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Antitumor Effect of New HER2 Peptide Vaccination
Based on B Cell Epitope
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Abstract. Background: While the benefit of passive
immunotherapy is commonly accepted, active immunization
may have advantages for the patient’s quality of life. We
identified a new epitope of Mab CH401 against Her-2/neu
extracellular domain (N: 167-175), and evaluated the effect of
active immunization of the 20mer peptide containing the
epitope (CH401 peptide). Materials and Methods: Epitope-
mapping was performed using ELISA with Her-2/neu-related
multiple antigen peptides (MAP). BALB/c mice were
transplanted with Her-2/neu-expressing lymphoma cell line
and immunized with the peptides. For monitoring the
condition, ELISA and flow cytometry was performed. Results:
CHA401 peptide induced Her-2/neu-specific IgG antibody.
Tumor growth in immunized mice was suppressed and tumor-
infiltrating lymphocytes comprised more CD8" T-cells, which
secreted larger amounts of interleukin-2 after the peptide re-
stimulation. Conclusion: The new Her-2/neu peptide contained
epitopes for CD4* and CD8" T-cells, which contributes to the
suppressive effect on Her-2/neu-expressing tumor cell growth.

Molecular targeting reagents have been extensively
developed for cancer therapy. Among them, antibodies
against tumor-associated antigen (TAA) are considered to be
powerful tools through their multiple functions, such as
antibody-dependent cell cytotoxicity and blocking of signals
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for cell proliferation (1-3). The antitumor effect of anti-TAA
antibody has been investigated in two ways: via passive
immunization with monoclonal antibody (Mab) and active
immunization with TAA vaccination (4, 5). However, the
processes including the clinical application of Mab therapy
require huge amounts of antibodies, and consequently may
impose considerable physiological, psychological and
financial burdens upon the patients.

As for the strategy for overcoming the disadvantage of
passive immunization with Mab, active immunization with
tumor-specific antigen may avoid adverse effects induced by
transfusing large amounts of antibodies repeatedly. However,
most of the trials with immunization of whole TAA molecules
have not been successful (4), partially because the antibodies
sometimes function positively for cancer growth (6-9). Thus,
peptides composed of limited amino acid sequences, which do
not produce tumor-promotory antibodies, may be useful for
effective antitumor antibody production. In past studies,
however, the B-cell epitope was tentatively estimated simply
from the biochemical/structural nature of the antigen, which
is still problematic because epitopes may include the region
agonistic to tumor growth (10, 11). Otherwise, B-cell epitopes
or mimotopes were artificially found by screening with phage
display (12-14). Thus, identifying an epitope of TAA-specific
monoclonal antibody, which is already characterized to induce
an antitumor effect, and designing a peptide that includes the
epitope sequence might be an effective protocol for the peptide
design of anti-TAA vaccination.

In contrast, T-cell epitope, particularly of CD8" cytotoxic T-
cells (CTL), has been well investigated since the
characterization/identification of TAA (15). The techniques for
purifying peptide presented on major histocompatibility
complex (MHC) class I and II molecules have identified
numerous anchoring peptides and categorized (15, 16).
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Table 1. Synthetic MAP peptides from human c-erbB-2 protein sequence selected for fine CH401 epitope mapping. Each amino acid in the multiple
antigen peptides is indicated by a single letter code. B; t-butoxycarbonyl residue (Boc). Each peptide in the bracket was conjugated with Boc* and
lysine residues. The numbers in the peptide section indicate the position of the sequence in the Her-2/neu molecule.

