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growth factor pathway substrate number 8
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Abstract. Epidermal growth factor receptor pathway
substrate 8 (EPS8) is critical in the proliferation, progression
and metastasis of solid and hematological types of cancer, and
thus constitutes an ideal target for cancer immunotherapy.
The present study aimed to identify human leukocyte antigen
(HLA)-A"1101-restricted cytotoxic T lymphocyte (CTL) epit-
opes from EPS8 and characterize their immunotherapeutic
efficacy in vitro. Two computer-based algorithms were used
to predict native EPS8 epitopes with potential high binding
affinity to the HLA-A"1101 molecule, which is the HLA-A
allele with the highest frequency in the Chinese population.
The peptide-induced cytokine production from the CTLs was
examined using enzyme-linked immunosorbent spot analysis.
The cytotoxic effects on cancer cells by CTLs primed with
the identified peptides were examined using flow cytometry. A
total of five peptides, designated as P380, P70, P82, P30 and
P529, presented with high affinity towards the HLA-A"1101
molecule. In response to stimulation by these five peptides,
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enhanced secretion of interferon-y from the CTLs and
increased cytolytic capabilities of the CTLs toward cancer
cells were noted, with the most potent effects observed from
the P380 peptide. Taken together, the present study identi-
fied five potential CTL epitopes from EPS8. Among these,
P380 presented with the highest therapeutic efficacy in vitro.
These peptides may benefit the development of EPS8-based
immunotherapy for the treatment of HLA-A"1101-positive
hematological malignancies.

Introduction

Hematological malignancies (HMs) are clonal malignant disor-
ders originating from cells of the bone marrow or the lymphatic
system (1). Despite advances in HM treatment, including
combination chemotherapy, targeted therapy and bone marrow
transplantation, the disease relapses and the five-year survival
rate of patients with HMs remains low (2,3). Therefore, addi-
tional therapeutic strategies are required. Previous studies on
the involvement of immunogenicity in cancer development
have suggested cancer vaccines as a promising and innovative
alternative for the treatment of HMs (4-6). The use of cancer
vaccines is an approach for active immunotherapy, in which
a formulation of specific tumor-associated antigen (TAA) is
delivered, together with immunomodulatory agents, to patients
with cancer. This activates the host's immune system to mount
an immune response, predominantly through cytotoxic T
lymphocyte (CTL)-mediated cytolysis, against TAA and
eliminates cancer cells (7). Therefore, the key for developing
a successful cancer vaccination against solid or hematological
types of cancer is to identify specific TAAs, which are selec-
tively presented by tumor cells or dendritic cells (8).
Epidermal growth factor receptor pathway substrate 8
(EPSS) is a 97-kDa protein originally identified as a substrate
for kinase activity of epidermal growth factor (EGF) receptor,
and augments the mitogenic signaling downstream of EGF (9).
The constitutive phosphorylation of EPS8 has been demon-
strated to promote the malignant transformation in tumor
cells (10). Previous studies have shown that EPS8 is important
in several types of solid tumor, including colon, pancreatic,
pituitary and cervical cancer (11-14), where the amplification
of EPSS8 is associated with tumor progression, acquired drug
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resistance and poor prognosis (15). Aside from solid tumor
types, our previous study demonstrated a significant correla-
tion between elevated expression levels of EPS8 and poor
overall survival rates in patients with acute myeloid leukemia
(AML) (16). Considering the biological significance of EPS8
in cancer, using the full-length EPS8 protein as the cancer
vaccine in a murine model of breast carcinoma, He et al (17)
showed that the EPS8 vaccine induced a marked CTL response
in vitro and effectively prevented tumor growth in vivo (17).
These findings suggest that EPS8 is an ideal target antigen for
the development of antitumor vaccines.

CTL epitopes are peptides presented by the human
leukocyte antigen (HLA) class I molecules and recognized
by CTLs. In the present study, the HLA-A"1101 allele was
selected for investigation as it is the most common HLA-I
allele within the Chinese population (18,19). The present
study identified five potential EPS8 peptides, which bind with
high affinity to HLA-A"1101. Among these, P380 showed the
highest immunogenicity in CTLs, indicating it as a promising
immunotherapeutic target for the treatment of HMs.

