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Abstract In order to broaden the possibility for anti-
HER-2/neu (HER-2) immune targeting, it is important
to identify HLA-A24 restricted peptide epitopes derived
from HER-2, since HLA-A24 is one of the most com-
mon alleles in Japanese and Asian people. In the present
study, we have screened HER-2-derived, HLA-A24
binding peptides for cytotoxic T lymphocyte (CTL)
epitopes. A panel of HER-2-derived peptides with HLA-
A24 binding motifs and the corresponding analogs de-
signed to enhance HLA-A24 binding affinity were se-
lected. Identification of HER-2-reactive and HLA-A24
restricted CTL epitopes were performed by a reverse
immunology approach. To induce HER-2-reactive and
HLA-A24 restricted CTLs, PBMCs from healthy donors
were repeatedly stimulated with monocytes-derived,
mature DCs pulsed with HER-2 peptide. Subsequent
peptide-induced T cells were tested for the specificity by
enzyme linked immunospot, cytotoxicity and tetramer
assays. CTL clones were then obtained from the CTL
lines by limiting dilution. Of the peptides containing
HLA-A24 binding motifs, 16 peptides (nine mers)
including wild type peptides (ICs50<1,000 nM) and
substituted analog peptides (ICsy < 50 nM) were selected
for the present study. Our studies show that an analog
peptide, HER-2(905AA), derived from HER-2(905)
could efficiently induce HER-2-reactive and HLA-A24
restricted CTLs. The reactivity of the HER-2(905AA)-
induced CTL (CTL905AA) was confirmed by different
CTL assays. The CTL905AA clones also were able to
lyse HER-2(+), HLA-A24(+) tumor cells and cyto-
toxicity could be significantly reduced in cold target
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inhibition assays using cold targets pulsed with the
HER-2(905) wild type peptide as well as the inducing
HER-2(905AA) analog peptide. A newly identified
HER-2(905) peptide epitope is naturally processed and
presented as a CTL epitope on HER-2 overexpressing
tumor cells, and an MHC anchor-substituted analog,
HER-2(905AA), can efficiently induce HER-2-specific,
HLA-A24 restricted CTLs.
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Introduction

It is now well established that small peptide epitopes
which bind to MHC class I molecules on the surface of
tumor cells can be recognized as antigens (Ags) by
cytotoxic T lymphocyte (CTL). Tumor-specific CTL,
adoptively transferred or activated in vivo by tumor-
associated CTL epitopes, have therapeutic activity and
can induce regression of established tumors or mi-
crometastases [23, 27]. The development of immuno-
therapeutic methods to treat cancer is critically
dependent on the identification of tumor-associated Ags.
Several immunogenic peptide epitopes, recognized by
CTL lines and clones, have been defined from human
carcinomas [1, 4, 6, 11, 12, 33].

As an alternative to the genetic and biochemical ap-
proach for identifying tumor-associated CTL epitopes, a
reverse immunology method has been developed [2, 12,
13, 34]. In this method, predicted MHC class I binding
epitopes within a tumor Ag sequence are identified using
algorithms of MHC anchor residue motifs and peptides
corresponding to these epitopes are synthesized and
tested to confirm binding to purified HLA molecules.
Peptides demonstrating strong HLA binding affinity are
screened further for their capacity to induce peptide- and
tumor-specific CTL from healthy individuals or cancer
patients. This approach has recently been used for the
definition of several new CTL epitopes in different



melanoma Ags [2, 12, 13, 34] as well as tumor Ags ex-
pressed on breast, colon and lung adenocarcinomas [15].

The HER-2/neu (HER-2) proto-oncogene encodes a
185-kDa transmembrane glycoprotein that contains an
extracellular domain and an intracellular domain with
tyrosine-specific kinase activity and has a similarity in
structure and sequence to the epidermal growth-factor
receptor [5]. HER-2 is amplified and overexpressed in
approximately 30% of the human ovarian and breast
tumors [29], and in 20% of gastric cancers [10], and is
correlated with the stage progression of gastric cancer
[19, 30]. In a previous study, we have provided evidence
that HER-2-derived peptides are naturally processed as
tumor-associated Ags in gastric cancer and can be rec-
ognized by tumor-specific, HLA-A2 restricted CTLs
[18]. HLA-A2 restricted CTL epitopes derived from
HER-2, that are recognized by ovarian [8, 17] and breast
[22] cancer-specific CTLs, have previously been defined.
Additional HLA-A2 restricted, CTL epitopes derived
from HER-2 which can activate CTLs from healthy
donors and patients with advanced ovarian carcinoma
have also been reported [14, 26]. Based on the above
reports, it may be speculated that anti-HER-2 immune
targeting may be utilized as a common approach to
immunotherapy of a variety of cancers.

