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Alteration of MHC class I and tumor antigen expression

9. Dysregulated expression of adhesion/accessory molecules by tumor and/or antigen-presenting

cells

3. Secretion of immunosuppressive soluble factors either by tumor cells or infiltrating T cells or

both

4. Induction of immune unresponsiveness via anergy induction or clonal deletion of responding T

cells
5. Induction of suppressor cells

Changes in T-cell signal transduction molecules

7. Tumor utilization of products of stimulated leukocytes, ie immunostimulation of cancer
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The Effects of Direct Hemoperfusion Using the Filtration Column Filled with the Adsorption Fiber for Immunosuppres-
sive Substances on Cell-Mediated Immunity in Tumor-Bearing Rats: Arihiro lwamoto*}, Yuji Ueda*!, Kazuo Tera-
moto*?, Masaaki Shimagaki*?, Yoshiki Yamamoto*!, Tsuyoshi ltoh*!, Takeshi Shimizu*!, Atsushi Shiozaki*!,
Hidemasa Tamai*' and Hisakazu Yamagishi*' (*'Dept. of Surgery, Division of Digestive Surgery, Kyoto Prefec-
tural University of Medicine, **Specialty Material Research Labs. Toray Industries, Inc. Shiga Plant)

Summary :

The patients with advanced cancer often lose their anti-tumor immune responses due to the increase of some
immunosuppressive substances in the blood, such as cytokines and proteins derived from cancer cells or immune
cells. We developed the adsorption fiber in transtorming growth factor (TGF)-p for the treaiment to remove
immunosuppressive substances and investigated the effects of direct hemoperfusion using the filtration column
filled with this adsorption fiber in tumor-bearing rats. On day O, KDH-8 tumor cells (1X10° cells/rat) were
implanted subcutaneously into the back of WKAH/Hkm rats. On .day 21 after tumor implantation, the rats
underwent the direct hemoperfusion with this filtration column for 60 minutes. On day 28, the rats were sacrificed
and the natural killer (NK) activities of their spleen cells were examined. As a result, the rats that underwent this
Ireatment showed a significant increase in their NK activities compared with those of rats who underwent direct
hemoperfusion with an empty column or had no treatment Therefore, we indicated the possibility of a new-
immunotherapy technique against cancer using a direct hemoperfusion column filed with an adsorption fiber for
immunosuppressive substances. Key words: Direct hemoperfusion, Natural killer activity, Cancer immunotherapy,
TGF-4
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Abstract

Purpose: In order to broaden the possibility for anti-
MAGE-3 immune targeting, it is important to identify
HLA-A24-restricted epitopes derived from MAGE-3,
since HLA-A24 is one of the most common alleles in Jap-
anese and Asian people. In the present study, we defined
a new MAGE-3 derived, HLA-A24-binding peptide pre-
sented as a CTL epitope on gastrointestinal cancer cells.
Materials and Methods: A panel of MAGE-3-derived pep-
tides (9mer and 10mer) with the HLA-A24-binding motif
was selected, and identification of MAGE-3-derived,
HLA-A24-restricted CTL epitopes was performed by are-
verse immunology approach. To induce MAGE-3-pep-
tide specific CTLs, PBMCs were repeatedly stimulated
with monocyte-derived, mature DCs pulsed with the
peptides. Subsequent peptide-induced T cells were test-
ed for their specificities by ELISPOT, tetramer and cyto-
toxic assay. CTL clones were then obtained from the CTL
line by limiting dilution. Results: The peptide-inducing
CTLs revealed that MAGE-3(113)-peptide was reacted as
aCTL epitopeina HLA-A24-restricted fashion, confirmed

by ELISPOT and cytotoxic assays. In addition, the MAGE-
3(113)-specific CTL clones, confirmed by tetramer assay,
showed that the MAGE-3(113) epitope is naturally pro-
cessed and presented as the CTL epitope on MAGE-3-
expressing gastrointestinal cancer cells by evaluating
the cold target inhibition assays. Conclusion: The newly
identified MAGE-3(113)-peptide epitope is naturally pro-
cessed and presented as the CTL epitope on MAGE-3-
expressing gastrointestinal cancer cells, indicating that
anti-MAGE-3 immune targeting with the MAGE-3(113)
peptide is a promising approach for treatment.