Materials and methods

Cell lines. The K562 human erythroleukemia cell line, the
THP-1 human acute monocytic leukemia cell line and the
SW480 colon cancer cell line were obtained from the Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, China) and were routinely preserved in the
Department of Hematology laboratory Zhujiang Hospital,
Southern Medical University (Guangzhou, China). The
HLA-A"1101* K562 cell line (20) was obtained from the
Hematology Institute of Jinan University (Guangzhou, China).
The HLA-A"1101* K562 cell line in which the expression of
EPS8 was absent was obtained from the transient transfec-
tion of HLA-A"1101* K562 cells with small interfering RNA
(siRNA) specifically targeting EPS8. All cell lines were
cultured in RPMI-1640 medium (Hyclone; GE Healthcare
Life Sciences, Logan, UT, USA) supplemented with 10% fetal
calf serum, 100 IU/ml penicillin and 100 pg/ml streptomycin
(Biological Industries, Beit Haemek, Israel) in a humidified
37°C incubator with 5% CO,.

siRNA transfection. siRNA targeting EPS8 and control siRNA
(NC siRNA) (21), which targeted no known human genes, were
synthesized by Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). The sequences were as follows: si-h-EPS8101, 5'-GGU
GGAUGUUAGAAGUCGA dTdT-3', si-h-EPS8102, 5'-GGA
CACAAUUGAUUUCUUA dTdT-3' and si-h-EPS8103,
5'-GAUCCACCUUAUACUCAUA dTdT-3.

To knock down the expression of EPS8, the HLA-A"1101*
K562 cells were seeded into 24-well plates at a density
of 1x10° cells/well and allowed to grow to ~80% conflu-
ence. Subsequently, 50 nM EPS8 siRNA or NC siRNA was
transiently transfected into the cells using Lipofectamine®
RNAiIMAX transfection reagent at room temperature (Life
Technologies; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) according to the manufacturer's protocol. At 24, 48 and
72 h post-transfection, the cells were harvested and lysed in
RIPA buffer containing the proteinase inhibitor, phenylmeth-
anesulfonylfluoride, to extract total proteins.
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Western blot analysis. The protein expression levels of EPS8
in the cell lines were detected using western blot analysis.
Briefly, the protein concentrations were determined from
the cell lysates using a BCA protein assay (Keygen Biotech.,
Nanjing, China). A 30 ug quantity of total protein from each
sample was electrophoresed on a 10% SDS-polyacrylamide
gel and transferred onto a PVDF membrane. Following
blocking in 5% skim milk for 1 h at room temperature, the
membrane was incubated overnight at 4°C in 5% skim milk
containing anti-EPS8 primary antibody (cat. no. ab12488;
1:1,000; Abcam, Cambridge, UK) or anti-GAPDH antibody
(cat. no. KC-5G5; 1:1,000; Kangcheng Bio-Tech, Shanghai,
China) as a loading control. Following three washes with 0.5%
TBS-Tween 20, the membrane was incubated in 5% skim
milk containing horseradish peroxidase (HRP)-conjugated
secondary antibody (cat. no. 4030-05; 1:2,000; Southern
Biotechnology Associates Inc., Birmingham, AL, USA). The
signal was detected using chemiluminescent HRP substrate
and blotted onto chemiluminescence-sensitive film (Merck
Millipore, Billerica, MA, USA).

HLA phenotyping. The HLA-A phenotypes of the cell lines
were determined using flow cytometry with phycoery-
thrin-conjugated anti-human HLA-A, B and C antibodies, as
described previously (20,22).