HLA-A24 is one of the most common alleles in the
Japanese population with more than 60% of this ethnic
group expressing this HLA allele [7]. Therefore, in order
to broaden the possibility for anti-HER-2 immune tar-
geting, it is important to identify HLA-A24 restricted
peptide epitopes derived from HER-2. Furthermore, in
this study, we have synthesized analogs of HER-2-de-
rived peptides which are substituted at one or both of
the MHC anchor positions of the sequence to enhance
HLA binding and immunogenicity. It has been shown
that MHC anchor-substituted analogs derived from
gpl00 can more efficiently induce CTL response than
wild type peptide epitopes [25].

In the present study, we describe the identification of
a new HLA-A24 restricted, HER-2-derived anchor-
substituted analog epitope which efficiently induces
CTLs that respond to the native HER-2 wild type pep-
tide epitope as well as to the endogenously processed
epitope presented by HLA-A24(+) and HER-2(+) tu-
mor cell lines.

Material and methods
Cell lines

MKN-7 (HER-2+, HLA-A26+ gastric cancer), KA-
TOIII (HER-2+, HLA-A24 + gastric cancer), MRKnu-
1 (HER-2+, HLA-A24 + gastric cancer), WiDr (HER-
2+, HLA-A24+ colon cancer) and PC-9 (HER-2+,
HLA-A24+ lung cancer) were obtained from the IBL
cell bank (Gunma, Japan). HCT-15 (HER-2+, HLA-
A24+ colon cancer), SKOV 3 (HER-2+, HLA-A3/
All+ ovarian cancer) and K562 (HER-2—, HLA-

1359

A24— lymphoma cell) were obtained from ATCC
(Rockville, MD). TISI cells are human B-lymphoblas-
toid cell lines expressing HLA-A24. These cell lines were
kept in RPMI 1640 with 5% FCS, 50 U/ml penicillin
and 2 mM L-glutamine.

Peptide synthesis

Peptides were either synthesized at Epimmune, Inc. (San
Diego, CA), as previously described [28], or, for large
epitope libraries, purchased as crude material from Mi-
motopes (Clayton, Victoria, Australia). Peptides syn-
thesized at Epimmune were purified to >95%
homogeneity by reverse-phase HPLC. Purity was
determined on an analytical reverse-phase column and
the composition was ascertained by amino acid analysis
and/or mass spectrometry analysis. In the present study,
we have synthesized HER-2-derived peptides with HLA-
A24 binding motifs and the corresponding analogs de-
signed to enhance HLA-A24 binding affinity.

HLA-A24 binding assay

The peptide binding assay specific for HLA-A24 mole-
cules has been described previously [16, 21]. Briefly, the
assay is based on the inhibition of a radiolabeled stan-
dard peptide to detergent solubilized HLA molecules by
unlabeled test peptides. The standard peptide, with the
sequence AYIDNYNKF, was radiolabeled with '*°I by
the chloramine T method. HLA-A24 molecules were
purified by affinity chromatography from detergent ex-
tracts prepared from the EBV-transformed cell line
KT3, as previously described [16]. Purified human HLA-
A*2402 molecules, at a concentration which bound
approximately 10-20% of the total radioactivity (gen-
erally between 5 and 15 nM), were incubated with 1—
10 nM of the '**I-radiolabeled probe peptide and vary-
ing doses of test peptide ranging from 120 pg/ml to
1.2 ng/ml. The binding reaction between HLA mole-
cules, standard peptide and the competing test peptide
was carried out in the presence of | pM human f,-mi-
croglobulin (Scripps Laboratories, San Diego, CA) and
a cocktail of protease inhibitors for 48 h at room tem-
perature. Class I peptide complexes were then separated
from the free peptide by gel filtration on TSK2000 col-
umns (Tosohaus, Montgomeryville, AL). Peptide bind-
ing was quantified by determining the concentration of
peptide required to inhibit the binding of the radiola-
beled standard peptide by 50% (ICs0%). Peptides were
tested in 2—4 independent experiments. The average ICs,
level of the standard peptide was 6.0 nM.

