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Direct identification of T cell epitopes in cancer tissues
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Abstract: Prediction of tumor-specific T cell epitopes is an important part of cancer immunotherapies. In
the past, tumor-specific T cell epitopes were identified by mapping the epitopes on the known cancer-testis
antigens and tumor-associated antigens or antigens that react to the T cells induced by the cancer vaccine
therapy. More recently, in silico prediction of mutation-associated neoepitopes from the whole-exome
sequencing (WES) results has become another approach. However, although this approach often identifies
many predicted peptides, only few have been shown to be immunogenic. Mass spectrometry (MS) has also
been used to directly identify the T cell epitopes presented on tumor cell by eluting the peptides from
human leukocyte antigens (FILA) class I and class II molecules. This approach of identifying neoepitopes
was demonstrated to be feasible in high tumor mutation burden (TMB) tumors such as melanoma.
However, identifying low-TMB-tumor-specific T cell epitopes has been challenging. Recently, Fujiwara
et al. reported their successful result in identifying T cell epitopes in a low TMB tumor, namely pancreatic
ductal adenocarcinoma (PDAC). Using the MS approach, they identified T cell epitopes shared by multiple
pancreatic cancer patients with different HLA types. Moreover, they demonstrated that the identified
epitopes bound non-matched HLA molecules and induced T cell response in peripheral T cells from non-
HLA-type matched patients. Their study has opened a new venue for identifying T cell epitopes in a non-

immunogenic tumor such as PDAC for the design and development of vaccine and T cell therapy.
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Pancreatic ductal adenocarcinoma (PDAC), the most important part of cancer immunotherapies. Discovering

common type of pancreatic cancer, is one of the most lethal
cancers, and its 5-year survival rate is 12% (1). The lack of
reliable early diagnostic markers and the rapid development
of resistance to conventional therapies are among the
challenges to the management of this malignant disease (2).
Prediction of cancer-specific T cell epitopes is an
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new potential immunotherapy targets is crucial for
improving PDAC treatment outcomes to immunotherapy.
T cells are the major effector cells for antitumor adaptive
immune responses. T cells recognize tumor cells by using
the T cell receptor (T'CR) to bind to antigenic epitopes
presented by tumor cells or through antigen cross-
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Figure 1 The workflow of using MS to identify HLA class I and class II-restricted peptidomes in human PDAC. MS, mass spectrometry;

HLA, human leukocyte antigens; PDAC, pancreatic ductal adenocarcinoma.

presentation by antigen-presenting cells. This binding is
highly specific and is also restricted by the human leukocyte
antigens (HLA) on tumor cells or antigen-presenting
cells (3). It has been a challenge to identify T cell epitopes
on pancreatic cancer antigens, largely due to the lack of
knowledge on immunodominant antigens in PDAC (4) and
the lack of effective technical approaches.

However, T cell epitopes have only been characterized in
a few of such antigens including NY-ESO-1 (5), MAGE-A
(6,7), and Wilms’ tumor gene 1 (WTT1) (8,9); and TCR-T-
cell therapies targeting these antigens are still under clinical
evaluation. Alternatively, T cell epitopes were identified
on the antigens by analyzing the T cells induced by the
administration of cancer vaccines that are comprised of the
antigens (10,11). Such an approach would limit the T cell
epitope discovery in a small number of patients who were
treated with experimental cancer vaccines.

More recently, after recognizing the value of mutation-
associated neoepitopes, in silico epitope prediction from
the whole-exome sequencing (WES) results has become
another approach (12,13). However, this approach may not
be able to predict any high-affinity TCR binding epitopes if
the tumors have low tumor mutation burdens (TMB) (14).
In addition, the binding of the predicted epitopes to HLA
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molecules and TCR would still need to be validated (15).
Mass spectrometry (MS) was used to identify the T cell
epitopes by eluting the peptides from HLA molecules.
Kalaora et al. performed both WES and direct-peptide
identification with MS and selected overlapping peptide
sequences predicted by both DNA mutations and identified
by MS (16). This approach of identifying neoepitopes
was demonstrated to be feasible with melanoma tissue
specimens (17). However, this approach has not been tested
in tumors with low TMB, such as PDAC (18). It was recently
shown that genomic mutation-derived HLA-class I epitopes
were rarely presented in hepatocellular carcinomas, which
have a relatively low TMB as compared to other malignancies
with high TMB, such as malignant melanoma (14).
Fujiwara et al. are the first ones to use MS to identify
HLA class I and class II-restricted peptidomes in human
PDAC (Figure 1). Briefly, the protein lysate from PDAC
specimens and cell lines were subjected to the antibody
affinity purification of human major histocompatibility
complexes (MHC) including both HLA class I and class
IT complexes (Figure 2). Peptides bound to the MHC
were then eluted and identified through LC-MS/MS. A
few novel findings were made with this study. T cells that
recognize shared antigens exist in the circulating system of
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Figure 2 Isolation of HLA-associated peptides from tumor tissue
using pan-HLA-I/pan-HLA-II antibody conjugated protein A/G
beads followed by 0.1N acetic acid elution. Peptides were purified
using Sep-Pak C18 column in 80% ACN in 0.1% TFA. HLA,
human leukocyte antigens; Co-IP, co-immunoprecipitation; ACN,

acetonitrile; TFA, trifluoroacetic acid.