Peptide Sequence Peptide Sequence

N:143-162 (RSLTEILKGGVLIQRNPQLC-BBB)8-K4K2KB N:253-272 (LACLHFNHSGICELHCPALV-BBB)8-K4K2KB
N:153-172 (VLIQRNPQLCYQDTILWKDI-BBB)8-K4K2KB N:263-282 (ICELHCPALVTYNTDTFESM-BBB)8-K4K2KB
N:163-182 (YQDTILWKDIFHKNNQLALT-BBB)8-K4K2KB N:273-292 (TYNTDTFESMPNPEGRYTFG-BBB)8-K4K2KB
N:173-192 (FHKNNQLALTLIDTNRSRAC-BBB)8-K4K2KB N:283-302 (PNPEGRYTFGASCVTACPYN-BBB)8-K4K2KB
N:183-202 (LIDTNRSRACHPCSMPCKGS-BBB)8-K4K2KB N:292-310 (GASCVTACPYNYLSTDVGS-BBB)8-K4K2KB
N:193-212 (HPCSMPCKGSRCWGESSEDC-BBB)8-K4K2KB N:300-321 (PYNYLSTDVGSCTLVCPLHNQE-BBB)8-K4K2KB
N:203-222 (RCWGESSEDCQSLTRTVCAG-BBB)8-K4K2KB N:312-330 (TLVCPLHNQEVTAEDGTQR-BBB)8-K4K2KB
N:213-232 (QSLTRTVCAGGCARCKGPLP-BBB)8-K4K2KB N:322-341 (VTAEDGTQRCEKCSKPCARV-BBB)8-K4K2KB
N:223-242 (GCARCKGPLPTDCCHEQCAA-BBB)8-K4K2KB N:332-351 (EKCSKPCARVCYGLGMEHLR-BBB)8-K4K2KB
N:233-252 (TDCCHEQCAAGCTGPKHSDC-BBB)8-K4K2KB N:343-361 (YGLGMEHLREVRAVTSANI-BBB)8-K4K2KB
N:243-263 (GCTGPKHSDCLACLHFNHSG-BBB)8-K4K2KB N:352-370 (EVRAVTSANIQEFAGCKKI-BBB)8-K4K2KB

*Boc: t-butoxycarbonyl residue.

Vaccination with the peptide containing T-cell epitope has been
vigorously performed in CTL induction, which is considered
to be vital for antitumor activity. However, clinical responses
were very poor when only CTL was targeted (17). Concerning
this evidence, the participation of CD4* T-cells has recently
been highlighted in TAA-specific cellular immunity, as CD4*
helper T-cells are critical for the supply of activated dendritic
cells (DC) and for generation and persistence of CTL (18-21).
As helper T-cells are activated by peptides presented on MHC
class II molecules, peptides designed to be restricted to both
MHC class I and class II molecules might be powerful tools
for T-cell-based antitumor therapy. At the same time, as helper
T-cell activity is essential for IgG antibody production with
high affinity, vaccination with helper peptide is useful for
inducing effective antibody-mediated antitumor therapy (22).

In this study, we identified the antibody epitope of CH401,
a Mab raised by immunizing Her-2/neu-expressing tumor cells,
which was reported to possess cytotoxity against Her-2/neu-
expressing tumor cells (23). The peptide spanning the antibody
epitope contained putative anchoring motifs for helper and
cytotoxic T-cells. Our aim was to evaluate the immunogenicity
to produce specific IgG antibody and antitumor effect to reduce
tumor growth of Her-2/neu-positive cells of the epitope peptide.
We found that the new Her-2/neu epitope peptide containing
epitopes for B-cells and both helper and cytotoxic T-cells can
induce not only TAA-specific antibodies but also antitumor
effect related to cytotoxic T-cells.

Materials and Methods

Mice. Female BALB/c mice, 8 weeks old, were purchased from
Japan-SLC Co. Ltd. (Hamamatsu, Japan). RAG-2 knockout (KO)
mice were provided by the Central Institute for Experimental
Animals (Kawasaki, Japan). All of the animal works in this study
were in accordance with international regulations and were
approved by Tokai University School of Medicine.
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Peptide synthesis. All amino acid sequences used for epitope
mapping are shown in Table I. Peptides were synthesized from Rink
amide resin (0.4-0.7 mmol/g) using a peptide synthesizer ACT357
(Advanced ChemTech, Louisville, KY, USA), resulting in the
formation of amide at the carboxyl termini. Multiple antigen
peptides (MAPs) (7) were formed for all the peptide antigens and
used for immunization and enzyme-linked immunosorbent assay
(ELISA).

