuracy of prediction algorithms has
allowed candidate epitopes from target proteins or mutated
genes to be inferred from gene sequence alone [31, 32].
Despite these advances, selection of tumor antigens that
will be recognized by individual patient T cell repertoires
and discovery of novel patient-specific epitopes for use in
personalized vaccines remains challenging, with no clear
optimal method.

In this study, we have used a combination of tumor whole
exome sequencing, transcriptomics (RNA-seq), seromics
(auto-antibody identification using protein arrays), and
identification of MHC-associated peptides (MAPs) by mass-
spectrometry to perform an integrated analysis of the anti-
gen specificities of CD8" TILs from HGSC patients. Novel
antigenic targets, defined by auto-antibody recognition, high
tumor gene expression, and high affinity epitope prediction,
were found to be recognized by CD8* T cells from HGSC
patient tumors. In addition, the TIL repertoire contained
reactivity against previously described T cell epitopes, par-
ticularly those that were identified by mass spectrometry as
MAPs eluted from HGSC tumors. The suitability of these
target antigens as vaccine components is discussed.

Results

Auto-antibodies in HGSC patients recognize
a variety of tumor-expressed antigens

To investigate the potential repertoire of immunogenic
TAAs recognized by HGSC patient TILs, we first took an
integrated approach combining genomic, transcriptomic
and seromic analysis of patient samples, as illustrated in
Fig. 1a. We selected nine HGSC patients (Supplementary
Table S1) expressing HLA-A*02:01, with pre-surgery
plasma samples and sufficient solid tumor or ascites cells for
both TIL expansion and DNA/RNA extraction for detailed
analysis of tumor antigen/neo-antigen expression and rec-
ognition. Plasma samples were used to probe high density
human protein arrays (ProtoArray 5.1, Invitrogen) to iden-
tify the HGSC-associated IgG auto-antibody repertoire. For
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comparison, the auto-antibody repertoires from nine patients
with other cancer types were also determined (Supplemen-
tary Table S1). HGSC patients (Fig. 1b) had between 200
and 1301 (mean=659) auto-antibody “hits” (i.e. with array
signal > 1000 units and Z-factor > 0.4), and mixed non-
HGSC patients had between 21 and 1549 (mean =430) hits
(Fig. 1c, and Supplementary Table S1).

Differential gene expression analysis identified 199 sig-
nificantly increased auto-antibody signals in plasma from
HGSC compared to non-HGSC patients (Fig. 1d). We addi-
tionally identified 339 auto-antibody target hits that were
shared between at least 4 out of 9 HGSC patients. Only 14 of
the shared targets were among the 199 HGSC enriched auto-
antibody signals. The total repertoire of 524 genes shared by
HGSC patients or enriched compared to non-HGSC patients
was compared with previously published ProtoArray data for
breast cancer (BC) patients and healthy female donors [33]
and ovarian cancer patients [34]. Surprisingly, only 15 of
the targets overlapped with the 202 ovarian cancer-specific
targets identified in a previous study which used an earlier
version of ProtoArrays [34]. To investigate whether the
HGSC auto-antibody repertoire was targeting tissue or path-
way-specific gene subsets, we assessed enrichment of gene
families in the shared HGSC versus healthy donor (HD)
or BC repertoires using the molecular signatures database
from the Broad Institute (https://www.gsea-msigdb.org/gsea/
msigdb/) (Supplementary Fig. S1a, b). Interestingly, HGSC
shared auto-antibody targets included 10 genes belonging
to the cytokines and growth factors family not seen in the
HD or BC shared repertoires (Supplementary Fig. S1b, c).
A detailed comparison of auto-antibodies shared between
the HD, BC, and HGSC repertoires revealed that most auto-
antibody targets were unique to each clinical group, while
HGSC and BC showed slightly more overlapping targets
(165/524=31.5%) than in the HGSC and HD repertoires
(148/524 =28.2%) (Supplementary Fig. S1d). These obser-
vations suggest that the HGSC auto-antibody repertoire
may be directed largely against personalized, “private”
tumor epitopes and against tumor antigens shared with BC
patients, in addition to some “public” auto-antigens found
in the normal repertoire.

We performed bulk RNA-seq on CD45-negative cells
sorted from the HGSC patients’ tumor samples. Shared auto-
antibody targets were abundant in highly expressed tumor
genes, although genes at the lowest detectable expression
levels were also represented, as visualized in plots of Pro-
toArray Z-Factor versus RNA-seq expression level of each
target antigen (Fig. 1e). To assess whether the repertoire of
auto-antibodies might be influenced by central tolerance of
the T cell repertoire, we examined the expression of auto-
antibody target genes in a previously published human med-
ullary thymic epithelial cell (nTEC) gene expression data-
set [35]. Shared auto-antibody hits were distributed among
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genes highly expressed in both tumor and mTEC, and also
included some genes with low tumor and mTEC expres-
sion, but few genes high in mTEC and low in tumor RNA
(Fig. 1f). These data indicate that auto-antibody responses
are not restricted to over-expressed antigens, nor are they
negatively influenced by central tolerance imprinted on T
cells by high expression levels in thymic mTEC.