Preparation of DCs

DCs were generated from PBMC from HLA-A24 heal-
thy donors. Briefly, PBMCs were separated from
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peripheral blood by centrifugation over Ficoll-Paque
(Pharmacia, Uppsala, Sweden) and monocytes were
enriched by adherence to a plastic tissue culture flask
(Corning, NY) for 90 min at 37°C. Adherent cells were
cultured with 1,000 units/ml of granulocyte macrophage
colony-stimulating factor (GM-CSF, Peprotech EC Ltd,
London, UK) and 1,000 units/ml of 1L.-4 (Peprotech EC
Ltd) in X-VIVO (Life Technologies, Inc., Gaithersburg,
MD). On day 5, the DCs were matured with TNF-alpha
(10 ng/ml, Peprotech EC Ltd), PGE, (1 pg/ml), IL-15
(10 ng/ml), IL-6 (1,000 U/ml). On day 7, the cytokine-
treated cells were used as mature DC.

Generation of HER-2-specific CTL lines and CTL clone

After 7 days of culture as described above, mature DCs
were pulsed with HER-2 peptide (20 pg/ml), which in-
cluded the wild type peptide and the substitution analog
peptide, in the presence of f,-microglobulin (3 pg/ml)
for 60 min at 37°C. Then, these peptide (wild type or
substitution analog)-loaded mature DCs were co-incu-
bated with autologous PBMCs, which were obtained
from HLA-A24 healthy donors, at 1:10 in a 12-well plate
in X-VIVO with 1% autologous serum, 100 IU/ml of
IL-2 (Shionogi). Subsequent cultured cells were re-
stimulated with these peptide-loaded, irradiated (25 Gy)
mature DCs every 7 days. After four stimulations, the
cultured CTL lines were tested for the reactivity with the
enzyme linked immunospot (Elispot) analysis and
cytotoxic assay. All CTL lines were generated from five
different healthy donors.

CTL clone was then obtained from the CTL lines by
limiting dilution. Briefly, the CTLs were isolated in 96-
well U-bottom plates in X-VIVO with irradiated allo-
geneic PBMC (5x10* cells/well) from two different do-
nors in the presence of HER-2 peptide (20 pg/ml) and
100 TU/ml of IL-2 (Shionogi). The CTL clones were
expanded with irradiated allogeneic PBMC, HER-2
peptide and 100 IU/ml of IL-2.

Elispot analysis and cytotoxic assay

The HER-2-specific response was determined by the
IFN-y Elispot analysis and cytotoxic assay. Elispot
analysis was performed with the Mabtech assay system
(Nacka, Sweden). After 96-well plates with nitrocellulose
membrane (Millipore) were pre-coated with a primary
anti-IFN-y antibody (1D1K) for 24 h, the plates were
pre-treated with AIM-V containing 1% human serum
albumin. Target cells (2x10* per well) and CTLs (2x10°
per well) were incubated in 200 ul of AIM-V for 24 h in
triplicate. Thereafter, a biotinylated secondary anti-
IFN-y antibody (7-B6-1) was added for 2 h and then the
plates were incubated with the streptavidin-alkaline
phosphatase reagent and stained with NBT and BCIP
(Gibco). All Elispot analyses were performed in the
same condition.

For the cytotoxic assay, a standard 4 h °'Cr release
assay was performed. To assess the peptide-specificity of
CTL, TISI cells were pulsed with HER-2-derived, HLA-
A24 restricted peptide for 16 h at 37°C. Thereafter,
peptide-pulsed TISI cells were washed and subjected to
the cytotoxic assay as a target. After the target cells were
labeled with 100 pCi °'Cr for 60 min, they (5x10° per
well) and the effector cells at various effector/target ra-
tios were co-incubated in 200 pl of X-VIVO medium in a
96-well U-bottom plate in triplicate for 4 h at 37°C.
Subsequently, cold target inhibition was carried out
using the non-radiolabeled TISI cells loaded with HER-
2 peptide or with an irrelevant HIV peptide (as negative
control) at various hot/cold target ratios. The superna-
tants were harvested and radioactivity was determined
using a gamma counter. The percentage of *'Cr release
was calculated according to the following formula:
% lysis = 100x (experimental release — spontaneous
release) /(maximum release — spontaneous release).

