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Abstract Identification of cytotoxic T lymphocyte (CTL)

epitopes from tumor antigens is essential for the develop-

ment of peptide vaccines against tumor immunotherapy.

Among all the tumor antigens, the caner-testis (CT) anti-

gens are the most widely studied and promising targets.

PLAC1 (placenta-specific 1, CT92) was considered as a

novel member of caner-testis antigen, which expressed in a

wide range of human malignancies, most frequently in

breast cancer. In this study, three native peptides and their

analogues derived from PLAC1 were predicted by T cell

epitope prediction programs including SYFPEITHI, BI-

MAS and NetCTL 1.2. Binding affinity and stability assays

in T2 cells showed that two native peptides, p28 and p31,

and their analogues (p28-1Y9 V, p31-1Y2L) had more

potent binding activity towards HLA-A*0201 molecule. In

ELISPOT assay, the CTLs induced by these four peptides

could release IFN-c. The CTLs induced by these four

peptides from the peripheral blood mononuclear cells

(PBMCs) of HLA-A*02? healthy donor could lyse MCF-7

breast cancer cells (HLA-A*0201?, PLAC1?) in vitro.

When immunized in HLA-A2.1/Kb transgenic mice, the

peptide p28 could induce the most potent peptide-specific

CTLs among these peptides. Therefore, our results indi-

cated that the peptide p28 (VLCSIDWFM) could serve as a

novel candidate epitope for the development of peptide

vaccines against PLAC1-positive breast cancer.
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Introduction

The immune system has been implicated in controlling

tumors. The evidence collected in the last decade indicated

that CD8? T cells which recognize peptide fragments

(epitopes) derived from tumor antigens in a human leu-

kocyte antigen (HLA)-restricted manner could play an

important role in this process (Roth et al. 1994; Boon and

van der Bruggen 1996). The cytotoxic T lymphocytes

(CTLs) could not only directly lyse tumor cells but also

secrete cytokines, such as tumor necrosis factor (TNF) and

interferon (IFN)-c, which could kill tumor cells indirectly.

Therefore, peptide vaccine therapy based on epitopes from

tumor antigens is a promising way to tumor immunother-

apy and the identification of epitopes is the bottleneck in

peptide vaccine development. Cancer testis (CT) antigens

are the most widely studied and promising tumor antigens

for tumor immunotherapy. They are expressed in various

tumors but not in normal tissues with the exception of

immune privileged organs, such as testis and placenta

(Coulie et al. 1994). The epitopes derived from CT anti-

gens such as MAGE-1 (Salgaller et al. 1994), MAGE-3

(Sadanaga et al. 2001), and NY-ESO-1 (Jager et al. 1998)

have been proven to elicit CTL response. Furthermore,

more evidence suggested that the development of specific

immunotherapy based on multiple antigens might be clin-

ically beneficial (Sadanaga et al. 2001).

The trophoblast-specific protein PLAC1 (placenta-spe-

cific 1) has been recently considered as a member of CT

antigens. PLAC1 is from a human X-linked gene with

placenta-specific expression, ectopically expressed in a
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wide range of human malignancies, most frequently in breast

cancer, and is involved in the proliferation, migration and

invasion of the breast cancer (Cocchia et al. 2000). The

PLAC1 gene encodes a membrane-associated protein which is

speculated to serve as a receptor-like function modulating

specific cell–cell or ligand–receptor interactions unique to the

maternal placental interface (Fant et al. 2002). Knockdown of

PLAC1 is associated with decreased expression of cyclin D1

and reduced phosphorylation of AKT kinase. PLAC1 is fre-

quently activated and highly expressed in a variety of tumors,

particularly in breast cancer. Fifty-one of 62 (82%) primary

breast cancer samples scored positive for PLAC1 expression,

with 24% (15 of 62) showing low, 40% (25 of 62) showing

intermediate, and 17% (11 of 62) showing high expression

(Koslowski et al. 2007). RNAi mediated silencing of PLAC1

in breast cancer cells MCF-7 and BT-549 profoundly

impaired their motility, migration and invasion, and induced

G1-S cell cycle block with nearly complete abrogation of

proliferation (Koslowski et al. 2007). HLA-A*0201 is the

most widely expressed HLA-I molecule in Chinese popula-

tion. Therefore, identification of HLA-A*0201-restricted

CTL epitopes derived from PLAC1 would be very important

to the immunotherapy of breast cancer.

