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Inhibition of tumor growth in BALB/c mice by vaccination of SPARC-4,,. ,,, peptide-pulsed bone marrow-derived dendritic cells (BMDC) in

vivo. The BALB/c mice were injected i.p. twice at 7-day intervals with SPARC-4,;; ,;, peptide-pulsed BMDC, peptide-unpulsed BMDC or phosphate-
buffered saline (PBS) only. Subcutaneous inoculation of N2C cells (3 x 10%mouse) into the right flank was given 7 days after the last vaccination.
(A) Growth curves of N2C tumor mass in individual mice in each group: (a) SPARC-4,,; ,,, peptide-pulsed BMDC inoculated group; (b) peptide-
unpulsed BMDC inoculated group; {c) PBS injected group (7 = 8, each group). (B) The mean tumor volumes = standard deviation in three groups
were compared in this panel, Statistical significance of the differences between each group were evaluated using the unpaired Student’s t-test.

{C) Survival rate of mice in each group. Mice in the SPARC-4,,, ,;, peptide-

pulsed BMDC group lived significantly longer than the mice in the other

two groups. Statistical significance of the differences between each group were evaluated using the Wilcoxon rank sum test.

knockout mice were smaller and histologically characterized by
undefined lobules, frequently presenting necrotic central areas.
The lobules were not completely delineated by the stromal
septa, which appeared generally thin and sometimes heavily
infiltrated by leukocytes. Therefore, the destruction of tumor
stromal cells by immunity directed against SPARC may well be
a possible mechanism for inhibition of N2C tumor cell proliferation
observed in this study. This possibility awaits evaluation in a
future study.

Taken together, these findings indicate that the antitumor
immunity stimulated with SPARC-derived peptide is effective
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Differential expression of heat shock protein 105 in
melanoma and melanocytic naevi

Faith Chengetayi Muchemwa®, Tetsuya Nakatsura®, Satoshi Fukushima®,
Yasuharu Nishimura®, Toshiro Kageshita® and Hironobu lhn®

The objective of this study is to assess the expression of
heat shock protein 105 (HSP105) in melanoma and benign
melanocytic lesions. The expression of HSP105 in

62 human melanoma samples ~ 46 primary and

16 metastatic lesions ~ and 42 melanocytic naevi samples,
was assessed by immunohistochemistry. Western blotting
was performed on melanoma cell lines, melanoma
tissues with matched normal skin and melanocytic naevi.
The Mann~Whitney test was used for statistical analysis
and significance was considered to be P less than 0.05.
Seventy-four per cent of the primary melanoma lesions
and 88% of the metastatic lesions overexpressed
HSP105 by immunohistochemistry. The majority of
melanocytic lesions (95%) were negative (P<0.05),
Western blotting detected high expression of HSP105 in
melanoma cell lines and tissues. The expression of
HSP105 was related 1o the invasiveness of the lesions.
Melanocytic naevi expressed HSP105 at a level that was
similar to that of normal skin, Our results show that high
expression of HSP105 is associated with malignant
melanoma especially advanced and metastatic lesions.
The results suggest that HSP105 analysis may be a

Introduction

Malignant melanoma results in the highest number of
skin cancer-related deaths. Several strategies have been
used in the treatment of melanoma, with no significant
improvement in prognosis, It is essential to identify
molecules that are highly expressed in melanoma and
to target them in future treatment options. It is also
important to find molecules that can aid in the
differential diagnosis of malignant melanoma and benign
lesions that might mimic it clinically and histologically.
We report here differential expression of heat shock
protein 105 (HSP105) in malignant and benign melano-
cytic lesions and the analysis of the relationship of this
expression to the clinical characteristics of the patients.

HSP105 is 2 mammalian stress protein in the HSP105/
HSP110 family. It was discovered from murine FM3A
cells [1] and was shown by immunofluorescence to be
localized in the cytoplasm and nuclet of cells under both
stressed and nonstressed conditions [2]. It has been
shown to be involved in malignant cell transformation by
protecting tumour cells from apoptosis [3]. Mechanisms
by which HSP105 suppresses apoptosis have been
elucidated in Helaa cells [4].

0960-8931 © 2008 Wolters Kiuwer Health | Lippincott Williams & Witkins

helpful tool as a poor prognostic indicator and as a
diagnostic aid in problematic lesions; in addition,
melanoma can be included in the growing list of tumours
overexpressing HSP105 to be targeted for potential
HSP105-based therapeutic strategies. Melanoma Res
18:166—171 © 2008 Wolters Kluwer Health | Lippincott
Williams & Wilkins,
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HSP105 is expressed constitutively at very low levels in
normal tissues and overexpressed in several cancers [5,6];
however, there is no report on the expression of HSP105
in melanocytic lesions. In this study, we investigated the
expression of HSP105 in malignant melanoma and in
melanocytic naevi by immunohistochemistry and western
blot analyses.

Materials and methods

Tissue samples

Tissue specimens were obtained from patients who
underwent surgery in the Department of Dermatology
and Plastic and Reconstructive Surgery at Kumamoto
University Hospital, Written informed consent was
obtained from all participants and the study was approved
by the institutional review board.

Sixty-two archival paraffin-embedded specimens of
melanoma were obtained from 50 patients ranging in
age from 22 to 95 years (median 71.5 years). Forty-eight
per cent of the patients were male and 52% were female.
The lesions consisted of 46 primary [acral lentiginous
melanoma (ALM), »=25; lentigo maligna melanoma,
n=9; superficial spreading melanoma (SSM), »=7;
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mucosal melanoma, # = 3; and nodular melanoma, # = 2]
and 16 metastatic tumours (obtained from 13 patients).
Fifty-two per cent of the primary lesions consisted of
ALM, which is the commonest in the Japanese popula-
tion. Staging was carried out according to the Interna-
tional Union against Cancer/American Joint Committee
on Cancer Tumour Node Metastasis Classification [7].
Primary tumours varied in thickness from in sifu to
7.20 mm. Analysis of the clinical data was carried out
based on the following classification, T1 (< 1.00),
T2 (1.01-2.00mm), T3 (2.01-4.00mm) and T4
( = 4.00mm). Melanocytic naevi (z=42) consisted of
five junctional, eight intradermal, 22 compound and
seven Spitz naevi, obtained from 16 male and 26 female
patients ranging in age from 2 to 66 years. Frozen samples
consisted of SSM (z=2), ALM (#=2), metastatic
melanoma (# = 1), melanoma é# sitw (# = 1) and melano-
cytic naevi (n = 4),

Cell lines

Eleven melanoma cell lines: CRL1579, G361, HMV-I,
SK-MEL-28, 888mel, 526mel, COLO 38, SK-MEL-19,
MEWO, HM3 KO and 164 mel were kindly provided by
the Cell Resource Center for Biomedical Research
Institute of Development, Aging and Cancer, Tohoku
University (Sendai, Japan) and Dr Y Kawakami, Keio
University (Japan).

Immunohistochemistry

Four-micrometer sections were cut from paraffin-
embedded archival blocks, dried at 37°C, deparaffinized
in xylene and rehydrated in graded alcohols. Antigen
retrieval was carried out by heating the sections in citric
acid (0.01 mmol/l, pH 6) for 10 min and cooling for 60 min
at room temperature. Immunohistochemical staining was
performed as described previously [5]. The primary
antibody, HSP105 (Santa Cruz Biotechnology, Santa
Cruz, California, USA) was used at a dilution of 1:100
and normal rabbit immunoglobulin-G (IgG; Upstate Cell
Signaling Solutions, Temecula, California, USA) was used
as a nonspecific IgG control at a dilution of 1: 100. Colour
was achieved using the diamino benzidine system and
counter-staining was performed using 0.5% Giemsa's
solution in phosphate buffered saline. HSP105 expression
was graded into —, + and + + when an average of

Table 1 Expression of HSP105 in melanoma and melanocytic
naevi

Lesion Positive cases (%) (%)
Primary melanoma 34/46 76
T 7/16 47
T2 717 100
T8 10112 a3
T4 10/12 83
Metastatic melanoma 14/18 87.5
Melanocytic naevus 2/42 B

HSP105, heat shock protein 105; T, tumour thickness; T1, < 1.00mm;
T2, 1.01-2.00mm; T3, 2.01-4.00 mm; T4, = 4.00mm.
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< 25,26-50 and > 50% of cells per high-power field were
positive, respectively. The results were viewed by two
authors (EC.M. and TK).