Epitope prediction and peptide synthesis. The
EPS8-derived peptides containing HLA-A"1101-binding
motifs were predicted using two computer algo-
rithms: Bioinformatics and Molecular Analysis Section
(BIMAS; www.bimas.cit.nih.gov/molbio/hla_bind/) (23) and
SYFPEITHI (www.syfpeithi.de/) (24). Peptides among the top
20 peptides from the BIMAS prediction, and with a cut-off score
of =20 from the SYFPEITHI prediction met the two criteria
for selection. The predicted candidate peptides were synthe-
sized using fluorenylmethyloxycarbonyl chemistry (Zhongtai
Biological Technology, Hangzhou, China), with >95% purity,
as determined using reverse-phase high performance liquid
chromatography, and expected molecular weight, as confirmed
using mass spectrometry. Reverse-phase high-performance
liquid chromatography involves the separation of molecules
on the basis of hydrophobicity. The separation depends on the
hydrophobic binding of the solute molecule from the mobile
phase to the immobilized hydrophobic ligands attached to
the stationary phase, i.e. the sorbent. Mass spectrometry is an
analytical technique that ionizes chemical species and sorts
the ions based on their mass to charge ratio. In simpler terms,
a mass spectrum measures the masses within a sample. The
lyophilized peptides were dissolved in DMSO at a concentra-
tion of 2 mg/ml and stored at -20°C until further use.

Isolation of peripheral blood mononuclear cells (PBMCs) and
induction of peptide-specific CTLs. The present study was
approved by the Institutional Ethics Committee of Southern
Medical University (Guangzhou, China) and informed consent
was obtained from all healthy donors. A total of 10 healthy
donors (3 female and 7 male, average age 20.5 years) were
recruited between April and August 2015 in Zhujiang
Hospital, Southern Medical University. PBMCs were purified
using standard Ficoll-Hypaque density gradient centrifugation
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at 800 x g for 30 min at room temperature (Dakewe Biotech
Co.,Ltd., Shenzhen, China). HLA-A"1101 phenotypic analyses
of the donors were performed using a PCR-SBT tying kit (BGI
Tech, Shenzhen, China). To generate peptide-specific CTLs, the
HLA-A"1101* PBMCs were incubated with 10 ymol/l candidate
peptides (P380, P529, P70, P82, P30) in RPMI-1640 medium
at 37°C in a humidified incubator containing 5% CO,. As the
negative control, no peptide (PO) was added to the PBMCs.
Recombinant human interleukin 2 (rhIL-2) at a concentration
of 50 U/ml was added into the medium on the second day. The
same quantity of candidate peptides and rhIL-2 were added to
the PBMCs every 7 days. On day 3 following the third stimula-
tion, PBMCs were collected as effector cells.

Enzyme-linked immunospot (ELISPOT) assay. The produc-
tion of interferon-y (IFN-y) from the peptide-specific effector
cells was analyzed using an ELISPOT assay. Briefly, the
effector cells, prepared as described above, were seeded
into 96-well assay plates (Dakewe Biotech Co., Ltd.) at a
density of 1x10°/100 ul/well in serum-containing RPMI-1640
medium. For restimulation, 1x10* HLA-A"1101* K562 cells,
as antigen-presenting cells, were irradiated (5 Gy) to prevent
further proliferation, and were added together with different
peptides (P380, P70, P82, P30 and P529) or medium alone
(negative control). Following overnight culture at 37°C and
extensive washing using a washing buffer 5-7 times for
30-60 sec each time, to remove free peptides, the production
of IFN-y was detected using biotinylated anti-IFN-vy anti-
body (cat nos. DKW22-1000-048/DKW22-1000-096 ;1:100;
Dakewe Biotech Co., Ltd.), followed by incubation at 37°C for
1 h with streptavidin-HRP solution and 3-amino-9-ethyl carba-
zole substrate. The numbers of IFN-y-positive spot-forming
cells (SFCs) were counted by Dakota Biotechnology Co., Ltd.
(Shenzhen, China). As the positive control, the lymphocyte
mitogen, phytohemagglutinin (PHA) stimulation was used. As
a background control, X-VIVOI15 serum-free medium (Lonza,
Basel, Switzerland) was used. Each condition was assessed in
triplicate.