Many studies reported that two aliphatic hydrophobic

anchor residues located at position 2 and 9 of the epitopes

could be essential for their binding to HLA-A*0201 mol-

ecule. Ruppert et al. found that leucine (L) and methione

(M) at position 2, and valine (V), isoleucine (I), and leucine

(L) at position 9 were associated with the optimal binding

capacity (Ruppert et al. 1993; Lazoura and Apostolopoulos

2005). Tourdot et al. described that the immunogenicity of

the HLA-A*0201-binding peptides could be enhanced by

introducing a tyrosine at the first position (1Y) (Tourdot

et al. 2000). Therefore, the analogues of candidate epitopes

were usually designed by introducing a tyrosine at position

1, a leucine at position 2 and/or a valine at position 9.

In the present study, HLA-A2-restricted candidate epi-

topes were predicted from PLAC1 by using three predic-

tion programs. Native peptides and their analogues with

higher scores were selected to synthesize. Binding assay in

T2 cells was performed to determine their capacity of

binding affinity and stability toward HLA-A*0201 mole-

cule. Then, the immunogenicity of these peptides was

investigated in vitro (in PBMCs from healthy donors) and

in vivo (in HLA-A2.1/Kb transgenic mice).

Materials and methods

Cell lines, mice and blood samples

The TAP-deficient T2 cell line (HLA-A*0201?, PLAC1-)

was kindly supplied by Professor Yu-zhang Wu (Third

Military Medical University, China). The breast cancer cell

line MCF-7 (HLA-A*0201?,PLAC1?)was purchased from

the American Type Culture Collection (ATCC, USA). The

T2 and MCF-7 cell lines were cultured in RPMI 1640

(Gibco, US) medium supplemented with 10% fetal bovine

serum, 100 units/mL penicillin, and 100 lg/mL strepto-

mycin in an incubator with a humidified atmosphere con-

taining 5% CO2.

HLA-A2.1/Kb transgenic mice (Vitiello et al. 1991)

were kindly supplied by Professor Xue-tao Cao (Second

Military Medical University, China). Mice were bred and

maintained in specific pathogen-free facilities. For experi-

mental purposes, mice were used at 6–8 weeks of age.

Peripheral blood samples were obtained from HLA-A*02?

healthy donors. The sample collection was approved by the

ethics committee of Zhengzhou University.

Peptide prediction and synthesis

The prediction of HLA-A*0201 epitopes in PLAC1 protein

(NCBI NP_068568.1) was carried out using computer-

based T cell epitope prediction programs including BIMAS

(http://bimas.dcrt.nih.gov/molbio/hla_bind), SYFPEITHI

(http://www.syfpeithi.de/Scripts/MHC Server.dll/Epitope-

Prediction.htm) and NetCTL 1.2 (http://www.cbs.dtu.dk/

services/NetCTL) (Wang et al. 2009; Mommaas et al.

2002; Kesmir et al. 2002). Native peptides with prediction

scores among the top ten by all the three programs were

selected, their solubility was also considered. The ana-

logues were designed by altering the native peptides with

tyrosine at position 1 (1Y), leucine at position 2 (2L) or

position 9 (9 V) according to the literature mentioned

above. Peptides were synthesized by standard solid phase

Fmoc strategy and were purified to more than 95% purity

by reverse phase high performance liquid chromatography

(RP-HPLC). Their molecular weights were confirmed by

electrospray ionization mass spectrometry (ESI–MS).

COX-2321 (p321, ILIGETIKI) were used as a positive

control in HLA-A*0201 binding assay (Gao et al. 2009).

Peptides were dissolved in DMSO at a concentration of

10 mM, and stored at -20�C.

T2 binding assay

To determine the binding properties of the candidate pep-

tides toward HLA-A*0201 molecule, up-regulation of

peptide-induced HLA-A*0201 molecules on T2 cells was

examined according to the protocol described previously.