Table 2 Clinical data and HSP105 expression of melanoma
patients

HSP105
D Agelsex Melanoma type Breslow (mm) expression
20 66/M Melanoma IS 4] -
16 B82/F Melanoma IS 0 +
60 50/M Melanoma IS 1] -
48 62/F Melanoma IS 0 -
46 78/F Melanoma IS 0 -
16 85/F Melanoma IS 4} ++
40 70/M LMM 0.2 -
22 76/F ALM 0.4 o+
17 83/F ALM 0.4 +
8 70/F Mucous 05 -
44 72/M MM 0.5 -
36 56/F ALM 0.6 -
2 74/F ALM 0.6 + +
31 as/M ALM 0.9 +
3 61/M ALM 0.2 ++
25 87/F ALM 1 +
12 83/F ALM 1.3 +
34 49/F SSM 1.6 +
35 60/F ALM 18 ++
10 69/M SSM 2 +
14 75/M ALM 2 ++
4 65/M ALM 2 ++
27 89/M ALM 2.1 + 4+
49 75/M ALM 2.2 -
24 88/F ALM 23 +
1 53/M ALM 23 - + +
9 88/M ALM 2.8 +
11 78/F ALM 2,6 ++
41 76/M LMM 2.8 ++
18 70/M ALM 2.9 +
18 74(F SSM 3.2 +
30 56/M LMM 3.4 +
45 91/F ALM 3.6 -
32 st/M SSM 3.8 +
26 72/F AWM 4.1 -
23 86/F ALM 4.1 +
39 54/M Mucous 4.3 -
38 22/iM ALM 4.4 +
a7 47/F NM 44 ++
[} 76/F Mucous 4.4 ++
14 50/F SSM 46 ++
83 71/M SSM 4.7 ++
7 57/M ALM 5.4 ++
42 86/M LMM 6.7 +
28 91/M ALM 7.2 ++
47 49/F NM ++4
5 9B/F LN metastasis ++
21 62/F LN metastasis ++
29 44/M LN motastasis ++
28 44/M Skin metastasis ++
43 86/F LN metastasis ++
10 69/M LN metastasls -
11 79/F LN metastasis ++
41 76/M Skin metastasis ++
30 56/M LN metastasls ++
32 81/M Skin metastasis ++
a7 47/F LN metastasis +
a3 7i/M LN metastasis ++
33 71/M Skin metastasis -
7 57/M LN metastasis +
7 57IM Skin metastasis ++
42 86/M Skin metastasis + +

ALM, acral lentiginous melanoma; HSP105, heat shock protein 105; IS, in-sity;
LMM, lentigo maligna melanoma; LN, lymph node; NM, nodular melanoma; S8M,
superficlal spreading melanoma.

-, negative; +, positive; ++, strongly positive.
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Western blotting

Tissue samples were obtained immediately after excision,
snap frozen in liquid nitrogen and stored at —80°C.
Primary SSM and ALM samples were classified according
to the growth phase. After careful examination of the
histological sections; the microinvasive, nontumorigenic
parts of the tumour (radial growth phase) and the
invasive tumorigenic parts (vertical growth phase) were
then treated as separate sections of the same sample.

Fig. 1

Uninvolved skin from the surgical margins was also
included for comparison by western blot analysis.

Cell lines were cultured in Dulbecco’s modified Eagle's
medium or Roswell Park Memorial Institute 1640
medium supplemented with 10% fetal calf serum. The
samples were homogenized and the lysate exposed to
10% SDS-polyacrylamide gel electrophoresis and trans-
ferred to a nitrocellulose membrane. Blocking was
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Representative immunohistochemical staining for heat shock protein 105 (HSP106) in malignant melanoma (b, d) nodular melanoma in a 47-year-
old female patient, Breslow thickness of 4.4 mm (case ID 37 in Table 2). Haematoxylin and eosin stain shows the atypical, mitotically active malignant
melanocytes (a), HSP105 immunohistochemical staining (b; x 100, d; X 200 original magnification, respeotively{ shows a nuclear

and cytoplasmic staining. Narmal rabbit [gG control antibody was used to eliminate nonspecific staining (c).

Fig. 2

) ;7?‘;;; (

Heat shock protein 105 immunohistochemical staining (b) of advanced acral lentiginous melanoma, thickness, 7.2 mm (case 28 in Table 2). The

corresponding histological section is also shown (a). Bar 200 ym,
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Fig. 3
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achieved by incubating the membrane in 5% skimmed
milk/Tris buffered saline 0.2% Twin-20 (TBST) over-
night. HSP105 anti-rabbit polyclonal IgG was applied at a
dilution of 1:500 and incubated for 60min at room
temperature, after which the membrane was incubated
with goat anti-rabbit IgG-HRP (Biorad, Hercules, Cali-
fornia, USA) for 30min. Membranes were washed
thoroughly with TBST and signals detected using the
Enhanced Chemiluminescence system (Amersham Bios-
ciences, Piscataway, New Jersey, USA). 8-actin was used
as a loading control.

Statistical analysis

To compare the HSP105 expression between malignant
melanoma and melanocytic naevus, the nonparamettic
Mann-Whitney test was performed. Samples graded -,
+ and 4 + werc assigned a number (1, 2 and 3,
respectively), and the two groups, melanoma and
melanocytic naevus, were assigned into groups A and B,
respectively. The raw data were assessed by computa-
tional analysis. The significance level was considered as P
less than 0.05.

Results

Immunohistochemistry

HSP105 was highly expressed in melanoma but it showed
minimal or no expression in melanocytic naevi by
imunohistochemical analysis. Staining was observed in
both the nuclei and cytoplasm. A total of 48 of 62
melanomas (77%) highly expressed (+ and ++)
HSP105 as outlined in Table 1. Of the primary lesions,
34 of 46 (74%) overexpressed HSP105, whereas 14 of the
16 (88%) metastatic lesions were strongly positive.
Increased staining was noted to be associated with an
advanced stage of melanoma (Table 2); in- addition,
primary and metastatic lesions from the same patient
maintained the same high expression of HSP105.
Representative  immunohistochemical  staining  for
HSP105 in a case of nodular melanoma with a Breslow

Table3 Clinical data and HSP105 expression of melanocytic naevi
patlents

- HSP105
D Age/Sex Type oxpression
1 66/F Junctional -
2 10/M Junctional -
<] 46/F Junctional -
17 10/M Junctional -
26 30/F Junctional -
29 38/F Intradermal -
31 14/M Intradermal -
32 35/F Intradermal -
13 34/F Intradermal -
3 39/M Compound -
4 5/F Compound -
6 6/F Compound -
7 28/F Compound -
8 33/M Compound -
10 156/F Compound -
11 /M Compound -
12 82/F Compound -
14 54/F Compound -
16 44/F Compound -
18 9/F Compound -
19 10/M Compound -
20 2IF Compound -
21 11/M Compound -
22 4/M Compound -
23 4/F Compound +
24 20/F Compound -
26 26/F Compound <
30 20/F Compound -
33 9/M Compound -
34 20/M Compound -
35 2iIM Compound -
38 20/M Spitz -
37 13/F Spitz -
a8 35/M Spitz -
a9 24/M Spitz -
40 a/F Spitz -
41 24/M Spitz -
42 14/F Spitz ++

HSP108, heat shock protein 105; F, female; M, male.

thickness of 4.4 mm, in a 47-year-old female patient, is
shown in Fig. 1. Intensity of immunohistochemical
staining was very high in invasive primary and metastatic
lesions as shown in Figs 2 and 3. No association was,

~ 763 ~



170 Melanoma Research 2008, Vol 18 No 3

however, observed between the immunohistochemistry
results and the sex or age of the patients. Only 5% (two of
42) of benign melanocytic naevi showed increased
staining of HSP105 (Table 3). These consisted of a
compound naevus from a 4-year-old girl and a Spitz
nacvus from a 14-year-old girl. No abnormality or
recurrence was noted on follow-up of these cases.
A representative staining of melanocytic naevus is shown
in Fig. 4, A significant difference in the expression
of HSP105 was observed between melanocytic naevi
and malignant melanoma (P < 0.05).

Western blotting
Western blot analysis of four primary and one metastatic
melanomas detected high expression of HSP105 in the

Fig. 4

vertical growth phase of the tumour, and much less
expression in the radial growth phase of the same tumour
in comparison (Fig. 5a); in addition, skin (epidermis)
obtained .from the surgical margins of the same patient
showed a minimal expression of the protein. Melanoma 47
sétu expressed HSP105 to a low level. These results are in
concordance with the immunohistochemical observa-
tions, which show higher expression of HSP105 with
increasing tumour thickness.

Western blotting was also performed to compare the
expression of HSP105 in melanoma and melanocytic
naevi, Results showed high HSP105 expression in
melanoma and reduced expression in melanocytic naevi
(Fig. 5b).
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Representative staining for melanocytic naevus,‘case 15 {Table 3}, Haematoxylin and eosin stain shows a compound naevus with multiple naevus
nests (a). Inmunohistochemical staining (b) shows a negative expression of heat shock protein 105, Bar 200 um.

Fig. §

Normal skin Nevus Nevus Nevus

{b)

R it

Nevus Melanoma

s

- H5P105

TSNS Es RN Eacuee GRS S B-Actin

]

{a) Wastern blot analysis of melanoma tumours and skin from the surgical margins of the same tumour; metastatic lasions and the vertical growth
phase of primaty lesions show an increased exprossion of heat shock protein 105 (HSP105) compared with the radial growth-phase and uninvoived
skift rom the excision marging obtained from the same patient. 1, skin metastasls; 2a, superficial spreading melanoma (SSM) vertical growth phase;
9b, SSM radial growth phass; 2¢, SSM NS. 3, SSM; 4a, acral lentiginous melanoma (ALM] vertical growth phase; 4b, ALM radial growth phase; 4¢;
ALM NS; 5a, ALM vertical growth phase; 5b, ALM radial growth phase; 5¢, ALM N8; 6, melanoma /n situ. NS, uninvolved sldn from the surgical
marging. () Western blotting demonstraling reduced expression.of HSP105 in melanooytic naevus compared with malignant melanoma. Equal

loading was verifisd by §-Actin immunoblotting.
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Eleven human melanoma cell lines, CRL1579, G361,
HMV-], SK-MEL-28, 888mel, 26mel, COLO 38, SK-
MEL-19, MEWO, HM3 KO and 164mel, showed a
uniformly high expression of HSP105 by western blot
analysis (results not shown).