Flow cytometric analysis and tetramer assay

For the evaluation of HER-2 expression, a PE-labeled
anti-HER-2 mAb (Becton Dickinson, San Jose, CA) and
PE-labeled mouse IgGl mAb (Beckman-Coulter, Mia-
mi, FL) as a negative control were used for immuno-
staining by flow cytometric analysis.

To evaluate the specificity of the CTL905AA clone,
FITC-labeled anti-CD8 (MBL, Nagoya, Japan) and a
PE-labeled HLA-A*2402-HER-2(905AA) tetramer
(NH,-VYSYGVTVF-COOH:905AA peptide; MBL,
Nagoya, Japan) were used for immunostaining,
according to the manufacturer’s recommendations.

Statistics

To evaluate statistical differences between the two
groups, a non-paired Student’s ¢ test was performed.
Statistically significant differences were considered to be
P values <0.05.

Results

Identification of HLA-A*2402 binding epitopes and
generation of HER-2-derived, epitope-specific CTL lines

HER-2-derived epitopes were identified on the basis of
the presence of an HLA-A2402 binding motif by scan-
ning the HER-2 protein with a customized computer
program which accounts for both primary and second-
ary HLA binding anchor residues contained within the
HLA-A24 epitopes [16, 21]. In addition to the identified
wild type peptides, sequences possessing suboptimal
residues at anchor positions were modified to enhance
the binding capacity for HLA-A*2402 molecules.
Preferred anchor residues for A*2402 have been deter-



mined by Epimmune and others [21] to be tyrosine (Y)
at position 2 and phenylalanine (F) at the carboxy ter-
minus. In the present study, nineteen nonamers carrying
the HLA-A24 binding motif were selected, including ten
wild type peptides (ICsy < 1,000 nM) and nine substitu-
tion analog peptides (ICsq <50 nM; Table 1). All of the
substitution analog peptides showed a high binding
affinity for HLA-A24 (ICs50 <50 nM), while wild type
peptides showed a range of affinity from high to weakly
intermediate.

Of these peptides, we excluded the already known
peptide epitopes HER-2(8), HER-2(780) and HER-2(63)
[9, 24, 31], and generated 16 different peptide-specific
CTL lines from five different HLA-A24(+) healthy
donors by using mature DC cells pulsed with each of the
remaining peptides. Then, the CTL lines were tested for
their specificity against the cognate peptide used for each
CTL induction, in an Elispot analysis. The reactivities of
the peptide-induced CTL lines are shown in Fig. 1. In
the present study, each peptide was considered positive if
the spot forming cells (SFC) against TISI targets pulsed
with cognate peptide was more than twofold SFC
against CTL only in an Elispot analysis. Three CTL
lines (CTL780A, CTL905AA and CTL414AA induced
by the HER-2(780A), HER-2(905AA) and HER-
2(414AA) epitopes, respectively) out of the 16 T cell lines
significantly recognized TISI targets pulsed with each
inducing cognate peptide.

HER-2 peptide-specific CTL lines can specifically rec-
ognize HLA-A24 tumor cell lines overexpressing HER-2

The CTL780A, CTL905AA and CTL414AA lines,
wherein each CTL line was generated from five different
healthy donors, were tested against HER-2-expressing
tumor cell lines in an Elispot analysis. In the present
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study, the response of the CTL line against the tumor
cell line was positive if the SFC against HLA-A24 po-
sitive, HER-2 positive tumor cell line was more than
threefold SFC against HLA-A24 negative, HER-2 po-
sitive tumor cell line in an Elispot analysis. Out of the
three CTL lines, only the CTL 905AA line recognized
HLA-A24 positive tumor cell lines overexpressing HER-
2 (PC-9 and HCT-15), but not a HLA-A24 negative
HER-2 positive MKN-7 tumor cell line (Fig. 2). To
further confirm the reactivity, CTL 905AA lines, which
were generated from five different healthy donors, were
tested against several targets in a cytotoxicity assay. The
CTL 905AA line lysed HER-2(+), HLA-A24(+) HCT-
15 and KATOIII cells, but not MKN-7, SKOV-3 or
K562 cells (Fig. 3). These results indicated that the
HER-2(905AA) peptide-induced CTLs recognized and
lysed HER-2-expressing and HLA-A24(+) tumors.