Briefly, T2 cells (1 9 106 cells/mL) were incubated with

peptide (50 lM) in serum-free RPMI 1640 medium sup-

plemented with 3 lg/mL human b2-microglobulin (b2-M,

Merck, Germany) at 37�C for 18 h. Cells were then washed

twice and incubated with the anti-HLA-A2 mAb, BB7.2
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(Santa Cruz, US), followed by treatment with FITC-labeled

goat IgG anti-mouse immunoglobulin (Tang et al. 2007; Li

et al. 2009). Cells were harvested and analyzed by flow

cytometry (FACSCalibur, Becton–Dickinson, US). The

fluorescence index (FI) was calculated as follows: FI =

(mean FITC fluorescence with the given peptide - mean

FITC fluorescence without peptide)/(mean FITC fluores-

cence without peptide).

Measurement of the peptide/HLA-A*0201 complex

stability

T2 cells (1 9 106 cells/mL) were incubated with peptide

(100 lM) and b2-M (100 ng/mL) for 18 h at 37�C in

serum-free RPMI 1640 medium. Cells were washed twice

to remove free peptides, then incubated with brefeldin A

(10 lg/mL, Sigma, US) for 1 h, washed, and incubated at

37�C for 0, 2, 4, and 6 h. Cells were then washed twice,

stained and analyzed by flow cytometry (Han et al. 2006;

He et al. 2008). The dissociation complex 50 (DC50) was

defined as the time required for the loss of 50% of the

stabilized peptide/HLA-A*0201 complexes at time 0 h.

Analysis of PLAC1 expression by RT-PCR

RT-PCR was used to analyze the expression of PLAC1

mRNA in three breast cancer cell lines involving MCF-7

(Wang et al. 2002). Briefly, total RNA was extracted and

reverse-transcribed with Avian myoblastosis virus (AMV)

reverse transcriptase and oligo dT (Clontech, US). Quality

of the cDNA was confirmed by polymerase chain reaction

(PCR) of GAPDH. Gene-specific PCR primers used to

amplify PLAC1 and GAPDH were designed (PLAC1

sense: 50-CTG GAC GGC TTC CTG TTT-30, antisense: 50-
CAC CTC GTA GCA TTT CTC ATC-30, size: 496 bp;

GAPDH sense: 50-GAA GGT GAA GGT CGG AGT C-30,
antisense: 50-GAA GAT GGT GAT GGG ATT TC-30, size:

226 bp). PCR was performed with the Taq polymerase

(Clontech, US) for 30 cycles in an Eppendorf GA PCR

system (Germany) at an annealing temperature of 72�C.

Products were analyzed on 1% agarose gel containing

0.01 mg/mL ethidium bromide.

Generation of CTLs from PBMCs of healthy donors

CTLs induction in vitro was performed in accordance with

the procedures previously described. Briefly, PBMCs of the

HLA-A*02? healthy donor were obtained with centrifu-

gation at a Ficoll–Paque density gradient and then cultured

in RPMI 1640 supplemented with 10% FCS, 100 units/mL

penicillin, and 100 units/mL streptomycin (Han et al.

2006). Then these cells were stimulated once a week

with the synthetic peptides and the b2-M at the final

concentration of 10 lg/mL. Human recombinant IL-2 was

added to the culture medium at a concentration of 50 units/

mL on day 3 and the day after each stimulation. The

enzyme linked immunospot (ELISPOT) assay and cyto-

toxic assay were performed on day 21.

IFN-c release enzyme-linked immunospot (ELISPOT)

assay

ELISPOT assay was performed using a commercial kit

(Dakewe, China). T2 cells, pulsed with the indicated con-

centration of synthetic peptides, were used as stimulator

cells. Effector cells (1 9 105) and Peptide-pulsed T2 cells

(1 9 105) were seeded into 96-well microplates coated

with antibody specific for human IFN-c (Lv et al. 2010;

Bernhard et al. 1988). After incubation at 37�C for 16 h,

cells were removed and plates were processed. The number

of spots was determined automatically by using a com-

puter-assisted spot analyzer (Dakewe, China).