Cell lines. Mouse lymphoma cell line A20 was transfected with
pME18S/c-erbB-2-derived human ERBB2/neu ¢cDNA-transduced
MIGR1, an MSCV-IRES-EGFP retroviral construct, using a potent
retrovirus packaging cell line named Platinum-E. Her-2/neu-
expressing A20 cells (Her-2-A20) were purified by cell sorting of
green fluorescent protein (GFP)-positive cells. These cells were
cultured and maintained in Dulbecco’s-Modified Eagle Medium
with 10% fetal calf serum (FCS), 1% L-glutamine and 1%
antibiotics at 37°C, 95% humidity and 5% CO,.

Antibodies. Anti-mouse CD3-PerCP-CyS5.5, anti-mouse CD4-PE,
anti-mouse CD8-FITC, anti-human IgG-PE and anti-mouse IgG-PE
monoclonal antibodies were purchased from BD-Bioscience (San
Jose, CA, USA). Herceptin was purchased from Chugai
Pharmaceutical co. LTD (Tokyo, Japan). CH401 was prepared as
reported previously (24).

Immunization. BALB/c mice were immunized with synthetic
MAP peptide (100 pug/head, n=2 for each kind of peptide) with
Freund’s complete adjuvant (FCA) purchased from Becton
Dickinson (Franklin Lakes, NJ, USA) and boosted 2 times
biweekly with the same amount of peptide with Freund’s
incomplete adjuvant (FIA) (Becton Dickinson). One week after
the 3rd immunization, peripheral blood was collected and titers
were checked by ELISA.

Flow cytometric analysis. A20 transfectants or tumor-infiltrating
lymphocytes (TIL) were prepared and incubated with labeled
primary Mab for 15 min at 4°C and washed with 1% (w/v) bovine
serum albumin (BSA)-containing phosphate-buffered saline (PBS).
In some cases, cells were re-incubated with labeled secondary
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antibody. Flow cytometry was performed using FACSCalibur
(Becton Dickinson). The MAbs used were purchased from BD
Biosciences (Franklin Lakes, NJ, USA). TIL index was calculated as
CD4+ cell % /CD3* cell % or CD8* cell % /CD3+ cell%. All the
data used for the calculation of TIL index were obtained from the
tumor-infiltrating cells in the lymphocyte gate.

Transplantation. BALB/c mice (8 weeks old) were transplanted
with A20 cells (5x105) or Her-2-A20 cells (5x105) subcutaneously
on both sides. Tumors were measured by calipers every 7 days,
and the products of perpendicular diameters were recorded. Blood
was collected from the orbit biweekly. Thirty-five or 42 days later,
mice were sacrificed and the weight and mass of tumors were
analyzed. T-cells or B-cells purified by magnetic cell sorting
(MACS) system with anti-CD3 or anti-CD19 antibodies were
transplanted to RAG-2 KO mice with BALB/c background. Two
weeks after the Her-2-A20 transplantation, peptide antigen
immunization was performed.

Cell sorting. Her-2-A20 was harvested and re-suspended in PBS
with 1% BSA and 0.1% sodium azide. GFP-positive cells were
sorted using FACSVantage (BD Biosciences). Gates were set on the
basis of forward and side scatter profiles. Cut-off values for the
quadrants were set using positive and negative control samples and
the appropriate mouse IgG isotype controls. Subsequently, cells
were analyzed in a FACSCalibur (BD Biosciences) using Cell Quest
software.

In vitro culture. Spleen cells from BALB/c mice were stained with
antibodies against mouse CD4, CD8 or CD3 followed by reacting
with magnetic bead-conjugated anti-rat IgG or anti-hamster 1gG.
After purification by the magnetic cell sorting system, CD4/CD8 T-
cells and CD3* cell-depleted spleen cells were co-cultured
(CD4/CD8:antigen-presenting cells=4:1). After 24 h, culture
supernatants were collected and IL-2 quantified as follows.

