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Figure 2 W31 and Brash cells as cancer stem cell/cancer-initiating
cell (CSC/CIC) counterparts and the expression of cell surface anti-
gens associated with activated H-ras-induced cell transformation.
HSP, heat shock protein; NK, natural killer; WFB, WKA-H rat fetal
fibroblast.

targets for inducing tumor regression. It is suggested that
CSC/CIC maintain cancer-initiating ability, self-renewal ability
and multilineage differentiation capability. Among these char-
acteristics cancer-initiating ability is considered to be the
most critical biological factor of tumor development; hence,
this could be the most suitable characteristic to target for the
development of immunotherapeutic effectiveness. Therefore,
our group has attempted, for the past two decades, to identify
specific tumor-associated antigens the expression of which is
paralleled by the cancer-initiating property, namely antigens
associated with CSC/CIC. To this end we developed rat and
mouse models by using various activated oncogenes, as
shown in Fig. 2. Consequently, mAb 109 was successfully
established, and this detected the cell-surface antigen
that is expressed on activated H-ras transformant W31,
which is compatible with highly tumorigenic CSC/CIC, but not
on its parental WKA-H rat fetal fibroblast (WFB) non-
transformant.*'*> W31 cells are not only extremely highly
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Figure 3 (a) Side population (SP) of LHK2 human lung carcinoma
line and (b) detection of antigens expressed preferentially in the SP
rather than the main population (MP) cells assessed on DNA
microarray and real-time polymerase chain reaction (PCR).

tumorigenic in vivo, because inoculation of syngeneic rats or
nude mice with even as few as 100 cells results in rapid
tumor development, but they also show very high anchorage-
independent growth, implying that the cells exhibit the most
critical characteristics of CSC/CIC. Subsequent molecular
cloning of mAb 109-defined antigen has clarified that it is
CD44.%3 This investigation, although in an animal model, was
presumably one of the earliest of CSC/CIC marker studies.
In fact several subsequent recent reports in early 2000 sup-
ported CD44 as one of the critical human CSC/CIC markers
in cancers of the breast, pancreas, prostate, ovarium and
head/neck in addition to other markers, including CD133.4%7
CD133 is amply expressed in glioma and hepatocellular,
pancreatic, prostate and colon carcinomas.*®49

Although these cell-surface markers are useful to deter-
mine the biological nature of CSC/CIC, it is difficult to use
immunological targets because their expression is distributed
widely even in normal tissues. It is well known that CD44
and CD133 are both expressed in normal tissues and
cells, including vascular endothelial cells and hematopoietic
stem cells, and this may indicate strong side effects in clinical
trials. Therefore, more sophisticated techniques to isolate
CSC/CIC and for tumor-specific antigen analysis of CSC/CIC
are required.

The side population (SP) is the fraction of cells in
fluorescence-activated cell sorting that can exclude pigment
dyes such as Hoechst 33342 because the cells express ATP
binding cassette (ABC) transporters such as ABCG2, which
directly transport chemotherapeutic agents and dyes from
inside to outside the cells.*® The majority of CSC/CIC are
known to be resistant to chemotherapy, and this could
be attributable to the expression of ABC transporters.5'5?
As shown in Fig. 3, the evidence that verapamil functionally
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Figure 4 Immunohistochemistry  of
SOX-2 antigen expression in primary
human lung cancers. (a,b) Patient 1,
74-year-old man; (c,d) patient 2,

Enadosomal pathway (recycling)

Figure 7 Cross-presentation of extracellularly administered heat
shock protein (HSP)90-peptide complex to cytotoxic T-lymphocyte
(CTL). HSP90-chaperoned peptides preferentially enter via putative
cell surface receptors into the early endosomal pathway rather than
TAP-ER, and consequently can be presented to CTL. ER, endo-
plasmic reticulum; MHC, major histocompatibility complex; ORP,
oxygen regulated protein; TAP, transporter associated with antigen
processing.

blocks ABC transporters, particularly ABCG2, contributed
to CSC/CIC isolation as an SP. We demonstrated that
we could isolate SP cells from malignant fibrous histio-
cytoma (MFH2003), lung cancer (LHK2), breast cancer
(MCF7), and colon cancers (SW480, KM12LM, HCT15,
Colo206 and HT29). In vivo tumorigenicity assays clearly
indicated overt tumor development induced by inoculations
into non-obese diabetic/severe combined immunodeficiency
(NOD/SCID) mice with as few as 100-150 SP cells, whereas

59-year-old man.

100 000-150 000 cells were required for the same size tumor
development with the non-SP or main population (MP)
fraction.

Clearly, it is highly reasonable and intriguing to compare
antigens of SP and MP cells, because tumor antigens selec-
tively expressed in SP cells are considered to be ideal immu-
nological targets. We recently isolated such antigens and, as
shown in Fig. 3, SOX-2 in particular appeared to be a very
potent candidate. This molecule is expressed in many tumor
tissues, and especially in basal portions of many pulmonary
squamous cell carcinomas (Fig. 4) and breast carcinomas.
The HLA-A24-restricted antigenic epitope of (sex determin-
ing region Y)-box 2 (SOX-2) was also determined, and it is
highly worthwhile to undertake clinical trials for the develop-
ment of CSC/CIC-based immunotherapy. Obviously, as other
potent CSC/CIC tumor antigens are increasingly required for
future use in immunotherapy, there is a demand for rapid and
substantial research progress.

Link and cooperation between innate and specific
tumor immunity: Piloting by endogenous chaperones
to anti-tumor peptide-specific immunity

Lessons from our clinical studies suggested that we
obviously need other protocols for inducing greater and
satisfactory clinical effectiveness that corresponds with
immunological responses. It can be easily hypothesized that
peptide vaccines alone are not sufficient to induce tumor
regression because the activation of APC such as DC is
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Figure 5 Innate immunity activation in antigen-presenting cells
(APC) by exogenous and endogenous danger ligands and their
receptors. CpG, unmethylated CG dinucleotides; dsRNA, double-
strand RNA; HSP, heat shock protein; LPS, lipopolysaccharide;
MDA, melanoma differentiation-associated gene; myco lipop, myco-
plasma lipoprotein; RIG, retinoic acid-inducible gene; TLR, Toll-like
receptor.

pivotal for the induction and proliferation of activated
functional CTL.5354 To this end, in our laboratory at Sapporo
Medical University, such new approaches have been inves-
tigated since 1989 when we found that heat shock protein
(HSP)-like molecules were expressed along with the neo-
plastic cell transformation by the introduction of the activated
ras oncogene into cells.*255% |n this experiment the HSP70-
like molecule was expressed on the surface of W31 cells, an
activated H-ras-induced transformant of rat fetal fibroblast
WFB cells. Interestingly, this molecule was also relevant to
recognition by certain T cells.

HSP is known functionally as a molecular chaperone.
It assists in conformational maturation and stabilization of
client substrates, or sometimes directs their disruption and
denaturation for further molecular degradation. In addition
to its intracellular function, HSP could play a role even when
released to the external cellular milieu. Based on further
analysis of the immunological roles of these external HSP,
several interesting observations were recently reported,
implying that HSP complexed with peptide antigens can work
as very potent antigen-specific CTL stimulators, as discussed
below.57-62

Meanwhile, for the past decade, the whole mechanism
of APC activation was largely clarified by the findings on
Toll-like receptors (TLR) and non-TLR such as NOD family
proteins as well as non-NOD proteins.%*% The ligands of
TLR were also clarified as illustrated in Fig. 5. In addition
to exogenous bacterial and viral ligands, certain endog-
enous molecules such as uric acid, work as ligands for
these innate immunity receptors, and Matzinger et al. pro-
posed that these endogenous ligands to TLR were danger
signal models.®® HSP are typically considered to be strong
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endogenous ligands for certain TLR. In fact, extracellular
addition of HSP70 to APC can induce production of inflam-
matory cytokines such as tumor necrosis factor-o. and IL-6
in DC.57.58,60