Generation of CTLs from HLA-A2.1/Kb transgenic

mice

HLA-A2.1/Kb transgenic mice were immunized with 100 lg

of various peptides and 140 lg of the IAb-restricted HBVcore

antigen-derived T helper epitope (sequence 128–140:

TPPAYRPPNAPIL) prepared in incomplete Freund’s adju-

vant (IFA) on days 0, 5 and 10 (Eguchi et al. 2006; Tourdot

et al. 2000). Group of mice received IFA containing PBS or

T-helper peptide was used as negative control. After 11 days,

spleen lymphocytes (5 9 107 cells in 10 mL) were stimulated

in vitro with peptide (10 lM). At day 6 of culture, cytotoxic

activity was tested based on the measurement of LDH release

using the non-radioactive cytotoxicity assay kit (Promega,

US) at E:T ratios, 20:1, 40:1 and 80:1.

Cytotoxicity assay

Cytotoxic activity was tested based on the measurement of

lactate dehydrogenase (LDH) release using the non-radio-

active cytotoxicity assay kit (Promega, US) at various E:T

ratios (10:1, 20:1 and 40:1, CTLs from the PBMCs of

healthy donors; 20:1, 40:1 and 80:1, CTLs from the spleen

lymphocytes of transgenic mice) (Ding et al. 2009). For

CTLs generated form PBMCs of healthy donors, target

cells were T2 cells loaded with or without selected peptides

and tumor cells MCF-7. For CTLs generated form HLA-

A2.1/Kb transgenic mice, tumor cells MCF-7 were served

as target cells. Target cells (1 9 104/well) were co-cultured

with various number of effector cells at 37�C for 5 h. The

percentage of specific lysis of the target cells was deter-

mined as: percentage of specific lysis = [(experimental

release - effector spontaneous release - target spontaneous
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release)/(target maximum release - target spontaneous

release)] 9 100. For inhibition of CTL activity, 10 lg/mL of

anti-HLA-A2 monoclonal antibody (BB7.2) was used as

reported previously (Han et al. 2006; Gomi et al. 1999).

Results

Selection of potential HLA-A*0201 epitopes in PLAC1

Based on the three prediction programs, SYFPEITHI, BI-

MAS and NetCTL, five native peptides (p8, p11, p28, p31,

and p42) scored among the top 10 by all the programs were

preliminarily selected. Because of the poor solubility of p8

and p42, only three native peptides (p11, p28, and p31) and

their analogues (p11-1Y9 V, p28-1Y9 V, and p31-1Y2L)

were selected and synthesized with a purity of over 95%

(Table 1). The molecular weights of all the peptides were

confirmed by ESI–MS (Table 2).

Binding affinity of candidate peptides to HLA-A*0201

To evaluate the binding affinity of these peptides to

HLA-A*0201 molecule in vitro, a binding assay in T2 cells

was used. As shown in Table 2, all of the peptides syn-

thesized could bind to HLA-A*0201 molecules with dif-

ferent affinities. Among the six candidate peptides

(Table 2), the native peptides p28 and p31 and their ana-

logues p28-1Y9 V and p31-1Y2L, showed potent binding

affinity to HLA-A*0201 (FI values were 0.75, 0.89, 1.01

and 1.05, respectively). The binding affinities of other

peptides were not very high (FI \ 0.5). Each analogue

showed stronger affinity than the relative native peptide.

By comparison with the p11 peptide and its analogue, p28

and p31 and their analogues were selected for the further

assay.

Measurement of the peptide/HLA-A*0201 complex

stability

The peptides which showed potent binding affinity to

HLA-A*0201 were tested for the peptide/HLA-A*0201

complex stability. T2 cells were used to evaluate the

stability of the peptide/HLA-A*0201 complexes in vitro.

The binding stability of these peptides was shown as DC50.

The DC50 of the four peptides was longer than 2 h

(Table 2). The DC50 of p28-1Y9 V/HLA-A*0201 and p31-

1Y2L/HLA-A*0201 complexes was longer than 4 h. In

Table 1 Prediction of HLA-

A*0201 restricted peptides from

PLAC1 by SYFPEITHI,

BIMAS and NetCTL

Peptide Sequence Scores

BIMAS NetCTL SYFPEITHI

p11 ILLTSAFSA 181.243 1.1577 20

p11-1Y9 V YLLTSAFSV 6865.895 1.5223 26

p28 VLCSIDWFM 348.381 0.9801 15

p28-1Y9 V YLCSIDWFV 13197.492 1.4149 22

p31 SIDWFMVTV 33.434 1.2343 25

p31-1Y2L YLDWFMVTV 1118.507 1.5021 27

p321 ILIGETIKI 17.736 1.2064 28

Table 2 The data of ESI–MS and the HLA-A*0201 binding affinity and stability of the candidate peptides