PDAC patients and are also likely in the tumors. This study
has identified the peptide sequences that are HLA class I
epitopes shared by PDACs from patients with different
HLA types and those that are overlapped between HLA
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Table 1 Potential therapeutic targets for cancer vaccine and T cell
therapy

Epitopes shared among multiple HLA types

COLBAS, ELOVL1, LAMC2, RASAL2, DYNLRBT1, ICE1, LAMBS,
MYH9, ORMDL3, MYL12A, WDR82, TRRAP, TFIP11, ACBD3,
CKS2, IGF1, TRAPPC11, ZMYND11, CTNNBIP1

Epitopes shared by HLA class | and class Il types
FGA, IGHG, TMSB10, VIM, HBD, HIF2

HLA, human leukocyte antigens.

class I and HLA class II epitopes, respectively (Table I).
Nevertheless, tetramer staining is warranted to further
validate iz vivo the presence of epitope-specific T cells once
the epitope-specific tetramers become available. Some of
these peptides that are from potential anti-cancer targets
were selected for further validation for their binding to
class I HLA molecules and their ability in inducing cytokine
expression in T cells. The peptides, particularly those
that can induce polyfunctional T cells, may be therapeutic
targets for cancer vaccine and T cell therapy.

Interestingly, this study has not identified any epitope
that corresponds to the genomic variants. They cannot
exclude the possibility that genomic variant-associated
neoepitopes exist rarely and thus were missed. However,
Fujiwara er al. did identify peptide variants. How these
peptide variants have been generated remains to be
investigated in the follow-up studies. The peptidome
datasets generated in this study may help improve the
algorithm of the in-silico prediction of HLA class I and
HLA class II epitopes.

Fujiwara et al. found that identified epitopes can bind
unmatched HLA molecules and induce T cell response in
peripheral T cells from HLA-type unmatched patients.
Although the exact mechanism remains to be investigated,
it is conceivable that there are homologies among different
HLA class I molecules and even possibly among HLA-type
unmatched TCRs. More importantly, Fujiwara’s results
suggest that it is possible to develop cancer vaccines and
TCR T cell therapies with the epitopes identified for all
patients regardless of their HLA types. Such a notion is
being validated with a follow-up study of testing the iz vivo
antitumor activities of TCRs that recognize such shared
epitopes. HLA class II epitopes were not well studied in the
past (19,20). The study by Fujiwara er 4/. may provide the
HLA class II peptidome dataset for further investigation
on how to predict the binding between HLA class II
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molecules and epitopes. This study is limited by having
not validated the binding strength between identified HLA
class II epitopes and HLA class II molecules. Therefore,
when Fujiwara ez 4/. narrowed down the epitopes for T cell
stimulation assays, they chose those that were predicted to
have the best binding affinities with HLA class II molecules.
Considering that MS-identified epitopes are specifically
presented in vivo by the HLA class II MHC complex, the
current algorithm such as NetMHC and NetMHClIIpan
may have missed the best HLA class II binding epitopes.
Nevertheless, they demonstrated that the peptides
that contain overlapped HLA class I and HLA class 11
epitopes can induce the response in polyfunctional T cells.
Therefore, this approach will possibly identify the HLA
class II epitopes appropriate for cancer vaccines and T cell
therapies.

A few other limitations in the study by Fujiwara ez /.
should be recognized. First, the study was not able to
distinguish between the epitopes from tumor epithelial
cells or stromal cells. We did the epitope discovery with
PDAC tumor cell lines and were able to identify a large
number of epitopes overlapping with those identified in
human PDAC tissues. They need to compare the epitopes
identified in tumor tissues to those identified in paratumoral
normal tissues in PDACs similarly to a previously published
study (21). Second, identifying epitopes by MS is technically
tedious. Whether this approach is reproducible among
different laboratories and different investigators remains to
be tested. Recently, Jaeger et al. used genetically engineered
mouse models for identifying PDAC tumor-specific MHC
class I peptides (22), thus, providing a venue for studying
the immunopeptidome reproducibly in the mouse model
of PDAC. Fujiwara et a/. did not observe any epitopes from
known PDAC-associated antigens (23,24). It is possible
that epitopes from known PDAC-associated antigens are
tolerogenic and also possible that Fujiwara’s approach has
missed those epitopes technically. Among eluted HLA class
I bound peptides, they have focused on studying 9-mer
peptides. However, 10 and 11-mer peptides, which are
predicted to bind HLA class I albeit at a lesser strength,
warrant future studies.

In summary, studies on the direct identification of T
cell epitopes will facilitate a further understanding of the
mechanisms of the binding between MHC complexes,
TCR, and epitopes. More importantly, such studies have
led to ongoing effort in the preclinical development of off-
shelf productions of cancer vaccine and T cell therapy for
the shared epitopes identified here.
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