In our laboratory at Sapporo Medical University we
investigated whether HSP could induce APC activation and
maturation and consequent effective CTL activation.*”*® We
assessed immunogenic potentiation by using HSP70 and
HSP90. We found that certain forms of the HSP-peptide
complex could strongly induce peptide-specific CTL activa-
tion.®%8! Such activation was particularly efficient with an
HSP90-peptide complex.%” Immunization with the HSP90—
survivin 2B80-88 peptide complex (which was formed in
30 min at 45°C with purified HSP90 and HLA-restricted sur-
vivin 2B80-88 peptide) into the HLA A*2402 transgenic
mouse resulted in highly efficient in vitro induction of HLA
A24-restricted survivin 2B80-88-specific CTL. This was not
possible with immunization using the survivin 2B80-88
peptide alone. Very importantly, the extent of immunogenic
potentiation with the HSP90-survivin 2B80-88 peptide
vaccine was almost the same as with the immunization using
an emulsion composed of a mixture of complete Freud adju-
vant, currently the strongest available adjuvant, and survivin
2B80-88 peptide.®'5”

These observations strongly suggest that the HSP90-
survivin 2B80-88 peptide complex is worth using for in vivo
immunotherapy. To this end we established a mouse immu-
notherapy model using fibrosarcoma line TG3, which was
obtained from in vivo tumor induced by methylcholanthrene
treatment of HLA-A*2402 transgenic mouse skin, and then
the TG3-sur2B line was obtained by transfecting the survivin
2B gene into the TG3 line. As shown in Fig. 6, subsequent
experiments indicated that immunization with the HSP90-
survivin 2B80-88 peptide complex, but not with the peptide
alone or HSP90 alone, clearly reduced TG3-sur2B tumor
growth in HLA-A*2402 transgenic mice.

Our concomitant experiments have also suggested
that enhanced peptide immunogenicity to CTL conferred
by an extracellularly administered HSP-peptide complex
is possibly mediated by increased cross-presentation of
the peptide in DC, as illustrated in Fig. 7.5' We observed
that HSP90-assisted peptides can enter very quickly into
early endosomes, rather than the transporter associated
with antigen processing—endoplasmic reticulum (TAP-ER)
pathway, of DC and stay there for a while, thereby
transferring peptides to cell-surface recycled HLA class I.
Consequently, such DC could efficiently induce peptide-
specific CTL. From a practical point of view, approaches
for the in vivo immunogenic potentiation of peptide vac-
cines are critically important for future clinical use. From
this point of view, the HSP90 peptide complex immuni-
zation strategy is intriguing for developing human tumor
immunotherapy.
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Figure 6 Potentiation of in vivo immunogenicity of survivin 2B80-88 cancer peptide vaccine by molecular chaperone heat shock protein
(HSP)90. HSP90 and the HLA-A24-restricted survivin 2B80-88 peptide were complexed (HSP90/survivin 2B complex) in vitro at 45°C for
30 min, and the complex was administered s.c. four times at days 6, 9, 13 and 16 after inoculation of TG3-sur2B fibrosarcoma cells into
HLA-A*2402/K" transgenic mice. Tumor size was measured at 9, 13, 16 and 20 days after inoculation.

NEGATIVE REGULATION

There is no question that many different ways to overcome
the negative regulation of tumor immunity, that is, tumor
immunoescape mechanisms, will be required for more
efficient clinical and immunological outcomes of immuno-
therapy. Perhaps immunoescape exists to a greater or lesser
extent in almost all cancer patients although its extent and
mechanism depend on the patient. As indicated in Table 4,
immunoescape in tumor immunity is categorized into two
aspects, one of which is attributable to tumor cells. The
downregulation of tumor antigens, antigenic peptides and
HLA heavy and light chains (B2M) directly affects recognition
of CTL.% The peptide processing and presentation machin-
ery such as proteasomes and non-proteasomes, ER ami-
nopeptidase associated with antigen processing (ERAPP),7
TAP and different kinds of molecular chaperones, is also
critical for the expression of HLA class | and peptide com-
plexes on the tumor cell surface, and subsequent recognition
by T-cell receptors. It is known that tumor cell-derived immu-
nosuppressive cytokines, for example transforming growth
factor-B, can induce regulatory T cells. Tumor cells some-
times express FAS ligand, and are thereby protected from

Table 4 Putative mechanism of tumor immunoescape

Level of cancer cells
1 Reduction of antigenicity
HLA class | heavy chain, light chain (B2M)
TAP, proteasome
Peptide processing chaperones
2 Immunoregulatory molecules
3 Fas ligand, anti-granzyme
4 Others
Level of T cells, APC and relevant immune cells
1 Immune tolerance
2 Killer inhibitory receptor
3 Treg
4 Tolerogenic state of APC
5 Inhibition of recruitment
6 Blocking antibody
7 Others

APC, antigen-presenting cells; HLA, human leukocyte antigen; TAP,
transporter associated with antigen processing; Treg, regulatory T cells.

FAS-mediated apoptotic cell death by CTL. Other types of
immunoescape are caused by various mechanisms in host
lymphocytes and APC. It is widely known that T cells become
tolerant when exposed to several sets of immunoinhibitory
molecules such as CTLA4 (CD152) and PD-1. Some CTL
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express killer inhibitory receptors, resulting in loss of their
cytotoxic function. One particular T-cell subpopulation, the
so-called CD25 (+) Foxp3 (+) regulatory Treg cells, is also
involved in negative regulation even in anti-tumor immunity.
Recent studies clarified an obvious countervailing action to
Treg in the tumor immune response. Indeed, the selective
elimination of Treg by a bacterial toxin (pseudomonas exo-
toxin A) conjugated with an anti-CD25 mAb enhanced the
tumor regression of melanoma patients who received anti-
melanoma peptide vaccines.”’ We should understand the
immunobiological details of lymphocyte recruitment into or
from tumors as well. In APC it is clear that the differentiation
status of DC affects the presentation of antigens and activa-
tion of CTL.

Each of the aforementioned subjects must be studied
in greater detail with new tools and methods, and the infor-
mation obtained will contribute to provision of more efficient
clinical protocol development for tumor immunotherapy. Nev-
ertheless, analysis of HLA class | antigen expression remains
pivotal and fundamental for understanding tumor immunity.
This became clear when clinical trials with tumor vaccines
were undertaken in many hospitals and institutes.

Molecular pathology of HLA class | expression

Obviously it can be easily speculated that the downregulation
of HLA molecules could affect the outcome of tumor growth.
Because HLA class | molecules present antigenic tumor pep-
tides to CTL, the expression of HLA class | is believed to be
critically important. In studies using tumor cell lines and
primary live tumor tissues, there were multiple reports indi-
cating loss of heterozygosity (LOH) in chromosome region
6p12,%8° which contains the HLA genome.

Although HLA class | is the most pivotal molecule in tumor
immunity, its whole scope of expression in tumors has been
controversial. This was partly due to the lack of an anti-HLA
mAb. Until very recently an mAb that could detect HLA class
| molecules in routine paraffin-embedded sections was not
available. We recently succeeded in establishing such
an antibody, mAb EMR8-5.72 As shown in Fig. 8, this mAb
detects the HLA class | heavy chain of all HLA-A, B and C
alleles. Furthermore, as shown in Fig. 9, this mAb immuno-
histochemically detects HLA class | molecules of colon
cancer cells, and there is a clear contrast between positive
staining of vessels, leukocytes and lymphocytes, and nega-
tive portions of colon cancer cells.

Using this mAb we found, surprisingly, that breast and
prostatic cancers had obvious downregulation of HLA class |
molecules. The breast and prostatic cancers had only 15%
and 18% positive HLA class | expression, respectively. In
soft-tissue sarcomas, oral cancers, and renal cell cancers
expression was detected in <50%, whereas in urinary
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Figure 8 Anti-human leukocyte antigen (HLA) class | heavy chain
mAb EMRB8-5 can detect all recombinant proteins of HLA-A, B and C
alleles on western blot. HC10 mAb reacts with HLA-B and C, but
scarcely with HLA-A alleles.

bladder, colon and lung cancers the rate was nearly 70%.
It is particularly interesting that 90% of metastatic breast
cancers lost the expression of HLA class |, even in cases in
which primary cancer cells showed strong expression.