CTL905AA clones recognize HLA-A24 tumor cell lines
overexpressing HER-2 and TISI target cells pulsed with
the HER-2(905) wild type peptide

To further analyze the specificity of the HER-2(905AA)
peptide, CTL clones were generated by limiting dilution
methods from the CTL905AA line. Using the HER-
2(905AA)-HLA-A24 tetramer, CTL 905AA clone, clone
M2 was stained positive for both CD8 and the 905AA
tetramer (Fig. 4), indicating that the T cell clone M2 was
HER-2(905AA)-specific. In addition, clone M2 recog-
nized the TISI cells pulsed with HER-2(905AA) peptide
and also, to a lesser extent, TISI pulsed with the HER-
2(905) wild type peptide (Fig. 5). These results revealed
that the MHC anchor-substituted analog epitope HER-
2(905AA) was more effective at breaking tolerance and
inducing CTL which recognized the HER-2(905) wild
type peptide, than the HER-2(905) wild type peptide

Table 1 Relative binding

affinity of HER-2/neu-derived Peptide Sequence A24 binding® ICs,
peptides to HLA-A24

Wild type peptide

HER-2(8) RWGLLLALL 11.41
HER-2(780) PYVSRLLGI 77.14
HER-2(951) VYMIMVKCW 79.93
HER-2(440) AYSLTLQGL 97.98
HER-2(907) SYGVTVWEL 101.42
HER-2(905) VWSYGVTVW 173.21
HER-2(63) TYLPTNASL 323.50
HER-2(968) RFRELVSEF 744.21
HER-2(342) CYGLGMEHL 780.14
HER-2(887) KWMALESIL 887.79
Substitution analog

HER-2(8AA) RYGLLLALF 1.47
HER-2(780A) PYVSRLLGF 9.23
HER-2(905AA) VYSYGVTVF 17.89
HER-2(887AA) KYMALESIF 19.97
HER-2(951A) VYMIMVKCF 19.98
HER-2(907A) SYGVTVWEF 27.82
HER-2(968A) RYRELVSEF 37.21
HER-2(414AA) AYPDSLPDF 42.97
HER-2(63A) TYLPTNASF 46.02
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Fig. 1 The specificities of the HER-2 peptide-inducing CTL lines
were evaluated with Elispot assay. Sixteen HER-2-derived peptide-
specific CTL lines, designated by the inducing peptide epitope, were
generated from five different HLA-A24(+) healthy donors by
using mature DC cells pulsed with each peptide. Then, the CTL
lines were tested for their specificity against cognate peptides, which
were used for each CTL induction, in an Elispot assay described in
Material and methods. Elispot assays were performed against all
the CTL lines generated from five different healthy donors.
Representative data from five independent experiments are shown.
In the present study, each peptide was considered positive if the
spot forming cells (SFC) of the CTL line against TISI targets
pulsed with cognate peptide is more than the twofold SFC of CTL
only. As a result, CTL780A, CTL905AA and CTL414AA
significantly recognized TISI targets pulsed with each cognate
peptide. Error bars indicate the standard error of the mean

160,

. CTL only
C= CTL + PC-9 (HER-2+,HLA-24+)
140 B CTL + HCT-15 (HER-2+,HLA-24+)
3 CTL + MKN-7 (HER-2+,HLA-26+)
1204
1004
3
2 804
)
9
“2 604
40
204
0