The HGSC auto-antibody repertoire targets shared
tumor-associated antigens

Within the HGSC shared auto-antibody target genes, we
noted several CTA genes as well as TAA genes containing
known MHC class I epitopes recognized by T cells listed
in the TANTIGEN tumor-associated epitope database [36].
The CTA genes in the HGSC patient shared auto-antibody
repertoire included XAGE1B, MAGEB1, MAGEB2,
CT45A1, and XAGE2 (Fig. 1d). Known TAA genes pre-
sent in the shared auto-antibody repertoire included ARH-
GAP17, ANXA2, BIRC7, BCL11A, CDK1, MDM2, and
STATI1 (Fig. 1d). We examined the genesets of 201 CTA
genes and 398 TANTIGEN genes present in total auto-
antibody hits of all nine HGSC patients in tumor expres-
sion versus Z-Factor plots, and tumor versus thymic mTEC
expression plots (Fig. 1g—j). CTA and known T cell epitope
genes were identified in the auto-antibody repertoire in both
highly expressed and sparingly expressed genes (i.e. most
of the CTA), and in genes with mid to low tumor expres-
sion (Fig. 1g, 1). Most CTA genes exhibited low to moderate
thymic mTEC expression, while other known TAA genes
were variably expressed in mTECs (Fig. 1h, j). Therefore,
auto-antibody responses against known TAA/CTA are also
not restricted to over-expressed antigens or constrained by
thymic mTEC expression level, since these targets display a
range of tumor and mTEC expression levels.

The auto-antibody repertoire of HGSC patients
targets highly tumor-expressed, but not specifically
tumor tissue-enriched antigens

To assess whether HGSC patient auto-antibody targets were
enriched in HGS tumor over-expressed genes, we exam-
ined the TCGA OV PANCAN normalized expression data
reflecting ovarian tumor-enriched gene expression [37].
There was an apparent increase of auto-antibodies target-
ing genes in the TCGA OV PANCAN top 160 genes in the
HGSC patients, compared to HD and non-HGSC samples
(Supplementary Fig. S2a). However, when we examined
the total shared HGSC auto-antibody targets in relation to
average TCGA OV PANCAN and RNA-HiSeq gene expres-
sion data versus thymic mTEC gene expression, the shared
HGSC auto-antibody targets did not appear to be enriched
in OV PANCAN gene expression (Supplementary Fig.
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S2b, PANCAN Expression > 0) but were shifted towards
higher average RNA-HiSeq values (Supplementary Fig.
S2c, HiSeq Expression > 7). Together, these observations
suggest that the auto-antibody repertoire may target highly
tumor-expressed, rather than tumor-tissue specific or tissue-
enriched antigens.

Detection of known and novel tumor-associated
antigen specificities in HGSC patient TILs

To determine which tumor antigens could be recognized
by CD8* T cells, we assessed reactivity of TIL populations
against antigenic peptides and tumor cell lines by multiple
methods. We selected candidate highly expressed auto-anti-
body target antigens that contained regions predicted to be
high affinity HLA-A*02:01 binding ligands as well as known
HLA-A*02:01 epitopes from TANTIGEN and CTA genes
represented in the auto-antibody repertoires of the HGSC
patients. The genes, epitope sequences, and predicted HLA
affinities are shown in Supplementary Table S2.

TILs from each patient were expanded from bulk dis-
sociated tumor fragments or ascites in IL-2, as previously
described [38, 39]. TILs were then peptide-expanded with
A2" healthy donor monocyte-derived dendritic cells (DCs),
pulsed overnight with pooled or individual peptides, for
14 days in low IL-2 high IL-15 (as described in “Materials
and methods”), and epitope recognition was determined by
peptide re-stimulation, staining with custom peptide-MHC
(pMHC) tetramers, or tumor cell re-stimulation on day 14.

We first examined the response of HGSC TILs to previ-
ously characterized TAA epitope peptides (listed in Supple-
mentary Table S2b). In 6 out of 9 patient TILs, we observed
IFNY production in response to individual TAA-peptide re-
stimulation (Fig. 2a). Responding cells represented between
0.12 and 4.92% of cultured TILs. Recognition of BIRCS,
ERBB2, MAGEA12, and NY-ESO-1 epitopes were detected
in different patient TIL samples, with BIRCS responses
being shared between 5 patients, and ERBB2 responses
seen in 4 patients. Additionally, T cells specific for indi-
vidual epitopes were confirmed using custom pMHC tetram-
ers (Supplementary Fig. S3a). To determine if recognized
epitopes were endogenously processed and presented by
tumor cells, we re-stimulated individual peptide-expanded
TILs with matched epithelial cell lines grown from the same
patient tumor ascites samples, and observed stimulation of
TILs specific for BIRC5, ERBB2, MAGEA12 and NY-
ESO-1 epitopes by 2 patient-derived tumors (OV248 and
0V436, Fig. 2b). Known TAA epitopes recognized by TILs
did not correlate with tumor expression level or auto-anti-
bodies (Fig. 2c). For example, BIRCS5 and ERBB2 epitopes
were recognized by patients OV 158 and OV355 TILs, while
these genes did not qualify as “hits” in their auto-antibody
repertoires. Similarly, MAGEA12 was recognized by patient

0OV248, in which expression was very low and auto-antibody
Z-Factor was less than 0.4, but not in other patients with high
MAGEAT12 auto-antibody signals (Fig. 2c). Therefore, high
antigen expression and/or humoral immunogenicity are not
strictly required to have detectable antigen recognition by
CD8* TILs.

TIL recognition of predicted epitopes from novel auto-
antibody target antigens (listed in Supplementary Table S2c)
was then examined. We observed auto-antibody target
peptide-specific IFNy production upon re-stimulation with
peptide-pulsed target cells in 7 out of 9 samples (Fig. 3a).
Responding cells represented between 0.14 and 1.83% of
cultured TILs. Recognition of MOB1A, SOCS3, TUBB,
PRKARI1A, and CCDC6 epitopes were identified, with
responses to MOBI1A epitopes shared in 4 patients and
responses to SOCS3 seen in 3 patients. CD8' T cells spe-
cific for individual epitopes were confirmed using custom
pMHC tetramers (Supplementary Fig. S3b). To determine
if the recognized epitopes were endogenously processed and
presented by tumor cells, we re-stimulated individual pep-
tide-expanded TILs with matched epithelial cell lines grown
from the same patient tumor ascites samples and observed
stimulation of TILs specific for both MOB1A epitopes and
the SOCS3 epitope by 2 patient-derived tumors (OV355
and OV486, Fig. 3b). While the antigens that were recog-
nized by TILs corresponded to highly expressed genes and
high auto-antibody Z-Factor targets, the presence of auto-
antibodies against the target antigens did not guarantee that
TIL responses could be detected against the corresponding
epitopes. In particular, there were patients with high anti-
MOBI1A and anti-SOCS3 antibodies who did not show an
IFNy response to the individual peptides and in whom no
tetramer-positive TILs were detected (Fig. 3c). However,
since we only examined HLA-A2-restricted epitopes, it is
possible that other TILs recognizing these antigens in the
context of other MHC haplotypes could be present.