- Copyright © 2006 S. Karger AG, Basel

Introduction

It is now well established that small peptide epitopes,
when bound to MHC class I molecules on the surfaces of
tumor cells, can be recognized as antigens (Ags) by cyto-
toxic T lymphocytes (CTLs). Tumor-specific CTLs, adop-
tively transferred or activated in vivo by tumor-associ-
ated CTL epitopes, have therapeutic activity and can in-
duce regression of established tumors or micrometastases
[1, 2]. The development of immunotherapeutic methods

“totreat cancer is critically dependent on the identification

of tumor-associated Ags.
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Table 1. Sequence of MAGE-3-derived peptides with the HLA-
A2402-binding motif’

- Position? (mer)- Sequence
pepT6 76 (9) NYPLWSQSY
pep97 97(9) TFPDLESEF
pepll3 113(9) VAELVHFLL
pepld? 142 (9) NWQYFFPVI
pepls0 150 (9) IFSKASSSL
pepl7s 175 (10) LYIFATCLGL

¥ Residue number of the first position of the peptide in relation
Lo the sequence of the entire MAGE-3 gene product.

As an alternative to the genetic and biochemical ap-
proaches for identifying tumor-associated CTL epitopes,
a reverse immunology method has been developed [3-5].
In this method, MHC class I-binding epitopes are identi-
fied and their corresponding synthetic peptides are tested
for their capacity to induce peptide- and tumor-specific
CTLs derived from healthy individuals or cancer pa-
tients. This approach has recently been used for the defi-
nition of several new CTL epitopes in different melano-
ma Ags [3-5].

Cancer-testis antigens (CTA) such as MAGE, BAGE,
GAGEand NY-ESO-1 are recognized as attractive targets
due to their unique expressions in malignant tumors with
the exception of male germ lines, which do not carry HLA
molecules [6]. A number of antigenic peptides encoded
by MAGE-3 or NY-ESO-1 in context with various HLA
molecules have been identified [7-9]. Moreover, several
examples from clinical trials suggest that MAGE-3-de-
rived peptides can generate specific T cell responses in
patients with melanomas [10] and gastrointestinal (GI)
tract cancers {11}, in which tumor regression was reported
in some metastatic melanoma patients [10].

GI tract cancers are most common in Japan today.
Despite the aggressive treatment modalities such as surgi-
cal resection with extensive lymphadenectomy and sur-
gery combined with chemo-radiotherapy [12, 13], the
control of Gl tract cancer at the advanced stage remains
difficult. Therefore, immunoadjuvant therapy such as the
utilization of antitumor T cells or antibodies against tu-
mor antigens is extremely appealing. It has been reported
that MAGE-3 was expressed in 57% of esophageal carci-
nomas [14] and 38% of gastric carcinomas{15]. HLA-A24
is one of the most common alleles in Japanese people and
is shared by more than 60% of the population [16]. There-
fore, in order to broaden the possibility for anti-MAGE-3

Identification of HLA-A24-Restricted,
MAGE-3 CTL Epitopc

immune targeting in Gl tract cancer, it is important to
identify HLA-A24-restricted peptide epitopes derived
from MAGE-3. Furthermore, the expression of MAGE-3
is heterogeneous among patients and between individual
tumor lesions [17], suggesting that immunotherapy tar-
geting multiple antigenic epitopes is more desirable than
a single epitope.

In the present study, we identified a new HLA-A24-
restricted, MAGE-3-derived CTL epitope, which is natu-
rally processed and presented as the CTL epitope on
MAGE-3-expressing GI tract cancer cells.