Cytotoxicity assay. The cytolytic activity of the effector cells
was assessed using flow cytometry. In brief, the target cells
were labeled with carboxyfluorescein succinimidyl ester
(CFSE; BioLegend, Inc., San Diego, CA, USA) according to
the manufacturer's protocol. The effector cells (1x10%/ml) were
mixed with the target cells at different ‘effector to target’ (E/T)
ratios (40:1, 20:1, 10:1) and incubated for 4 h in a 37°C incu-
bator with 5% CO,. The cell mixture was then washed twice
with PBS and stained with propidium iodide (PI; 2.5 pg/ml,
BioLegend, Inc.) at room temperature in the dark for 15 min.
Each condition was assessed in triplicate. Flow cytometric
analysis was performed on a Beckman Coulter ACL Elite
(Beckman Coulter, Brea, CA, USA), with the results reported
as a percentage of CFSE and PI double positive cells.

Statistical analysis. All data are presented as the mean + stan-
dard deviation from at least three independent experiments and
were analyzed using GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA). The levels of differences
were analyzed using one-way analysis of variance for one
independent variable or factorial analysis of variance for more
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than one independent variable, with LSD post-hoc analysis.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Phenotypic characterization of target cell lines. To char-
acterize the expression of EPS8 and HLA-A phenotypes of
the target cell lines used in the present study, western blot
analysis was performed to examine the levels of EPS8,
and flow cytometry was performed to detect the surface
expression of HLA-A"1101. As shown in Fig. 1A and B, the
expression of EPS8 was highest in the SW480 human colon
cell line, a cancer cell line known to express EPS8 (13),
followed by the K562 human erythroleukemia cell line and
the HLA-A"1101*K562 cell line. No EPS8 was detected in the
THzP-1 human acute monocytic leukemia cell line. Using flow
cytometry, it was found that the HLA-A'1101"EPS8* K562
and HLA-A'1101*"EPS8- K562 cells were positive for the
expression of HLA-A'1101, whereas the K562 and THP-1
cells were negative (Fig. 2).

Generation of HLA-A"110I*"EPS8 K562 cells. To generate
HLA-A"1101"EPS8- K562 target cells, EPS8-specific siRNA
was transiently transfected into HLA-A"1101*"EPS8* K562
cells. As shown in Fig. 3, of the three EPS8 siRNA sequences
assessed, the si-h-EPS8 102 sequence had the most marked
effect on reducing the level of EPSS8 at 48 h post-transfection,
compared with the levels in the cells transfected with control
siRNA. Therefore, this transfection condition was used for the
following experiments in the present study.

Prediction of HLA-A"1101-restricted CTL epitopes of EPSS.
To identify peptides on EPS8 with the highest binding affini-
ties to HLA-A'1101, the present study used two algorithms,
BIMAS and SYFPEITHI, to scan the complete amino acid
sequence of EPS8. A total of five nine-amino-acid peptides
meeting the selection criteria from the two algorithms were
identified (Table I). Based on the position of the starting amino
acid, in order from highest to lowest ranking as predicted by
the two algorithms, these five peptides were P380, P529, P82,
P30 and P70, respectively.

Secretion of IFN-y from in vitro peptide-primed CTLs.
In response to antigen presentation, CTLs secrete cyto-
kines, including IFN-y, which was used as a functional
measurement of the peptide-stimulated CTLs to determine
whether EPS8-derived peptides are potent enough to elicit
a functional CTL response. PBMCs were isolated from
HLA-A"1101* healthy donors, primed with each of the
EPS8-derived peptides, and re-exposed to EPS8 presented by
HLA-A"1101"EPS8* K562 cells, following which the produc-
tion of INF-y was examined using an ELISPOT assay, in
which the SFCs represented CTLs secreting IFN-v. As a posi-
tive control, the lymphocyte mitogen, PHA, was used, which is
known to stimulate the production of IFN-y from PBMCs (25).
As the negative controls, CTL with no priming (PO-CTL) but
re-exposed o EPS8 presented by HLA-A'1101*"EPS8* K562
cells (PO-CTL+HLA-A"1101*"EPS8* K562), peptide-primed
CTLs without re-exposure to EPS8 presented by
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Table I. Characteristics of predicted EPS8 CTL epitopes
restricted to the HLA-A*1101 allele.