Lack of neo-epitope recognition in HGSC patient
TiLs

Using whole exome sequencing of tumor/normal pairs and
RNA-seq data, we identified the expressed somatic single
nucleotide variants (SNV), encoding potential neo-antigens,
in each patient. The number of expressed SNVs was between
10 and 67 (Table 1), with mutations in TP53 frequently
detected (Supplementary Table S3). We then examined the
humoral immunogenicity of the antigens harboring SNV
mutations using ProtoArrays, and the potential generation
of MHC class I neo-epitopes. Of the genes included on the
ProtoArray, many of the mutated genes in each HGSC patient
were found to be in the significant auto-antibody hits reper-
toire (Z-Factor > 0.4), whether they were expressed at high or
low levels (Fig. 4a). The mutations did not appear to cluster
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«Fig.2 Detection of HGSC patient TILs recognizing known TAA
epitopes. a Patient TILs were cultured for 14 days with A2" donor
DCs pulsed with the 29 peptide pool of known epitopes (TAA pool)
(see Supplementary Table S2b). On day 14, TILs for each patient
were re-stimulated with T2 cells pulsed with individual peptides from
the pool (indicated above each dotplot), or left unpulsed (Minus)
for 5 h in the presence of BFA, and the frequency of responding T
cells was determined by CD8 surface staining and intracellular IFNy
staining. The percentage of cells in each quadrant is indicated on
each plot. Results are representative of 2-3 separate expansion and
staining experiments. b TILs from patients OV248 and OV436 were
expanded with A2*donor DCs pulsed with known TAA epitopes
BIRCS-5, ERBB2-435, MAGEA12-220, NY-ESO-1-157, or left
unpulsed (Minus) for 14 days. On day 14, CD45-negative, epithelial
cell lines cultured from the same patients were added back to the
peptide-expanded TILs for re-stimulation, for 5 h in the presence of
BFA, and the frequency of responding T cells was determined by
CD8 surface staining and intracellular IFNy staining. The percentage
of cells in each quadrant is indicated on each plot. Results are rep-
resentative of 2 separate expansion and re-stimulation experiments. ¢
The ProtoArray Z-Scores versus individual patient tumor expression
(RNA-seq TPM) for each of the genes in the known TAA pool were
plotted for each patient. Antigens with detected TIL responses in
any patient are labelled with the gene name. Green symbols indicate
TIL responses detected in that patients, and red symbols indicate no
response detected in that patient

in genes with a low or high thymic mTEC expression level
(Supplementary Fig. S4a) or in genes enriched for OV PAN-
CAN expression (Supplementary Fig. S4b) but were mostly in
genes with high expression in TCGA OV HiSeq data (Supple-
mentary Fig. S4c). These observations suggest that passenger
mutations can occur in highly tumor expressed genes and this
may increase their humoral immunogenicity.

For each SNV mutation, we predicted MHC class I
epitope processing and HLA binding affinity using the
NetCTLpan and NetMHCpan algorithms [31] and selected
2-9 of the highest predicted scoring HLA-A*02:01 epitopes
for peptide synthesis and T cell recognition screening of
each patient. The peptide epitopes used for TIL expansion
and custom pMHC tetramer screening are shown in Sup-
plementary Table S2d.

TILs were cultured for 14 days using A2* healthy donor
monocyte-derived DCs pulsed with predicted SNV epitope
peptide pools and neo-epitope recognition was assessed by
IFNy-production following peptide re-stimulation. However,
as shown in Fig. 4b, none of the 9 patient TILs responded to
their neo-epitope pools. To determine whether neo-epitope-
specific T cells had expanded but were dysfunctional and
unable to produce IFNy, we stained each peptide-expanded
population using custom HLA-A*02:01 tetramers prepared
with each SNV neo-epitope peptide. However, no positive
staining with any of the 48 top predicted neo-epitopes SNVs
was seen in any patient TILs (Supplementary Fig. S5). We
were also unable to detect neo-epitope-specific cells using
high affinity mutant peptide-HLA-A2 dimer reagents [40]
(data not shown). Therefore, using multiple strategies we

were unable to detect neo-antigen specific T cells within the
expanded CD8*HGSC TIL population.

All HGSC patient TILs examined (9 out of 9) responded
with IFNy production upon re-stimulation with DCs pulsed
with peptides of known pathogen-derived epitopes from
CMYV, EBV, and Flu (CEF pool, listed in Supplementary
Table S2a) with patient TILs most frequently recognizing
EBV BMLFI1 and hCMV pp65 epitopes (Supplemental
Fig. S6). Responding cells represented between 0.11 and
22.12% of 14-day peptide-expanded TILs. These results are
in agreement with previous observations of viral pathogen
epitope recognition by TILs [41-43] and confirm that these
“bystander” memory cells frequently infiltrate the ovarian
tumor microenvironment and may constitute a high propor-
tion of the TIL reactivity in HGSC patients.

Recognition of MHC-associated peptides (MAPs)
by multiple HGSC patient TILs.