Material and Methods

Cell Lines

MKN-7 (HLA-A26 gastric cancer), KATO 111 (HLA-A2402 gas-
tric cancer), MRKnu-1 (HLA-A2402 breast cancer) and WiDr
(HLA-A2402 colon cancer) were obtained from the IBL cell bank
(Gunma, Japan). TE-4 (HLA-AQ207 esophageal cancer) was a kind
gift from Dr. Nishimura (Cell Resource Center for Biomedical Re-
scarch Institute of Development, Aging and Cancer Tohoku Uni-
versity, Japan). K562 was obtained from ATCC (Rockville. Md.,
USA). TISI cells were from a human B lymphoblastoid cell line
expressing HLA-A24. These cell lines were kept in RPM1 1640 with
5% FCS, 50 U/ml penicillin and 2 mAf L-glutamine.

Peptide Synthesis

MAGE-3-derived peptides werc identified on the basis of the
presence of an HLA-A2402-binding motif using a computer pro-
gram which takes into account the effect of both primary and sec-
ondary anchor residues (table 1), Peptides were synthesized by stan-
dard solid phasc methods and purificd by HPLC. HIV peptide with
HLA-A2402-binding capacity ILKEPVHGV) was used as a nega-
tive control peptide.

Preparation of DCs

DCs were generated from PBMC in HLA-A24(+) healthy do-
nors and gastric cancer patients. Briefly, PBMC were separated
from peripheral blood by centrifugation over Ficoll-Paque (Phar-
macia, Uppsala, Sweden) and monocytes were enriched by adher-
ence to a plastic tissue culture flask (Corning, N.Y., USA) for
90 min at 37°C. Adherent cells were cultured with 1,000 U/ml of
granulocyte macrophage colony-stimulating factor (GM-CSF, Pe-
protech EC Ltd., London. UK) and 1,000 U/ml of IL-4 (Peprotech
EC Ltd.) in X-VIVO (Life Technologies Inc., Gaithersburg, Md.,
USA). On day 5, DCs were matured with recombinant CD40 ligand
(R&D System, Inc., Minneapolis, Minn., USA) and were used as
mature DCs on day 7.

Generation of MAGE-3 Peptide Specific CTL Lines and CTL

Clones

Mature DCs were pulsed with MAGE-3 peptides (20 wg/ml) in
the presence of By-microglobulin (3 wg/ml) for 60 min at 37°C.
Then, these peptide-loaded mature DCs were co-incubated with
autologous PBMCs in a ratio of 1:10 in a 12-well plate in X-VIVO
with 1% autologous scrum and 100 IU/ml of IL-2 (Peprotech EC).
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Subscquent cultured cells were re-stimulated with these peptide-
loaded. irradiated (25Gy) mature DCs cvery 14 days. After 4 stim-
ulations, cultured CTL lines were tested for reactivity with
ELISPOT analysis and cytotoxic assay.

CTL clones were then obtained from the CTL lines by limiting
dilution. Bricfly, the CTLs werc isolated in 96-well U-bottom plates
in X-VIVO with irradiated allogeneic PBMC (5 x 10° cells/well)
from two different donors in the presence of MAGE-3 peptide
(20 pg/ml) and 100 TU/ml of IL-2. The CTL clones were expanded
with irradiated allogencic PBMC. MAGE-3 peptide, and 100 TU/
ml of TL-2.

ELISPOT Analvsis

MAGE-3 specific response was determined by IFN-y enzyme-
linked immunospot (ELISPOT) analysis. ELISPOT analysis was
performed with the Mabtech assay system (Nacka, Sweden). After
96-well plates with nitrocellulose membranes (Millipor) were pre-
coated with a primary anti-IFN-y antibody (1D1K) for 24 h, the
plates were pre-reacted with AIM-V containing 1% human serum
albumin. Target cells (2 x 3 10%well) and CTL (2 x 3 103 /well)
were incubated in 200 pl of AIM-V for 24 h in triplicate. Thereai-
ter. abiotinylated secondary anti-IFN-y antibody (7-B6-1) was add-
ed for 2 I, and then the plates were incubated with streptavidin-
alkalinc phosphatasc reagent and stained with NBT and BCIP
(Gibco).