Peptides ESI–MS [M?H]? FI a DC50
b

Calculated Observed

p11 922.5 922.1 0.26 Nd c

p11-1Y9 V 1000.5 1000.2 0.32 Nd c

p28 1113.5 1113.4 0.75 [2 h

p28-1Y9 V 1145.5 1145.4 0.89 [4 h

p31 1097.5 1097.3 1.01 [4 h

p31-1Y2L 1173.6 1173.4 1.06 [4 h

p321 999.6 1000.3 1.07 [4 h

a FI = [mean fluorescence intensity (MFI) of the peptide - MFI background]/[MFI background]
b DC50 was defined as the time (h) required for 50% dissociation of the HLA-A*0201/peptide complex stabilized at t = 0 h
c Not determined
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concordance with the binding affinities, the analogues

showed more potent binding stabilities than their native

peptides.

Expression of PLAC1 in tumor cell lines

The expression of PLAC1 mRNA in three breast cancer

cell lines was analyzed by RT-PCR. Expression of positive

control GAPDH (226 bp) gene was observed in all the

three cell lines (Fig. 1), suggesting that mRNA isolation

and RT-PCR were all successful. PLAC1 gene was also

expressed in all the three cell lines involving MCF-7 cells

(HLA-A*0201?).

IFN-c release ELISPOT assay

Based on the result of the T2 binding assay and peptide/

HLA-A*0201 stability assay, p28, p28-1Y9 V, p31 and

p31-1Y2L were selected to investigate their ability to

induce T cell response. IFN-c release ELISPOT assay were

employed to test their ability to induced CTL response in

vitro. The CTLs were induced from the PBMCs of the

HLA-A*02? healthy donors. The data showed that the

CTLs induced by all the four peptides could produce IFN-

c, while p28, p31, and p31-1Y2L showed more potent

activity which could induce more amounts of IFN-c in at

least two of three donors (Fig. 2).

In vitro cytotoxic activity of peptide-specific CTLs

To investigate whether IFN-c-producing CTLs could lyse

target cells, a LDH cytotoxicity assay was performed.

PBMCs from healthy donor 1 were stimulated with syn-

thetic peptides according to previously described method

for CTLs induction. MCF-7 cells (HLA-A*0201?,

PLAC1?) were used as target cells. All of the four peptides

tested were able to elicit PLAC1-specific CTLs which

could lyse MCF-7 cells at E: T ratio of 40:1 (Fig. 3a, b). As

a control, the PBMCs could not lyse MCF-7 without pep-

tides pulsed. We further examined the cytolytic activity of

p28-specific CTLs (Fig. 4). The p28-specific CTLs could

lyse MCF-7 cells and T2 cells loaded with peptide p28, but

could not lyse T2 cells without peptide-loaded. After

incubating with anti-HLA-A2 monoclonal antibody, p28-

specific CTLs could not lyse MCF-7 cells even at higher E:

T ratio. Our results indicating that p28 could be naturally

processed and presented to the tumor cell surface in asso-

ciation with the HLA-A*0201.

In vivo induction of peptide-specific CTLs

in HLA-A2.1/Kb transgenic mice

After showing that all the four peptides could elicit CTLs

in vitro, we addressed the question whether the peptide

could be naturally processed and presented, and then

induce peptide-specific CTLs in vivo. HLA-A2.1/Kb

transgenic mice were immunized with peptides emulsified

in IFA in the presence of HBVcore128 T helper epitope.

Spleen lymphocytes were pooled and re-stimulated in vitro

with peptides, respectively. Then the CTLs were tested for

their ability of cytotoxic activity. MCF-7 cells (HLA-

A*0201?, PLAC1?) were used as target cells. Our result

showed that 29.6%, 39.8%, and 29.4% of MCF-7 cells

were lysed by p28-induced CTLs at E:T ratio of 20:1, 40:1

and 80:1, respectively (Fig. 5a). The other peptides did not

show very potent cytotoxic activities (Fig. 5a, b). These

results suggested that peptide p28 could be naturally

Fig. 1 Expression of PLAC1 gene in breast cancer cell lines detected

by RT-PCR. PCR amplification was performed with specific oligo-

nucleotides. PCR products were demonstrated through electrophoresis

on 1% agarose gel with ethidium bromide staining. Lane 1 T-47D,

Lane 2 MDA-MB-231, Lane 3 MCF-7
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Fig. 2 ELISPOT assay to measure IFN-c release by CTLs induced