To favor selection of antigen targets representing bona fide
tumor expressed and presented MHC ligands, we screened
TILs from patient samples that were subjected to MAP elu-
tion and mass spectrometry analyses, reported previously
[44]. Patient samples were selected for TIL expansion, tumor
cell purification, and MAP elution, as illustrated in the work-
flow in Fig. 5a. Three patient samples, OV606, OV633 and
0OV642, yielded 2102, 3029, and 1520 MAPs, respectively
(Table 2). We assessed the ovarian cancer enrichment and
overall expression level in TCGA OV HiSeq versus PAN-
CAN normalized expression plots and observed generally
high expression of transcripts encoding the identified MAPs
and several ovary-enriched genes (PANCAN Expresson > 0)
including MSLN, MUC16, PAX8, KLK8, and ATP6V1B1
(Fig. 5b left side plots, red symbols). Moreover, the MAP
repertoire contained many antigens with known T cell
epitopes, contained in the TANTIGEN database [36]
and described in previous studies [45], including MSLN,
MUCI16, CRABP1/2, IDO1, CCNI, JUP, ANXA2, ABI2,
BCAP31, CCNI, STAT1, and UBE2A (Fig. 5b, right side
panels).

We selected 10 known HLA-A*02:01 epitopes detected
in the MAP repertoire of HLA-A2" patient OV633, plus 2
MAPs from proteins with shared auto-antibodies, ABCF3
and MOB1A (Fig. 5c¢), and screened for their recogni-
tion in expanded ascites-derived TIL preparations from
6 additional HGSC patients. Individual peptide re-stim-
ulation demonstrated epitope-specific responses to 5 of
the 12 peptides, with responding CD8* T cells represent-
ing 0.21-7.47% of total cells (Fig. 6a). To confirm that
MAPs were endogenously processed and presented by
tumor cells, individual peptide-expanded TILs were re-
stimulated with matched epithelial cell lines grown from
the same patient tumor ascites samples. Peptide-expanded
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Fig.3 HGSC patient TILs recognize novel antigen epitopes predicted
from auto-antibody target genes. a Patient TILs were cultured for
14 days with A2*donor DCs pulsed with the 24 peptide pool of pre-
dicted epitopes (AutoAb pool) selected from the shared and patient-
specific auto-antibody repertoires (see Supplementary Table S2c).
On day 14, TILs for each patient were re-stimulated with T2 cells
pulsed with individual peptides from the pool (indicated above each
dotplot), or left unpulsed (Minus), for 5 h in the presence of BFA,
and the frequency of responding T cells was determined by CDS sur-
face staining and intracellular IFNy staining. The percentage of cells
in each quadrant is indicated on each plot. Results are representative
of 2-3 separate expansion and re-stimulation experiments. b TILs
from patients OV355 and OV486 were expanded with A2*donor
DCs pulsed with epitopes SOCS3-177, MOB1A-70 or MOB1A-117,

@ Springer

or left unpulsed (Minus) for 14 days. On day 14, CD45-negative, epi-
thelial cell lines cultured from the same patients were added back to
the peptide-expanded TILs for re-stimulation, for 5 h in the presence
of BFA, and the frequency of responding T cells was determined by
CD8 surface staining and intracellular IFNy staining. The percentage
of cells in each quadrant is indicated on each plot. Results are rep-
resentative of 2 separate expansion and re-stimulation experiments.
¢ The ProtoArray Z-Scores versus individual patient tumor expres-
sion (RNA-seq TPM) for each of the genes in the AutoAb pool were
plotted for each patient. Antigens with detected TIL responses in
any patient are labelled with the gene name. Green symbols indicate
TIL responses detected in that patient and red symbols indicate no
response detected in that patient
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Table 1 Neo-epitope prediction  pyien( Ip - Somatic SNV HLA-A HLA-B HLA-C A%02:01
from 9 HGSC patients Predicted neo-
epitopes
OV158 11 A*02:01 A*31:01 B*15:01 B*18:01 C*03:03 C*07:01 2
0ov237 30 A*02:01 - B*40:01 B*44:03 C*03:04 C*16:01 6
0Vv248 32 A*02:01 - B*13:01 B*44:05 C*03:04 — 3
0V355 13 A*02:01 A*23:01 B*14:02 B*51:01 C*02:02 C*08:02 2
OV364 10 A*02:01 - B*15:30 B*18:01 C*03:04 C*07:01 3
0OV436 48 A*02:01 A*26:01 B*18:01 B*51:01 C*07:01 C*15:02 6
0OV486 67 A*02:01 A*29:02 B*08:01 B*44:03 C*07:01 C*16:01 9
0OV499 38 A*02:01 A*30:04 B*44:02 B*49:01 C*07:01 C*15:02 8
0OV586 54 A*02:01 A*31:01 B*39:01 B*46:01 C*01:02 - 9

For each patient, total expressed somatic single nucleotide variants (SNV) determined from WES and
RNA-seq are shown. HLA typing was deduced by Seq2HLA software and confirmed by PCR. The number
of predicted epitopes were determined based on mutated sequences scoring less than 500 nM affinity by
NetMHCpan, greater than 0.6 by NetCTLpan combined score, and with greater affinity than the wildtype

sequence

populations of TILs recognizing either ERBB2 or MOB1A
epitopes from two patient samples (OV777 and OV870)
responded to matched tumor cells with IFNy production
(Fig. 6b). These results demonstrate that the TIL reper-
toire in multiple patients may be directed against abundant
epitopes known to be displayed by HGSC tumor cells.