Cytotoxic Assay

A standard 4-hour *'Cr releasce assay was performed. To asscss
the peptide-specificity of CTL, TISI cells were pulsed with
MAGE-3 peptide for 16 h at 37°C. Thercafter, peptide-pulsed TISI
cells were washed and subjected to cytotoxic assay as a target, After
the target cells were labelied with 100 wCi *'Cr for 60 min, target
cells (5 x 10%Awell) and effector cells at various effector/target ratios
were co-incubated in 200 pl of X-VIVO in a 96-well U-bottom plate
in triplicate for 4 h at 37°C. Subsequently, cold target inhibition
was done using nonradiolabeled TISI loaded with MAGE-3 peptide
or with theirrelevant peptide (HIV peptide) used as a negative con-
trol at various hot/cold target ratios. Supcrnatants were harvested
and radioactivity was determined using a gamma counter. The per-
centage of M Cr release was calculated according to the following
formula: % lysis = 100x (experimental release-spontancous
release)/(maximum release-spontancous releasc).

To perform the inhibition of cytotoxicity with anti-HLA class |
mAb (W6/32), target cells were preincubated with mAb usinga 1/10
dilution for 1 h at room temperature before the cytotoxic assay.

Tetramer Assay

To cvaluate the specificity of the MAGE-3-reacted CTL cloncs.
FITC-abcled anti-CD8 (MBL, Nagoya, Japan), PE-labcled HLA-
A2402-MAGE-3(1 13)}tetramer (NH3-QOH) or PE-labcled HLA-
A2402-MAGE-3(195)-tetramer (NH,-COOH)(MBL, Nagoya, Ja-
pan) was used for immunostaining, according to the manufacturer’s
recommendations. '

RT-PCR for MAGE-3

Total RNA was extracted from tumor cell lines according to the
standard protocol with an RNeasy Minikit (Qiagen K.K., Tokyo,
Japan). Onc microgram of total RNA was added to the reaction
mixture using the One-Step RT-PCR Kit (Qiagen), and was ampli-
fied in a GeneAmp PCR System 9700 (Applicd Biosystems, Calif.
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USA) in a total volume of 50 pl, which contained 5 x onc-step RT-
PCRbuffer 10 pl, INTPMix 2.0 i, one-step RT-PCR Enzyme Mix
2.0 pl and 0.6 p of cach specific primer. Specific primers were
designed as follows: MAGE-3 primers, 5'>TGGAGGACCAGAG-
GCCCCC<3'  (forward) and S5'>GGACGATTATCAGGAG-
GCCTGC<Y (reverse); B-actin primers, 3'>CTACAATGAGCT-
GCGTGTGC<3 (forward) and 3'>CGGTGAGGATCTTCAT-
GAGG<3 (reverse).

RT reactions were carried out according to the manufacturcer’s
recommendations with | cycle of 30 min at 52°C for reverse tran-
scription and 15 min at 95°C for the initial PCR activation step.
For MAGE-3 PCR, the cycling conditions were as follows: 35 cycles
of 1 min at 94°C for denaturation, | min at 73°C for anncaling and
2 min at 72°C for elongation. The amplified product (725 bp for
MAGE-3 and 314 bp for B-actin} was clectrophoresed on a 1.2%
agarose gel (Ultra Pure, Gibeo BRL, New York, N.Y., USA) and
cquilibrated in TAE (40 mAf Tris-acetate, 2 mAfEDTA). Ethidium
bromide (0.5 pg/ml) was added to the agarose-TAE gels with TAE
clectrophoresis buffers to visualize the amplified DNA fragments
and these were photographed using Polaroid flm 667 under UV
light.

