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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 (ICs0< 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 (CTLS05AA) 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
mmmunotherapy 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 js 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-

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 vr-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 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 S 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 Bo-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% (ICsy%). 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



peripheral blood by centrifugation over Ficoll-Pagque
(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/m! of granulocyte macrophage
colony-stimulating factor (GM-CSF, Peprotech EC Ltd,
London, UK) and 1,000 units/ml of I1.-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, (I ug/ml), IL-18
(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 S,-microglobulin (3 pg/mi)
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 pug/ml) and
100 IU/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
(Gibeo). 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 uCi *'Cr for 60 min, they (5x10° per
well) and the effector cells at various effector/target ra-
tios were co-incubated in 200 ul 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 CTL905SAA 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 (ICsq < 1,000 nM) and nine substitu-
tion analog peptides (ICso < 50 nM; Table 1). All of the
substitution analog peptides showed a high binding
affinity for HLA-A24 (ICso <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

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.

CTLO05AA 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’ ICso
peptides to HLA-A24

Wild type peptide

HER-2(8) RWGLLLALL 11.4]
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
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Fig. 2 Reactivities for the HER-2-expressing tumor by peptide-
inducing CTL lines were evaluated with the Elispot assay. The
CTL780A, CTL90SAA 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 3'Cr-release assays at various effector/
target ratios described in Material and methods. Representative
data from five independent experiments are shown. CTL905AA
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
CTL90SAA line, M5, 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 CD8 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, gpl100 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(305AA)-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).
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Fig. 6 Dose-dependent reactivity of the CTL90SAA clone M2. To
further confirm the reactivity of the CTLS05SAA clone M2, various
doses of HER-2(905AA) peptide were tested for their capacity for
sensitizing TISI by the CTL905AA 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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In general, low binding affinity for the MHC class 1
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 HILA-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

could be used as cancer vaccine to induce potent anti-
tumor CTL responses. We believe that HER-2-specific,
HIA-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.
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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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Abstract Purpose: Regulatory T cells (T regs) can inhibit
immune responses mediated by T cells. It has been
shown that there is an increased proportion.of T regs in
several different human malignancies, although the ac-
tual mechanism remains unclear. In the present study,
we evaluated the prevalence of CD4(+)CD25"8" T regs
in PBMCs from patients with gastric and esophageal
cancers in relation to the clinical outcome. Methods:
PBMCs in 72 patients with gastric cancer and 42 pa-
tients with esophageal cancer were evaluated for the
proportion of CD4(+)CD25"8" T cells, as a percentage
of the total CD4(+) cells, by flow cytometric analysis
with triple-color staining. Actuarial overall survival
rates of the patients were analyzed by the Kaplan—-Meier
method. Results: The percentages of CD4(+)CD25M8eh
T cells for cases of gastric cancer (4.9+1.2%) and
esophageal cancer (5.2 +£2.1%) were significantly higher
than those for healthy donors (1.9+1.1%, P<0.01).
There were si%niﬁcant differences in the prevalence of
CDA4(+)CD25"8" T cells between the early and
advanced disease stages, both in gastric cancer (stage I
vs. III, P<0.05; stage I vs. IV, P<0.05) and esophageal
cancer (stage I vs. IV, P <0.05). The patients with a high
proportion of CD4(+)CD25™8" T cells showed poorer
survival rates in comparison to those with a low pro-
portion, in both gastric and esophageal cancers. After
patients received curative resections of gastric cancers
(n=57), the increased proportions of CD4(+)CD25"en
T cells were significantly reduced, and the levels were
almost equal to those in normal healthy donors. In
addition, studies of gastric cancer patients with post-
operative recurrent tumors S:1=6) revealed that the
prevalence of CD4(+)CD25"8" T cells individually
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increased compared to 2 months after the operations.
CD4(+)CD25"&" T cells expressed FOXP3 mRNA and
had abundant CD45RO and intracellular CTLA-4
molecules. Conclusions: These results strongly suggest
that tumor-related factors induce and expand
CD4(+)CD25M8" T regs.

Keywords Regulatory T cells - Gastric cancer -
Esophageal cancer - CD4(+)CD25"&" T cells

Introduction

Regulatory T cells (T regs) are thought to be a func-
tionally unique population of T cells, and function to
maintain immune homeostasis [1-4]. T regs can inhibit
immune responses mediated by CD4(+) and CD8(+) T
cells, and it was reported that T regs play an important
role in preventing allograft rejection, graft-versus-host
disease, and autoimmune disease [5, 6].

Within CD4(+) T cells with a suppressive function,
there are at least three different cell populations:
CD25(+)CD4(+ )-naturally occurring T regs, IL-10-
producing Trl cells, and Th3 cells {7-14]. Furthermore,
although CD25(+)CD4(+ )-naturally occurring T regs
were originally characterized by the coexpression of
CD4 and CD25 in mice, it has recently been shown in
humans that the CD4(+ )CD25"2" subset corresponded
to naturally occurring T regs populations with a sup-
pressive capacity, while CD4(+)CD25™ T cells con-
taminated effector or memory T cells with no
suppressive capacity [15-17].