Discussion

In this study, we have, for the first time, characterized the
expression of HSP105 in melanocytic lesions. We have
shown an increased expression correlated with aggressive
primary tumours and metastatic lesions, and markedly
reduced expression in benign melanocytic naevi.
Therefore, HSP105 is a useful marker and may be
an unfavourable prognostic indicator in malignant
melanoma, In an earlier study, we showed that HSP105
was overexpressed in squamous cell carcinoma of the skin
and extramammary Paget’s disease. We demonstrated a
higher expression in metastatic squamous cell carcinoma
compared with primary lesions. In contrast, the more
indolent tumour, basal cell carcinoma, did not overexpress
HSP105 [5]. A variety of other tumours have also been
shown to overexpress HSP105, including colon and
pancreatic adenocaricnomas, thyroid, oesophageal, breast,
bladder carcinoma and others; however, the testis is the
only normal tissue that overexpresses HSP105 [6].

HSP105 is 2 member of the heat shock family of proteins,
whose functions include: acting as in-vivo chaperons of
tumour-associated antigen epitopes [8], inhibition of
aggregation of denatured proteins [9], assisting in protein
folding and refolding of misfolded proteins, protecting
cells from the cytotoxic effects of stressors that induce
their transcription, and suppression of stress-induced
apoptosis [4]. In the absence of overexpression of
other stress proteins, HSP105 is still effective in
protecting cells against potentially lethal heat exposures
by inhibiting heat-induced aggregation [10]. HSP105
overexpression in cancer cells is therefore essential for
their survival. Some studies have demonstrated the
ability of HSP105 to prevent apoptosis by suppressing
its expression using HSP105 short interfering RNA;
the cancer cells underwent apoptosis [3]. Therefore,
HSP105-mediated inhibition of apoptosis promotes
tumorigenesis of cancer cells.

Metastatic melanoma remains resistant to therapy;
therefore, it is essential to identify other molecules
present in melanoma cells that can be targeted for
treatment, We observed that high HSP105 expression is
related to aggressive primary tumours and metastatic
lesions; showing increased expression with increasing
stage and thickness of melanoma. Several studies have
investigated the potential use of HSP105 as an antitumor
agent. In-vivo studies on HSP105/DNA vaccination
resulted in a reduction of melanoma and colorectal
cancer tumour bulk using BALB/c and CS57Bl/6 mice
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models [11]. Furthermore, in a later study, HSP105-
pulsed dendritic cell immunization induced an even
stronger tumour rejection response in similar mice
models [12,13). Therefore, identification of tumours that
overexpress HSP105 may be important for the future
treatment of these tumours.

We have shown here that HSP105 is overexpressed in
melanoma and is associated with advanced clinical
stage and therefore may be a poor prognostic indicator.
Our findings also suggest that HSP105 may have a role
in the diagnosis of challenging or problematic melano-
cytic lesions. In addition, advanced and metastatic
melanoma, which we have shown to overexpress
HSP105, may be a potential target for HSP105-based
treatment options.
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HLA-A2-restricted CTL epitopes of a novel lung cancer-associated cancer testis
antigen, cell division cycle associated 1, can induce tumor-reactive CTL
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Toward the development of a novel cancer immunetherapy, we
have previously identificd several tumor-associaled anfigens
(TAAs) and the epitopes recognized by human histocompatibility
lenkocyle (HLA)-A2/A24-restricted cylotoxic T lymphocyle
{CTL), In this study, we {ried fo identily a TAA of lung cancer
(L.C) and its HLA-A2 restricted CTL epitopes lo provide a targel
antigen vseful for cancer immunotherapy of LC, We identified a
novel cancer testis anligen, cell division cycle associated gene 1
{CDCA1), overexpressed in nonsmall cell LC using a ¢cDNA micro-
array analysis. The expression levels of CDCAL were also
increased in the majority of small cell LC, cholangiocellular can-
cer, urinary bladder cancer and renal cell cancers, We used HLA-
A2.]1 (ransgenic mice (o identify the HLA-A2 (4%0201)-restricted
CDCALT epitopes recognized by mouse CTL, and we investigated
whether these peptides could induce CDCAl-reaclive CTLs from
the peripheral blood mononuclear cells (PBMCs) of HLA-A2-posi-
tive donors and a NSCLC patient. Consequently, we found that
the CDCAlf,s_73 (YM[\«PVNSEV) peptide and (:D(:AIASL-JSQ
(KLATAQFKI) peptide could induce ertidea‘eaclive CTLs in
HLA-A2.1 transgenic mice, In HLA-A2" donors, in vitre stimula-
tion of PBMC with these peptides could induce peptide-reactive
CTLs which killed tomor cell lines endogenously expressing both
HLA-A2 and CDCAL As a resull, CDCAL is a novel cancer-festis
antigen overexpressed in LC, cholangiocellular cancer, urinary
bladder cancer and renal cell cancers, and CDCA1 may therefore
be an ideal TAA nsefnl for the diagnosis and immunotherapy of
these cancers,

© 2008 Wiley-Liss, Inc.

Key words: timor immunology; cancer testis antigen; CDCAL,
CTL; HLA-A2

Lung cancer (LC). especially nonsmall cell lung cancer
(NSCLC). is one of the most common cancers in the world, and
more than 1 million people are killed by L.C anmually. The most
cotnmon cause of cancer death is LC among men and women
aged 60 years and older.!

Cwrrently, new combination therapies are prescribed for
patients with advanced NSCLC, but LC is relatively resistant 1o
the currently available chemotherapy and radiotherapy regimens.”
Most cuarrent regimens for NSCLC provide a limited survival
benefit and we often considered to be inelfective or excessively
toxic.?

Recenily, the presence of lymphocyltic infiitrates in murine and
human tomaors or generation of cytotoxic T lymphocytes (CTLs)
recognizing lung tumor antigens suggest that an immune reaction
could potentially help to eliminate tumor cells.” Adoptive immu-
potherapy osing in vitro expanded twmor antigen-specific CDR™
CTLs has been considered as a feasible therapy for in vivo eradica-
tion of twmors.! There have been reports on the clinical elficacy of
immimotherapy for advanced cancer, but liule elinical data huave
been reported in cases of advanced NSCLC.

Tumor-associated antigens (TAAs) are proteins known to be
overexpressed in and broadly distributed among malignant cells of
varions origing.™ The molevular identification and characieriza-
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tion of expressed TAAs has rapidly evolved because of the avail-
ability of new technologies. Many TAAS in cerlain human malig-
nancies were identiied using methods of ¢DNA expression
cloning, '

Recently, cDNA microarray technologies have been developed
and the systematic analysis of the cxpression levels of thousands
of genes is an effective method for the identification of TAAs
overexpressed in cancer tissues.” We used a genome-wide
expression profile analysis of LCs with the cDNA microarray con-
taining 27,648 genes and investigated the biological and clinicopa-
thological significance of the respective gene products.’® This
systematic appreach revealed that cell division associated 1|
(CDCA1l) was frequently overexpressed in various histologic
types of LC but not in nonmal adult tissues incloding lung tissues,
except normal testis, and that CDCAL was essential for growth or
survival of LC cells.'3

The protein CDCAL has a specific function at the kinetochores
ta stabilize microtubule auachment in Hela cells. CDCAL is a part
of a molecular linker between the kinetochore attachment site and
the ubulin subunits within the lattice of the attached plus ends.
Therefore, the depletion of CDCAL results in a stiong prometa-
phase blockade with an active spindle checkpoint and it causes
aberrant chromosome segregation. These CDCA L-suppressed cells
displayed reduced tension at kinctochores of chromosomes. '™
CDCA1 was one of cell cycle-associated genes that was coex-
pressed with known cell cyele genes, including cell division cycle
2 (CDC2), cyclin, topoisomerase I and others.'® On the other
hand, CDCAL is involved in the process of pulmonary carcinogen-
esis. The NSCLC patients with highly CDCA! expressing cancer-
ous tissue showed poorer prognosis in comparison o patients with
low CDCAL expression.”” Therelore, we have considered that
CDCAL may prove to be applicable as a candidate target lor
cancer inunnnotherapy.

‘The gene frequency of buman histocompatibility leukocyte
(HLA)-A2 (A*0201) is high among various ethic groups, includ-
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ity leukocyle antigen; IL. interleukin: LC, lung cancer: mAb, monoclonal
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cell carcinoma; TAAs, umor-associated antigens: Tgm, transgenic mice,

Grant sponsor: Ministry of Education. Science, Technology. Sports and
Cultwre (Jupan), Grant numbers: 17015035, 18014023, Graut sponsors:
Ministry of Health. Labor and Welfare (Japan). Onco Therapy Science Co.

*Correspondence to: Department of Tinmunogenetics, Graduate School
of Medical Sciences, Kumamoto University. Hongo 1-1-1. Rumamoto 860-
8556, Japan. Fax: +R1-96-373-5314.