Results

Generation of MAGE-3-Derived, HLA-A24-Binding

Peptide-Specific CTL Lines

The sequences of MAGE-3 molecules for the probable
HLA-A24-binding peptide were screened using a com-
puter program (table 1). With these peptides, we gener-
ated 6 different peptide-inducing T cell lines from HLA-
A24 (+) healthy donors (n = 7) using mature DCs pulsed
with each peptide. Then, the T cell lines were each tested
for their specificities against cognate peptides, which were
used for each induction, with ELISPOT analysis. Repre-
sentative data of the reactivities of peptide-inducing T
cell lines is shown in figure 1. As a result, two peptide-in-
ducing T cell lines (CTL113 and CTL142) out of 6 T cell
lines significantly recognized TISI targets pulsed with
each cognate peptide. These observations were confirmed
in 6 of 7 different healthy donors.

MAGE-3(113) Peptide-Specific CTL Lines Can
Specifically Recognize HLA-A24 Tumor Cell Lines
Expressing MAGE-3 :

The expression of MAGE-3 mRNA on tumor cell lines
was analyzed by RT-PCR (fig. 2). CTL113 and CTL142
were tested against MAGE-3-expressing tumor cell lines
with ELISPOT analysis (fig. 3). Only CTL113 recognized
HLA-A24-positive tumor cell lines expressing MAGE-3
(MRK-nu-1 and WiDr), but not HLA-A24-negative,
MAGE-3-positive MKN-7 or TE-4 (fig. 3a), while CTL.142
did not react with any tumors (fig. 3b).

Miyagawa/Kono/Mimura/Omata/Sugai/
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To further confirm the reactivity of CTL113, it was
tested against several targets in a cytotoxic assay. CTL113
lysed MAGE-3(+), HLA-A24(+) WiDr and the cytotoxic-
ity was inhibited by treatment with anti-MHC class I
mAD (fig. 4a). Furthermore, CTL113 lysed TISI pulsed
with MAGE-3(113) peptide, but did not lyse TISI pulsed
with HIV control peptide (fig. 4b). These results indicate
that MAGE-3(113) peptide-inducing CTL recognized
and lysed MAGE-3-expressing and HLA-A24(+) tumors,
specifically.

Identification of HLA-A24-Restricted,
MAGE-3 CTL Epitope

CTL113 Clones Recognize HLA-A24 Tumor Cell

Lines Expressing MAGE-3 and TISI Tuarget Pulsed

with MAGE-3(113) Peptides

To further analyze the specificity of the MAGE-3(113)
epitope, CTL clones were generated by limiting dilution
methods from the CTL113 line. Using the MAGE-3(11 3)-
HLA-A24 tetramer, CTL113 clones were stained positive
for the MAGE-3(113)-tetramer, but not for the MAGE-
3(195)-tetramer (fig. 5), indicating that CTL113-clones
were MAGE-3(113)-epitope specific. The ELISPOT as-
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Fig. 3. Reactivities of CTL113 (a) and CTL142 (b) for MAGE-3-
expressing tumor cells cvaluated by ELISPOT assay. The reactivi-
ties of CTL113 and CTL142 were tested for HLA-A24-positive,
MAGE-3-positive WiDr and MRKnu-1 cclls or HLA-A24-negative
MAGE-3-positive TE4 and MKN7 cells. CTL113 reacted with
WiDr and MRKunu-1, but not with TE4 and MLN7, while CTL142
did not react with any MAGE-3-expressing tumor cells.

say indicated that CTL113 clones recognized TISI pulsed
with MAGE-3(113) peptides and MAGE-3-expressing,
HLA-A24(+) tumors (MRKnu-1 and WiDr), as shown in
figure 6.

To further confirm the reactivity of the MAGE-3(113)
peptide, various doses of MAGE-3(113) peptides were
tested for their capacity to sensitize TISI by the CTL113
clones. As expected, the reactivity of the MAGE-3(113)
peptide was dose-dependent (fig. 7).