There is accumulating evidence that increased popu-
lations of T regs are present in patients with gastric
cancer [18-20], colorectal cancer, gall bladder cancer,
pancreatic cancer [20, 21], ovarian cancer [22], and lung
cancer [23]. Moreover, we showed that the population of
T regs in tumor-infiltrating lymphocytes (TILs) of
patients with advanced gastric cancer was significantly
Jarger than that of TILs in patients with early gastric
cancer [18].



There is no clear evidence to suggest the mechanisms %
for the induction of T regs in cancer-bearing hosts. It has 10 ;
recently been shown that tumor cells and microenvi-
ronmental macrophages produce the chemokine CCl1.20,
which mediates the trafficking of T regs to the tumor
[24]. Also, we have shown that the levels of
CD4(+)CD25"2" T regs in tumor-draining lymph nodes ¢ .
adjacent to tumors were greater than those distant from
tumors [25]. These data indicate that tumor-derived
factors may induce and expand T regs pools. 4 -

In the present study, we evaluated the prevalence of
CD4(+)CD25"8" T regs in PBMCs from patients with

gastric and esophageal cancers, and clarified the corre- 2

lation between prevalence and clinical outcome for the

patients.
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Materials and methods

Patients Fig. 2 Increased populations of CD4(+)CD25"8 T cells in
PBMCs from patients with %astric and esophageal cancers. The
percentages of CD4(+)CD25%8" T cells in cases of gastric (n=72,

Seventy-two patients with gastric cancer and 42 patient
Y P £as p S 4.9+12%) and esophageal cancers (n=42, 52+2.1%) were

with esophageal cancer, who were treated in the Uni-

versity of Yamanashi Hospital from 1999 to 2000, were
enrolled in the present study, and their clinical features
were evaluated according to the TNM classification for
gastric and esophageal cancers. The patients with gastric
cancer were 70.8 & 18.3 years old (mean + SD), and 40
patients were men and 32 were women. Thirty-six tu-
mors belonged to stage I, 8 were stage II, 8 were stage
ITI, and 20 tumors were stage IV.

The patients with esophageal cancer were 72.9+
11.3 years old, and 40 patients were men and 2 were
women. Three tumors belonged to stage I, 16 were stage
1I, 15 were stage 111, and 8 tumors were stage IV,

None of the patients received radiotherapy, chemo-
therapy, or other medical interventions before the study.
This study was approved by the ethical committee of the
University of Yamanashi, and written informed consent
was obtained from all individuals.

significantly higher than those of healthy donors (n=16,
1.9+1.1%, P<0.01). There were significant differences in the
prevalence of CD4(+)CD25"2" T cells between stage I and III
(P<0.05), stage I and IV (P<0.05) in gastric cancer, as well as
stage I and IV (P <0.05) in esophageal cancer. Stage classification

was defined according to the TNM classification

Cell preparations

PBMCs were isolated with a Ficoll (Amersham, Uppsala,
Sweden) density gradient and routinely stored in liquid
nitrogen in Cell Stock Media (IBL, Gumma, Japan).

Flow cytometric analysis

PBMCs were stained for molecules to determine their
immunophenotype using anti-CD25-FITC, anti-CD4-
PerCP, anti-CD3-APC, anti-CD152 (CTLA4)-PE, and
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Fig. I CD4(+)CD25™8" T cells in PBMCs from patients with
gastric and  esophageal cancers. The population  of
CD4(+)CD25"8" T cells as a percentage of the total CD4(+)
cells was evaluated by flow cytometric analysis with triple-color
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staining. Representative flow cytometric data from gastric (stage.
IIT) and esophageal cancer patients (stage IIT) and healthy donors
are shown. Rectangular gates indicate CD4(+)CD25"8" T cell
populations



Fig. 3 The expression of
CD45RO and intracellular

CTLA-4(CD152) on oy
CD4(+)CD25%85 T cells. E
Representative flow cytometric
data from gastric cancer
patients (stage 11I) showed the
expression of CD45RO and
intracellular CTLA-4 after the
gating of CD4(+)CD25"ed T
cells
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anti-CD45RO-PE (Dako, Glosprup, Denmark) anti-
bodies. Triple- or four-color flow cytometry was per-
formed using FACSCalibur (Becton Dickinson, San
Jose, CA, USA). Cells were analyzed using Cell Quest
software.

To analyze the prevalence of T regs, CD4(+)
CD25"Me" cells after gating on CD3(+) were evaluated
and expressed as a percentage of the total CD4(+) cells.

Intracellular cytokine assay

Briefly, cells were incubated in RPMI 1640 (Sigma-Al-
drich Cheme, Taufkirchen, Germany) with 5% FCS,
2yl IC block (Biosource, Camarillo, CA, USA), and
2 pl phorbol myristate acetate (PMA, Sigma-Aldrich
Cheme; final concentration of 25 ng/ul) for 4h at
37°C. After staining with anti-CD25-FITC and anti-
CD4-PerCP (Dako) for 30 min on ice and subsequent
washing, cells were fixed in IC-Fix (Biosource)
for 10 min on ice and washed twice with IC perm
(Biosource). Thereafter, cells were stained with either
the 1gG negative control (Biosource), rat anti-human
IL-10-PE (Biosource) or rat anti-human IFN-y-PE
(Biosource) and washed twice.