ELISA. As for the antigenicity of MAPs, antisera were collected
from the mice immunized with each MAP, and the titers of the
specific antibodies were assayed by ELISA. Microwells were
coated with each peptide (1 mg/ml) diluted in carbonate buffer
(pH 9.5). Wells were washed with PBS-Tween 20 (0.05% v/v) and
blocked with 3% BSA-PBS at room temperature for 2 h.
Following three washes with PBS-Tween 20, serial ten-fold
dilutions of mice sera were added and the plates were incubated
for 2 h at room temperature. Plates were washed three times and
horseradish peroxidase (HRP)-conjugated goat anti-mouse Igs-
HRP (BD Bioscience) (1:3000 v/v) was added. After 1.5-h
incubation at room temperature, plates were washed and TMB
peroxidase EIA substrate kit solution (Bio-Rad Laboratories,
Hercules, CA, USA) was added. Reaction was stopped by 10%
HCl and absorbance was measured at 450 nm. For epitope
mapping, CH401 Mab was used as primary antibody instead of
antisera. For the assay of CH401 MAP-specific subclass antibody,
HRP-conjugated antibodies against [gM, IgG1, 1gG2a, IgG2b, and
1gG3 were used as secondary antibodies (BD Biosciences). For IL-
2 assay, an Opt-EIATM kit (BD-Bioscience) was used according to
the manufacturer’s instructions.

Statistics. Values were compared using unpaired, two-tailed
Student’s r-test. Data are expressed as the mean+SD.

Results

Epitope mapping of CH401 monoclonal antibody (Mab)
against Her-2/neu-expressing tumor cells. Firstly, we tried to
select an epitope peptide of anti-Her-2/neu antibody in order
to induce Her-2/neu-epitope specific antibodies in vivo. The
Mab, CH401, was previously obtained from hybridoma
constructed with spleen cells of BALB/c mice immunized
with her-2/neu gene-transfected cells (23). Binding analysis
showed that CH401 Mab reacts to her-2/neu gene-transfected
cells on their surface but not to the transfectant of truncated
her-2/neu gene (region between N:143-N:370 on the
extracellular domain of her-2/neu was deleted). In this study,
we further examined the epitope recognized by CH401 Mab
in detail. First, based on the region covering from N:143 to
N:370, we generated 22 kinds of synthetic MAPs containing
20 amino acid residues as shown in Table I. Then using the
MAPs as antigens, the cross-reactivity of CH401 Mab to
each 20mer MAP was screened by ELISA. As shown in
Figure 1A, only N:163-N:182 peptide showed a prominent
reactivity with CH401 Mab. Moreover, a further series of
20mer MAPs were prepared by a 2 amino acid shift of the
peptide sequence from N:143-N:192 (Figure 1B) in order to
define the exact epitope sequence. Screening of the newly
prepared peptide set revealed that the cross-reactivity was
limited to the peptide including N:167-N:175 9mer so as to
be an epitope of CH401 Mab (Figure 1C).

Immunogenicity of Mab epitope. We then examined whether
the 20mer MAP (N:163-182) including the CH401 epitope,
termed CH401 MAP, was capable of inducing specific
antibody production in vivo. BALB/c mice were immunized
with each of the 22 MAPs. One week after the fourth
immunization, sera from each mouse were submitted to
estimation of the titer of the antibody specific for the
immunized peptide. The serum level of the specific antibody
was markedly high only in the mouse administered CH401
MAP including the N:163-182 sequence, but it was not
increased with the other MAPs (Figure 1D). The increased
specific antibody was mainly IgG1 (data not shown, and
Figure 2), suggesting that CH401 MAP was able to induce
at least helper T-cell function in vivo, which is required for
IgG antibody production. To confirm this, we examined
whether the CH401 MAP contains anchoring motifs of
mouse class II MHC molecule using the algorithm of
Southwood et al. (25). As shown in Table II, CH401 MAP
was predicted to be presented on H2-AY and H2-E¢
molecules of BALB/c mouse cells. Since such anchoring
motifs of mouse and/or human class II MHC are considered
to be essential for antigen recognition by helper T-cells, it is
suggested that CH401 MAP also contains CD4* T-cell
epitope, resulting in efficient antibody production in
immunized mice.
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Figure 1. Epitope-mapping of CH401 by Her-2 synthetic peptides. A:
Epitope mapping of CH401 by 22 kinds of Her-2/neu-related MAPs.
Her-2 synthetic MAP peptides were used for epitope screening of
CHA401 by ELISA. Absorbance at 450 nm is shown in the panels. B: The
results of more detailed peptide sequence screening. The 20mer MAPs
covering N:143-N:202 peptide were used for epitope mapping by
ELISA. Main peptides are shown beneath the vertical bars. C:The
epitope of CH401 predicted by epitope mapping is shown in gray letters.
D: Induction of specific antibodies in BALB/c mouse by Her-2 epitope
peptide. Antigens were injected into BALB/c mice (n=2 each) with
Freund’s complete adjuvant followed by booster with Freund’s
incomplete adjuvant biweekly. Antibody titer was assayed by ELISA with
serially diluted antisera. Data are mean values of titers of two mice
each. Data are representative of three independent experiments.