To gain insight into whether the identified novel auto-
antigens recognized by TILs might be potential HGSC vac-
cine antigens, we compared their expression across tumor
and healthy tissues using a harmonized dataset derived from
TCGA tumor RNA-seq and GTEx healthy tissue RNA-seq,
using the GEPIA server [46]. While MOB1A and CCDC6
were significantly over-expressed in ovarian cancer samples,
expression of these genes, as well as of TUBB, PRKARIA,
and SOCS3 appeared to be expressed at high levels in multi-
ple healthy tissue sites (Supplementary Fig. S7a). Similarly,
the MAP-defined antigens ABCF3 and ANXA?2 were also
highly expressed across healthy tissues, while CRABP2,
although significantly over-expressed in ovarian cancer
samples, was expressed at similar or greater levels in several
healthy sites (Supplementary Fig. S7b). Only the expression
profiles of CTA genes from the known TAA (NY-ESO-1 and
MAGE-A12) and BIRCS, but not ERBB2, displayed elevated
cancer expression with low healthy tissue expression (Sup-
plementary Fig. S7c). Therefore, some of the antigen-specific
TILs that are recruited to the TME appear to recognize abun-
dant proteins that are widely expressed in other tissues.

Discussion

Our study focused on examining MHC class I epitope specif-
icities of CD8* T cells from HGSC patient TILs, in relation
to the potentially immunogenic tumor antigens identified

from mutated tumor neo-antigens, known over-expressed
tumor-antigens, targets of IgG auto-antibody responses, and
tumor-presented MAPs. We detected TIL responses against
previously reported TAA (BIRCS, ERBB2, MAGEA12, NY-
ESO-1), and novel T cell recognition of predicted epitopes
derived from auto-antibody targets (MOB1A, SOCS3,
TUBB, PRKARIA, CCDC6). These findings confirm the
utility of using seromics as an approach to identifying poten-
tial antigen-specificities of TILs. Additionally, we found a
prevalence of CD8* T cells specific for pathogen-derived
antigens (CMV, EBYV, Flu) in all patient TILs. Our data add
to the collection of previously described epitopes presented
by ovarian tumors and recognized by T cells, and represent-
ing potential targets for vaccine, CAR, or TCR-modified
cell-based therapies [47].

Surprisingly, no CD8" TILs specific for predicted neo-
epitopes in 9 patients were detected in our study. Nelson and
co-workers [22], identified T cells recognizing a mutated
epitope, HSDL1(L25V), in peripheral blood of a HGSC
patient, starting from expanded sub-populations of CD8* T
cells. This neo-epitope specificity was then confirmed to
be present in ascites fluid tumor-associated lymphocytes.
Bobisse et al. identified 10 neo-epitopes recognized by
peptide-expanded peripheral blood T cells, one of which
(ZCCH) was also found in TILs, and they demonstrated
additional neo-antigen T cell detection by expanding pep-
tide-primed T cells from primary tumor tissue [23]. Start-
ing from a pool of 75 candidate predicted neo-epitopes
from 20 ovarian cancer patients, Liu et al. identified 5 neo-
epitope-specific CD8™ T cells in peripheral blood or TILs
following expansion by mutant peptide pulsed autologous
T cell-depleted PBMC APCs [25]. Neo-epitope-specific T
cell identification correlated with higher mutation burden
and with an elevated antigen processing machinery gene
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Fig.4 Humoral but not cellular immunity detected against tumor
mutated antigens. a Total auto-antibody target Z-Factors versus
tumor expression (RNA-seq TPM) were plotted (black circles) for
each patient (indicated above each plot). Expressed genes with sin-
gle nucleotide variants, identified from whole exome and RNA-seq of
each patient, are highlighted (SNV, red circles). The vertical dotted
red line indicates the cut-off for significant “hit” (Z-Factor>0.4). b
The top candidate HLA-A*02:01 epitope peptides from each patient
were predicted (see Supplementary Table S2d) and pooledsynthetic

expression signature [23, 25]. The discordance of neo-
epitope recognition in PBMC versus TILs was highlighted
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peptides (SNV pool) were used to pulse A2*healthy donor DCs and
expand 9 patient TILs for 14 days. On day 14, expanded TILs for
each patient were re-stimulated with T2 cells pulsed with the same
pool, or left unpulsed (Minus) for 5 h in the presence of BFA, and the
frequency of responding T cells was determined by CD8 surfacestain-
ing and intracellular IFNy staining. The percentage of cells in each
quadrant is indicated on each plot. Results are representative of 2—-3
separate expansion and re-stimulation experiments

by both groups. While these reports suggest that neo-
epitope-specific T cells may be present, our findings suggest
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Fig.5 The MAP repertoire of HGSC patients contains epitopes
from highly expressed tumor genes and known TAA. a Schematic
workflow of the mass spectrometry approach to identifying HGSC
antigens and screen for recognition by matched patient TILs used
in this study. b Left side panels: expression values and ovarian can-
cer enrichment of all MAPs for 3 HGSC patients (OV606, OV633,
OV642) are shown (red symbols) relative to all TCGA genes (black

0 5
TCGA OV Expression (PANCAN Normalized)

symbols) plotted as TCGA OV Illumina HiSEQ RNA-seq expression
(log2(RPKM + 1)) versus TCGA OV PANCAN normalized expres-
sion. Right side panels show expression levels and ovarian enrich-
ment of known TAA genes (red symbols) relative to total MAPs
(black symbols) for each patient sample. ¢ HLA-A*02:01 epitopes
selected from known TAA and auto-antibody target antigens identi-
fied in MAPs from patient sample OV633

Table 2 HLA-types and eluted

; PatientID  HLA-A HLA-B HLA-C Eluted MAPs
MAPs from 3 HGSC patients
OV606 A*01:01  A*03:01 B*08:01  B*51:01 C*07:01  C*12:03 2102
OV633 A*02:01 - B*07:02  B*44:02 C*05:01  C*07:02 3029
0ovo642 A*11:01  A*24:02 B*18:01  B*52:01 C*07:01  C*12:01 1520

HLA typing of 3 HGSC patients was deduced by Seq2HLA software and confirmed by PCR. The number
of eluted MAPs identified for each patient is shown
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Fig.6 HGSC patient TILs
recognize MAPs. a TILs from

6 HGSC patients (rows) were
cultured for 14 days with
A2*donor DCs pulsed with

the 12 peptide pool of epitopes
selected from OV633 eluted
MAPs (MAP pool) (see Fig. 5c).