FOXP3 RT-PCR analysis

CD4(+)CD25"8" T regs were separated by FACS
sorting from PBMCs in gastric cancer patients (n=6).
Total RNA was extracted from sorted CD4( +)CD25Mgh
T cells according to the standard protocol with an
RNeasy Minikit (Qiagen K.K., Tokyo, Japan). One
microgram of total RNA was added to the reaction
mixture using the OneStep RT-PCR Kit (Qiagen) and
amplified in a GeneAmp PCR System 9700 (Applied
Biosystems, CA, USA). Specific primers were designed
as follows: FOXP3 primers, CAG CTG CCC ACA CTG
CCC CTA G (forward) and CAT TTG CCA GCA
GTG GGT AG (reverse); B-actin primers, CTA CAA
TGA GCT GCG TGT GC (forward) and CGG TGA
GGA TCT TCA TGA GG (reverse). After the RT

reaction with one cycle of 30 min at 50°C and 15 min at
95°C, for FOXP3 PCR, the cycling conditions were as
follows: 35 cycles of 45 s at 94°C for denaturation, 45 s
at 59°C for annealing, and 1 min at 72°C for elongation.
The amplified product (382 bp for FOXP3 and 314 bp
for B-actin) was electrophoresed on a 1.2% agarose gel
(Ultra Pure, GIBCO BRL, New York, NY, USA) and
equilibrated in TAE (40 mM Tris-acetate, 2 mM
EDTA). Ethidium bromide (0.5 pg/ml) was added to the
agarose~TAE gels with TAE electrophoresis buffers to
visualize the amplified DNA fragments, and these were
photographed using Polaroid film 667 under UV light.

Statistical analysis

Differences between the values were determined using
the nonpaired or paired Student’s 7 test. Actuarial
overall survival rates were analyzed by the Kaplan—
Meier method and survival was measured in days from
diagnosis to death or the last review. The log-rank test
was applied to compare the two groups. Multivariate
analysis of prognostic factors for overall survival was
made using Cox’s proportional hazards model. All sta-
tistical analyses were performed using Statview 5.0 for
Windows software and a significant difference was
considered as P <0.05.

Results

Increased populations of CD4(+ )CD25"8" T cells
in patients with gastric and esophageal cancers

PBMGC:s in patients with gastric cancer (n=72), esoph-
ageal cancer (n=42), and in healthy donors (2= 16) were
examined for the prevalence of CD4(+ )CD25"" T cells
as T regs, and the population of CD4(+)CD25%e" T
cells as a percentage of the total CD4(+) cells was
evaluated. In representative flow cytometric data, the
prevalence of CD4(+)CD25™8" T cells in patients with
gastric and esophageal cancers was higher than that in
healthy donors (Fig. 1). Summarized data from all
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individuals indicated that the
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percentages of
T cells in gastric cancer patients
(4.9+1.2%) and esophageal cancer patients (5.2£2.1%)
were significantly higher than those of healthy donors
(1.9+1.1%, P<0.01), as shown in Fig. 2. Moreover,
there were significant differences in the prevalence of

CD4(+)CD25M8" T cells between the early and ad-
vanced disease stages, both in gastric cancer (stage I vs.
I, P<0.05; stage I vs. IV, P<0.05) and esophageal
cancer (stage I vs. IV, P<0.05). These observations
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indicated that a tumor-bearing host with an advanced
disease stage had an increased prevalence of
CD4(+)CD25"#" T cells in PBMCs in comparison to
those with early disease stages or healthy donors.

Characterization of CD4(+)CD25"&" T cells

In order to characterize the CD4(+)CD25Met T cells
tested, we analyzed markers such as CD45RO and



Table 1 Significance of prognostic factors in multivariate survival analysis for patients with gastric and esophageal cancers

Gastric cancer

Esophageal cancer

Hazard ratio 95% CI P value Hazard ratio 95% CI P value
CD4(+)CD25ME" T cells
High 1.0 - - 1.0 - -
Low 0.81 0.93-4.57 0.71 0.72 0.30-1.41 0.56
Primary tumor®
PTis—pTlb 1.0 - - 1.0 - -
PT2 2.85 0.92-5.18 0.74 4.21 1.06-19.52 0.04
PT3 2.28 0.61-11.55 0.63 2.93 0.66-13.95 0.11
Lymph node metastasis
Negative 1.0 - - 1.0 - -
Positive 1.19 0.62~1.87 0.80 1.95 0.40-9.08 0.33
Stage®
0-2 1.0 - - 1.0 — -
34 2.01 0.91-3.05 0.09 2.91 0.50-12.53 0.75

“The grade of tumor and stages were defined according to the UICC (TMN) classification

intracellular CTLA-4 (CD152). The expressions of
CTLA-4 and CD45RO were analyzed in the gated
CD4(+)CD25"E" T cells. Representative flow cytometric
data from gastric cancer patients with advanced disease
stages showed that most of the CD4(+)CD25M&" T cells
expressed CD45RO and intracellular CTLA-4 (Fig. 3).