These observations are critically important from the prog-
nostic point of view for cancer patients. For example, there is
a strong correlation between the expression of HLA class | as
assessed by mAb EMR8-5 and the mortality rate in osteosa-
rcoma patients.”> Approximately 80% of patients with high
expression of HLA class | remained alive even at 100 months
after surgical resection. This rate fell to 60% of patients with
heterogenous expression of HLA class |, in which some but
not all tumor cells had reduced expression of HLA class |.
Patients without the expression of HLA class | in osteosar-
coma cells, however, had a very rapid clinical course, and all
patients died before 20 months after resection. These clinical
features also hold true for other neoplasms such as carcino-
mas of the kidney, urinary bladder, colon, pancreas, breast
and lung.”>™

These findings have led to important investigations into
ways to restore the expression of HLA class | molecules in
HLA class I-reduced or deficient tumors. To this end we also
developed the anti-B2 microglobulin (B2M; HLA class | light
chain) mAb EMR-6. This mAb can clearly detect B2M
in paraffin sections. Our analysis indicated that in breast
cancers almost all patients with reduced HLA class | heavy
chain expression had reduced or deficient expression of
B2M, confirming the central role of B2M in the HLA class |
expression of breast cancers.

We investigated the molecular mechanism of downregula-
tion of B2M in breast cancers. Previously LOH was detected,
but the frequency was relatively low. Other genetic changes
including point mutations were also low in frequency. These
observations suggest that non-genetic, possibly epigenetic,
changes could occur.”>77 We first studied the DNA methyla-
tion status of the promoter area of the B2M genome using
methylation-specific polymerase chain reaction in HLA class
I-deficient breast cancer cell lines and primary cancer
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Figure 9 Representative view of immunohistochemistry colon cancers as assessed on the anti-pan HLA class | mAb EMR8-5. (a) Positive
and (b) negative staining of colon cancer cells. (b) Positive staining of stromal area, which includes leukocytes, vessels and connective tissue
portions. Of 15 colon cancers studied, 11 were HLA-class | positive (73%), and four were negative (27%).

HLA class

Figure 10 Chromatin immunoprecipitation assays of histone acetylation and deacetylation status in B2M genome of primary breast cancers.
(a,c.e) Representative HLA class | heavy chain/B2M positive (patients 1-3) and (b,d,f) negative (patients 5-7) cases are shown. H3 and
HDAC, mAbs that can make immunoprecipitates with acetylated and deacetylated histone, respectively.

tissues. The data indicated that in these breast cancer mate-
rials there was reduced methylation. Consequently, a chro-
matin immunoprecipitation experiment clearly showed that
in many such cases deacetylated histone in the B2M genome
was present (Fig. 10). Furthermore, treatment of breast
cancer cells in vitro with a histone deacetylation inhibitor
(HDACI) such as tricostatin-A and valproic acid restored and
increased the expression of B2M at the mRNA and protein
levels.”®® This phenomenon was also seen in vivo when an
MCF7 human breast tumor developed in the SCID mouse
was treated with HDACI valproic acid (Fig. 11). Thus, we will
be able to restore and increase the cell surface expression
of HLA class | molecules in primary breast tumor cells
by regulating the acetylation and deacetylation status of
histone.”"7 Intriguingly, this is obviously applicable for
clinical trials in conjunction with tumor vaccines.

PERSPECTIVES

Human tumor immunology and immunotherapeutic clinical
approaches have advanced to a substantial extent over the
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Figure 11 (a) /n vivo and (b) in vitro restoration of the HLA class

1/B2M expression in MCF human breast tumor by the HDAC inhibitor
valproic acid (VPA). (a) Severe combined immunodeficiency (SCID)
mice transplanted with MCF7 human breast cancer were treated
by feeding in water with 0.4% VPA for 10 days, and the tumor was
analyzed immunohistochemically for the expression of HLA class |
heavy chain and B2M molecules. The expression of these molecules
was detected with the anti-HLA class | heavy chain mAb EMR8-5 and
anti-B2M mAb EMRS, respectively. (b) MCF7 cells were treated
in vitro with 4 mmol/L VPA for 48 h, and were analyzed for the cell
surface expression of HLA class | expression with mAb W6/32 using
a fluorescence-activated cell sorter.
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past 10 years. Many human tumor antigens were identified
and, using these antigens and antigenic peptides, clinical
trials have been conducted. In fact, immunctherapeutic
phase Ill clinical trials with MAGE-A3, a tumor antigen
against lung cancer, are now under way in Europe and
Japan. If they are successful, the world’s first T-cell-based
cancer vaccine will be routinely utilized in hospitals. A
DC-based tumor vaccine has already been commercially
approved in Switzerland. The vast majority of cancer vaccine
clinical trials, however, did not exhibit dramatic clinical effec-
tiveness, even though at least some patients exhibited clini-
cal and immunological effects.

Thus, several points are likely to be important for the next
decade. There is still no question that further determination of
highly antigenic tumor peptides is pivotal. It may not currently
be scientifically interesting, but practical characterization and
assessment of these highly antigenic tumor peptides still
remains highly important clinically. The intracellular genera-
tion mechanism of natural tumor antigenic peptides in tumor
cells that bind to HLA is one critical point to be analyzed. The
efficient and safe activation of innate immunity and concomi-
tant activation of specific immunity against tumors is neces-
sary for future development of effective immunotherapy.808!

Meanwhile, there is no doubt that basic research into
immunological tumor escape mechanisms is increasingly
important, and methods to overcome these escape mecha-
nisms need to be created more aggressively.®># Without
such research progress we cannot develop substantially
effective tumor immunotherapy. It has also been suggested
that tumor cells interacts at different levels with various
stromal cell components. These features may possibly affect
various immunological characteristics of tumor cells. Finally,
detailed molecular pathological analysis will be of great
importance. In vivo imaging to examine recruitment of CTL
after vaccinations may be possible in cancer patients if
a tracer reagent for human trials is available, providing us
with ultimate information about immunological and clinical
responsiveness to tumor immunotherapy.
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Abstract Polyamine compound deoxyspergualin (DSG) is
a potent immunosuppressive agent that has been applied
clinically for protecting graft rejection and treatment of
Wegener's granulomatosis. Though DSG can bind to heat-
shock proteins (HSPs) in cells, its mechanism of immuno-
suppressive action remains unknown. It is widely accepted
that extracellular HSPs are capable of stimulating dendritic
cells (DC) through cell surface receptors, leading to DC
activation and cytokine release. In this study, we examined
if DSG analogs could inhibit HSP70-induced DC activa-
tion. Bone marrow derived immature mouse DCs and
peripheral blood mononuclear cell-derived immature human
DCs were generated and incubated with Alexa 488-labeled
Hsp70 in the presence of methoxyDSG (Gus-1) that had
comparable HSP70-binding affinity to DSG or DSG analog
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GUS-7, which had much more reduced binding affinity for
HSP70. The binding of HSP70 to immature DCs was
analyzed by laser microscopy and flow cytometry. HSP70-
induced DC activation was assessed by TNF-« release by
enzyme-linked immunosorbent assay. Binding of Hsp70 to
the cell surface of immature DCs was inhibited under the
presence of Gus-1, but not under the presence of Gus-7.
Immature DCs were activated and released TNF-o by the
stimulation with HSP70 for 12 hours; however, the HSP70-
induced TNF-« release was suppressed under the presence
of Gus-1, and partially suppressed under the presence of
Gus-7. Similar results were observed when immature
human DCs were stimulated under the same conditions.
Immunosuppressive mechanism of DSG may be explained,
at least in part, by the inhibition of extracellular HSP70-DC
interaction and HSP70-induced activation of immature DCs.