E-mail: mxnishim@gpo.kumamoto-u,ac.ip

Received 6 January 2008: Accepted after revision 10 June 2008

DOV 10.3002/ijc.23823

Published online 3 Septeniber 2008 i Wiley InterScience (www,infersciunce,
wiley.com),

~ 766 ~



A NOVEL CT ANTIGEN CDCAI INDUCES TUMOR-REACTIVE CTL

ing Asians, Africans, Afro-Americans and Caucasians,'’ It is sug-
gested that the HLA-A2-sestricted and CDCA1-derived CTL epi-
topes might be very useful for the immunotherapy of many
patients with NSCLC alf over the wosld. In this stdy. we identi-
fied human CDCAl-derived CTL epitopes resuricted by HLA-A2
vsing HLA-A2.1 (HHD) tansgenic mice {1gm) and examined
whether these HLA-A2 restricted epitope peplides could induce
CDCAl-reactive CTLs from the periphesal blood mononuclear
cells (PBMCs) of healthy donors,

Material and methods
Mouse

HLA-A2.l (HHD) Tgm; H-2D™/~ B’Zm“/' double knockout
mice introduced with human f2m-HLA-A2.1 («l, (x'l)—H—ZD" (a3
transmembrane cytoplasmic) (HHD) monochain constiuct gene
were a generous gift from Dr. F.A, Lemonnier of the Department
SIDA-Retroviras, gxﬁtc d' Immunite Cellulaire Antivirale. Institut
Pasteur, France, '™

cDNA microarray and acquisition of data

A genome-wide cDNA microarray was fabricated by the Labo-
ratory of Molecular Medicine, Human Genome Center, Institute
of Medical Science, containing 27,648 cDNAs selected from the
UniGene Database (build No. 131) of the National Center for Bio-
technology Information. Briefly, the microarray system containing
27468 cDNAs was established pre\liously.zu Cancer cells were
selectively collected from the preserved samples using laser
microbeam microdissection (LMM) method.?! Extraction of total
RNA and T7-based amplification were performed as described
previously. As a control probe, normal human lung poly(A) RNA
(BD Biosciences Clontech, Palo Alto, CA) was amplified using
the same amplification condition; 2.5 pg aliquots of amplified
RNAs (aRNAs) from each cancerous tissue and from the control
were reverse transcribed in the presence of CyS-dCTP and Cy3-
dCTP. respectively, The relative expression ratio was derived
from the value of the expression of CDCAI mRNA in cancer cells
divided by that in normal counterpant (Fig. La). In Figure 1b. the
relative expression ratio of nonnal tissues was derived Irom the
value of the expression of CDCAL mRNA in each normal tissue
divided by the mean value of the expression of CDCAL mRNA in
the mixture of an equal amount of RNA derived from all normal
tissues tested.

Northern blor analvsis and reverse transcription-PCR

Northern blot analysis was done as described previously.zl The
integrity of RNA in the formalin-Mops gels was checked using
electrophoresis. Gels with 20 pg of total RNA per lane were blot-
ted onto a nylon membrane (Hybond N; Amersham, Piscataway,
NI}, Poly(A} RNA blots of human lissnes were also vsed. The
membranes were hybridized with a CDCA1-specific cDNA probe
(1113-1924 bp) labeled with [32P)dCTP. RT-PCR analysis of
cancer cell lines and NSCLC tissues was done as described previ-
ously. ™ CDCAL gene-specific PCR primer sequences were as fol-
lows: sense, 5-CCCAGATATAATGTAGCTCAGATT-3"; anti-
sense, 5-CTCCTGOTCGTCCGGCGTTTA-Y, and used RT-PCR
yeactions consisting of initial denaturation at 94°C for 5 min and
32 amplification cycles at an annealing temperature of 55°C.

Histologic and immumohistocheniical analysis

Inmunchistochemical examinations of the CDCAL protein in
patients’ cancer tissues were also done as described previ-
ously.?* The primary antibody used in this study, mouse mono-
clonal antibody specific to Nul2 (synonymous to CDCAL), was
purchased from Abcam (Cambridge, UK)

Pativis, blovd samples and cell lines

Blood samples from patients with NSCLC were obtained during
voutine diagnostic procedures after obtaining informed consent
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Figure, 1 - Markedly and frequently enbanced expression of a
navel cancer testis antigen, CDCA1, in NSCLC tissues as based on
¢DNA microarray analysis. (@) A list of upregulated genes in NSCLC
tissues. These genes were overexpressed in cancer cells when com-
pared with normal counterpar, All 9 patients, who could be investi-
gated by microarray analysis, showed high expression of CDCAI in
cancer cells. The relative expression ratio was derived from the value
of the expression of CDCAI mRNA in cancer cells divided by that in
normal counterpart. () The relative ratio (RR) of expression of human
CDCAT mRNA in 9 NSCLC tissues and disease-{ice tissues examined
by cDNA microatray analysis. CDCAI gene was highly expressed
only in testis among normal tissues, as based on c¢DNA microarray
analysis, The relative expression yatio of normal tissues was derived
from the value of the expression of CDCAZ mRNA in each normal tis-
sue divided by the mean value of the expression of CDCAI mRNA in
the mixture of equal amount of RNA isolated from all normal tissues
tested,

from the patients in Kumamoto University Hospital from Septem-
ber 2006 1 December 2007, A TAP-deficient and HLA-A*0201-
positive cell line (T2) and the CDCAI ' human pancreas cancer
cell line (PANCI) were purchased Jrom Riken Cell Bank in Tsu-
kuba, Japan. CDCAl-negative human colon cancer cell line
COLO20Y, CDCAl-positive LC cell lines EBC-1 and LC-1sq
were kindly provided by Health Science Rescarch Resources Bank
in Tsukuba, Japan, The expression of HLA-A2 on the cell surface
was examined using flow cytometry with an anti-HLA-A2 mono-
clonal antibody (mAb). BB7.2 (One Lambda, Canoga Park, CA).
10 sclect HLA-A2-positive blood donurs and target cell lines for
CTL assay.
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TARBLE T~ EXPRESSION OF CDCAt IN I\SCLC AND OTHER
CANCEROUS TISSUES'

Frequency of

. E(x‘mur_ i Averoge of relative
Cuneerans tive 0"“‘(_&3%{:[-““&' exprossion fitio
N v
Small cell fung cancer 15/15 100 10,299
Nonsmall cell lung cancer 9/9 100 15,694
Cholangiocellular cancer 12/12 100 6,883
Biadder cancer 28/28 100 3,880
Renal cell cancer ¥} 100 15
Prostate cancer 17720 85 24,653
CML. 14/17 ]2 27,898
Malignant lymphoma U9 78 26,159
Cervical cancer 12/16 75 10,068
Osteosarcoma 14/19 74 88,855
Breast cancer 25/39 64 3,070
Sarcoma 18/34 350 6,134
Colon cancer 410 40 2,996
Esophageal cancer 418 22 34
AML /16 0 1.6
Gastric cancer 0/5 0 0

"The expression leve] of CDCA also increased in all cancerous tis-
sues of small cell jung cancer, cholangiocellular cancer, blalddex cancer
and renal cell cancer based on cDNA microarray analysxs sl

Lentiviral gene transfer

A lenuvudl vector-mediated gene transfer was performed as
described.™® Briefly, 17 e of CSII-CMV-RfA and CSIEF-RfA
self-inactivating vectors”’ carrying CDCAL ¢DNAs and 10 ng of
pCMV-VSV-G-RSV-Rev and pCAG-HIVgp were transfected into
the 293T cells grown in the [0-cm culiure dish using Lipofect-
amine 2000 reagent (Invivogen. Carlsbad, CA). After 60 hr of
transfection, the medium was recovered and (he viral particles
were pelleted by ultracenwifugation (50,000g. 2 hr). The pellet
was suepended in 50 pi of RPMI 1640 medium dlld then 10 pl of
viral suspension was added to 5 X 10* COLO201 cells per well in
a U-bottorn 96-well plate. The expression ol the wansfected
CDCAI pene was confirmed by Western blot analysis.

Induction of CDCAI-reactive mouse CTLs and IFN-y
enzyme-linked inumumospot ussay

Human CDCAl-derived peptides carrying binding motils for
HLA*0201-encoded molecules were identified using the BIMAS
software program (Biolnformatics and Molecular Analysis Sec-
tion, Center for Information Technology. NIH. Bethesda, MD) and
40 pepudes (purity > 90%) carrying HLA A2 (A*(201) binding
motils were synthesized (Table 1).°" The immunizations of
mice with peprides were done as previousty described,*® Then, 6
days after the start of in vitre culture, an enzyme-linked immuno-
spot {(ELISPOT) assay was done, according to the manufacturer's
recommendations. Mouse IFN-y ELISPOT kit (BD Biosciences,
San Jose, CA) was used for the detection of CDCAL epitope reac-
tive mouse CTLs secreting TFN-y in lcsponse 1o the syngenic BM-
DC pulsed or unpulsed with each peptides 32

Induction of CDCAI-reactive humen CTLy

Monocyte-derived DCs were used as antigen-presenting cells to
induce CTL responses against peptides presented in the context of
HLA. The DC were ﬂcnualcd by in vitro culture as previously
described. ™! Bueﬂy, PBMC isolated from a he‘\l(hy volunteers
or a NSCLC patient positive for HLA-A*0201 using Ficoll-Plaque
(GE Healthcare UK, Buckmghaxmhue UK) selution were sorted
t the CD8"* population and the CD14" population with microbe-
ads (Miltenyi Biotec. Bergisch Gladbach, C;anny) To gencrate
DCs. the CD14™ popu]auon was cultured in the presence of 100
ng/ml granulocyte-macrophage colony-stimulating Tactor (GM-
CSF; provided by PeproTec, NI) and 10 ng/m! interleukin (IL)-4
(PepraTec) in AIM-V (Invitrogen) containing 2% heat-inactivated

HARAQO ET AL,

autologous plasma, Afler 4 days of culture, OK-432 was added
into the dish to make the DCs mature, After 5 days, we slarted to
culture the cytokine-generated DCs, and they were pulsed with 20
ng/ml HLA-A2-binding peptides in the presence of 4 pg/nl p2-
microglobulin (Sigma-Aldrich, St. Louvis, MO) for 2 hr at 37°C in
AIM-V. These peptide-pulsed DCs were then bradiated (3.500
cGy) and mixed at a 1:50 ratio with auvtologous CDB™ T cells,
obtained by positive selection of PBMCs with anti-CD8$ microbe-
ads (Miltenyi Biotec). These culluns were set up in 48-well
plz\lcs each well contained 1 X 10 peptide-pulsed DCs. § X 10?
CD8™ T cells and 10 ng/mi human IL-7 (Wako, Osaka, Japan) in
(0.5 ml AIM-V with 2% autologous plasma. Alter 3 days, these
cultures were supplemented with human [L-2 (Peproec) to a final
concentration of 20 JU/ml On days 12 and 19, the T cells were
further restimulated with the peptide-pulsed autologons DCs. We
prepared the DCs each time in the same way as described carlier.
The antigen-specific responses of the CTLs were investigated
using chromium release ussay and IFNy ELISPOT assay on 6
days afier the third round of peptide stimulation was performed on
day 25.