CTL780A
CTL905A.
CTL414A

Fig. 2 Reactivities for the HER-2-expressing tumor by peptide-
inducing CTL lines were evaluated with the Elispot assay. The
CTL780A, CTL905AA and CTL414AA lines, which were gener-
ated from five different healthy donors, were tested against tumor
cell lines in an Elispot analysis described in Material and methods.
Representative data from five independent experiments are shown.
In the present study, the response of the CTL line against the tumor
cell line was positive if the SFC of the CTL line against a HLA-A24
positive HER-2 positive tumor cell line is more than threefold the
SFC of a CTL line against a HLA-A24 negative HER-2 positive
tumor cell line. Out of the three CTL lines, only the CTL 905AA
line recognized HLA-A24 positive tumor cell lines overexpressing
HER-2 (PC-9 and HCT-15), but not the HLA-A24 negative HER-
2 positive MKN-7 tumor cell line. Error bars indicate the standard
error of the mean
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Fig. 3 Cytotoxic assay by CTL905AA line. CTL905AA lines
generated from five different healthy donors were tested against
several targets using 4 h >!'Cr-release assays at various effector/
target ratios described in Material and methods. Representative
data from five independent experiments are shown. CTL905SAA
line lysed HER-2(+), HLA-A24(+) HCT-15 and KATOIII, but
not MKN-7, SKOV-3 or K562. HER-2 expression on the tumor
cells was evaluated by flow cytometric analysis. Statistical analysis
was performed with the Student’s ¢ test. *P<0.05. MFI mean
fluorescence intensity

which was less effective at inducing a primary in vitro
CTL response (Fig. 1).

To further confirm the reactivity of the HER-
2(905AA) peptide, various doses of the HER-2(905AA)
peptides were tested for their capacity for sensitizing
TISI by the clone M2. As expected, the reactivity of
HER-2(905AA) peptide was dose-dependent (Fig. 6).

Moreover, another CTL clone derived from the
CTL905AA line, M35, also demonstrated cytotoxicity
against HER-2(+), HLA-A24(+) targets (HCT-15,
MRKnu-1, KATOIII and PC-9) specifically (Fig. 7).
When cold target inhibition assays were performed, a
significant (84.3 or 75.2% inhibition at the 1:10 hot to
cold ratio) inhibition of the killing for the HCT-15 was
observed only with non-radiolabeled TISI loaded with
HER-2(905AA) peptide or HER-2(905) wild type pep-
tide but not with TISI loaded with an irrelevant control
HIV peptide (Fig. 8). Collectively, these data indicated
the HER-2(905AA) MHC anchor-substituted analog
can efficiently induce HER-2-specific, HLA-A24 re-
stricted CTLs.

Discussion

In the present study, we have screened seven wild type
peptides and nine HLA anchor-substituted analogs de-
rived from HLA-A24 binding, HER-2-derived peptides
as possible CTL epitopes. Then, we showed that the
analog HER-2(905AA) can efficiently induce HER-2-
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Fig. 4 Tetramer assay for the CTL905AA clone M2. HER-
2(905AA)-reactive CTL clones were generated by limiting dilution
methods from the CTL905AA line. HER-2(905AA) tetramer
analysis showed that CTL905AA clone M2 was stained positive
for both CDS8 and the HLA-A24-HER-2(905AA) tetramer (93.4%)

specific, HLA-A24 restricted CTLs, which recognize and
lyse tumor cells presenting the naturally processed wild
type HER-2 epitope.

Deliberate substitutions of amino acids in peptide
epitopes are generally thought to be effective in inducing
peptide-specific CTLs by improving the binding affinity
to HLA molecules. In previous studies, analogs substi-
tuted at MHC anchor residues have been tested in sev-
eral tumor Ags, such as GP2, NY-ESO-1, gpl00 as well
as MART-1, and some of them successfully improved
the immunogenicity of the CTL epitopes [3, 15, 25, 32,
35]. In the present study, to improve the immunogenicity
of relatively low binding, HER-2-derived peptides, we
generated anchor-substituted analogs (Table 1) and
tested them for the immunogenicity. Although every
substituted analog resulted in the enhancement of the
binding affinity to HLA-A24 molecules, only analogs
HER-2(780A), HER-2(905AA) and HER-2(414AA)
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Fig. 5 The reactivity of the CTL905AA clone M2 in Elispot
analysis. The CTL905AA clone M2 recognized TISI pulsed with
HER-2(905AA) peptide and also, to a lesser extent, TISI pulsed
with the HER-2(905) wild type peptide

were effective in inducing a peptide-specific CTL re-
sponse (Fig. 1). Furthermore, out of three analogs, only
the HER-2(905AA)-specific CTL resulted in the recog-
nition and lysis of HLA-A24 tumor cell lines overex-
pressing HER-2 and the EBV-transformed cell line TISI
pulsed with its wild type peptide. In addition, the cold
target inhibition assay using the HER-2(905A A)-specific
CTL clone further supported that a newly identified
HER-2(905) peptide epitope is presented as the CTL
epitope on HER-2 overexpressing tumor cell lines
(Fig. 8).