Furthermore, representative flow cytometric data
with intracellular cytokine staining showed that
CD4(+)CD25™8" T cells derived from gastric can-
cer patients with advanced disease stages produced
small amounts of IL-10 (Fig. 4a). "In contrast,

CD4(+)CD25™" T cells produced large amounts of IL-
10 (Fig. 4b). Furthermore, CD4(+)CD25"8" T cells as
well as CD4(+)CD25™ T cells did not produce sig-
nificant amount of IFN-y (Fig. 4a, b), in line with
previous reports [15-18, 25]. Thus, CD4(+)CD25"&" T
cells separated from PBMCs in the patients corre-
CD25(+)CDA4(+ )-naturally

sponded to
T regs [15-17].

occurring

FOXpP-3
{382bp)

factin
(314bp)

Samples 1 2 3 4 5 6

Fig. 5 FOXP3 mRNA analysis of CD4(+)CD25M8® T cells.
CD4(+)CD25"" T regs were separated by FACS sorting on
CD4(+)CD25"#" T cells in PBMCs from gastric cancer patients
(stage III and IV). Total RNA was extracted from sorted
CD4(+)CD25" T cells (samples 1—4) or CD4(+)CD25int T
cells (samples 5, 6) and RT-PCR analyze specific for FOXP3
mRNA was performed

FOXP3 analysis of CD4(+)CD25"8" T cells

CD4(+)CD25™8" T regs were separated by FACS
sorting from the PBMCs of gastric cancer patients
{(n=6). Total RNA was extracted from sorted
CD4(+)CD25"8" T cells and RT-PCR analyze specific
for FOXP3 mRNA was performed. Representative RT-
PCR analysis is shown in Fig. 5 and sorted
CDA4(+)CD25"E" T cells showed FOXP3 specific bands,
indicating that CD4(+)CD25M8% T cells corre-
sponded to CD25(+)CD4(+ )-naturally occurring T
regs [15].

Survival rates of patients in relation to the prevalence
of CDA(+)CD25"8" T cells

When the patients were separated into high or low
prevalence of T regs groups, classified by the mean
values of CD4(+)CD258" T cells (4.9% for gastric
cancer and 5.2% for esophageal cancer), the gastric
cancer patients with high numbers of CD4(+)CD25"e"
T cells (stage 1, n=>5; stage II, n=6; stage 111, n="7; stage
IV, n=20) showed significantly poorer survival rates
in comparison to those with low numbers of
CDA4(+)CD25"E" T cells (stage I, n=31; stage I, n=2;
stage I, n=1) (Fig. 6a). Similarly, esophageal cancer
patients with high numbers of CD4(+)CD25"#" T cells
(stage 1, n=1; stage II, n=2; stage III, n=11; stage
IV, n=8) showed significantly poorer survival rates
in comparison to those with low numbers of
CD4(+)CD25"8" T cells (stage I, n=2; stage II, n=14;
stage III, n=4) (Fig. 6b). _

To assess whether prevalence of CD4(+)CD25Ms? T
cells represented a prognostic parameter, we used Cox’s
proportional hazards model. The covariate parameters
included stage of the disease, depth of tumor invasion,
lymph-node metastasis, and prevalence of CD4(+)
CD25"Me" T cells. Multivariate analysis revealed that the



Fig. 6 Survival rates of patients
in relation to the prevalence of
CD4(+)CD25"8" T cells.
PBMCs were separated prior to
the operation and analyzed

for the prevalence of
CDA4(+)CD25M" T cells. When
the patients were separated into
high or low prevalence of T regs
groups, classified by the mean
values of CD4(+)CD25"eh

T cells, gastric cancer patients
with high CD4(+)CD25eh

T cell levels (n=38) showed
poorer survival rates in
comparison to those with low
CDA4(+)CD25M8" T cell levels
(n=34), analyzed by the log-

a
100 7
80
60 7
40 1

20

% survival

Low T-regs (n=34)

High T-regs (n=38)

Gastric cancer
log-rank test p < 0.01

rank test (a). Similarly,
esophageal cancer patients with
high CD4(+)CD25PE" T cell
levels (n=22) showed poorer
survival rates in comparison

to those with low
CDA4(+)CD25"8" T cell levels
(n=20) (b)

b

100

2000
days

1000

% survival

Esophageal cancer

Low T-regs (n=20)

High T-regs (n=22)

log-rank test p < 0.02

prevalence of CD4(+)CD25M" T cells was not an
independent prognostic factor (Table 1).

Clinical significance of the prevalence of
CD4(+)CD25"" T cells

In order to clarify the levels of CD4(+)CD25Met T
cells in PBMCs from patients with or without tumor-
bearing status, we compared preoperative and post-
operative (2 months after the operation) levels. After
patients received curative resections of gastric
cancers (n=57), the increased proportions of
CD4(+)CD25"8" T cells were significantly reduced,
and the levels were almost equal to those in healthy
donors (Fig. 7a). In addition, studies of gastric cancer
patients with postoperative recurrent tumors (n=6)
revealed that the prevalence of CD4(+)CD25%e" T
cells individually increased compared to the periods
without tumors (Fig. 7b). These results strongly
suggest that tumor-related factors induce and expand
T regs.