from PBMCs of healthy donors. PBMCs from healthy donors were

separated routinely and stimulated with synthetic peptides and IL-2 in

RPMI 1640 supplemented with 10% FCS for 21 days. Then, these

PBMCs were collected and ELISPOT assay was performed to

determine the IFN-c production by these cells. PBMCs induced by

PBS were used as negative control
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processed and presented, and induce potent peptide-spe-

cific CTL response in vivo.

Discussion

Over the past few years, the analysis of spontaneous

immune responses to autologous tumors in patients has

allowed the identification of several kinds of tumor-asso-

ciated antigens that can be the targets for tumor specific

immune responses based on the recognition of tumor

antigen by CTLs in an MHC-class I/peptide complex-

restricted manner (Coulie et al. 1994; Cheever et al. 1995).

Therefore, cancer-specific immunotherapy has become an

attractive fourth-therapeutic approach against carcinomas.

Cancer-testis (CT) genes, normally expressed in germ line

cells but also activated in a wide range of cancer types,

often encode antigens that are immunogenic in cancer

patients and present potential for use as biomarkers and

targets for immunotherapy. Thus, the identification of T

cell epitopes from these antigens becomes a critical step in

the development of peptide-based immunotherapy for

cancer.

The trophoblast-specific gene PLAC1 (placenta-specific

1) is a newly considered CT genes, a human X-linked gene

with placenta-specific expression, ectopically expressed in

a wide range of human malignancies, most frequently in

breast cancer, and is essentially involved in cancer cell

proliferation, migration and invasion (Cocchia et al. 2000).

PLAC1 was localized to the plasma membrane of the

breast cancer cell line, MCF-7 (Koslowski et al. 2007).

PLAC1 expression has been demonstrated in a variety of

human cancers. PLAC1 was identified highly expressed in

hepatocellular carcinoma (HCC) tissues but not in corre-

sponding non-cancerous tissues. Among HCC samples

tested, 32% (22/69) showed PLAC1 mRNA expression

while the protein was detected in 23.3% (7/30). A sero-

logical survey revealed that 3.8% (4/101) of HCC patients

had anti- PLAC1 antibody response, suggesting the

immunogenicity of PLAC1 in HCC patients (Dong et al.

2008). PLAC1 also could be potential targets for immu-

notherapy in colorectal cancer and epithelial ovarian cancer

(Liu et al. 2008; Tchabo et al. 2009). Although functional

insight into PLAC1 in the normal trophoblast is lacking,

preliminary studies suggest that cancer-derived PLAC1 has

the potential to promote tumor growth. In addition, it also

appears to elicit a specific immunologic response that may

influence survival in some cancer patients, suggesting that
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Fig. 3 Specific lysis of MCF-7 cell lines by the CTLs generated from

PBMCs of healthy donor 1. CTLs were induced by PLAC1-derived

peptides and their analogues, respectively. a p28 and p28-1Y9 V,

b p31 and p31-1Y2L. The effector/target (E:T) ratios were 10:1, 20:1

and 40:1. Levels of LDH release were detected. CTLs induced by

PBS were used as negative control
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Fig. 4 Specific lysis of various cell lines by the CTLs induced by

p28. T2 cells loaded with or without p28, and tumor cells MCF-7

incubated with or without Anti-HLA-A2 antibody served as target

cells. The cytotoxic activity of the p28 induced CTLs was determined

against these cells at various E:T ratios by LDH assay
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it may provide a therapeutic target for the treatment of

some cancers (Fant et al. 2010). If CTL epitopes derived

from PLAC1 were identified, they will be useful for the

peptide-based immunotherapy of tumors that express

PLAC1.