BIMAS SYFEITHI

Position  Length Sequence rank score
380 9 SVLSPLLNK 1 29
529 9 KTQPKKYAK 2 21
82 9 ITVDDGIRK 3 26
30 9 QTDREHGSK 4 20
70 9 LTTFVLDRK 5 20

Length represents the number of amino acids. BIMAS, Bioinformatics
and Molecular Analysis Section.
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Figure 1. Phenotypic characterization of the expression of EPS8 and human
leukocyte antigen-A"1101 in different target cells. The expression levels of
EPS8 in the indicated target cells were detected using western blot analysis.
GAPDH was detected as the loading control. (A) Representative western blot.
(B) Quantification of relative expression levels of EPS8. EPS8, epidermal
growth factor receptor pathway substrate 8.

HLA-A"1101"EPS8* K562 cells (P-CTL) or peptide-free
non-primed CTLs. For all five peptides examined, PHA
led to the highest number of SFCs, suggesting that these
peptide-primed lymphocytes were capable of non-specifically
responding to lymphocyte mitogens. The second highest
number of SFCs was observed in the peptide-primed CTLs
with antigen presented by HLA-A"1101*"EPS8* K562 cells,
which was significantly higher, compared with the number
of SFCs from the PO-CTL+HLA-A"1101*EPS8* K562
group (P<0.05), indicating that these peptides specifically
augmented the CTL responses following antigen presentation.
Asexpected, the P-CTLs and the PO-CTLs exposed to X-VIVO
medium presented with minimal, if any, IFN-y-producing
activity (Fig. 4A). When comparing between the five peptides,
variability was observed in their capacity to induce the secre-
tion of IFN-y from CTLs following antigen presentation.
P380 presented with significantly higher activity, compared
to the other four peptides (P<0.05; Fig. 4B), consistent with
its ranking predicted by the BIMAS and SYFPEITHI algo-
rithms.

Cytotoxicity of peptide-primed CTLs. To examine the func-
tional capability of peptide-primed CTLs (effector cells)
to cause antigen-bearing tumor cell (target cell) death, the
effector and target cells were mixed at different E/T ratios, and
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the death of the CFSE-labeled target cells was quantified using
PI staining. Cytotoxicity was measured as the percentage of
CFSE*PI* cells. For P380, the percentages of cytotoxicity
for the E/T ratios of 10:1, 20:1 and 40:1 were 21.57+11.37,
28.68+11.57 and 34.27+10.85%, respectively (P<0.05 between
every two groups), with the highest cytotoxicity observed at
the E/T ratio of 40:1. When examining the cytotoxicity of the
five peptides using this ratio, it was found that all five peptides
significantly augmented the cytotoxic activity of the CTLs
against HLA-A"T101"EPS8* K562 cells, but not against the
HLA-A"1101"EPS8- K562, THP-1 or K562 cells, compared
with the PO-CTLs (Fig. 5A). These results suggested that
CTLs primed with these peptides show a high levels of
specificity for MHC restriction and tumor antigen presenta-
tion. When comparing between the five peptides, P380, P529
and P82 induced similar magnitudes of toxicity in the CTLs
(P>0.05), which were significantly higher, compared with
those conferred by P70 and P30 (P<0.05; Fig. 5B).

Discussion

In the present study, systematic screening for novel immu-
nogenic HLA-A"1101-restricted CTL epitopes derived from
EPS8 was performed, and their potential as candidate cancer
vaccines targeting HMs were characterized. A total of five
nine-amino-acid peptides were identified using two computer
programs, BIMAS and SYFPEITH, and these were P380,
P529, P82, P30 and P70. Based on the predicted scores, those
with a higher score, indicating a higher binding capacity
to the HLA'A1101 molecule, were considered ideal antigen
peptides. However, as not all peptides binding to HLA
molecules are optimal T cell epitopes (26), it is essential to
confirm the activities of predicted peptides through in vitro
and in vivo experiments.