Discussion

The current report provides evidence for the relationship
between the prevalence of CD4(+)CD25"8" T regs in
PBMCs and the clinical outcome in patients with gastric
and esophageal cancers. We showed that patients with
high levels of CD4(+)CD25M8" T cells showed more
advanced stages and poorer survival rates in comparison
to those with low CD4(+)CD25"&" T cell levels. Fur-
thermore, after patients had received curative resections
of tumors, the increased levels of CD4(+)CD25%e" T
cells significantly decreased to the levels of healthy do-
nors.

Increased proportions of CD4(+)CD25(+) T cells in
PBLs and TILs have been reported in several different
human malignancies [18-23]. We recently reported
about increased populations of CD4(+)CD25(+) T
cells in PBL and TILs [18], and elevated
CD4(+)CD25M8" T cell levels in the tumor-draining
lymph nodes [25] of patients with gastric cancer. In the



present study, we confirmed the increased prevalence of
CD4(+)CD25"8" T cells in PBMCs in larger cohorts in
cases of gastric and esophageal cancers. Furthermore,
we showed that patients with high levels of CD4(+)
CD25"8" T cells revealed poorer survival rates in com-
parison to those with low CD4(+)CD25M2" T cell levels,
in line with previous reports [20, 24]. However, multi-
variate analysis in the present study revealed that the
prevalence of CD4(+)CD25"8" T cells was not an
independent prognostic factor. Since the sample size of
the present study was limited and the groups were not
sufficiently matched in composition, further studies will
be needed to draw valid conclusion for the prognostic
factor.

Paired r-test
1 p<0.05
n=57

Pre-ope Post-ope

Paired t-test
p<0.01
n=6

Pre-recurrence Post-recurrence
Fig. 7 Clinical course of patients in relation to the prevalence of
CDA4(+)CD25"¢" T cells. The prevalence of CD4(+)CD25"h T
cells between preoperative and postoperative (2 months after the
operation) periods are shown in a. After patients had received
curative resections of gastric cancers (n=57), the increased levels of
CD4(+)CD25Me" T cells were significantly reduced, analyzed by
the paired ¢ test (a). In addition, studies for gastric cancer patients
with postoperative recurrent tumors (1= 6, Eostrecurrence) showed
that the prevalence of CD4(+)CD25M8® T cells individually
increased in comparison to 2 months after the operation (prere-
currence) (b)

It has recently been shown that human CD4(+)
CD25(+) T cells are not homogenous, and can be split
into suppressive and nonsuppressive fractions by sorting
CD25"#" and CD25™ cells [15]. Furthermore, it was
proposed that only a subset of high levels of CD25 and
CTLA-4 molecules within CD4(+)CD25(+) T cell
populations was capable of inducing a suppressive
function, and that there was a difference in cytokine
production profiles between CD25M8" and CD25™" cells
within CD4(+)CD25(+) T cells [15-17, 26, 27]. In the
present study, we focused on CD4(+)CD25"8" T cells
as CD25(+)CD4(+)-naturally occurring T regs and
evaluated the prevalence of CD4(+)CD25M8" T cells in
PBMCs. These subsets showed strong expressions of
intracellular CTLA-4 and CD45RO and small amounts
of IL-10 production, as indicated in a Erevious report
which suggested that CD4(+)CD25™8" T cells may
correspond to human naturally occurring T regs [15]. In
addition, we confirmed FOXP3 mRNA expression on
CD4(+)CD25"e" T cells in the present study. These
results indicate that the population of CD4(+)CD25"eh
T cells in the present study correspond to human natu-
rally occurring T regs. Since there is still a debate
regarding the marker of T regs {15], further studies are
required at a cloned T cell level or at a molecular level
which targets more specific markers or functional pro-
files.

There is no clear evidence to suggest the mechanisms
for the induction of T regs in cancer-bearing hosts.
However, there are several possibilities, including the
specific expansion of T regs induced by cancer-derived
factors, or physiological defense phenomena against
continuous inflammation induced by cancer. It has
recently been shown that tumor cells and microenvi-
ronmental macrophages produce the chemokine CCL20,
which mediates the trafficking of T regs to the tumor
[24]. Also, we have shown that the levels of
CD4(+)CD25"" T regs in tumor-draining lymph nodes
adjacent to tumors were greater than those distant
from tumors [25]. Furthermore, in the present study,
we reported that after patients had received curative
resections of tumors, the increased levels of
CD4(+)CD25""% T cells were significantly reduced, and
that the levels recovered to those of healthy donors.
These results strongly suggest that tumor-derived factors
may induce and expand T regs pools, although the
precise mechanisms regulating CD4(+)CD25"8" T regs
remain unknown.