On day 14, TILs for each patient

were re-stimulated with T2 cells
pulsed with individual peptides
from the pool (indicated in
each column), or left unpulsed
(Minus) for 5 h in the presence
of BFA, and the frequency of
responding T cells was deter-
mined by CDS8 surface staining
and intracellular IFNy staining.
The percentage of cells in each
quadrant is indicated on each
plot. Results are representative
of 2-3 separate expansion and
re-stimulation experiments. b
TILs from patients OV777 and
OV870 were expanded with
A2*donor DCs pulsed with
MAP epitopes ERBB2-435 or
MOB1A-130, or left unpulsed
(Minus) for 14 days. On day

14, CD45-negative, epithelial
cell lines cultured from the
same patients were added back
to the peptide-expanded TILs
for re-stimulation for 5 h in

the presence of BFA, and the
frequency of responding T cells
was determined by CDS8 surface
staining and intracellular IFNy
staining. The percentage of cells
in each quadrant is indicated on
each plot. Results are represent-
ative of 2 separate expansion
and re-stimulation experiments
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that neo-antigen-specific TILs in HGSC patients are rare or
very low affinity and may be difficult to detect, particularly
in the context of only 10-100 mutations per patient. The
use of initial neo-epitope priming and expansion protocols
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using autologous APC, and/or the interrogation of periph-
eral blood repertoires may be critical for HGSC patient neo-
epitope-specific T cell detection.
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It is interesting, however, that we observed that a large
fraction of the proteins harboring non-synonymous point
mutations in each patient were significant targets in the
auto-antibody repertoires of those patients (Fig. 4a). This
could indicate that the point mutations created new B cell
or helper T cell epitopes. This would be consistent with
reports that SNV neo-antigen epitopes are frequently rec-
ognized by CD4 +T cells, i.e. create new class II epitopes
[48, 49]. Indeed, some TP53 mutations are known to raise
antibody responses directed against the specific mutated
residue [50]. However, a previous study suggested that anti-
body responses arising following neo-antigen vaccination
were directed against the wild-type protein, and not specific
for the mutated sequence [30]. It remains to be determined
whether auto-antibody responses against neo-antigens are
widespread in HGSC or other cancers and if this is due to
creation of new CD4* T cell epitopes by tumor mutations.

CTA are frequently re-expressed by tumor cells and due
to their low expression in normal tissue and thymus, are
thought to be vulnerable to T cell recognition. TCR-engi-
neered cell-based therapies directed against MAGE proteins,
NY-ESO-1, and other CTA, as well as anti-tumor vaccines
targeting these antigens, have been evaluated as clinical tar-
gets in a number of studies [8, 51, 52]. We detected strong
auto-antibody responses against CTA in most HGSC patient
plasma, and T cell responses against MAGEA12 and NY-
ESO-1 in 2 different patients. Surprisingly, detectable T cell
recognition of MAGEA12 in patient TILs did not correlate
with high levels of auto-antibody, since we did not detect
MAGEA12-specific T cells in 4 patients with highly signifi-
cant anti-MAGEA12 auto-antibodies (Fig. 2a, c). It is pos-
sible that MAGEA 12 specific T cells in those patients with
higher levels of auto-antibodies were functionally impaired
in proliferative capacity or cytokine production. Similarly,
low IFNy responses from TILs using peptide that showed
high frequency pMHC-tetramer staining would indicate
that some auto-antibody target antigen-specific TILs may
be dysfunctional.

Our comparison of immunogenic HGSC tumor antigens
in the auto-antibody repertoire with a large human thymic
mTEC gene expression dataset revealed that auto-antibody
target genes can display a range of expression levels in
the thymus. This would suggest that, for many tumor anti-
gens, central tolerance of CD4" T cells against thymus-
expressed antigens may not necessarily have a negative
impact on shaping the anti-tumor B cell or CD8* T cell
repertoire. Consequently, given the breadth of tumor-
directed anti-self-antibody responses and TIL specific-
ity, T cell response may be directed against more over-
expressed self/tumor antigens than previously appreciated.

The most direct method to identify tumor anti-
gen epitopes is by determination of the tumor cell

MHC-associated immunopeptidome by mass spectrometry
of HLA-eluted peptides. This method can be combined
with exome/RNA sequencing to detect presented tissue-
specific epitopes, neo-epitopes, and even non-canonical,
aberrantly expressed epitopes [44, 45, 53]. We identi-
fied several peptides known to be T cell targets in our
HGSC MAP data, including ERBB2, MUC16, CRABP1/2,
BCAP31 and STATI, as well epitopes from auto-antibody
target antigens, including MOB1A, ABCF3, and ANXA2,
and demonstrated recognition of the ERBB2, CRABP1/2,
MOBI1A, ABCF3 and ANXAZ2 epitopes by TILs. Interest-
ingly, other peptides from the shared auto-antibody tar-
gets with high HGSC tumor expression identified in our
screen, including MOB1A, PRKARI1A and CCDC6, have
been reported to be present in immunopeptidome datasets
(https://hla-ligand-atlas.org). Thus, a considerable frac-
tion of HGSC TIL specificities appears to target highly
expressed and immunogenic antigens which are widely
expressed and presented by both healthy and tumor cells.
This observation is consistent with growing evidence that
anti-tumor responses are driven, at least in part, by autore-
active T cells [54]. However, these T cells do not appear to
be associated with widespread autoimmunity, despite the
ubiquitous expression of their target antigens. One poten-
tial explanation for this paradox is that cancer cells are
more sensitive than normal cells to effector T cell attack.
This concept is supported by the fact that immunotherapy
targeting autoantigens can result in melanoma eradication
without causing global vitiligo [55, 56].