EPS8 complexes with multiple signaling molecules include
Ras/Rac, Src, Src homology 2 domain-containing, son of
sevenless homolog-1, E3bl and focal adhesion kinase to regu-
late EGF downstream phenotypes (27-32). Biologically, EPS8
modulates various cellular behaviors, including cell prolifera-
tion, cell motility/invasiveness, remodeling actin cytoskeleton
and membrane protrusion and vesicular trafficking (27). The
functional significance of EPSS, together with its aberrant
expression and correlation with prognosis in several types of
cancer, including colon cancer (13), thyroid cancer (12) and
breast cancer (33), suggest that it has potential as a target for
cancer therapy (34). Our previous finding on the correlation
between EPS8 and AML (16) prompted the investigation
of the feasibility of EPS8 as an immunotherapeutic target
for HMs. In support of this hypothesis, our previous study
identified eight native peptides and generated four modified
peptides from EPSS8, which show high-affinity binding to
HLA-A2.1 molecules. The CTLs primed by these peptides
presented with augmented immune activities, as demonstrated
by the secretion of IFN-y and capacity to induce tumor cell
death in a variety tissue types, in an HLA-A2.1-restricted and
Eps8-specific manner (35).

To the best of our knowledge, no HLA-A"1101-restricted
epitopes derived from EPS8 have been identified previously.
Therefore, the present study followed the standard procedure
already established (36) and started by predicting peptide
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Figure 2. Detection of the cell-surface expression of HLA-A"1101 in indicated target cells using flow cytometry. The blue histogram represents staining
with PE-conjugated isotype-matched IgG; the red histogram represents staining with PE-conjugated HLA-ABC. (A) Representative flow cytometry data
showed that K562 and THP-1 were negative for the expression of HLA-A"1101. (B) Representative flow cytometry data showed that HLA-A"1101"EPS8* K562
and HLA-A"1101"EPS8" K562 were positive for the expression of HLA-A"1101. EPS8, epidermal growth factor receptor pathway substrate 8; HLA, human

leukocyte antigen; PE, phycoerythrin.
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Figure 3. Knocking down the expression of EPS8 in HLA-A"110* K562 cells by siRNA transient transfection. The HLA-A"1101* K562 cells were transiently
transfected with either control siRNA or si-h-EPS8 101-103) At (A) 24, (B) 48 and (C) 72 h post-transfection, the expression levels of EPSS in the cells were
examined using western blot analysis and quantified, as shown in graphs for the (D) 24, (E) 48 and (F) 72 h groups. f-actin was detected as a loading control.
“P<0.05 and “P<0.01, compared with the NC group. The transfection effect at 48 h was more marked. EPS8, epidermal growth factor receptor pathway
substrate 8; HLA, human leukocyte antigen; siRNA, small interfering RNA; si-h-EPS8 101-103; EPS8-targeting siRNA 101-103; NC, negative control.

sequences, which bind to the HLA-A"1101 molecule with high
affinity. By combining two different predicting algorithms,
five sequences were obtained. Following in vitro synthesis of
these peptides to high purity, their immunogenic activity was
examined by stimulating PBMCs from healthy donors positive
for the HLA-A"1101 allele.

CTLs are a subtype of lymphocytes, which cause death of
target cells presenting with specific antigens in a major histo-
compatibility complex (MHC) I-restricted manner (37). By
labeling target tumor cells with CFSE and staining them with
PL, it is possible to quantify the death of target cells induced
by the peptide-primed CTLs. It was found that, among the
five peptides identified, P380, P529 and P80 primed CTLs
with similar cytolytic activity against tumor cells positive
for HLA-A"1101 and EPS8, but not the tumor cells negative
for either or both of these two molecules, suggesting strict
specificity on MHC I molecule and tumor antigen. These

three peptides also showed higher binding affinity to the
HLA-A"1101 molecule, as predicted by the two computer-based
algorithms, corroborating the effectiveness of these algorithms
in predicting MHC-binding motifs.