HLA-A*0201 tetramers labeled with PE and bound by the
CDCAlss 1350 peptide was obtained from Medical and Biological
Laboratories, Nagoya, Japan.

CTL responses against target celly

The CTLs were cocultured with each cancer cell line or pep-
tisde-pulsedfunpulsed T2 ce!ls as 2 targel cell  the indicated effec-
jorftargel mato, and a *'Cr mlcaw assay and TFN-y ELISPOT
assay were dont a8 descri d)cd 33830 piefly. the larget cells were
tabreled with 3.7 K Bq Nap *'Cry (Perkin Elmer Life Sciences, Wal-
tham, MA) for | hr a1 37°C in a CO, incubator. The labeled target
cells were rinsed 3 times, and the peptide-pulsed target cells were
prepared by incubating the cells with 20 pg/ml peptide for 3 hr at
37°C. The target cells were mixed with the effector cells in a final
volume of 200 pl in flat-bottomed microtiter plates and incubated.
After 6 hr incubation, 50 pl of the supernatant was collected from
cach well and the radioactivity was qu.muhed using a gamma
comnier. The specific cytotoxicity was evaluated b Y, mlculatmg the
percentage of speeific *'Cr release as deseribed.™ An ELISPOT
assay was carried owt as described previously ”*

Results

Markedly enhanced expression of CDCAI mRNA in NSCLC
and other cancerous rissues and cell lines

Using a cDNA microarray representing 27,648 genes, we chose
9 pgenes which were overexpressed in the great majority of
NSCLC tissues among 37 cases of NSCLC in comparison to their
adjacent normal counterpart. The relative expression ratios
(cancer/normal counterpart) of all 9 genes were more than 15,000
(Fig. lg). Thereafler, we analyzed the expression of these genes
vsing a cDNA microarray analysis in 28 kinds of nonnal tissues
(inchuding 4 embryonic tissues) (Fig. 1b). The relative expression
ratio of CDCAL was more than 15,000 (mean: 15,694; range: 6.5~
54,778) in cancerous tissues isolated from 9 patients with NSCL.C
available from the ¢cDNA microarray data (Fig. la). In addition,
the CDCAI gene was strongly expressed only in the testis among
24 adult normal tissues, as based on cDNA microarray analysis
(Fig. 1h). Consequently, we identified CDCAL to be an ideal tar-
get Tor immunotherapy of NSCLC patients.

Moreover, to confirm the resplts obtained from the cDNA
microarray analyses, we examined the expression of the CDCAJ
gene in NSCLC cell lines and normal tissues at the mRNA fevel
by using RT-PCR and Northern blot analysis. The CDCAI gene
was signiticantly expressed only in the testis among adult normal
tissues in both the RT-PCR and Northem blot analyses (Figs. 2a
and 2b), in accordance with the results of the cDNA microarmy
analysis, The LC cell lines including 1-89, A549, PC14, RERF-
1.C-KO (adenocarcinoma: ADC), EBC-1, LC-Isq (squamous cell
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Fioure 2 — Expression of CDCAJ mRNA in human normal tissues
detected by RT-PCR and Northern blof analysis. Expression of the
CDCA] mRNA in normal tissues was also analyzed using RT-PCR
() and Northern blot analysis (h). CDCAI mRNA was strougly
expressed in the normal testis and very weakly expressed in thymus,
but nat in brain, heart, lung, spleen, liver, kidney and placenta.
CDCAI gene expression detected by RT-PCR in cancer cell lines (¢)
and cancer tissues of NSCLC patients (d). (¢} CDCAI mRNA was
expressed in all 8 lung caucer cell lines tested and other cancer cell
lines, including 1-87, AS49, PCl4, RERF-LG-KO (ADC), EBC-1,
1.C-1sq (SqCC), SBCS, LU6BS (SCLC), 164 (melanoma), MCF7
(breast cancer), CRL1500 (breast cancer), Co9-22 (oral cancer),
PANCI (pancreas cancer), sw620 (colon cancer) and TEIO (esopha-
geal cances). () In {8 cases out of 19 NSCLC tissues, C DCAI gene
was expressed in cancer tissue. (¢) CDCAI mRNA was strongly
expressed in lung cancer tissues compared with noncaucerous lung tis-
sues of NSCLC patients.

carcinoma: SqCC), SBCS and Lu65 (small cell LC: SCLO)
strongly expressed CDCAI mRNA (Fig. 2v). The other cancer cell
lines including 164 (melanoma), MCF7 (breast cancer), CRL1500
{breast cancer), C09-22 (oral cancer), PANC1 (pancreas cancer),
sw620 (colon cancer) and TEL10 (esophageal cancer) revealed hi gh
CDCAL expression at mRNA level (Fig. 2¢). In 18 of 19 NSCLC
patients, CDCAJ mRNA was highly expressed in cancer tissues
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(Fig. 2d). We also performed RT-PCR analysis of CDCAl mRNA
expression in both cancerous and normal lung tissues isolated
from 5 LC patients in Figure e, These results indicated the
expression of CDCAL to be higher in LC tissues in comparison to
that of nonmal lung tissues in all the 5 patients investigated.

Furthermore, we analyzed the expression level of CDCAI
mRNA in other kind of cancer tissues by using microarray analy-
sig2 0 (Table 1). CDCAI mRNA was overexpressed in all
cases of SCLC (n = 15), cholangioceltular cancer (n = 12}, blad-
der cancer {(# = 28) and renal cell cancer (# = 7} in comparison to
their adjacent normal counterparts.

Expression of CDCAI protein in testis and cancer cell lines

To investigate the expression of CDCAL protein, we then exam-
ined many paratfin-embedded normal tissues and L2 cases of par-
affin-embedded NSCLC tissues. CDCAL did not stained in the
normal brain, liver, lung, kidney and spleen (Figs. 3¢-3e), except
for normal testis (Fig. 37). In this study, we investigated 8 samples
of g ADC and 4 samples of lung SqCC, and strong CDCAL
staining was observed in 9 cases, and no staining was observed in
any of their adjacent normal lung tissues (Figs. 3g-3).

Identification of HLA-A2-restricted mouse CTL epitopes
of manan CDCAI by using HLA-A2.1 (HHD) Tgm

As the candidates of HLA-A2-restricted and haman CDCAl-
derived CTL epitopes, we selected 40 kinds of peptides having
high predicted binding scores to HLA-A2 (A*0201) calculated by
using the BIMAS software program (Table If). We tried to iden-
tify HLA-A2-restricted CTL epitopes by using HLA-A2.]1 HHD
Tgm. CD4 negative spleen celis isolated from HLA-A2.1 (HHD)
Tgm immunized i.p. twice with BM-DCs pulsed with the mixture
of 4 peplides selected from these 40 CDCAL peptides were again
stimulated in vitro with BM-DCs pulsed with each peptide (Fip.
4a). As a resull, we found that CD4-negative spleen cells stimu-
tated in vitro with the CDCAlgs_ys and CDCALssy 359 peptides
produced a significant amount of TFN-y in a peptide-specitic man-
ner in ELISPOT assays (Figs. 4b and 4¢). These CD4 negative
spleen cells (2 X 10 /well) showed 106 = 13.1 spot countsfwell in
response to the BM-DCs pulsed with the CDCAlgs 3 peptide,
whereas they showed 42.0 = 9.64 spot counts/well in the presence
of the BM-DCs without peptide loading (p < 0.05) (Fig. 4h).
These assays were done 3 times with similar results, Secondly, the
CDé-negative spleen cells stimulated with BM-DC pulsed with
CDCAlzs1-3s0 peptides showed 42.3 & 4.02 spot counts/well,
whereas they showed 24.6 + 7.19 spot counts/well in the presence
of BM-DCs without peptide loading (p < 0.05) (Fig. 4¢).

As for other peptides, no significant peptide-specific response
was observed (data not shown), These results suggest that the
CDCAlgso7s and CDCAlssiase peptides could be HLA-A2-
restricted CTL epitope peptides in HLA-A2.1 (HHD) Tgm, and
we also expected these peptides to be epitopes for human CTLs.

Induction of CDCAl-reactive CTLs from PBMCs
of HLA-A2-positive healthy donors and g NSCLC partient

We evaluated the CDCA1-specific immune responses of CTLs
that were generated by the stimulation with the CDCAlgs g3 or
CDCAl;s1.350 peptide of PBMCs isolated from healthy donors
and NSCLC patient. The PBMCs were isolated from these donors
positive for HLA-A2 (A*0201), and the CD8 * T cells sorted from
the PBMCs were cocultured with autologous monocyte-derived
DCs pulsed with each peptide. This stimulation of CDS* T cells
was repeated 3 times in every week (Fig. 5a).