CTL905AA clone M2
350+

3004
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SFC / well
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905AA peptide concentration

o
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Fig. 6 Dose-dependent reactivity of the CTL90SAA clone M2. To
further confirm the reactivity of the CTL905SAA clone M2, various
doses of HER-2(905AA) peptide were tested for their capacity for
sensitizing TISI by the CTLI905SAA clone M2 in an Elispot analysis.
The reactivity of clone M2 for HER-2(905AA) peptide was dose-
dependent. Error bars indicate the standard error of the mean
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Fig. 7 The specificity of the
CTL905AA clone M5 was
evaluated with cytotoxic assay.
The CTL905AA clone M5 was
tested against several tumor cell
lines using 4 h >'Cr-release
assays at various effector/target
ratios. The clone M5 lysed the
HER-2(+) and HLA-A24(+)
tumor cell lines HCT-15,
MRKnu-1, KATOIII and PC-
9, while M5 did not react with
WiDr, SKOV-3, MKN-7, K562
or TISI cells. HER-2 expression
on the tumor cells was
evaluated by the flow
cytometric analysis. MFI mean
fluorescence intensity
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In general, low binding affinity for the MHC class |
molecule makes it difficult to induce peptide-specific
CTL as epitope peptides that have low binding affinity
may permit T cells to escape from negative selection;
however, these epitope peptides and T cells may be
useful for tumor-specific immunity. In the present
study, the HER-2(905AA) analog peptide, but not the
HER-2(905) wild type peptide, was effective in inducing
a peptide-specific CTL response, and the HER-
2(905AA)-specific CTL specifically lysed TISI target
cells pulsed with HER-2(905AA) compared to TISI
targets pulsed with HER-2(905). It is possible that in-
creased immunogenicity with the HER-2(905AA) pep-
tide analog may be derived from a combination of
efficient binding to HLA-A24 molecules and better
interaction with T cell receptors of specific CTLs. It has
been shown that MHC anchor-substituted analogs de-
rived from gpl00 or NY-ESO-1 can induce CTL re-
sponses more efficiently than their corresponding wild
type peptide epitopes [3, 25].

Recently, we and a few others have suggested that
tumor-specific immunotherapy based on HER-2-derived
peptides may be a useful and novel approach to the
treatment of cancer patients with HER-2 overexpressing
tumors. In fact, we have shown that DCs pulsed with
HER-2-derived, HLA-A2 restricted peptides can induce
specific T cell responses in patients with gastric cancer
[20]. HLA-A24 is one of the most common alleles in
Japanese people and is shared by more than 60% of the
Japanese gastric cancer patients [7]. Thus, it would be
desirable to identify additional HLA-A24 restricted
immunodominant epitope peptides derived from HER-
2, in order to broaden tumor-specific immunotherapy
based on HER-2. The HER-2(905AA) peptide analog

CTL905AA clone M5
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HCT-15 MRKnu-1KATOIII PC-9 WiDr SKOV-3 MKN-7 K562  TISI
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could be used as cancer vaccine to induce potent anti-
tumor CTL responses. We believe that HER-2-specific,
HLA-A24 restricted CTLs generated by HER-2(905AA)
may react with HER-2 overexpressing tumor in vivo. In
conclusion, the substitution analog peptide, HER-
2(905AA), can efficiently induce HER-2-specific, HLA-
A24 restricted CTLs.

CTL905AA clone M5

45 | Hot target : HCT-15
40 Cold target :
—o— TISI + 905AA peptide
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Fig. 8 Cold target inhibition assays with the CTL905AA clone M5.
Cold target inhibition assays were performed using non-radiola-
beled TISI cells loaded with the HER-2(905AA) peptide, the HER-
2(905) wild type peptide or an irrelevant HIV peptide at various
hot/cold target ratios. A significant (84.3 or 75.2% inhibition at the
1:10 hot to cold ratio) inhibition of the killing for the HER-2(+)
and HLA-A24(+) HCT-15 mediated by clone M5 was observed
when non-radiolabeled TISI cells loaded with HER-2(905AA)
peptide or HER-2(905) peptide were added, but not when TISI cells
were loaded with the control HIV peptide. E:T effector:hot target
ratio
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