Keywords HSP70 - Deoxyspergualin - Dendritic cells -
Immunosuppressant

Introduction

Heat-shock proteins (HSPs) are proteins whose expression
is increased when the cells are exposed to elevated
temperatures or other stress. They are known to play an
important role in intracellular protein quality control since
they serve to assist folding, sorting, and degradation of
cellular proteins, thus preventing intraceflular accumulation
of degenerated proteins. Recently, it was revealed that
extracellular HSPs could serve as a danger signal, which
activate inflammatory response and natural immunity in
response to cellular injury (Manjili et al. 2005; Asea 2006;
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Calderwood et al. 2007). 70 kD HSP (HSP70) and 96 kD
HSP (gp96) have been well documented for the mechanism
of activation (Doody et al. 2004; Massa et al. 2005; Li et al.
2006; Bendz et al. 2007). HSPs are released into extra-
cellular fluid during cell death or injury, and then bind to
the surface of immune cells through cell surface receptors,
such as toll-like receptor (TLR) 2, TLR4, CD91, CDA40,
CCRS5, LOX-1, and Scavenger receptor A (Arnold-Schild et
al. 1999; Delneste et al. 2002; Roelofs et al. 2006; Warger
et al. 2006; Facciponte et al. 2007; Pido-Lopez et al. 2007).
The extracellular HSPs can elicit cytokine releases from
dendritic cells, macrophages and lymphocytes, leading to
activation of innate immunity (Todryk et al. 1999; Asea et
al. 2000; Asea 2006). In addition, HSPs are capable of
facilitating antigen cross-presentation in dendritic cells, i.e.,
presentation of extracellular antigens to major histo-
compatibility complex (MHC) class I pathway, therefore
leading to activation of adaptive immunity as well
(SenGupta et al. 2004; Ueda et al. 2004; Facciponte et al.
2005; Enomoto et al. 2006; Bendz et al. 2007; Kurotaki et
al. 2007). Such an unique immunopotentiative character of
HSPs are now applied to vaccine adjuvants, especially in
the field of cancer immunotherapy (Srivastava and Udono
1994; Tamura et al. 1997; Noessner et al. 2002; Hauser
et al. 2004; Ueda et al. 2004; Wang et al. 2005).

On the other hand, immunosuppressive therapy is
required in the field of organ transplantation and auto-
immune diseases. Deoxyspergualine (DSG) is one of such
immunosuppressive agents, which has been used after renal
transplantation and for the treatment of glomerulonephritis
(Amemiya 1996; Hotta et al. 1999; Kozaki et al. 1999;
Amada et al. 2005; Lorenz et al. 2005). Recently, it was
revealed that DSG was effective in the treatment of
refractory Wegener’s granulomatosis (Schmitt et al. 2005;
Erickson and Hwang 2007). Disease improvement during
treatment with DSG was achieved in 70% of cases (Birck et
al. 2003). In spite of the clinical efficacy of DSG, molecular
mechanism of the immunosuppressive action has been still
enigmatic. Nadler et al. demonstrated previously that DSG
could bind to HSP70 and HSP90 (Nadler et al. 1992, 1998;
Nadeau et al. 1994). They showed that DSG can suppress
NF-kB signal indirectly by binding to intracellular HSP70
(Nadler et al. 1995). We have found that DSG inhibited the
association of HSP70 to TAP, thus leading to inhibition of
MHC class [ antigen presentation (Kamiguchi et al. 2008).
In the present study, we focused on the effect of DSG to
immunopotentiative action of extracellular HSPs. Binding
of HSP70 to the cell surface and subsequent cytokine
release from dendritic cells were assessed in the presence or
absence of DSG analogs that have a distinct binding affinity
to HSP70. We demonstrate that immunosuppressive action
of DSG is mediated, at least in part, through blocking of
danger signals of HSP70.

@ Springer

Materials and methods
Reagents

Two distinct DSG analogs, Gus-1 (methoxyDSG) and
Gus-7 (Fig. 1), were provided by Nippon Kayaku (Tokyo,
Japan). DSG and Gus-1 have a high binding affinity for
HSP70 (K4=7 uM and 4 uM, respectively), whereas Gus-7
has much reduced affinity for HSP70 (K;4=250 pM)
(Nadeau et al. 1994). Purified human Hsp70 and recombi-
nant HSP90 were purchased from StressGen Biotech (Ann
Arbor, MI). Bovine serum albumin (BSA) and phos-
phorylase B were purchased from Sigma-Aldrich (St.
Louis, MO).

Generation of bone marrow derived dendritic cells

Bone marrow derived immature mouse DCs were generated
from the femurs and tibia of 5- to 6-week-old C57BL/6
mice (CLEA Japan, Tokyo, Japan). Bone marrow cells (1 x
10%/well in a 24-well plate) were incubated in a complete
RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO, USA)
supplemented with 10% heat inactivated fetal calf serum
(GIBCO/Invitrogen, Carlsbad, CA) and 20 ng/ml GM-CSF
(Endogen, Woburn, MA) for 5 days. GM-CSF-containing
medium was gently replaced on day 2 and day 4.
Immature human DCs were generated from peripheral
blood mononuclear cells (PBMCs) of healthy volunteers
after obtaining informed consent. Briefly, PBMCs were
isolated by using Lymphoprep (Nycomed, Oslo, Norway),
and then separated into CD14" cells and CD14 " cells by
using MACS separation system and anti-CD14 monoclonal
antibody-coupled magnetic microbeads (Miltenyi Biotech,
Bergish Blabach, Germany) according to the manufacturer's

W:G;_k/\/\/\i/} "iomN W\/\ NHse+

Binding afinity to Hsp70  (Kd= 7uM)
Gus-1 \H 0  OCH:
/\/\/\/U\ NN
Nm/%u. NH/l\H/ RN
o
Binding afinity to Hsp70  (Kd= 4uM)
Gus-7.

OH
uo +
o

Binding affinity to Hsp70  (Kd=250 M)

Fig. 1 Structure of DSG and two distinct DSG analogs, Gus-1 and
Gus-7. Gus-1 (methoxyDSG) has high binding affinity for HSP70
(Kg=4 uM), whereas Gus-7 has reduced binding affinity for HSP70
(Kd=250 uM) as compared to DSG and Gus-1
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instruction. Immature DCs were generated from CD14"
cells in the plastic flask by culturing in AIM-V medium
(GIBCO-Invitrogen Japan) supplemented with 10% human
serum, HEPES (10 mmol/L), 2-mercaptoethanol (50 pmol/L),
granulocyte macrophage colony-stimulating factor (100 ng/
mL), and IL-4 (1,000 units/mL) for 7 days.

Detection of fluorescence-labeled Hsp70 on the cell
surface of DCs

HSP70 and phosphorylase B were labeled with Alexa Fluor
488 by using Alexa Fluor 488 Protein Labeling Kit
(Invitrogen, Japan) according to the manufacturer’s instruc-
tion (Kurotaki et al. 2007). DCs were incubated with 10 pg/
ml of Alexa-labeled Hsp70 or Alexa-labeled phosphorylase
B in the presence of Gus-1 or Gus-7 (10 pg/ml). DCs were
then washed twice with ice-cold phosphate-buffered saline
(PBS), fixed with ice-cold 1% formaldehyde PBS, and
analyzed by flow cytometry (FACScan, Becton Dickinson,
Mountain View, CA) or laser microscopy (Olympus, Japan).

TNF-« release assay

Dendritic cells were pulsed with the indicated concentrations
of Hsp70 in the presence of Gus-1 or Gus-7 (10 pg/ml). After
incubation for 12 hours, the concentration of TNF-« released
into the culture supernatant was quantified by using mouse
TNF ELISA kit (Endogen, Woburn, fMA).