Then, cold target inhibition assays were performed us-
ing non-radiolabeled TIS] loaded with the MAGE-3(113)
peptide or the irrelevant HLA-A24-binding HIV peptide
at various hot /cold target ratios. A significant ((65.2%) at
the 1:10 hot to cold ratio) inhibition of the killing for the
WiDr mediated by CTL113 clones was observed when
non-radiolabeled TISI loaded with the MAGE-3(113)
peptide was added, but not TISI loaded with the HIV
peptide (fig. 8). Thus, these data indicate that the newly
identified MAGE-3(113) peptide is naturally processed
and presented as a CTL epitope on MAGE-3 expressing
tumors.

Generation of MAGE-3(113)-Specific CTLs from

Patients with Gastric Cancers Expressing MAGE-3

To further confirm the reactivity of the MAGE-3(113)
epitope in patients, MAGE-3(113)-specific CTLs were
generated from HLA-A24(+) patients with gastric cancers
expressing MAGE-3 (n = 4) by repeated stimulations with
peptide-pulsing mature DCs, and their reactivities were
evaluated by ELISPOT analysis. Representative data
from two patients showed that MAGE-3(113)-peptide in-
ducing CTLs recognized HLA-A24-positive tumor cell

507 e winr 50 e TISI + MAGE-3(113) peptide
—o— WIDr + anti-class | mAb —o— TIS| + HIV peptide

40 - —r— K562 40 -
Z 304 Z 30-
] ks
8 3
5 20 4 € 20
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(&) Q

10 10 4
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a 10:1 20:1 40:1 b 10:1 20:1 401

Fig. 4. Cytotoxicity of CTL113 analyzed by 4-hour 3 Cr release assay. CTL113 was tested for cytotoxicity against
WiDr or K362 (a) and TISI pulsed with MAGE-3(113) peptides or HIV control peptides (b). The cytotoxicity
against WiDr was inhibited by treatment with anti-class | mAbs (a).

Oncology 2006,70:54-62

Miyagawa/Kono/Mimura/Omata/Sugai/
Fujii



104y ;
c>E I

10° 3

Negative
control

T
102 0% 10*
Negative control

10° 10"

MAGE113
tetramer E!

10° 10 102 10° 10*
—» CD8

MAGE195
tetramer

10° 10 10? 10° 10
» CD8

Fig. 5. Tetramer assay for CTL113 clones. CTL clones were gener-
ated by limiting dilution methods from the CTL113 line, Using the
MAGE-3(113}HLA-A24tctramer, the CTL113 clones werestained
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lines expressing MAGE-3 (MRK-nu-1 and WiDr), but
not HLA-A24-negative, MAGE-3-positive MKN-7 or
TE-4 (fig. 9). These results were confirmed in 4 of 4 pa-
tients, indicating that MAGE-3(113)-specific CTLs were
able to be generated from the cancer patients.

Identification of HLA-A24-Restricted,
MAGE-3 CTL Epitopc

Discussion

In the present study, we screened MAGE-3-derived
peptides with the HLA-A24-binding motif using a reverse
immunology approach, in order to identify HLA-A24-re-
stricted CTL epitopes derived from MAGE-3. Asa result,
the newly identified MAGE-3(113) peptide was found to
be naturally processed and presented as a CTL epitope
on MAGE-3-expressing GI tract cancers.

MAGE-3 was expressed in 38% of gastric cancers [15],
57% of esophageal cancers [14] and 19% of colon cancers
[18], in addition to a high proportion of melanomas [6].
These results indicate that anti-MAGE-3 immune target-
ing is a promising approach for the treatment of GI tract
cancers. Until now, several MAGE-3-derived epitopes
have been identified, including MAGE-3(195) as HLA-
A24-restricted epitope[8], MAGE-3(271)as HLA-A0201-
restricted epitope [19] or MAGE-3(168) as HLA-A I-re-
stricted epitope [20]. Among them, it was shown that DCs
pulsed with MAGE-3-derived, HLA-A2- or HLA-A24-
restricted peptides can induce specific T cell responses in
patients with gastric cancers [11]. HLA-A24 is one of the
most common alleles in Japanese people and is shared by
more than 60% of Japanese gastric cancer patients [16].
In contrast to HLA-A2, the HLA-A24 allele is much less
heterogeneous and 99.3% of HLA-A24 is the HLA-A2402
subtype, which is the most common HLA allele in Asian
and Japanese people [16]. Thus, it would be desirable to
identify additional HLA-A24-restricted immunodomi-
nant epitopes derived from MAGE-3, in order to broaden
tumor-specific immunotherapy based on MAGE-3.