In summary, we have identified specific recognition of
known TAA and novel antigen epitopes in HGSC patient
CD8* TILs by combining gene expression profiling, auto-
antibody repertoire determination, epitope prediction, and
peptide stimulation screening. This provides evidence that
HGSC antigens with high tumor expression and humoral
immunogenicity may constitute a considerable fraction of
targets of CD8* TILs. Directing personalized immunother-
apies against these targets may offer additional therapeutic
options to enhance tumor cell killing in HGSC patients,
however it will be imperative to select T cell targets that
have restricted or enriched expression in the tumor to
avoid healthy tissue damage.

Materials and methods

Patient samples

Tumor samples from standard of care debulking were
obtained and processed within 24 h of surgery. Total
tumor single cell suspensions were prepared using the

GentleMACS kit (Miltenyi), then cryopreserved in 10%
DMSO 90% human AB serum (Gemini) and stored in liquid
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nitrogen until use. Fresh ascites was processed within 24 h.
Total ascites cells were isolated by centrifugation, red blood
cells were removed by hypotonic lysis, and cells were cryo-
preserved in 10% DMSO 90% human AB serum and stored
in liquid nitrogen until use. Tumor and ascites samples were
obtained through the UHN Biospecimen Program and frozen
plasma, and serum samples were obtained through the UHN
GYN Blood Biobank. All patients gave informed written
consent for specimen biobanking and research use. All pro-
tocols using human specimens were approved by the UHN
Research Ethics Board.

TIL expansion

Tumor-infiltrating or ascites-associated lymphocytes (TILs)
were expanded from single cell suspensions isolated from
primary surgical, paracentesis, or thoracentesis samples as
previously described [38, 39]. Briefly, total tumor cells were
cultured in IL-2 (3000-6000 IU/ml, Peprotech), in 24 well
plates, and expanded for up to 4 weeks. Following initial
expansion (primary TILs), TILs were assessed for CD3,
CD4, and CD8 expression, cryopreserved in 10% DMSO
90% human AB serum, and stored in liquid nitrogen. Pri-
mary TILs were thawed and rapidly expanded with anti-CD3
stimulation and IL-2 on irradiated pooled donor PBMCs
according to previously established protocols [38].

Whole exome and transcriptome sequencing

Total tumor cells selected for genomic analyses were puri-
fied by magnetic sorting using CD45-beads (Miltenyi).
For each patient, expanded TILs or the CD45 + fraction
from whole tumor sorts were used as normal sequencing
controls. DNA and RNA were co-isolated from purified
cell pellets using Qiagen AllPrep Kits (QIAGEN). Whole
exome sequencing was performed by Illumina HiSeq2500
using 125-cycle paired-end protocol and multiplexing to
obtain 250 X coverage (tumor) or 50X coverage (normal),
with Agilent SureSelect Human All Exon ¢5+ UTR library
preparation. Transcriptome sequencing was performed
using Illumina NextSeq500 with Illumina TruSeq Stranded
Total RNA Sample Preparation Kit (RiboZero Gold), using
75-cycle paired end protocol for 80 M reads. Sample quality
assessment was performed using BioAnalyser, TapeStation,
and qPCR.

For initial samples in a pilot cohort, FASTQ files from
WES were aligned to the human genome reference hgl9
using the BWA-MEM [57] algorithm followed by Indel rea-
lignment and co-cleaning as outlined in the GATK best prac-
tices for exome sequencing [58] to generate BAM files for
downstream analyses. Mutect v1.4 [59] was used to identify
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the somatic mutations from tumor and normal tissue BAM
file pairs for each patient. Mutations with sufficient sequenc-
ing coverage and variant allele frequency greater and equal
to 0.10 were selected for further analyses. RNA-seq FASTQs
were aligned to the GRCh37 transcriptome reference and
gencode v19 annotations using STAR v2.4.2a [60] with
read length 100. BAM files were pre-processed according
to the GATK RNA-seq short variant discovery best practices
pipeline (GATK v3.0-0) with Picard MarkDuplicates, Indel
realignment, and base recalibration prior to mutation calling
[58]. Somatic mutations were detected using Mutect (v1.4)
[59] and paired tumor and normal RNA-seq aligned bam
files. We defined transcribed mutations as candidates found
in both RNA-seq and WES derived mutation profiles for a
single sample.

In the expanded cohort, WES and RNA-seq FASTQs were
pre-processed following the same workflows as described
in the pilot cohort. Genome reference hg38 and transcrip-
tome reference GRCh38 were used for alignment. Due to
contaminating reads from CD45-negative tumor cells in the
normal reference samples, mutations from WES were iden-
tified using Mutect2 (GATK v3.8) [58] and RNA-seq were
identified using GATK HaplotypeCaller (v3.5-0-g36282¢e4)
[61] using tumor data as input. Using the bedtools v2.26.0
[62] intersect function, we selected mutations common to
both WES and RNA-seq in each sequenced tumor sample
after removing suspected germline SNPs (single nucleotide
polymorphisms) with population allele frequency greater
than 0.005 as reported by gnomAD v170228. All remain-
ing variants were annotated with VEP v92 [63]. Gene-level
transcript abundances were quantified using RSEM v1.2.29
[64], normalized across all samples and reported as TPM.
HGSC gene expression data was validated by comparison
to TCGA Ovarian Cancer cohost I[llumina HiSEQ data, and
all samples were found to have high pairwise Spearman cor-
relations (0.885 overall).

Class I HLA type for each patient was determined using
Seq2HLA [65] with RNA-seq FASTQ as input.