Fig. 2 DSG inhibits the binding
of HSP70 to the cell surface of
immature DCs. Purified HSP70
and phosphorylase B were
labeled with Alexa Fluor 488
and then incubated with
immature DCs for 30 min on
ice. After washing twice with
ice-cold PBS, cells were fixed in
1% formaldehyde PBS and sub-
jected to laser microscopic
examination (A) or flow
cytometry (B). In B, fluores-
cence intensity was analyzed
after incubation with or without

Phosphorylase B
-Alexa Fluor 488

Results

DSG inhibits the binding of HSP70 to the cell surface
of immature DCs

Purified HSP70 and phosphorylase B were labeled with
Alexa Fluor 488 and then incubated with immature mouse
DC:s for 30 min on ice. Laser microscopic analysis revealed
that HSP70 was bound to the cell surface of DCs with a
dot-like pattern, whereas phosphorylase B was not
(Fig. 2A). Then, the fluorescence intensity was analyzed
by flow cytometer in the presence or absence of Gus-1 or
Gus-7 (10 pg/mL). As shown in Fig. 2B, the fluorescence
intensity of HSP70-pulsed DCs was not changed between
PBS and Gus-7 (left panel), whereas it was decreased in the
presence of Gus-1 (right panel). These data indicate that
Gus-1, but not Gus-7 could inhibit the binding of HSP70 to
the cell surface of DCs.

HSP70 stimulation induces TNF-« release
of immature DCs

Next, we examined if HSP70 can activate immature DCs.
As an activation index, the level of TNF-a release was
assessed by ELISA. The indicated concentrations of HSP70
or BSA were pulsed to immature mouse DCs (1% 10° cells/
well), and TNF-« concentration of culture supernatant was
quantified after 12-hour incubation. Stimulation with

HSP70
-Alexa Fluor 488

Gus-1 (right panel) or Gus-7 B

(left panel). P-B indicates fluo- o

rescence intensity after incuba-

tion with Alexa 488-labeled

phosphorylase B a o
&5

Q
10

@ Springer

— 408 —



136

A. Sugawara et al.

HSP70 clearly induced the release of TNF-a¢ from DCs,
while BSA failed under the same condition (Fig. 3A). Time
course of TNF-u release indicated that it reached to almost
the peak level after 12 hours incubation (supplemental
tigure). We also examined if HSP90 was capable of
stimulating human DCs. As shown in Fig. 3B, HSP90 has
just minimal effect on the immature human DCs. As a
positive control, the same numbers of DCs were stimulated
with the indicated concentration of lipopolysaccharide
(LPS). Examination of the LPS concentration in the
HSP70 used in this study revealed approximately 25 pg/ml
(Mitsubishi Chemical Medience, Japan). These data indicate
that HSP70 may have higher stimulatory activity to
immature DCs as compared with HSP90, as far as TNF-«
release is assessed as an activation index. IL-12 release
assay resulted in the similar results (data not shown).

DSG inhibits the HSP70-induced TNF-« release
of immature DCs

We then examined if DSG analogs could inhibit the
HSP70-induced activation of immature DCs. The indicated
concentrations of HSP70 or BSA were pulsed to immature
mouse DCs (5% 10* cells/well) in the presence or absence of

TNF-a (pgimi)
200 490 600

SOpg'ml Hsp70

BSA
25pg'ml  Hep70

BSA
Opg/ml
1pgml LPS

Fig. 3 HSP70 stimulation induces TNF-« release of immature DCs.
The indicated concentrations of HSP70 or BSA were pulsed to
immature mouse DCs (50,000 cells/well), and TNF-a concentration of
culture supematant was quantified after 12 hours (A). The indicated
concentrations of HSP90 or BSA were pulsed to immature human
DCs (1x10° cells/well), and TNF-x concentration of culture super-
natant was quantified after 12 hours (B). The data represent the mean
values of triplicated samples and standard deviations. As a positive
control, the indicated concentration of LPS was pulsed to the same
numbers of immature mouse DCs
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Gus-1 or Gus-7 (10 pg/ml). Following incubation for
12 hours, TNF-«x concentration of culture supematant was
quantified. It was shown that TNF-« release was inhibited
to almost the half level of PBS control in the presence of
Gus-1, whereas it was partially inhibited in the presence of
Gus-7 (Fig. 4A). Similar results were obtained when
immature human DCs (1x 10° cell /well) were pulsed with
HSP70 in the presence or absence of Gus-1 or Gus-7
(10 pg/ml), though the significant difference was observed
only in the case of 10 pug/ml pulsation of HSP70 (Fig. 4B).

In order to rule out the possibility that the suppressive
action of DSG might be mediated through intracellular
molecules, such as intracellular HSP70 and HSP90,
immature mouse DCs were pre-incubated for 2 hours with
Gus-1 or Gus-7 (10 pg/ml), then washed twice and pulsed
with 5 ug/ml of HSP70 in the presence or absence of Gus-1
(10 pg/ml). The data show that pre-incubation did not have
any effect on the HSP70-induced TNF-« release, indicating
that the suppressive action of DGS might be resulted from
the binding of DSG to extracellular HSP70 (Fig. 4C).

DSG inhibits the HSP70-induced maturation of DCs

We next examined if DSG analogs could affect the HSP70-
induced maturation of immature DCs. Immature mouse
DCs were incubated for 12 hours in the presence or absence
of 10 pg/ml of HSP70. In some cases, Gus-1 or Gus-7
(10 pug/ml) was added into the culture. Following incuba-
tion for 12 hours, cell surface level of CD80 was analyzed
by flow cytometry as a DC maturation index. It was shown
that incubation of immature DCs with HSP70 increased the
CD80 levels, indicating that HSP70 induced DC matura-
tion. The HSP70-induced DC maturation was suppressed in
the presence of Gus-1 (Fig. SA), but not in the presence of
Gus-7 (Fig. 5B). The other maturation markers such as
CD86 and CD40 were not changed after the stimulation
with HSP70. The data imply that HSP70-induced partial
maturation of immature DCs detected by CD80 expression
was inhibited in the presence of DSG.

Discussion

In the present study, we demonstrated for the first time that
DSG analogs had suppressive activity to the so-called
“danger signals.” A variety of cell injuries damage the cell
membrane, leading to the release of intracellular HSPs
into extracellular fluids. The released HSPs are bound
to immunostimulatory molecules, such as TLRs (TLR2
and 4), CD40 and CCRS, or captured by scavenger receptor
families, such as CD91, LOX-1 and SR-A (Amold-Schild
et al. 1999; Delneste et al. 2002; Lipsker et al. 2002;
Roelofs et al. 2006; Warger et al. 2006; Facciponte et al.
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Fig. 4 DSG inhibits the HSP70-induced TNF-« release of immature
DCs. The indicated concentrations of HSP70 or BSA were pulsed to
immature mouse DCs (5% 10* cells/well) in the presence or absence of
Gus-1 or Gus-7 (10 pg/ml) for 12 hours. TNF-a¢ concentration of
culture supematant was quantified (A). The indicated concentrations
of HSP70 or BSA were pulsed to immature human DCs (1% 10° cells/
well) in the presence or absence of Gus-1 or Gus-7 (10 pg/ml) for

2007; Pido-Lopez et al. 2007). The former stimulation
induces release of inflammatory cytokines, thus activating
innate immune responses (Asea et al. 2000). On the other
hand, the latter stimulation induces endocytosis of HSPs
with HSP-bound antigenic proteins or peptides, then
facilitating the cross-presentation of the HSP-bound anti-
gens and acquired immunity (Noessner et al. 2002;
SenGupta et al. 2004). Though the mechanism of the

Fig. 5 HSP70 stimulation A
induces up-regulation CD80
level of immature DCs.

12 hours. TNF-a concentration of culture supernatant was quantified
(B). Immature mouse DCs (50,000 cells/well) were pre-incubated for
2 hours with Gus-1 or Gus-7 (10 pg/ml), then washed twice and
pulsed with 5 pg/ml of HSP70 in the presence or absence of Gus-1
(10 pg/ml), followed by TNF-a quantification (C). The data represent
the mean values of triplicated samples and standard deviations

HSP-mediated efficient cross-presentation remains largely
unknown, we have reported previously that HSP70 and
HSP90 could facilitate the transfer of endosomal antigens
to recycled endosomes that contain empty MHC class I
molecules (Ueda et al. 2004; Kurotaki et al. 2007). In
addition, HSP90 could also assist the transfer of endosomal
antigens into cytosol by unknown mechanism, and facilitate
the proteasomal degradation of the antigens (Kurotaki et al.