Another phenotypic assay commonly used for CTLs is the
production and secretion of antitumor cytokines, including
IFN-v, in response to antigen presentation (38). In the present
study, when the production of INF-y by CTLs was analyzed
using an ELISPOT assay, it was shown that all five peptides
significantly activated the CTLs to produce IFN-y in response
to antigen presentation, and P380 showed the highest immuno-
genic activity among the five peptides.

As the present study was limited by the blood samples, it
was possible to obtain from the donors, it was not possible sort
the CD8* CTLs from the PBMCs or use professional antigen
presenting cells, including dendritic cells, for antigen presenta-
tion. These limitations may weaken the phenotypes observed,
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Figure 4. Production of IFN-y by PBMCs primed with different peptides. Peptide-primed PBMCs were exposed to irradiated EPS8-presenting HLA-A"1101* K562
cells and the production of IFN-y was detected using an ELISPOT assay. PHA treatment was used as a positive control; PO-CTLs or P-CTLs were used as nega-
tive controls. (A) Representative ELISPOT images from each condition is shown. (B) Quantification on the numbers of spot-forming cells is shown. "P<0.05 and
"P<0.001, compared with the P380 group. IFN-y interferon-y; PBMCs, peripheral blood mononuclear cells; EPS8, epidermal growth factor receptor pathway
substrate 8; HLA, human leukocyte antigen; PO, PBMCs with no peptide priming; P-CTL, PBMCs not exposed to EPS8-presenting HLA-A"1101* K562 cells;
ELISPOT, enzyme-linked immunospot; X-VIVO, X-VIVOL15 serum-free medium; CTL, control; P, P380.

including the number of SFCs observed in the IFN-y ELISPOT
assay or the percentage of CFSE*PI* cells detected using flow
cytometry. However, the data obtained in the present study
demonstrated, with statistical significance, that the peptides
identified were TAA candidates. In addition, the present
study did not identify a cell line positive for HLA-A"1101,
but completely negative for EPS8, making it challenging
to characterize the binding stability of identified peptides.

However, the functional assays of the production of IFN-y and
cytolysis indirectly confirmed that these peptides were able to
effectively prime CTLs in the PBMCs. In the present study,
all functional characterizations on peptide-primed CTLs were
performed in vitro. The immunogenic characteristics of these
peptides may vary between in vitro and in vivo conditions,
therefore, it is important to further assess their immunogenic
activities using a suitable murine model and with blood
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Figure 5. Cytotoxicity of PBMCs primed with different peptides. Peptide-primed PBMCs (effector cells) were mixed with the indicated CFSE-labeled
target cells at an effector to target ratio of 40:1. The cell mixture was stained with PI, and CFSE*PI* dead target cells were detected using flow cytometry.
(A) Representative flow images of cytolysis by the P380-primed PBMCs. (B) Quantification of the percentage of CFSE*PI* dead cells in the peptide-primed
PBMCs on the indicated target cells. “P<0.001, compared with the P380 group. PBMCs, peripheral blood mononuclear cells; EPS8, epidermal growth factor
receptor pathway substrate 8; HLA, human leukocyte antigen; CTL, cytotoxic T cell; CFSE, carboxyfluorescein succinimidyl ester; PI, propidium iodide.

samples from patients with HMs. Although the present study
focused on HMs and used the K562 human erythroleukemia
cell line, the peptides identified may also target solid tumors,
which requires examination in future investigations.

In conclusion, the present study identified five
nine-amino-acid HLA-A"1101-restricted, EPS8-derived CTL
epitopes, which started from amino acid positions 380, 529,
82, 30 and 70 on the EPS protein. All five peptides presented
with good binding affinity to the HLA-A"1101 molecule. The
CTLs primed with these peptides produced increased IFN-y
in response to EPS8 presentation, and specifically recognized

and lysed target tumor cells expressing ESP8 and HLA-A"1101.
Therefore, these five peptides may become promising TA As for
the development of immunotherapy targeting EPS-expressing
HM:s and/or solid tumors.
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