CTLs induced from donors were cocultured with target cells,
and BLISPOT assay and *'Cr release assay were done by using
CDCAlgs 73 or CDCAlss 359 peptide-pulsed T2 cell as a target
cell. In the cancer patient 1, the IRNwy production of CTLs stimu-
Jated with CDCAlLgs_z peptide-pulsed T2 (HLA-A2+) was sig-
pificantly greater than that of stimulated with T2 cells pulsed with
the HLA-A2-binding irrelevant HiV-derived peptide (Fig. 5h).

~ 769 ~



HARAQ KT AL,

Figure 3 - Immunohistochemical staining of CDCAT protein, Normal brain (@), normal liver (), normal lang (), normal kidney (), normal
spleen (e), normal Lestis {f) and NSCLC (g, i: ADC; 11 SqCC) tissues were analyzed. The scale bars represent 100 pm,

The CTLs induced from the healthy donor 1 produced a consider-
able amount of IFNvy in response to the T2 cells pulsed with the
CDCAl35;-350 peptide (more than 300 spot counts/well), but not
to T2 cells without peptide loading (64.3 = 12.9 spot count/well)
by ELISPOT assay (Fig. 5¢). The CTLs induced from PBMCs of
the cancer patient | also showed cytotoxic activity to T2 cells
pulsed with the CDCAl45.53 peptide, but not to T2 cells pulsed
with the HLA-A2-binding imrelevant HIV-derived peptide or peplide
unpulsed T2 cells in >'Cr release assay. and similur responses were
observed in the healthy donor 1 (Fig. 5d4). These results indicated
that these CTLs had peptide-specific eytotoxic activity. In Figure
S¢, CDCAl-peptide-induced CTLs were stimulared with T2 cells
pulsed with various concentrations of CDCAL peptide. We found
the CTLs respond to CDCAL peptide-pulsed T2 cells in a peplide
dose-tependent manner, and that CTLs produced a significant
amount of IFN=y in response to the T2 cells pulsed with more than
0.2 pg/ml of the peptide in comparison to the responscs observed in
the presence of T2 cells unpulsed with the peptide or T2 cells palsed
with the HLA-A2-binding irrelevant HIV-derived peptide.

Furthermore, we used CDCA [-transfected COLO201 (COLO201/
CDCAIL. CDCA1+, HLA-A2+; Fig. 6a) as target cells and exam-
ined whether we could find a CDCA-specific immune response of
CTLs. As shown in Figure 6b, the IFNy production of CTlLs gencr-
ated from the healthy donor | by using the CDCAlgs.43 peptide in
response to COLO20M/CDCAL was significantly larger than that
stimulated with mock transfected tumor cell line negative for
CDCAL gene expression, COLO201/Mock. The CTLs induced from
PBMCs of healthy donor 2 by stimulation with the CDCAlss 359
peptide also showed specific immune response against COLO201/
CDCAL, but not against COLO201/Mock, using ELISPOT assay
{(Fig. 6¢), In addition, the CTLs generated from the healthy donor |
showed immune response to PANCL (CDCAL+, HLA-A2+) hut
not to AS49 (CDCAL+, HLA-2~) (Fig. 6d).

When we think about the application of CDCAI-derived pepti-
des o cancer immunotherapy. the most impontant point is that
these CDCAL peptide-reactive CTLs can exhibit specitic cytotox-
icity to the mors endogenously expressing CDCAL. We thus
investipated whether these CThs could kill buman cancer cell

lines expressing endogenous CDCAL. As shown in Figure 6¢, we
could generate CDCAl-reactive CTLs by the stimnlation of
PBMC with the CDCAl43.7s peptide and these CTLs exhibited
cytotoxic activity to PANC1 (CDCAT+, HLA-A2+), but not to
A549 (CDCAL+, HLA-2-) or COLO20L (CDCAL-, HLA-A2+)
in the cancer patent | (Fig. 6¢). Similarly, we could generate
CDCA l-reactive CTLs by the stimulation of PBMCs of healthy
donor | with the CDCA l35,_354 peptide and these CTLs exhibited
cytotoxie activity to PANCI, but not to A549 (Fig. 6f). These find-
ings indicate that these peptides can be processed natarally in can-
cer cells, and the peptides in the context of HLLA-A2 can be
cxpressed on the cell surface of cancer cells to be recognized by
the CTLs. We have produced a HLA-A2-CDCAL 351-359 pep-
tide tetramer to detect HLLA-A2-restricted and CDCAl-specific
CTLs. By using this tewramer, we observed a strong correlation
between the frequency of the CDCAIL 351-359 peptide-ieactive
CTLs and the frequency of the tetramer-positive CTLs observed
in a piven CD8™ T cell population (Fig. 6g). Thesc obscrvations
strongly proved the presence of HLA-A2-resticted and CDCAL
peptide-specific C1Ls in CD8™ T cells used in this study.

Discussion

The identification of TAA-derived peptides naturally processed
in and presented on tumor cells is important for the establishment
of peptide-based cancer immunotherapy. We identified a novel
cancer-testis antigen, CDCAL, using a cDNA microarray analysis
of NSCLC and normal tissues. CDCAL was strongly expressed in
NSCLC und in normal testis, but not in other nommal tissues tested
at both the mRNA and protein levels, Because the testis is an
imimune-privileged site, we think that CTLs reactive 1o CDCAL
peptides can attack only NSCLC cells without injuring normal tis-
sues in the case of immunotherapy targeted on CDCAL Thus, we
chose CDCAL as a candidate of TAA Jor the immunotherapy of
patients with NSCLC,

We wanted to identily a TAA, which is indispensable Jor profil-
eration and survival of NSCLC, as a warget for immunotherapy,
because the use of such TAAs may minimize the well-described
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TABLE T - HUMAN CDCA1-DERIVED PEPTIDES PREDICTED TO BE BOUND
TO HLA-A2 AND USED FOR VACCINATION OF MICE'

Nao, Postiion Subsequence residue fixting Binding scure

i 65 YMMPVNSEV 855

2 120 FLSGIINI1 607

3 222 RLNELKLLV 285

4 351 KLATAQFKI 211

5 182 QLSDGIQEL 201

6 141 FILWQYKSSA 190

7 3 TLSEPRYNV 69.6

8 285 CILPSCQLEV 69.6

9 228 T.LVVSLKEL 40.8
10 386 AVYERVTTI 27.3
11 372 TVIEDCNKV 25.0
12 243 KIVDSPEKL 20.7
13 257 KMKDTVOKL 17.8
14 88 LVTHLDSFL 17.5
15 447 KIDEKTAEL 16.9
16 358 KINKKHEDV 16.4
17 416 KILKSQEIFL 144
18 82 FLPESNLVT 14.1
19 344 LMIVKKEKL 12.9
20 44 VLHMIYMRA 12.7
21 227 KLLVVSLKE! 31
22 222 RLNEIKLLVVY 269
23 294 QLYQKKIQDL 157
24 87 NLVTHLDSFL 117
23 181 KQLSDGIQEL 64.5
26 47 MIYMRALQIV 49.1
27 402 KLGIQQLKDA 40.0
28 343 RILMIVEKKEKL 38.7
29 309 KLASILKESL 36.6
30 22 ILTGADGKNL 36.3
31 193 SLNQDFHQKT 28.3
32 52 ALQIVYGIRL 214
13 44 VLHMIYMRAL 167
34 33 DLYPNPKPEV 16.7
35 165 KLERIDSVPYV 15.6
36 65 YMMPVNSEVM 12.3
37 154 QLNAAHQEAL 10.5
38 60 RLEHFYMMPY 10.2
39 344 LMIVKKEKLA 6.1
40 453 AELKRKMFKM 4.8

"To identity HLA-A2-restricted CTL epitopes of human CDCAL
by using HLA-A2.1 (HHD) wansgenic mouse {Tgm), we selected 40
Kinds of peplides having amino acid sequences with high predicted
binding scores 10 HLA-A2 (A*(0201).

risk of immune escape of cancer cells atuibutable to deletion,
mutation or downregulation of TAAs, as a consequence of thera-
peutically driven immune selection.” One of the function of
CDCAL is reportedly to couple kinetochores to sPindle microtu-
bules and it is eritical for retaining the cell cyeles. 4 Furthermore,
CDCAL1 is one of the component of nuclear division cycle com-
plex, which is an essential kinetochore component, highty con-
served across species with a crucial role in proper clromosome
segregation during mitosis.”™ CDCAL is required for stable kineto-
chore localization of centromere-associated protein E (CENP-E)
in Hela cells, and depletion by RNAi of CDCA1 caused abemant
chromosome segrepation resulting in a protonged milotic blockade
followed by cell death.'® This aberrant exit from mitosis has char-
acteristics of both apoptosis and catastrophe. 4 Consequently,
CDCA/ is essential for normal cellular function, and it also plays
an important role in proliferation and survival of capcer cells.