In this study, we identified PLAC1 derived epitope

based on the widely used epitope prediction programs, the

candidate native peptides and their analogues modified

with P1 (Y), P2 (L) or P9 (V) were selected and synthe-

sized. Then, the Peptide-MHC affinity assay and peptide/

HLA-A*0201 complex stability assay were performed to

determine their capacity of binding affinity and stability to

HLA-A*0201 molecule. Results showed that p28 and p31

and their analogues are the high-affinity peptide, with

potent binding affinity and stability to HLA-A*0201 mol-

ecule. Subsequent IFN-c release and LDH release assays

by using PBMCs from HLA-A*02? healthy donors showed

that the native peptide p28 and p31 and their analogues

could induce potent T cell response. The CTLs induced by

p28 and p31 and their analogues could specifically lyse the

MCF-7 (HLA-A*0201?, PLAC1?) cells. We further

examined the cytolytic activity of p28-specific CTLs. The

lack of reactivity against MCF-7 incubated with anti-HLA-

A2 monoclonal antibody (HLA-A*0201 blocked,

PLAC1?) and T2 cells without peptide loaded (HLA-

A*0201?, PLAC1-) clearly demonstrate that the generated

CTLs exhibited the cytotoxic reactivity against human

breast cancer cells in a PLAC1 specific and HLA-A2-

restricted manner. The peptide is further characterized by

being immunogenic in vivo in HLA-A2.1/Kb transgenic

mice. The results showed that the p28-induced CTLs in

HLA-A2.1/Kb transgenic mice could lyse the MCF-7 cells

which is in a PLAC1-specific and HLA-A*0201-restricted

manner. p28 showed more potent cytotoxic activities than

other candidate peptides especially at the lower E:T ratios

which indicated that it was a very potent candidate peptide.

The in vivo assay indicated that p28 could be naturally

processed and presented which have good immunogenicity

in vivo, too.

The most widely used method to increase both HLA-

A2.1-binding affinity and stability of antigenic peptides is

to introduce MHC-binding favorable amino acids in posi-

tions, P1, P2 and P9. However, even when peptide modi-

fications are selected very cautiously, by maximally

avoiding changes in antigenic structure, peptide analogs

may also trigger T cells bearing TCRs, which are unable to

recognize tumor cells (Dutoit et al. 2002; Stuge et al.

2004). Speiser and colleagues reported that vaccination

with natural tumor/self antigen resulted in vigorous T cell

responses easily detectable directly in peripheral blood of

6/6 melanoma patients. Detailed studies revealed that

responding T cells expressed TCRs with high functional

avidity for the natural antigen, conferring efficient tumor

recognition. Tumor cell killing was further enhanced

because of unexpected high levels of T cell activation,

which was significantly superior compared with T cells

from patients vaccinated with analog peptide (Speiser et al.

2008). In our results, the analogues showed more potent

binding affinity and stability than their native peptides.

However, the activities of the analogues of p28 and p31

were not more potent than the relative native peptides in

cytotoxicity assays in vitro and in vivo. The reason might

be that the substitutions changed the conformation of the

native peptide which affected its recognition by the TCR.

The results described here suggested that the binding
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Fig. 5 Specific lysis of MCF-7 by the CTLs generated from

immunized HLA-A2.1/Kb transgenic mice (n = 4). HLA-A2.1/Kb

mice were immunized with 100 lg of various peptides and 140 lg of

the IAb-restricted HBVcore antigen-derived T helper epitope

(sequence 128–140: TPPAYRPPNAPIL) prepared in IFA on days

0, 5 and 10. Eleven days after the first immunization, the animals

were sacrificed, and spleen lymphocytes were re-stimulated in vitro

with the same peptide for an additional 6 days. The effector/target

(E:T) ratios were 20:1, 40:1 and 80:1. a p28 and p28-1Y9 V, b p31

and p31-1Y2L. Group of mice received IFA containing PBS or

T-helper peptide was used as negative control
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properties of peptides to MHC molecules might be essen-

tial to their T cell response activities, but not all the pep-

tides with good binding activities are immunodominant

epitopes.

In conclusion, a novel HLA-A*0201-restricted T cell

epitope, p28 (VLCSIDWFM), was identified from PLAC1.

Our results indicated that p28 could serve as a good can-

didate to develop peptide vaccines against PLAC1-positive

breast cancer. Further, the identified peptide sequences

could be used in future epitope-specific vaccine strategies

including peptide vaccine strategies, single chain trimer

DNA vaccine strategies, and for developing immune-

monitoring reagents.
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