TAA-specific antitumor effect by immunization of epitope
peptide. We then examined whether immunization of
CH401MAP peptide induces antitumor activity in BALB/c
mice. We prepared BALB/c-derived B lymphoma cells
expressing Her-2/neu, which were generated by introducing
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her-2/neu cDNA as described in the Materials and Methods.
The transfectant of the lymphoma cell line, termed Her-2-
A20, was specifically stained by anti-CH401 MAP
polyclonal antibody and Herceptin (Figure 2A).

BALB/c mice were subcutaneously transplanted with
5x10° Her-2-A20 cells and simultaneously immunized with
CH401 MAP plus adjuvant or adjuvant alone according to
the schedule shown in Figure 3B. Both tumor size and serum
level of the produced antibody were measured weekly in
mice with and without CH401 MAP immunization. Growth
speed of the transplanted tumor mass was delayed in
immunized mice compared to non-immunized mice, and on
day 35, tumor size was significantly smaller in the MAP-
immunized mice (Figure 2C). In contrast to the tumor
suppression, the serum level of specific IgG1 antibody in
tumor-bearing mice gradually increased in immunized mice
but was almost undetectable in mice receiving adjuvant alone
(Figure 2D). Tumor size on day 35 was inversely correlated
with the serum level of IgG1-specific antibody but not of
IgM-specific antibody (Figure 3E, and data not shown).
These results imply that immunization of epitope-containing
peptide in tumor-bearing mice induces the peptide-specific
immune response in B-cells and presumably T-cells,
targeting tumors expressing TAA including the immunized
peptide. In fact, the mice transplanted with A20 parent cells
showed no significant tumor suppression even if they were
immunized with CH401 MAP (data not shown).

Tumor growth is suppressed in B-cell-depleted mice. To
examine whether CH401 MAP vaccine causes the activation
of T-cells to suppress tumor growth, we generated B-cell-
and T-cell-depleted mice; BALB/c spleen cells after
depletion of T-cells or B-cells were transplanted into RAG-2
KO mice with the same background. These reconstituted
RAG-2 KO mice were transplanted with Her-2 A20 and
immunized with CH401 MAP.

The results showed that the suppressive effect on growth
of transplanted Her-2-A20 was not significantly different
between the reconstituted mice with T-cell-depleted spleen
cells and those with whole spleen cells (Figure 3A). On the
contrary, tumor growth was delayed in RAG-2 KO mice
reconstituted with B cell-depleted spleen cells. This likely
resulted from the fact that T-cells and/or DCs stimulated with
administered peptide made a great contribution to tumor
suppression independently of tumor-specific antibody. For
suppression of tumor growth, CTL developed with T-cell
help is generally a major player if CD8" T-cells recognize
antigen peptides anchoring to MHC class I molecule. In our
CH401 peptide, algorithmic analysis (Table II) predicted that
the peptide theoretically contains class I MHC-specific
anchoring motif. In fact, the ratio of tumor-infiltrating CD8*
T-cells was increased in the peptide-immunized mouse
tumors (Figure 3B). We also examined the IL-2 production
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Figure 2. Antitumor effect induced by epitope peptide immunization in BALB/c mouse. A: Her-2/neu-transfectant recognized by anti-Her-2/neu
antibodies. Her-2/neu-expressing A20 stained with Her-2-recognizing antibodies and secondary antibodies and analyzed by FACSvantage. i. control
mouse serum, ii. anti-CH401 peptide antisera, iii. Herceptin, iv. anti-mouse 1gG-PE, v. anti-human 1gG-PE. Percentages of GFP-positive/anti-Her-
2/neu-positive cells are shown in each panel. B: Transplantation of Her-2-A20 and immunization with epitope peptide protocol of BALB/c mice.
Epitope peptide was immunized simultaneously with Her-2-A20 transplantation, and tumor size was measured weekly. Booster was given after 14
days. Tumor size (mm2) (C) and anti-epitope peptide 1gG1 concentration in mouse sera (D) are shown. Adj: Adjuvant only administered; pep:
epitope peptide administered. E: Correlation of epitope-specific antibody titer and tumor size. Correlation of subclasses and titer of anti-peptide
antibodies are shown (n=6 each). As control peptide, #15 MAP in Figure 2 (N:283-302) was used. Regression curves with regression values under
each panel are shown. Open squares represent sera of mice immunized with control peptide and closed diamonds represent those immunized with
epitope peptide. Panels show: IgG1 concentrations of (i) anti-CH401 epitope MAP and (ii) anti-#15 MAP.
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Figure 3. Effect of CH401 MAP immunization on Her-2-A20-