In addition, CDCAL and kinetochore associated 2 (KNTC2)
have been reported to be members of the svolutionarily conserved
centromere protein complex.'? Their elevated expressions were
associated with poorer prognosis of NSCLC patients by using im-
munohistochemical analysis, and the growth of NSCLC was inhib-
ited by the dominant negative peptides of CDCALP Therefore,
the expression levels of CDCAL in NSCLC tissue may be a nseful
marker for the prediction of the prognoses of the patients alter sur-
pical ucament, Funthernnore, the results suggest a possible

a
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Ficurt, 4 — The identification of HLA-A2-restricted mouse CTL
epitopes of human CDCAT1 by using HLA-A2.] (HHD) Tgm and ELI-
SPOT assay. («) Protocol for identification of human CDCAl-derived
aud HLA-A2-restricted CTL epitopes. We immunized the HLA-A2.1
(HHD) Tam with BM-DCs (5 X 10°/well) pulsed with the mixiure of
CDCAl-derived peptides carrying HLA-AZ (A*0201) binding matif
into the peritoneal cavity once a week for 2 weeks. Seven days after
the last DC vaccination, spleen cells (5 X 10%well) were stimulated
with syngenic BM-DCs (2 X 107 /well) pulsed with each peptide in
vitro for 6 days, We used these cultured CD4-negative spleen cells as
responder cells in ELISPOT assay 10 evatuate CDCAl-specilic
response of CTLs. (? and ¢) Two candidale peplides were selected
from 40 kinds of CDCA| peptides by using ITFNy ELISPOT assay. (h
CD4-nogative spleen cells showed 102 * 10.1 spot counts/well, in
response to the BM-DC pulsed with the CDCAlgs ;3 peptide (upper),
whereas they showed 42.0 = 9,64 spat counts/well in the presence of
BM-DC without peptide loading (lowen) (p < 0.05). (¢} CD4-negalive
spleen cells showed 42.3 = 4,02 spot counts/well, in response to the
BM-DC pulsed with the CDCA1 351-359 peptide (upper), whereas
they showed 24.6 = 7.19 spot counts/wedl in the presence of BM-DC
without peptide loading (lower) (p < 0.05).

involvement of CDCAL in the progression of NSCLC. Thus,
immunotherapy targeting at CDCAL may be effective for such
NSCLC patients with a poor prognosis.

In this study, we identified 2 HLA-A2-restiicted CDCAI epi-
tope peptides that can stimulate generation of HLA-A2-restricted
mouse CTL by vaccination in HLA-A2.1 (HHD) Tgm without
expression of endogenous mouse H-2"-encoded class I molecules.
In addition. we found that the CDCAl-reactive human CTLs
could be generated from PBMCs stimulated with these peptides in
healthy donors and a cancer patient. We demonstrated that these
CTL lines specific Lo peptides derived from CDCAL killed tumor
cells expressing CDCAL in a HLA-A2-restricted manner (Fig. 4).
HLA-A2.1(HHD) Tgm has been reported to be a versatile animal
model for the preclinical evaluation of peptide-based immunother-
apy. ™' We could also identify its uscfulness for the identifica-
tion of HLLA-A2-restricted CTL epitopes in this study.

In this study, we selected CDCAL-derived peptides which were
predicted to have high binding affinity to HLA-A020]-encoded
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FiGure 5 — CDCA 1-specific immune response of CTLs induced from a healthy donor and a NSCLC patient. () Protocal for induction of
CDCAl-specitic CTLs from PBMC. We isolated PBMCs from donors ind D8 T cells wnd €147 ¢plls wene isolated using each microbeads
from the PBMC of the same donors. Thereafier, peptide-reactive CD8" CTha were generates], We generated DC from CD14™ cells, by culturing
in the presence of GM-CSF and IL-4 for 5 days. DC were pujsed with HEA-AZ-binding peptides in the présenee of f2-microglobulin for 4 hr at
37°C. These peptide-pulsed DC were then irradiated and mixed a1 120 ratio wiih autologabs CRR™ T cells, Cells were cultured with IL-7 in
AIM-V with 2% auto serum. After 3 days, these cultures were supplemented with IL-2, On'days 12 and 19, the T cells were further restimulaled
with the autologous peptide-pulsed DC. The DCs were prepared each time in the same way as described earlier. IFNy ELISPOT assay and Cr
release assay were performed after 5 or 6 days trom the third round of peptide stimulation. CTL induced from a donor was cocultured with target
cells and ELISPOT assay was done by using CDCAL 65-73 peptide (No. 1) (h) or CDCA1 351-359 peptide (No. 4) {¢). The IFNy production
stimulated with peptide-pulsed T2 cells was significantly greater than that stimufated with nonpulsed T2 cells or HIV peptide-pulsed T2 cells.
(d) The CTLs induced {rom PBMCs of the cancer patient 1 and the healthy donor 1 also showed eytatoxic activity 10-T2 cells pulsed with the
CDCAL peptide. () Peplide dose-dependent response of CDCA1 351-359 peptide-induced CTLs was finvestigated in the healthy donor 1. CTLs
produced a significant amount of IFNy in response to the T2 cells pulsed with mare than 0.2 pg/mlof the peptide w Ef¥ ratio 5.

molecules by the BIMAS sofiware program; however, some of
their amino acid sequences are not conserved between human and
mouse CDCAL. There are 2 amino acid replacements between
human and mouse CDCAlgs 43 peptide (human YMMPVNSEV/
monse YMMPMNIEV) and | amino acid replacement in
CDCAlsy 350 peptide  (human KLATAQFKI/mouse KLA-
TARFK]1). Hence, we worried thal the mouse CTLs induced by
stimulation with these nonself huoman CDCA1 peptides would
stimulate strong responses in Tgm, but not in human, whereas we

could induce CTLs responding to these epitope peptides from
healthy donors and a cancer patient. Because it may be possible
that human CTLs can recognize CDCAl-derived peptide in the
context of HLA-A2, but that mouse CTL cannot recognize those
peptides, we arc planning to evalnate antigenicity of 38 other
CDCAL peptides by stimulating human PBMCs in a future study.
We found that it is possible to induce CDCAl-reactive CTLs by
stimulation of PBMCs Irom healthy donors and a cancer patient with
the CDCAL peptides in vitro. The CTLs induced by the peptide-
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Ficuee, 6 - The CDCA L-specific and CDCAl-positive rumor cell-directed cylotoxic activity of CTLs induced from healthy donors and a

NSCLC patient. () The introduction and expression of cDC
moter and CMV promoter-driven CDCA1-HA

but not CDCAL. The whole cell lysate was subjected to the Western blot analyses using
ated with COLO201-CDCA1 was significantly larger than that stimulated with mock trans-

(uppen). {h—d) The IFNy production by CTLs stimul
fected tumor ce

Al-gene expression
expression vecior were infected 3 times to cancer cell line, COLO201, which expresses HLA-A2

i} fine, COLO201. Furthermore, the IFNy producrion by
CDCAT and HLA-A2 was significantly greater than that stimulated with A549 which
The CTLs were cacultured with targel cells and 'Cr release assay was done. These
HLA-A2") but not to A349 (CDCAI * HLA-A2") nor COLO201 ({CDCAIL™
peptide-reactive CTLs and the frequency of HLA-A2-CDCA1 tetramer-positive

veclor in COLO201 cells, Lenti-viruses harboring EF-1a pro-
anti-HA antibody (middle) or anii-CDCAT antibody

CTLs stimulated with PANC1 which endogenously expresses both
endogencusly expresses CDCAT but not HLA-A2. (e, p
CTLs exhibited cytotoxic activity lo PANC1 (CDCAL”,
L HLA-A2"). {g) Correlation between the {requency of CDCAL
CTLs in CD8-positive T cells. Lefi: In ELISPOT assay, the tur-

get cells were peptide-pulsed T2 cells and E/T ratio was 5. Right: In FACS analyses, cells analyzed were CTLs generated from the healthy donor

1 by stimulation of PBMCs 3 times with peptide
donor (right).

Joaded DC exerted a significant cytotoxic activity against CDCAL-
expressing cancer cells in a HLA-A2-restricted manner. Propagation
of the CDCAL peptide-specific and HLA-A2 (*A0201)-restricted
CTLs from the donor's PBMCs was also continmed by the specific
HLA-peptide tetramer assay. Although the background CTL
responses were high and/or the antigen-specific CTL responses were
small in several experiments, these responses were highly reproduci-
ble in experiments repeated several times. Therefore, we are con-
vinced that these CTL responses were specific to the CDCAI pepti-
des. These relatively weak CTL responses to PANCI tumor cell line
may be due to poor processing of the CTL epitope from CDCAL pro-
tein in PANCI cells or relatively CTL-resistant nature ol PANCI
cells used as the target cells. Whereas, these CTLs killed very well
the T2 cells pulsed with the CDCAL peptide. These problems awail
solving in our future experiment.

The induction of CDCAl-specific CTLs from healthy donors
and a cancer patient has important implications for ongoing elforts
to search additional TAAs. In addition, we are now also lrying (o
induce the CDCAl-reactive CTLs from PBMCs isolated from

peptide or protein.’ ; iy
with 5 pepiicle, prowin-or dimoy lysate™ " the immunization with

pulsed DC (left) and freshly isolated naive CD8-positive cells separated from PBMC of the

patients with NSCLC, SCLC, cholangiocellular cancer, bladder
cancer and renal cell cancer. There are several methods for cell-
medinted cancer immunotherapy, indluding the. vaccinstion of
4 Tmmunization with dencitie cells pulsed

dondritic celtumer cell ybrids™ and adaptive: tnster of tumor-
specitic CTL Hnes propagated-ex vive, 3 Our CDCAY peptides may
well be applicable in some of these immunotberapeutic approaches.