B

Immature mouse DC were
stimulated with 10 pg/ml of
HSP70 or BSA, cultured for
12 hours and examined for the
cell surface level of CD80 by
flow cytometry. In A and B,
Gus-1 or Gus-7 (10 pg/ml)
was included in the culture,
respectively
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2007). In the present study, we clearly demonstrate that
DSG was capable of inhibiting the binding of extracellular
HSP70 to the cell surface of DCs. Therefore, it is highly
likely that DSG inhibits not only innate immune responses
but also acquired immune responses.

Deoxyspergualin has been used clinically as an immuno-
suppressive agent after organ transplantation (Nomura et al.
1998). Moreover, most recent clinical trials in Germany
demonstrated that it is effective to refractory autoimmune
vasculitis including Wegener's granulomatosis (Schmitt et
al. 2005; Erickson and Hwang 2007). Concerning the
mechanism of immunosuppressive and anti-inflammatory
actions of DSG, there are several reports that explain the
molecular mechanism (Amemiya 1996). Nadler et al.
demonstrated that the intracellular targets of DSG were
HSP70 and HSP90 and suggested that suppression of NF-
kB signal might be involved in the anti-inflammatory
reaction (Nadler et al. 1995). However, there are some con-
troversial data as to the hypothesis. Kawada et al. showed
that DSG inhibits AKT signals and phosphatidylcholine
synthesis (Kawada et al. 2002). Waaga et al. reported that
DSG could down-regulate the expression of MHC class 11
molecules, though the precise mechanism remained un-
known (Waaga et al. 1996). Our group showed that
intracellular HSP70 might be a target of DSG, and the
binding of DSG to HSP70 disrupted the association of
cytosolic antigen-bound HSP70 with TAP, leading to
inhibition of TAP-mediated peptide transfer into the
endoplasmic reticulum and down-regulation of cell surface
MHC class I levels (Kamiguchi et al. 2008). In the present
study, we demonstrated that the target molecules of DSG
might be not only intracellular HSPs but also extracellular
HSPs, which mediate the so-called “danger signals”. It is
expected that DSG might be effective in the treatment of
other refractory inflammatory or autoimmune diseases,
such as Behcet disease, inflammatory bowel diseases,
glomerulonephritis, and systemic inflammatory response
syndrome, which are considered to be broken out by
dysregulated activation of danger signals.
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Antigenic peptides derived from tumor-associated antigens (TAAs)
facilitate peptide cancer vaccine therapies. With the recent progress
in cancer immunity research, huge amounts of antigenic peptides
have already been reported. Clinical trials using such peptides are
underway now all over the world. Some reports have shown the
efficacy of peptide vaccine therapies. However, others ended with
unfavorable results, suggesting fundamental underlying problems.
One major mechanism that negates the peptide vaccine therapy is
tumor escape from immunological systems caused by loss of
antigens. TAAs that are used in cancer vaccine therapies may be
divided into two major groups: functioning antigens and non-
functioning antigens. A ‘functioning antigen’ could be defined as a
TAA that is essential for tumor growth, is expressed in several kinds
of malignancies and shows homogenous expression in cancerous
tissues. It is not difficult to imagine that antigen loss will occur easily
with non-functioning antigens as a target of cancer vaccine therapy.
Thus, it is essential to use functioning antigens for successful cancer
vaccine therapy. In this review, we discuss the functioning antigens
and their categorization in detail. (Cancer Sci 2009; 100: 798-806)

mmunotherapy is a very old concept that stems from the

vaccination therapy established by Edward Jenner for treating
smallpox. That novel therapeutic strategy has had a great
impact, enabling complete elimination of the disease. This
glittering triumph also raised a simple and significant question:
‘Are malignant diseases treatable with vaccination?’ Since then,
a vast body of work on cancer immunity has been reported, and
tumor immunity research have already reached the bedside.

There are two major approaches of tumor immunity: (i) tumor
immunotherapy based on tumor-specific cytotoxic T lym-
phocytes (CTLs); and (ii) tumor immunotherapy based on
tumor-specific antibodies (Fig. 1). In 1997, anti-CD20 mono-
clonal antibody (rituximab) has been approved by the US Food
and Drug Administration (FDA) for treating CD20-positive
B-cell malignancies, and antibody-based immunotherapy has
become one of the standard therapies in several malignancies.
However, antibody-based immunotherapy can target only cell
surface proteins or secreted proteins like p185HER2feu for breast
carcinoma, CD20 for B-cell lymphoma, vascular endothelial
growth factor (VEGF) for renal cell carcinoma, epidermal
growth factor receptor (EGFR) for colorectal carcinoma and
chemokine (C-C motif) receptor 4 (CCR4) for T cell lymphoma.
So, antibody-based immunotherapy is very restricted for further
application. On the other hand, CTLs recognize 9- to 14-mer
antigenic peptides that are derived from endogenously expressed
proteins digested by several proteases, including proteasomes
and the endoplasmic reticulum aminopeptidase associated with
antigen processing (ERAAP).® Thus, CTLs can recognize

CancerSci | May2009 | vol.100 | no.5 | 798-806

potentially all tumor-specific antigens (Fig. 1). Very recently,
some lines of CTL-based immunotherapy reagents have been
approved (Table 1). Heat shock proteins (HSPs) purified from
cancer cells have the potency to induce CTL reactivity, and
HSP-based reagent (Oncophage) was approved in Russia in
April 2008. Further, other CTL-based immunotherapy reagents
are now under Phase III studies, and part of these will be
approved in a few years. The wave of CTL-based immuno-
therapy is coming to the bedside.

The progress of molecular biological techniques in the past
several decades has brought us enormous knowledge about

. Intracellular TAA

. Cell surface TAA

? HLA class | heavy chain 0 B2 microglobulin

Fig. 1. Cancer-specific immunotherapy based on cytotoxic T lymphocytes
(CTLs) and antibodies. In a variety of immuno systems, CTLs and B cell
(antibody) show antigen-specific reactions through their antigen-specific
receptors. CTL recognizes endogenously processed antigenic peptides
presented with human leukocyte antigen (HLA) molecule on the cell
surface. Thus, CTL can recognize all cell-distributed antigens. Antibody
recognizes cell surface antigen with direct binding to antigen molecule
with its fragment antigen binding (Fab) region. Antibody only recognizes
cell surface antigens, but does not recognize intracellular antigens.

*To whom correspondence should be addressed. E-mail: nsatou@sapmed.ac.jp
The abbreviations used are:

TAA, tumor associated antigen; CTL, cytotoxic T lymphocyte; HLA, human leukocyte
antigen.
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Table 1. Exploitation of cancer vaccine and related companies (October 2008)

Designation Content Company Country Organs Approved
Oncophage Protein/peptide Antigenics Russia Kidney April 2008
DCVax Cell Northwest Biotherpeutics Switzerland Brain July 2007
BiovaxID Protein Biovest International USA B cell lymphoma Phase Il
MAGE-A3ASCI Protein GlaxoSmithKline Belgium Lung Phase I
GV1001 Peptide Pharmexa UK Pancreas Phase IlI
GVAX Cell Cell Genesys USA Pancreas Phase Il
Stimuvax Peptide Oncothyreon Several Lung Phase Ili
TroVax DNA Oxford Biomedica UK Kidney Phase Ili
A, Seif-Sufficiency in Growth Signals described as small populations that have (i) high tumorigenic
:.m‘ﬂwm potency, (ii) self-renewal and (iii) differentiation ability. This
b: E"I "'I I"Am"n ficative P - concept is very important and intriguing, since CICs/CSCc have

Fig. 2. The ‘Functioning antigens'. The ‘Functioning antigens’ play several
roles in carcinogenesis, tumor initiation, invasion and metastasis.