transplanted BALB/c-RAG2KO mice. A: Transplantation of Her-2-A20
and immunization with epitope peptide BALB/c-RAG2KO mice
transplanted with T-/B-/whole spleen cells. BALB/c spleen T-/B-cells
were sorted with a magnetic bead system and transplanted to RAG2 KO
mice with BALB/c background. Epitope peptide was immunized
simultaneously with Her-2-A20 transplantation to these mice (each
group, n=>5), and tumor size was measured weekly. Booster was given
after 14 days. Tumor size (mm2) of the mice is shown. The mean value
and values of each group of mice are shown with standard errors. B:
Tumor-infiltrating lymphocytes were prepared from 35-day tumors and
the ratios of CD4% and CDS8* T-cells were determined by flow
cytometry. Percentages of CD4™* cells and CD8™ cells in the CD3* cell
fraction of TIL (TIL index) were calculated and compared between the
mice immunized with adjuvant only (adj) and with epitope peptide (pep).
The mean value and values of each group of mice are shown with
standard errors (adjuvant, n=6; epitope peptide, n=9). C: CD4* and
CDS8* T-cells were prepared from immunized mice spleens. CD4* cells,
CDS8* cells, or both were co-cultured with T-cell-depleted antigen-
presenting cells of non-stimulated BALB/c mouse spleen in the absence
or presence of CH401 epitope peptide. IL-2 concentration (pg/ml) in the
culture supernatant was determined by ELISA. Data shown are the
mean+SD (n=3). *p<0.05.
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potential of CD8" T-cells obtained from mice primed with
CHA401 peptide, and a significant increase in IL-2 production
in the CH401-stimulated CD4* and CD8* T-cells was noted
(p<0.05), although the level was not as high as in the whole
T-cell fraction (Figure 3C). These results suggested that
tumor suppression in B-cell-depleted RAG-2 KO mice may
occur in collaboration with cytotoxic and helper T-cells
stimulated with CH401 peptide.

Taken together, it is suggested that CD4* and CD8* T-
cells recognize an epitope on CD401 MAP which might
induce antitumor activity in MAP-immunized mice and
contribute to tumor suppression in a B-cell antibody-
independent manner.

Discussion

The design of suitable peptides is required to achieve an
effective peptide-based vaccination for antitumor therapy. In
this study, we identified a new B-cell epitope by using a
Mab, CH401, that reacts to a certain portion of the Her-2
extracellular domain (23). The epitope was revealed to be
near the N-terminus of Her-2/neu (N:167-175, CH401
epitope) and was different from the previously reported
epitopes that were mainly located at the juxta-membrane
portion. In addition, CH401 epitope was precisely
determined from the IgG Mab by epitope mapping and
immunogenicity search. The B-cell epitopes in previous
reports were almost tentatively predicted by the biochemical
and structural features of the antigen character. In general,
B-cell epitopes are sometimes non-immunogenic and may
include TAA agonistic epitopes, a situation considered
problematic. Our CH401 epitope was predicted by
algorithmic analysis to contain anchoring motif of MHC
class IT molecule, meaning CD4* T-cell epitope (Table II).
This is consistent with our results that the 20mer peptide (N:
163-182) including CH401 epitope (CH401 epitope peptide)
was immunogenic, causing a high titer of peptide-specific
IgG antibody in immunized BALB/c mice (Figure 1D), for
which activated helper T-cells are essential. In other words,
the CH401 epitope peptide may contribute to the efficient
production of target antibody because it contained epitopes
for both B-cells and helper T-cells.