In summary, we have found a novel cancer testis antigen,
CDCAL, expressed in NSCLC, SCLC, cholangioceltular cancer,
bladder cancer and renal cell cancer. We can induce tumos-reac-
live CTLs from PBMCs, which were stimulated with the specific
peptide, The CDCAL epitope peplides identitied in this study may
well provide a new cancer immune therapy for NSCLC.
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HLA-A2 and -A24-restricted glypican-3-derived peptide vaccine
induces specific CTLs: Preclinical study using mice
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Abstract. We previously reported that glypican-3 (GPC3) is
uniquely overexpressed in human hepatocellular carcinoma
and melanoma and that it is an ideal tumor antigen for
immunotherapy in mouse models. We recently identified
both HLA-A24 (A"2402) and H-2K%-restricted GPC3,95.5,
(EYILSLEEL) und HLA-A2 (A°0201)-restricted GPC3 150
(FVGEFFTDY). both of which can induce GPC3-reactive
cytotoxic T cells (CTLs). The present study was a preclinical
study in a4 mouse model that was conducted in order to design
an oplimal schedule for clinical trial of GPC3-derived peptide
vaccine. When BALB/c mice were intradermally vaccinated
at the base of the tail with Kérestricted GPC3,q4 3 peptide
mixed with incomplete Freund's adjuvant (IFA). the peptide-
specific CTLs were induced. But the peptide alone could
not induce peptide-specific CD8* T cells. Furthermore, pro-
teomic analyses showed that IFA protecied the peptide
against degradation in the human serum. Peptide-reactive
CTLs were induced by peptide vaccine in a dose-dependent
manner. In addition, al least two vaccinations with a single
dose >10 g were needed for the indaction of GPC3340 494
specific CTLs. But repeated vaccination with a lower dose
of GPC305 x4 did not induce peptide-specific CTLs. Similarly,
induction of an Ag-specific immune response by HLA-A2
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GPC3,4.5: depended on the dose administered. The results
of this study suggested that IFA is one of the indispensable
adjuvants for peptide-based immunotherapy. and that the
immunological effect of peptide vaccines depends on the
dose of peptide injected.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
lumors worldwide, especially in Asian and Western countries
(1). Despite advances in diagnosis and treatment, the overall
survival of patients with HCC has not significantly improved
in the last two decades (2). The eflective treatments currently
available are only indicated in a relatively small proportion
of early stage cuses. When patients presents with clinical
manifestations of HCC, the tumor is usually advanced, and
there are few treatment options. Many HCC patients have
type B or C hepatitis or cirrhosis, so patients treated
surgically or by other therapies are also at high risk for
recurrence. Furthermore, the liver function of such patients
is often very poor, so treatment for recurrence is often
restricted. As a result, the prognosis of HCC remains poor
and new therapies for cancer development and recurrence,
i.e., adjuvant therapy, are urgently needed.

We previously reported that glypican-3 (GPC3). glyco-
sylphosphatidylinositol (GPI)-anchored membrane protein,
is specifically overexpressed in human HCC and melanoma,
and that among normal lissues it is slightly expressed in
placenta and embryonic liver (3). We found that GPC3 is
useful not only as a novel tumor marker, but also as a target
antigen for immunotherapy in several studies with mice
(4.5). In addition, we identified CTL epitope peplides:
HLA-A24-restricted GPC3,45 40, (EYILSLEEL) and HLA-
A2-restricted GPC3,y, 5, (FVGEFFTDV) (6). To design the
schedule for the phase 1 clinical study of these GPC3-derived
peptide vaccines, many Factors need to be taken into consi-
deration: the adjuvant, dosage. number of doses, vaceination
interval, etc. Many investigators have reporied various
vaccination schedules (7.8). There is no world-wide consensus
concerning the schedule to use for administration of peplide
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vaccines. In this study, we attempted to identify a more
effective vaccine regimen that would induce a strong cell-
mediated immune response. Ten years ago Salgaller et al
reported that they did not observe any dose dependency
between | and 10 mg in the capacity of gpl00 peptide to
enhance immunogenicity in humans (9). The results of our
present study, however. showed dose-dependency in the
immunizing effect of a peptide vaccine.

Materials and methods

Mice. Female BALB/c mice at 6-8 weeks of age were
oblained from Japan SLC {Hamamatsu, Japan) or Charles
River Laboratories. HLA-A2.1 (HIID) Tgm: H-2D"h2m*
double knockout mice transfected with a human h2m-HLA-
A2.] (al a2)-H-2DP (a3 (ransmembrane cytoplasmic) (HHD)
monochain construct gene were prepared in the Depariment
SIDA-Retroviras, Unité d'immunité Cellulaire Antivirale,
Institut Pasteur. France (10), and kindly provided by Dr
F.A. Lemonnier. The mice were maintained under specific-
pathogen-free conditions. The mouse experiments were
approved by the Animal Research Committee of the National
Cancer Center Hospital East.

Cells lines. A subline of BALB/c-derived colorectal adeno-
carcinoma cell line Colon 26, C26 (C20) (11) was provided
by Dr Kyoichi Shimomura (Astellas Pharmaceutical Co.,
Tokyo, Japan). Colon 26/GPC3 (C26/GPC3) is an established
stable GPC3-expressing cell line (4). RMA-HHD cells were
kindly provided by Dr Masanori Matsui of Saitama Medical
School, Saitama. Japan. A human $2m-HLA-A2.1 (a2}
H-2D" (¢3 transmembrane cytoplasmic) (HHD) monochain
construct was ransfected into RMA lymphoma cells [trans-
porter associated with antigen presentalion (TAP) positive] to
establish RMA-HHD cells (10). The cells were cultured in
RPMI-1640 medium supplemented with 10% FCS. To obtain
GPC3-expressing RMA-HHD (RMA-HHD-GPC3) cells,
RMA-HHD cells were transfected with pCAGGS-GPC3-
internal ribosomal entry site (IRES)-puromycin-resistant
gene with Lipofectamine 2000 reagent (Invitrogen Corp.,
Carlsbad., CA), selected with puromycin, and then subjected
to cloning by limiting dilution in drug-free medium in 96-
well culture plates (12.13). Dendritic cells were obtained
from bane marrow cells (BM-DCs) as described previously
(4). lradiaied BM-DCs pulsed with peplide were nsed for
in vitro CTL culture or as target cells for Blispot assays.

Vaccinarion. HLA-A24- and K¢ restricted GPC3a94.104
(BYILSLEEL) and HLA-A2-restricted GPC3 .52
(FVGEFFTDV) were dissolved in 7% NaHCO; and the
solution was diluted with saline. For peptide vaccination.
mice were intradermally injected at the base of the tail
with peptide solution emulsified in incomplete Freund's
adjuvant (IFA). Different doses of peptide were administered
al 7-day intervals, and mice were sacrificed to obtain inguinal
lymphocytes and spleen cells seven days after the [inal
vaccination.

II°N-y Elispot assays. Hemale BALB/c mice were intra-
dermally vaccinated with GPC3agg05 OF GPC3,, of1FA.

‘Their inguinal lymphocytes were stimulated with peptide-
pulsed BM-DCs in vitro for five days. The proportion of cells
producing 1PN-y against target cells (BM-DCs pulsed with or
without GPC3 peptide) was assessed by an Elispot assay
as described previously (14). The spots were automatically
connted and subsequently analyzed with the Eliphoto system
(Minerva Tech, Tokya, Japan).

Analysis of peptide degradation. GPC3 95006 Was miixed
with buman serum, and the solution was applied to the
surfaces of a Q10 (strong anion exchange) ProteinChip
(Bio-Rad Laboratories, CA). We sequentially examined
the solution with a SELDI-TOF mass spectrometer (Bio-
Rad). Female BALB/c mice were intradermally vaccinated
with GPC3a05 1s/LFA at the base of the tail. A week later, we
collected the residual peptide vaccine at the base of the tail
into buffer in a tube, and the tube was centrifuged at 4°C
at 10,000 rpm for 15 min. The supernatant was applied to
a ProteinChip and the surface of the chip was examined
with the spectrometer.

Induction of GPC3-specific CTLs and cytotoxicity assay. Mice
were intradermally vaccinated twice with 50 pg GPC3
peptide/1FA 7 days apart. Seven days after the second
vaccination, inguinal lymph nodes were excised and the
lymphocytes were cultured in 24-well culture plates (5x10°
per well) with GPC3 peptide-pulsed BM-DCs (1x10° per
well) in RPMJ medium supplemented with 10% horse serum,
recombinant human interleukin (1L.)-2 (100 anits/mb), and
2-mercaptoethanol (50 u mol/l). After culture for 5 days,
the cells were recovered and analyzed for their cylotoxic
activity against target cells with the TERASCAN VPC system
(Minerva Tech) as previously described (15). Briefly. C26.
C26/GPC3, RMA-HHD and RMA-HHD-GPC3 cells were
used as target cells and labeled with calcein-AM solution for
30 min at 37°C. The labeled cells were washed three times
and distributed to the 96-well culture plate (1x10* per well),
and they were then incubated with effector cells for 5-6 h.
Fluorescent intensity was measured before and after the 5-6-h
cullure, and Ag-specific cytotoxic activity was calculuted by
using this formula: cytotoxicity (%) = |(sample relcase) -
(spontaneous release)}/|{maximum release) - (spontaneous
release)] s 100. In some experiments, CD8* T cells were
isolated from effector cell preparations with a magnetic cell
sorting system (Miltenyi. Bergisch Gladbach, Germany).
Positively selected CD8* T cells were 95% pure as determined
by flow cytometry.

Histologic and immunohistochemical analysis. Mice were
injected twice with GPC3 peptide vaccine, and seven days
later tumor cells were subcutaneously implanted in their
shaved backs. Seven days after the tumor challenge, [rozen
sections of tumor tissue were prepared. The frozen tissue
sections were immunohistochemically analyzed using nono-
clonal antibody (mAb) specific for CD4 (L3T4; BD Phar-
Mingen. San Diego, CA) or CD8 (Ly-2: BD PharMingen)
as described previously (4).

Statistical analysis. The 2-tailed Student's L-tesl was used
1o determine the statistical significance of differences in the
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