molecular aspects of oncogenesis and also cancer immunity.
This enabled van der Bruggen and colleagues to publish their
milestone work on the identification of melanoma antigen
(MAGE) gene family as the first human TAA.® Initially, TAAs
were screened with cDNA expression cloning using CTLs spe-
cific for melanomas. Later, serological analysis of recom-
binantly expressed clones (SEREX) and the reverse-immuno-
genetical approach were developed to identify novel TAAs and
CTL epitopes. To summarize these TAAs, Boon et al. proposed
categorizing TAAs based on the expression profiles of malig-
nant and normal cell TAAs.”’ This categorization includes four
groups: (A) tumor antigens resulting from mutations; (B) shared
tumor-specific antigens; (C) differentiation antigens; and (D)
antigens overexpressed in tumors (Cancer Immunity web site
http://www.cancerimmunity.org/index.htm.). This provides us
with very important information to establish cancer immuno-
therapy protocols. Malignant cells commonly have genomic
instability and are genetically unstable, and often lose the
expression of immunogenic antigens after cancer vaccine
therapy, suggesting that non-functioning antigens might not be
suitable for cancer vaccine therapies. The functioning antigens
are usually non-mutated cancer-related antigens, and belong to
group (D) antigens overexpressed in tumors. To discriminate
functioning antigens from non-functioning antigens, several
features of malignant phenotypes as follows are essential:® (A)
self-sufficiency in growth signals; (B) insensitivity antigrowth
signals; (C) evading apoptosis; (D) limitless replicative
potential; (E) sustained angiogenesis; and (F) tissue invasion
and metastasis. Furthermore, to understand the tumor initiation
ability in vivo, we need to mention about the ‘cancer stem cell’
theory. Cancer initiating cells/cancer stem cells (CICs/CSCs) are

Hirohashi et al.

very high tumor generating ability resistance to treatment and
high metastatic ability.®® Therefore, we propose that (G) gaining
cancer initiation ability (cancer stemness) should also be
included as a seventh malignant phenotype (Fig. 2). In this
review, we re-categorize the functioning antigens into the seven
new categories (summarized in Table 2).

Self-Sufficiency in Growth Signals

One of the features of cancer cells that distinguish them from
normal cells is their uncontrolled cell division. Usually, normal
cells require mitogenic growth signals (GS) before they can
move from a quiescent state into an active proliferative state.
These signals are transmitted into the cell by transmembrane
receptors that bind several signaling molecules. Cancer cells are
often overexpressed in the genes related to cell growth to mimic
normal growth signaling. In consequence, cancer cells are
overexpressed in cell-cycle-related molecules like normal cells.
Thus, antigens of this category contain two subgroups: (i)
antigens that code for receptors of growth factors, including
pl85HERZmer and EGFR, and (ii) cell cycle-related antigens,
including Cyclin B1, Cep55/c100rf3, survivin and Aurora-A
kinase. These overexpressed molecules are also expressed in
normal cells, whereas CTLs can be generated from cancer
patients’ lymphocytes, suggesting that CTLs specific for this
category of antigens are not tolerated in cancer patients.

p185HE2neu and EGFR. pl851ER¥m4 belongs to the ErbB family,
is one of the receptor tyrosine kinases (RTKs) and is overexpressed
in several types of cancer cells playing several essential roles
in oncogenesis, cancer progression and metastasis.”” Amplification
and overexpression of p185HER-2eu have been reported in 20-40%
of primary breast cancers and also in ovarian (20-25%), colorectal
and pancreatic adenocarcinomas (80-85%). However, p185HER?neu
does express in several normal tissues at very low levels, so the
CTLs might be tolerated in cancer patients. Fisk et al. reported
the identification of a pl85MER"i_coded HLA-A2-restricted
antigenic peptide.® The authors found that 9-mer peptide E75
(HER-2, 369-377:KIFGSLAFL)-specific cytotoxic activity
could be detected in malignant ascites of ovarian carcinoma.
This report indicated that the pl185HER¥m derived antigenic
peptide could be presented, and CTLs might be activated and
clonally expanded in vivo. Thereafter, several reports on
identification of HLA-class I restricted pl185HER¥net peptides
have suggested that the CTLs specific for p185HER¥nv are not
eliminated in the thymus and exist in the periphery.

Epidermal growth factor receptor EGFR is also in the ErbB
family and is overexpressed in several types of malignancies.
EGFR signaling is essential in some malignancies, thus targeting
EGFR might be a reasonable treatment. Although EGFR is also
expressed ubiquitously in normal tissues at a very low level,
Shomura et al. have shown that EGFR can also be a target of

CancerSci | May2009 | vol.100 | no.5 | 799
© 2009 Japanese Cancer Association
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Table 2. Summary of the tumor-associated antigens (TAAs) and antigenic peptides

Groups Antigen HLA restriction Peptide sequence Position Reference
A, Self-sufficiency in growth signals P 185HERZneu A2 ALCRWGLLL 5-13 &1
A2 HLYQGCQVV 48-56 )
A2 KIFGSLAFL 369-377 @
A2 PLQPEQLQV 391-399 &)
A2 TLEEITGYL 402-410 @)
A2 ILHNGAYSL 435-443 &7
A2 ALIHHNTHL 466-474 &9
A2 PLTSIISAV 650-658 (69
A2 IISAVVGIL 654-662 (=0
A2 VVLGVVFGI 665-673 on
A2 RLLQETELV 689-697 o
A2 YMIMVKCWMI 952-961 o
A2 YLVPQQGFFC 1023-1032 (s8)
A3 VLRENTSPK 754-762 (92)
A24 TYLPTNASL 63-71 (@3)
EGFR A2 KLFGTSGQKT 479-488 @
A2 YLNTVQPTCV 1138-1147 @
A24 MFNNCEVVL 54-62 (o)
A24 NYDANKTGL 124-132 o)
A24 DYVREHKDNI 800-809 (o)
Cyclin B1 A2 AGYLMELCC* 323-341 an
Aurora-A A2, A24 YLILEYAPL 207-215 18
Cep55/c100orf3 A24 VYVKGLLAKI 193-202 04
B, Insensitivity antigrowth signals MDM2 A2 VLFYLGQYI 53-61 e
C, Evading apoptosis Survivin A1l QFEELTLGEF 92-101 el
A2 TLPPAWQPFL 5-14 3)
A2 RISTFKNWPFL 18-28 64
A2 ELTLGEFLKL 95-104 (95.96)
A2 LTLGEFLKL 96-104 b
Al DLAQCFFCFK 53-62 =9
A24 STFKNWPFL 20-28 61
A24 FFCFKELEGW 58-67 (3
B35 CPTENEPDL 46-54 on
B35 EPDLAQCFF 51-59 o
Survivin-2B A24 AYACNTSTL 80-88 @8
ML-IAP/Livin A2 SLGSPVLGL 34-42 “n
A2 RLASFYDWPL 90-99 -
A2 RLQEERTCKV 245-254 (49
A2 QLCPICRAPV 280-289 s)
A3 RLQEERTCK 245-253 (“a)
A24 KWFPSCQFLL 146-155 “
Bcl-2 A2 PLFDFSWLSL 208-217 )
Bcl-xL A2 YLNDHLEPWI 173-182 (53)
Mcl-1 A1l RLLFFAPTR 95-103 4
Al QSLEIISRY 177-185 s
Al RTKRDWLVK 300-309 3)
D, Limitless replicative potential hTERT A2 ILAKFLHWL 540-548 (8)
A2 RLFFYRKSV 572-580 (2)
A2 RLVDDFLLV 865-873 (63)
A3 KLFGVLRLK 973-981 (&4
A24 VYAETKHFL 324-332 (&)
A24 VYHFVRACL 461-469 &5
B*0702 RPAEEATSL 277-285 (e6)
B*0702 RPSFLLSSL 342-350 (6)
B*0702 RPSLTGARRL 351-360 (66)
E, Sustained angiogenesis VEGF B*2705 SRFGGAVVR 5’'UTR 73)
VEGF-R1 A2 TLFWLLLTL 770-778 o8
A2 VLLWEIFSL 1087-1095 4
VEGF-R2 A2 YMISYAGMV 190-198 73)
A2 VIAMFFWLL 773-781 73)
F, Tissue invasion and metastasis MMP2 A2 GLPPDVQRV 484-492 9
G, Gaining the cancer initiation ability (cancer stemness) SOX2 A2 TLMKKDKYTL 118-127 Ll
SOX10 A2 AWISKPPGV 332-340 6

*wild type sequence is AKYLMELTM; HLA, human leukocyte antigen; EGF-R, epidermal growth factor receptor; MDM2, murine double minute 2;
ML-IAP, melanoma inhibitor apoptosis protein; hTERT, human telomerase reverse transcriptaseVEGF-R, vascular endothelial growth facotr-receptor;

MMP2 matrix metalloprotease 2; SOX2, SRY (sex determining region Y)-box 2.
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CTLs, indicating that cellular immunity for EGFR is not tol-
erated.®!? The authors identified HLA-A2- and HLA-A24-
restricted CTL epitopes.