Recently, immunotherapy for cancer, including can-
cer vaccination or adoptive transfer of T cells, has been
tested, but the results suggested it was limited in the
effect on the regression of established tumors [28, 29].
The increased population of T regs, especially in the
tumor environment, is one of the problems to be
resolved in cancer immunotherapy. It was shown that
the efficacy of therapeutic vaccination for cancer
could be enhanced by removing T regs [30]. A better
understanding of the underlying mechanism of T regs

- o



regulation or a strategy for controlling T regs may lead
to more effective immunotherapies against cancer.
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Overexpression of epidermal growth factor receptor (EGFR) is
observed in many cancers, sometimes accompanied by gene ampli-
fication. Recently, several clinical therapies targeting EGFR were
developed, but the eligibility criteria for these therapies is not fully
established. To develop such eligibility criteria for esophageal squ-
amous cell carcinoma (ESCC), we sought to clarify: (i) the exact
frequency of EGFR overexpression, (if) the relationship between
protein overexpression and gene amplification, (iii) the relation-
ship between gene amplification and specific gene mutations and
(iv) the correiation between the status of EGFR and clinical or
pathological features. Immunohistochemistry revealed that EGFR
protein is overexpressed in 33 (30%) of the 106 ESCC -examined.
Fluorescence in situ hybridization (FISH) indicated clear EGFR
gene amplification in 15 of the 53 tumors, somewhat higher EGFR
copy in 32 cases, and no increase in 6 cases. (Gene amplification
was significantly associated with high level overexpression. Direct
sequencing of exons 19 and 21 of EGFR revealed no mutations in
15 tumors exhibiting gene amplification, and no mutations in 25
tumors not exhibiting gene amplification. Overexpression of
EGFR was significantly correlated with depth of invasion of the
tumor.In conclusion, anti-EGFR therapies may be appropriate for
patients with ESCC. We assume that combined analyses by immu-
nohistochemistry/FISH would clarify aberrations in protein and
gene function, and could help to identify those patients who may
benefit from anti-EGFR therapy.

© 2005 Wiley-Liss, Inc.

Key words: EGFR, FISH; esophageal squamous cell carcinomas;
immunochistochemistry: EGFR-targeted therapy

Esophageal cancer is thc sixth most frequent cause of cancer
death worldwide in 1990," and squamous cell carcinoma is the
predominant histologic type. The prognosis of esophageal squa-
mous cell carcinoma (ESCC) is poor, with 5-year survival rates of
about 10%, as reported by various cancer registries. Cure is
expected only for superficial cancers.” In the future, we may be
able to improve the prognoses of patients with these diseases and
provide more appropriate therapies if we better understand the
molecular genetic characteristics' of each tumor. This may ulti-
mately be as important as early diagnosis and effective treatment.

The epidermal growth factor receptor (EGFR) gene. located on
chromosome 7pl2, encodes a 170 kDa membrane glycoprotein,
Upon activation by specific ligands such as EGF, its intrinsic kin-
asc is activated and initiates a number of signaling pathways. In
addition to being implicated in organ morphogenesis, maintenance
and repair, upregulated EGFR siﬂndling has been correlated in a
mde variety of tumors with progression to invasion and metasta-

* EGFR was purified mmally from the human squamous cell
carcinoma cell line A431,* which Overexpresses EGFR from 2- to
100-fold, resulting from a commensurate - to 110-fold increase
in EGFR gene copy number.” Since then, many types of cpithelial
nialignancies, including esophageal cancers, have been shown to
express increased levels of EGFR cxpxessxon on the cell mem-
brane, with or without gene amplification.’®

There have been several immunohistochemical (IHC) studies
examining EGFR protein expression in ESCC; however, there is
no consensus with regards to general frequencies of overexpres-
sion, dJstnbutlon of overexpressing cells, or levels of expres-
sion. kL Early studies, although small in scale, were able to quan-
tify gene amplification dnd overexpression using combined
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Southern blol dlld '251.EGF binding assays: Hunts er al® and
Ozawa et al.'® examined 10 and 32 hSCC tumors, respectively,
and found a tumor exhibiting EGFR amplification as high as that
in A431, with a 30-fold highcr concentration of EGF binding sites
than adjacent normal tissue.

Using a fluorescence in site hybridization (FISH) technique
combined with IHC, we have demonstrated that the major mecha-
nism of EGFR ox’ercxpres<xon especxally lngh level overexpres-
sion, in gastric,'! colorectal,'? pulmonary® and bile duet carcino-
mas, 1 as well as soft tissue sarcomas™ is gene amplification.
However, we also found another group in whnch low leve] overex-
pression occurred without gene amplification.’™'* This led us to
speculate that there may be 2 different mechanisms of EGFR over-
expression: gene amplification and transcriptional/translational
enhancement. We believe that detection of gene amplification by
FISH may be the best method for clucidating the mechanisms of
overexpression in cancers. However, there has been no study to
date using this technique to detect EGFR aberrations in ESCC.

EGFR has recently attracted much attention because of the
development of clinical thera ]pxes that target this receptor. IMC-
C225 (cetuximab or Erbitux ImClone Systems Branchburg,
NIJ), a monoclonal antibody acdmst EGFR, is now approved for
use in patients with colorectal cancers (FDA News, February 12,
2004). Among the various small molecule inhibitors of tyrosine
kinases, eﬁnmb (ZD1839, Iressa ™, AstraZeneca, Macclesfield,
United ngdom) has progressed to appmval for clinical use in the
USA for patients with non-small-cell lung cancer (NSCLC).