In mice immunized with CH401 epitope-peptide, tumor
growth was significantly suppressed when Her-2/neu-positive
tumor cells were transplanted. Such tumor suppression in the
individual has been scarce in past reports when they received
the peptide containing putative B-cell epitope, except a few
reports stating that metastasis of injected cells and
engraftment of injected tumors decreased in mice and rats in
which vaccination protocols were somehow designed; they
used chimera peptide containing B-cell and helper T-cell
epitopes or protein with predicted helper T-cell epitope,
which were immunized with cytokines (11, 26). In the
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Table II. Anchoring motif of CH401 epitope peptide for mouse and human class-I and class-II MHC. SYFPEITHI database
(http:/lwww.syfpeithi.de/scriptss/ MHCServer.dll/Epitope Prediction) was used for the epitope prediction of mouse and human MHC. Only high-score

MHC is shown.

Mouse Class-II SYFPEITHI score

Human Class-II SYFPEITHI score

H-2-Ad 9
H-2-Ak 10
H-2-Ed 22
H-2-EK 15

HLA-DRB1*0101 18
HLA-DRB1*0301 21
HLA-DRB1*0401 28
HLA-DRB1*0701 16
HLA-DRB1*1101 24
HLA-DRB1*1501 20

Mouse Class-I SYFPEITHI score

Human Class-I SYFPEITHI score

H-2-Kd 21
H-2-Db 14
H-2-Ld 14

HLA-B*4101 21

HLA-A*01 20
HLA-B*4501 20
HLA-B*5001 20
HLA-B*2705 17
HLA-A*1101 15
HLA-B*2709 15

majority of the past studies, antitumor effects of specific
antibodies induced by B-cell epitope peptides were estimated
by in vitro systems, such as blocking of cell proliferation and
cell lysis induction, while the vaccine peptides were designed
to be chimeric with multi-epitopes of B-cells and helper T-
cells (10, 27).

Tumor growth was not increased after immunization with
CH401 epitope peptide in B-cell-depleted mice (Figure 3),
although IgG1 antibody against immunized CH401 peptide
was negatively correlated with tumor growth (Figure 2). From
this we can infer that antibodies induced by the TAA
immunization may possess multiple functions against tumor
cells in vivo, such as cell lysis through antibody-dependent
cell cytotoxicity and blocking signals for proliferation, with
occasional enhancement for cell proliferation (27, 28). The
vaccination of CH401 epitope peptide might cause in vivo
antitumor effect through peptide-specific T-cells in an
antibody-independent fashion. The CH401 epitope-peptide
contained the putative MHC class I binding site, in addition
to epitopes for B-cells and helper T-cells (Table II).
Accordingly, it may be suggested that the tumor suppression
induced by vaccination of CH401 epitope peptide mainly
occurs in collaboration with helper T-cells and CTL. In regard
to this hypothesis, the ratio of CD8* T-cells in TIL of CH401
peptide-immunized mice was larger than in control mice
(Figure 2E), although the apoptotic activity of the peptide-
induced CTL against Her-2-positive tumor cells was not
investigated in this study. Moreover, CD8" T-cells increased
secretion of IL-2 after the epitope peptide stimulation in vitro
compared to non-stimulated T-cells, suggesting that the
peptide did not induce anergy for the cytotoxic T-cells.

For the peptide vaccination, we prepared a certain peptide
based on the exact B-cell epitope identified from anti-Her-2
Mab, and identified putative epitopes for helper T-cells and
for CTL in the peptide spanning the B-cell epitope. As we
prepared the peptide containing these epitopes, high
production of endogenous-specific IgG was observed.
Moreover, tumor suppressive activity may be induced in
individuals receiving the vaccination even if the induced
antibody does not possess the potential for antitumor activity
itself. Therefore, it is suggested that CH401 MAP induces an
efficient antitumor effect in human immunity. If a B-cell
epitope peptide with high specificity includes both class I and
class I MHC anchoring motifs, it may be adopted for cancer
therapy by inducing effective cytotoxic T-cells and antibodies.
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