Cyclin B1. Cyclin B1 is expressed predominantly in the G2/M
phase of cell division and is essential for the initiation of
chromosome condensation, destruction of the nuclear membrane,
and assembly of the mitotic spindle. Kao et al. eluted antigenic
peptides from an HLA-A2.1-positive breast carcinoma cell line,
and isolated several peptides highly homologous to the Cyclin
B1 amino acid sequence.!'" Interestingly, these 9-mer peptide
sequences were changed at the second position lysine to glycine.
In the C-terminal methionine was substituted methionine to
valine, phenylalanine or cysteine. They confirmed that peptide4
(AGYLMRLCYV) was immunogenic with an HLA-A2.1-positive
cancer patient’s blood. The natural sequence expected from
the gene sequence was actually AKYLMELTM. The precise
mechanisms of the amino-acid substitutions remain elusive.
Several reports showed that overexpression of Cyclin B1 protein
was related to poor prognosis and radiotherapy resistance,
suggesting that Cyclin B1 had some role in cancer progression
and resistance to therapy.

Cep55/c100rf3. Cep55/c10orf3 is one of the proteins localized
to centrosomes and the midbody, and has an essential role in
cytokinesis.!'? The centrosome is the principal microtubule
organizing center of the mammalian cell, consisting of a pair of
barrel-shaped microtubule assemblies that are non-identical and
are referred to as the mother and daughter centrioles.!'> Defects
in the number, structure or function of centrosomes can generate
mono- or multipolar mitotic spindles and cytokinesis defects,
resulting in aneuploidy and chromosome instability, which
are common characteristics of tumor cells. Thus, abnormal
centrosome constituents may be exploited as therapeutic targets
for malignantly transformed or dysplastic cells. Survivin,
Aurora-A kinase and part of Cyclin Bl are also centrosome-
related antigens.

Recently, we found that Cep55/c100rf3 could be a target of
CTLs from HLA-A24-positive breast cancer patients.!'¥ As
Cep55/c10orf3 is one of the mitosis-related molecules, low level
expression of Cep55/c10or3 mRNA can be detected in some
normal tissues, including thymus and testis. On the other hand,
we could not detect the Cep55/c100rf3 protein in normal tissues
adjacent to Cep55/c10orf3-positive cancerous tissues. Further-
more, the Cep55/c10o0rf3 protein expression can be detected
not only in mitotic cells but also in the cytosol of interphase
cells. The accumulation of Cep55/c10orf3 protein might evoke
immuno-reactivity.

Aurora-A kinase. Aurora-A kinase is a member of the serine/
threonine kinase family, and the Aurora-A gene is located at
chromosome 20ql3, a region frequently amplified in breast
cancer. Aurora-A kinase is mainly expressed in the G2/M phase
of the cell cycle and regulates mitotic cell division in normal
cells. Aurora-A kinase is overexpressed in several types of
malignancies, and its overexpression causes transformation
of rodent fibroblasts."'> Recently, Ochi et al. reported that an
HLA-A2- and A24-restricted Aurora-A kinase derived peptide
could induce CTL."9 The authors showed that an Aurora-A
peptide-specific CTL clone could recognize Aurora-A-positive
acute myeloid leukemia (AML) and chronic myeloid leukemia
(CML) cell lines in the context of HLA-A2, suggesting that the
peptide was presented by HLA-A2 endogenously. As Aurora-A
is expressed in several kinds of malignancies, this antigenic
peptide might also be suitable for other types of malignancies.

Insensitivity Antigrowth Signals

In normal tissues, several anti-proliferative signals maintain
the normal cell growth. The representative way to suppress
growth signals is cyclin-dependent kinase inhibitors (CDKIs).

Hirohashi et al.

CDKIs, including p15, p16, p21 and p27 directly bind a cyclin-
cyclin-dependent kinase (CDK) complex and suppress the
kinase activity. Tumor growth factor (TGF)-beta signals suppress
tumor growth by up-regulating CDKIs. p53 suppresses tumor
growth by up-regulating p21. One of the p53 regulators, murine
double minute 2 (MDM2), was identified as a target of CTLs.

MDM2. MDM2 is overexpressed in several types of cancer
cells"” and has an essential role in oncogenesis by down-
regulating the p53 tumor suppressor protein level via degradation.
Thus MDM2 might be a reasonable target for cancer therapy;
however, MDM2 is also expressed in normal tissues at a low
level, thus MDM2-specific CTLs might be tolerated.

Asai etal. found that HLA-A2-restricced HDM2 (human
MDM2 homolog) peptide-specific CTLs could be generated in
human systems.'® However, HLA-A2-restricted HDM2-specific
CTLs could be established only from HLA-A2-positive healthy
volunteers, not from HLA-A2-positive cancer patients. Sta-
nislawski et al. and Ramirez et al. also showed that cellular
immunity for MDM?2 was tolerated, whereas high-affinity
T-cell receptor (TCR) gene-transfer T-cells or multiple peptide
vaccination could break the tolerance.'*?®

Evading Apoptosis

In physiological conditions, the gross cell number is well
controlled by programmed cell death, that is, apoptosis. Growth
signal stimulation converts cells from the quiescent state to
the proliferative state to recover and maintain the tissue. Then
the excess cells will be eliminated by apoptosis. Malignant
transformed cells growing in an uncontrolled fashion use several
mechanisms to evade apoptosis and survive. One subgroup of
this gene is inhibitor apoptosis proteins (IAPs), and the other is
Bcl-2 family proteins. IAP family proteins inhibit the lower
effector enzymes termed caspases, including caspase 9, caspase
8 and caspase 3. IAP family protein like survivin and
Melanoma-IAP (ML-IAP)/Livin, are reported to be the targets
of CTLs. Bcl-2 family proteins mainly inhibit the secretion of
cytochrome ¢ from mitochondria following apoptosis. This
group contains Bcl-2, Bcl-,;, and Mcl-1, which are already
proved to be targets of CTLs. The functions of this group of
proteins are well characterized and related to poor prognosis;
thus this group of proteins is a reasonable target for cancer
immunotherapy.

Survivin. Originally, survivin was isolated as one of the IAP
family.?" As described above, it was proved to have a critical
role in cell cycle progression, especially mitosis. Survivin
expression is up-regulated in a large proportion of malignancies,
and is related to resistance to chemotherapy or radiotherapy, and
its overexpression is linked to poor prognosis. Thus, survivin is
thought to be promising target molecule.??

As survivin is overexpressed in several types of malignancies,
it is thought to be one of the universal and ideal antigens.?®
From this point of view, several HLA-class I-restricted survivin
peptides have been reported (summarized in Fig. 3). There are
several splicing variants with different functions and subcellular
localizations.®® Survivin, survivin-A Ex3 and survivin-3B
have anti-apoptotic potential. On the other hand, survivin-2o
have pro-apoptotic potential. Survivin-2B is quite complicated,
with three different kinds of reports. First, Ling et al. reported
that high expression of survivin-2B was related to good
prognosis and no relapse in non-small-cell lung cancer and that
its overexpression caused apoptosis.?® Second, Nakano et al.
reported that Survivin-2B expression showed no relation to
tumor progress.?® Finally, in contrast, Wagner et al. reported
that low-expression of survivin-2B was related to good
prognosis in adult AML.?? Since these three reports focused on
different types of malignancies, the functions of survivin-2B are
still elusive. Above all, survivin-2B is expressed in several types
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