Our aim in the present study was to provide some rationale for
the introduction of new adjuvant therapies for ESCC patients.
First, we sought to determine the exact frequency of EGFR over-
expression; second, to examine the relationship between protein
overexpression and gene amplification; and third, to understand
the relationship between gene amplification and gene mutation
and, finally to clarify the correlation between the status of the
EGFR gene and clinical or pathological features of the tumors.

Material and methods
Tissue samples

We examined 106 cases of ESCC and concurrently excised
nodal metastases obrained from consecutive surgeries performed

Abbreviarions: AJCC, American Joint Commitiee on Cancer; COX-2,
cyclooxygenase-2; DM, double minute chromosomes; EGF, epidermal
growth factor; EGFR, epidermal growth factor receptor; ESCC, esophageal
squamous cell carcinoma: FISH, fluorescence in site hybridization; HSR,
homogeneously staining regions; IHC, immunohistochemical; LA/Poly,
low amplification/polysomy; NSCLC, non-small-cell lung cancer.
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at the Department of Surgery, University of Yamanashi between
1987 and 2004. The patients consisted of 97 men and 9 women,
with a median age of 63 years (mean, 63.7; SD., 7.6; range, 43—
80). Patients who had received irradiation andfor chemotherapy
before surgery were excluded. The World Health Organization
Classification of Tumors was uscd histologically to grade cases of
ESCC.? The condition of the patients was assessed according to
the system for staging primary tumor/regional lymph nodes/distant
metastasis (TNM) described in the American Joint Committee on
Cancer Staging Manual.'® The 106 patients were classified into
the TNM stages as follows: Stage 0, 2 patients; Stage 1, 21
patients; Stage IIA, 33 patients; Stage IIB, 15 patients; Stage 111,
32 patients and Stage IV, 3 patients. This laboratory study was
approved by the Institutional Review Board at the Unjversity of
Yamanashi, and written informed consent was obtained.

Immunchisiochemisiry (1HC)

Resected esophageal samples were immediately immersed in
20% buffered neutral formalin, fixed overnight and embedded in
paraffin according to standard procedures. | or more representa-
tive blocks in which the carcinoma showed the deepest extent of
invasion was used for histological analyses for each case. Serial
sections (4 pm) were cut from representative formalin-fixed, par-
affin-embedded cancer tissues, placed onto silanated glass slides
and subjected to hematoxylin-cosin staining, EGFR IHC analysis
and FISH analysis. THC detection of EGFR was carried out on all
primary tumors, as well as metastatic tumors of the lymph nodes,
using a monoclonal antibody against the external domain of
human EGFR (Novocastra Lab, Newcastle, UK; Working dilution,
1:20). The specificity and sensitivity of this antibody against
EGFR were verified previously.'"'? For IHC detection, a high-
temperature antigen unmasking technique was used: i.e., the sec-
tion was autoclaved in 0.01 M citrate buffer (pH 7.0) at 121°C for
10 min. Antibody was visualized by avidin-biotin binding to per-
oxidase-conjugated secondary antibodies. In each analysis, a colon
cancer section that had been previously confirmed to overexpress
EGFR'? was included as a positive control.

EGFR positivity in the IHC analyses was reviewed by 3 pathol-
ogists (MH, §8, YD), who were unaware of the gene amplification
status of the sample. The intensity of reactivity was scored using a
four-tier system, which we have established in previous studies on
EGFR expression: negative, no discernible staining or background
type staining; 1+, definite cytoplasmic staining and/or equivocal
discontinuous membrane staining; 2+, unequivocal membrane
staining with moderate intensity; 3+ strong and complete plasma
membrane staining.''™"* Samples exhibiting 2+ or 3+ immuno-
staining were classified as “overexpression”, since we have previ-
ously demonsirated that only cases showing 2+ or 3+ positivity
in IHC by our criteria were frequently associated with gene ampli-
fication of EGFR."™'?'3 The extent (%) of positive staining cells
was measured in a representative large section of each tumor.

FISH analysis

FISH analysis was undertaken for all cases of primary tumors
exhibiting 3+ or 2+ staining (53 cases), and for another 20 repre-
sentative tumors exhibiting |+ staining. In addition, 10 tumors
that scored negative for EGFR were selected at random as nega-
tive controls. Metastatic nodes from the primary tumors exhibiting
gene amplification were also examined. Gene amplification of
EGFR (7p12) was determined using 2 DNA probe set (LSI™
EGFR/CEP™ 7. Vysis, Downers Grove, IL) consisting of a Spec-
trumOrange ™-labeled EGFR (locus)-specific probe and a Spec-
trumGreen” “-labeled probe that hybridizes to the centromeric
region of chromosome 7. The latter probe was used as the control
to normalize copy number for chromosome 7. FISH was per-
formed using standard methods, with a modification to incorporate
an intermittent, short-term microwave treatment during the injtial
period of hybridization as described earlier.'*!” The tissue sec-
tions were counterstained with 4',6-diamidine-2'-phenylindole
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dihydrochloride and p-phenylenediamine in phosphate-buffered
saline and glycerol (DAPI II) (Vysis) and examined under a fluo-
rescence microscope (Olympus, Tokyo, Japan). The microscope
was equipped with a Triple Bandpass Filter set (Vysis) to discrim-
inate DAPI 11, SpectrumOrange™ and SpectrumGreen™, as well
as filter sets specific for SpectrumOrange and SpectrumGreen. As
positive controls, colon cancer tissues that had been previously
confirmed to have EGFR gene amplification were used.'? The
number of EGFR signals and centromere 7 signals in the nucleus
of cancer cells were counted and evaluated as follows. Basically, a
cell in which the number of EGFR signals was greater than the
number of centromere 7 signals was interpreted as positive for
amplification. Among these, i) a cell with a definite cluster of
EGFR signals or a total of more than 10 EGFR signals was scored
as exhibiting high-level amplification''™"*5 and ii) a cell with
3-10 EGFR signals was scored as low-level amplification. In addi-
tion, a cell in which both centromeric and EGFR signals were
equally increased was scored as polysomic.'® FISH images were
taken using a photographic camera and recorded on film slides.