We showed that MAGE-3(113) peptide-inducing
CTLs recognized and lysed MAGE-3-expressing GI tract
cancer in an HL A-A24-restricted fashion. Furthermore,
the cold target inhibition assay using the MAGE-3(113)-
specific CTL clones supported the view that the newly
identified MAGE-3(113) peptide is presented as a CTL
epitope on MAGE-3 cxpressing GI cancers. MAGE-
3(113) peptide-specific CTLs could be generated from 4
of 4 cancer patients with MAGE-3 expressing tumors in
the present study, suggesting that MAGE-3(1 13) epitope
is not tolerated in a cancer-bearing host.

In general, cancer vaccination trials are reported to
have a limited clinical response, and there are several
problems to be resolved including the surrogate end-
points, trafficking of sufficient numbers of effector cells
into the tumor or the presence of regulatory T cells [21].
With regard to MAGE antigens, it remains unclear why
most vaccinated patients with MAGE epitopes, including
those who displayed tumor regression, had either unde-
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cant ((65.2%) at the 1:10 hot to cold ratio) 10+ =200 .
inhibition of the killing for the WiDr medi-
ated by the CTL113 clones was observed 5
when nonradiolabeled TISI loaded with the 10 5 110 !
MAGE-3(113) peptide was added, but not Hot targetcold target
T1ST loaded with the HIV peptide.
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the MAGE-3(113) peptide. After four 50
rounds of stimulation, the CTL lines were
tested for their specificities against TISI
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MRKnu-1 cells or HLA-A24-negative, . +
MAGE-3-positive TE4 and MKN7 cells by MAGE-3  Hiv
the ELISPOT assay. Representative data peptide peptide
from 4 different patients are shown.

tectable or very low frequencies of antivaccine CTLs in
the peripheral blood [22]. However, it has recently been
shown that vaccinated melanoma patients with MAGE
had already mounted a strong spontaneous T cell re-
sponse against several types of tumor antigens before vac-
cination and had antitumor CTLs at much higher fre-
quencies than those of the antivaccine CTLs after vacci-

Identification of HLA-A24-Restricted,
MAGE-3 CTL Epitope

nation, suggesting that the anti-vaccine CTLs are not
direct effectors for killing the tumors, but that their inter-
action with the tumor generates conditions enabling the
stimulation of large numbers of antitumor CTLs that pro-
ceed to destroy the tumor cells [10, 23]. These observa-
tions suggested that anti-MAGE targeting by vaccination
could stimulate naive T cells to form new antitumor clo-
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vaccine antigen.
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In the present study, we found that the newly identi-
fied MAGE-3(113) epitope is naturally processed and
presented as a CTL epitope on MAGE-3 expressing Gl
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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-Z-derived, HLA-A24
binding peptides for ¢ytotoxic T lymphocyte (CTL)
epitopes. A panel of HER-2-derived peptides with HI A-
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 (ICsy < 1,000 nM) and
substituted analog peptides (ICsp < 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 CTL905SAA 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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HLA-A24 restricted CTLs

inhibition assays using cold targets pulsed with the
HER-2(505) 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.

Keywords Substitution analog - HLA-A24 - HER-2 -
Epitope - CTL

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 [I, 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 1 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 HILA-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-
TOHI (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-

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.

HILA-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 AYIDNYNKEF, was radiolabeled with '*°T 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 1 uM 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 (Toschaus, 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% (ICs%). 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