Plasma auto-antibody profiling using ProtoArrays

Auto-antibody profiling was performed using ProtoArray
5.1 (Invitrogen) slides, according to the manufacturer’s
instructions. Plasma was diluted 1:500 and detected using
anti-human-IgG-Alexa-647. Slides were scanned on a Per-
kin Elmer ProScan Array scanner with 5 pm resolution,
and images analyzed by ProtoArray Prospector software
(Invitrogen) using Immune Response with Plasma param-
eters. Auto-antibodies against the known ovarian antigens
MUCI16, EPCAM, WTI1, TP53, CTAGIA (NY-ESO-1)
and FOLR1, could not be assessed in this assay due to their
absence from the ProtoArray version 5.1 arrays. Signifi-
cant auto-antibody “hits” are defined as those array targets
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having a signal greater than 1000 fluorescence units, and
Z-Factor> 0.4.
Z-Factor is defined as:

30, +30,._

zZ=1
|/"s_'“c—|

where: os =signal standard deviation for the target protein
features; oc- =signal standard deviation for the negative
control features; ys =mean signal for the target protein fea-
tures; uc- =mean signal for the negative control features.

Epitope prediction

Candidate target antigen amino acid sequences (canonical
translation) from UniProt were examined for predicted HLA-
A*02:01 binding affinity, proteasome processing, and TAP
transport, using standalone NetCTLpan 1.1 software, query-
ing 8,9, and 10mers [31]. Epitopes with overall NetCTLpan
scores > 0.8, NetMHCpan affinity < 500 nM, and acceptable
hydrophobic residue content were considered for peptide
synthesis and custom tetramer screening. Synthetic peptides
were prepared by GenScript (Piscataway, NJ).

Monocyte-derived dendritic cells

Monocytes were purified from healthy donor leukapheresis
products by elutriation on an Elutra (Terumo BCT). Aliquots
were viable frozen in 10% DMSO 90% human AB serum at
1 x 10® cells/ml and stored in liquid nitrogen (vapor phase)
until use. Cells were HLA typed by PCR and A*02:01 donor
samples used to generate dendritic cells [66]. Briefly, mono-
cytes were seeded in 6 well plates or T75 flasks in CellGro
DC media (CellGenix) supplemented with 2% human AB
serum and 50 pg/ml GM-CSF and 50 pg/ml IL-4, on day 3
half the media was replaced with fresh media and additional
GM-CSF/IL-4. On day 5, cells were harvested by washing
adherent DCs with PBS then incubating in Versene (Gibco)
for 15 min at 37 °C, followed by gentle pipetting and cen-
trifugation. Cell pellets were resuspended in freezing media,
aliquoted, slow frozen, and stored in liquid nitrogen (vapor
phase) until use.

Peptide-specific TIL expansion and re-stimulation

Peptide-specific expansion of TILs was performed by
culturing TILs in AIM-V media at 37 °C/5% CO, with
A2 monocyte-derived dendritic cells (DC) that had been
peptide pulsed overnight and matured with IL-1p (10 ng/

ml), IL-6 (5 ng/ml), and TNFa (10 ng/ml) at a ratio of
10:1. Low dose IL-2 (200 IU/ml) was added with fresh
media every 3 days for 10-14 days, splitting cultures as
needed according to cell density. On day 14, cells were
harvested, washed, treated with 2 pM brefeldin A, plated
with mature monocyte-derived DC or T2 cells pulse with
individual or pooled peptides, and incubated for 5 h at 37
°C 5/% CO,. Cells were then harvested, stained with anti-
CDS8 followed by fixation and permeabilization with Fix/
Perm solution (BD Biosciences), then stained with anti-
IFNy in permeabilization solution (BD Bioscience). Cells
were then washed, fixed in 2% paraformaldehyde (PFA)/
PBS, and analysed by flow cytometry. To demonstrate
endogenous processing and presentation of the candidate
antigen epitopes by HGSC tumor cells, we first expanded
the epitope-specific TIL populations with DC pulsed with
individual peptides. On day 14, the expanded TILs were
re-stimulated by co-culture with unpulsed epithelial tumor
cells grown from the CD45-negative fraction of matched
patient tumor samples, in the presence of brefeldin A, and
IFNy production assessed as described above.

Custom peptide-MHC (pMHC) tetramers and TIL
staining

Monomeric HLA-A*02:01 loaded with UV-sensitive
peptide (KILGFVFJV) was purchased from BioLegend
(UVX-A0201). Custom exchanged monomers were pro-
duced as described [67]. Briefly, 100 X excess molar ratio
of custom peptide was added to UV-sensitive monomers
followed by exposure to long wave UV light (352 nm) for
60 min on ice. The reaction product was centrifuged at
3500xg for 5 min to remove unassembled empty HLA
precipitates, and tetramers assembled with Steptavidin-PE
(Invitrogen) at a 4:1 molar ratio. Tetramers were stored at
4 °C until use. For detection of peptide-specific T cells,
expanded cultures were treated with dasatinib (5 nM) for
30 min at 37 °C, and the cells harvested, resuspend in PBS
with 2% FBS, and stained with custom tetramers (5 pl per
2% 10° cells). Following incubation for 20 min at room
temperature, anti-CD8 and viability dye were added, and
the incubation continued for 15 min at 4 °C. Cells were
then washed, fixed in 2% PFA/PBS, and analysed by flow
cytometry.

Mass spectrometry analyses

Primary ovarian tumor samples, either viable cryopreserved
tumor surgical resection fragments (OV606), or magnetic
bead sorted, CD45-negative ascites cells (OV633, OV642),
were used as starting material. Approximately 1 g solid
tumor or 1x 10% sorted tumor cells were processed for HLA
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precipitation and peptide elution as described [44]. Liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
analyses of the corresponding peptide extracts were acquired
on a Q-Exactive HF mass spectrometer (Thermo Fisher Sci-
entific) with parameter settings as defined previously [44]. All
MS data were search against a patient-specific cancer database
using using PEAKS X (Bioinformatics Solutions Inc), with
tolerance and threshold setting as previously described [44].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00262-023-03413-7.
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