Direct sequencing of exons 19 and 21 of the EGFR gene

To clarify the possible relationship between gene amplification
and specific mutations in EGFR, we performed direct sequencing.
Given the apparent clustering of EGFR mutations in gefinitib-sensi-
tive non-small-cell lung carcinoma, —* we sequenced only exons 19
and 21 in 40 primary tumors, consisting of 15 tumors with gene
amplification and 25 tumors without amplification. DNA  was
extracted from 40 paraffin-embedded tumors (15 tumors with ampli-
fication and 25 without amplification) using DEXPAT™ (TaKaRa,
Kyoto, Japan). DNA was also extracted from 9 tumors (2 with ampli-
fication and 7 without amplification) by phenol and chloroform, in
which fresh surgical tissues could be obtained. The polymerase chain
reaction (PCR) was used to amglify exons. 19 and 21 according to a
previous report by Lynch er al.”® Primer pairs used for the amplifica-
tion were as follows: Exon 19, GCAATATCAGCCTTAGGTG-
CGGCTC (sense) and CATAGAAAGTGAACATTTAGGATGTG
(antisense), and Exon 21, CTAACGTTCGCCAGCCATAAGTCC
(sense) and GCTGCGAGCTCACCCAGAATGTCTGG (antisense).
For the amplification of DNA extracted from paraffin-embedded
tumor tissues, nested PCR amplification was performed as follows.
An initial PCR product was generated using primers described ear-
lier. Subsequently, 2 il of this reaction was amplified in a secondary
PCR, using the following internal primer pairs; Exon 19, CC
TTAGGTGCGGCTCCACAGC (sense) und CATTTAGGATGTG
GAGATGAGC (antisense); Exon 21, CAGCCATAAGTCCTCGA
CGTGG (sense) and CATCCTCCCCTGCATGTGTTAAAC (anti-
sense). In both reactions, the annealing temperatwre was 58°C. The
PCR amplicon was purified using SUPREC™ (TaKaRa, Kyoto,
Japan). Purified DNA was cycle-sequenced using the ABI BigDye
Termination kit v1.1 (ABI, Foster City, CA) according to manufac-
turer’s instructions, Sequence redctions were electrophoresed on an
ABl 3730x] DNA analyzer. Electrophoregrams were analyzed
in both the sense and antisense directions and compared with the
EGFR sequence deposited in the GenBank data base, Access No.
AY 588246 for the presence of mutations.

Statistical analysis

Agreement among observers in their interpretation of IHC
specimens was tested by kappa (x) statistics.?’ In accordance with
the criteria of Landis and Koch,2? the ¥ values were divided into
several scales to evaluate the strength of the agreement: x < (.00,
poor; 0.00 < x < 0.20, slight; 0.21 < ® < 0.40, fair; 04] < x <
0.60, moderate; 0.61 < x < 0.80, substantial; 0.81 < x < 1.00,
nearly perfect. A ¥° test for independence was used 1o examine
the correlation among the status of EGFR protein, gene and the
several clinicopathological factors. Patients’ survival was ana-
lyzed by the Kaplan-Meier method, with Logrank test for univari-
ate analysis.
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FiGure 1 - Infilrating squamous cell carcinoma of the esophagus. (@) 3+ immunostaining cells are localized to a tumor nest. (50X) (b) FISH
analysis shows clusters of orange signals in cancer nuclei corresponding to the EGFR gene (320X).

F1Gure 2 — T1 tumor. (@) 3+ immunostaining cells are localized to mucosal cancer (50X). (b) FISH analysis on the adjacent section shows
3+ immunostaining cells with clustered EGFR signals (50X). (¢) Higher magnification of B (250%).

Results
EGFR protein expression

Overexpression of EGFR (2+ and 3+ staining) was exclusively
confined to cancer cells. Some focal staining was present in basal
cells and parabasal cells in normal esophageal epithelium; how-
ever, their intensities did not exceed 1+ staining.

Among the 106 ESCC cases analyzed, overexpression of EGFR
was found in 53 cases (50%), of which 18 cases scored 3+ for
EGFR staining and 35 cases scored 2+ staining. Low level (1+)
immunoereactivity similar in intensity to the basal cell of normal
esophageal mucosa was found in 41 tumors (39%), and these were
scored as not overexpressing EGFR protein. No EGFR immuno-
reactivity was detected in 12 (11%) of the tumors. Although overall



