1202 Current Molecular Medicine, 2012, Vol. 12, No. 9

proinflammatory cytokines. The capacity of HMGB1 to
bind other molecules may be the underlying basis for
these observations [57]. Thus, some of these DAMPs
have the ability to interact with other molecules,
including DNA, RNA, IL-18, and LPS, and also
nucleosomes that augment or modify the function of
DAMPs themselves. As mentioned previously, HSPs
can also bind a number of endogenous as well as
pathogen-associated exogenous molecules and
enhance the cytokine effects of these molecules.
Recently, we have shown that extracellular Hsp90 can
enhance the self-DNA-mediated type | IFN production
by DCs. We will discuss how Hsp90 is able to change
the fate of associated molecules via spatiotemporal
regulation in the next section.

SPATIOTEMPORAL REGULATION OF RECEP-
TOR-LIGAND INTERACTION DETERMINES
THE IMMUNE RESPONSES

The innate immune system of vertebrates has
evolved to recognize unmethylated CpG dinucleotides
within certain sequence contexts (CpG motifs) present
at high frequency in bacterial, but not vertebrate, DNA.
These sequences are recognized by TLR9, which is
expressed primarily by plasmacytoid dendritic cells
(pDCs) and B cells, resulting in a large amount of IFN-
o production [58, 59]. In mice and humans, CpG motifs
in bacterial DNA or synthetic oligodeoxynucleotides
(ODNs) trigger an immune cascade, resulting in
improved antigen uptake and presentation by APCs.
Unlike other TLR receptors, which are present on the
cell membrane, TLR9 is present within the endosome.
In humans, pDCs uniquely express TLR9. Together
with the constitutive expression of IRF7, TLRS permits
pDCs to mount rapid and robust type-l IFN responses
to viral/microbial infections [60]. Two classes of
synthetic ODNs containing an unmethylated CpG motif
have been identified, CpG-A ODN, which stimulates
IFN-a production by pDCs, and CpG-B ODN, which
does not [59]. Recently, it has been demonstrated that
the manner of CpG internalization and the retention
time of CpG in endosomes differ between CpG-A and
CpG-B, and the retention of the CpG/TLR9 compiex in
endosomes is the primary determinant of TLR signaling
[61, 62]. CpG-A ODNs are characterized by a poly G
tail that forms large multimeric aggregates with a
diameter about 50 pm. In contrast, CpG-B ODNs are
monomeric and do not form such higher order
structures. In addition, multimeric CpG-A ODNs are
retained for longer periods of time in the early
endosomes, whereas CpG-B ODNs rapidly traffic
through early endosomes into late endosomes or
lysosomes of pDCs. The prolonged retention of
multimeric CpG-A ODNs provides extended activation
of the TLR9-MyD88-IRF7 signal-transducing complex,
which leads to robust IFN-o production. Instead, CpG-
B ODN stimulates pDCs to produce IL-6 and TNF-a
and induce DC maturation via the upregulation of
CD80, CD86 and the expression of MHC class I
molecules. Thus, spatiotemporal regulation of receptor-
ligand interaction is a critical determinant for the type of
immune response.
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HSP90-MEDIATED SPATIOTEMPORAL REGU-
LATION OF CPG-ODN AND ACTIVATION OF
INNATE IMMUNITY

In contrast to the idea that HSP itself acts as an
endogenous danger signal, we have a working
hypothesis that HSP may empower the chaperoned
innate ligands to activate the innate immune response
[63]. We have shown that human pDCs pulsed with an
Hsp90-CpG-A ODN complex produce a higher amount
of IFN-a than CpG-A alone (Fig. 1A). Furthermore, in
contrast to human DCs system, as murine conventional
DCs (cDCs) express both TLR7 and TLR9 even though
the expression level is low compared to pDCs, we
examined the ability of Hsp90 to target and retain
chaperoned CpG-A in static early endosomes of
murine ¢DCs, resulting in IFN-a production (Fig. 1B).
We found that Hsp90-chaperoned CpG-A was localized
and retained within static early endosomes for longer
periods in cDCs, thereby eliciting TLR9 signaling for
IFN-o. production, but not inflammatory cytokines such
as IL-6 and TNF-a. In contrast, CpG-A alone moved
into late endosomes and lysosomes within ¢DCs.
Interestingly, not only CpG-A but also CpG-B could
stimulate the TLR9 signaling within static early
endosomes, resulting in the production of IFN-o. The
observed IFN-o production was shown to be TLRY
dependent. Thus, extracellular Hsp90 has the ability to
direct associated CpGs into static early endosomes,
which leads to IRF7 activation and IFN-a production.

Why, however, are DNA-Hsp90 complexes
selectively retained in early endosomes but not in late
endosomes or lysosomes in DCs? We found that
endocytosed CpG-A-Hsp90 complexes were
selectively transferred into Rab5", EEA-1"-static early
endosomes. Very recently, Lakadamyali et al. have
shown that early endosomes are comprised of two
distinct populations, a dynamic population that is highly
mobile on microtubules and matures rapidly toward the
late endosome and a static population that matures
much more slowly [64]. Cargos destined for
degradation, including LDL, EGF, and influenza virus,
are internalized and targeted to the Rab5", EEA1
dynamic population of early endosomes, thereafter
trafficking to Rab7" late endosomes. In contrast, the
recycling transferrin is delivered to Rab5", EEA1" static
early endosomes, followed by translocation to Rab11*
recycling endosomes. They also found that cargos
trafficked into these static early endosomes were
retained for longer periods and not translocated into
late endosomes and lysosomes. Thus, our observation
that the CpG-A-Hsp90 complex was retained in the
static early endosomes, leading to sustained activation
of DCs and IFN-a production, is consistent with their
findings (Fig. 2).

HSP90 AS A POSSIBLE ACCELERATOR FOR
AUTOIMMUNE DISEASE

pDCs normally do not respond to self-DNA, which
may reflect the fact that viral/bacterial DNA sequences
contain multiple CpG nucleotides that bind and activate
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Fig. (1). Hsp90-CpG-A complexes enhance induction of IFN-o by DCs. (A) The Hsp90-CpG-A complexes enhance the IFN-o
production 2-fold more than CpG-A alone by plasmacytoid DCs. (B) Conventional DCs produce the IFN-o when stimulated with
Hsp90-CpG-A complex but not CpG-A alone. Hsp90 alone do not have any effects on IFN-a production. The IFN-a production
is abrogated when used DCs isolated from TIr9™"" mice, indicating that IFN-o production is TLR9 dependent.

TLR9, whereas mammalian self-DNA contains fewer
such motifs, which are most likely masked by
methylation. Recent evidence, however, suggests that
self-DNA has the potential to trigger TLR9, but may fail
to do so because it fails to access the TLR9-containing
endolysosomal compartments. One of the mechanisms
to which this effect is aftributed is the fact that DNase
easily and rapidly breaks down exiracellular DNA,
thereby hampering self-DNA localization into endocytic
compartments. The importance of this mechanism in
preventing autoimmune responses is shown by the fact
that mice deficient in DNase Il develop systemic lupus
erythematosus (SLE)-like syndrome [65]. Recently, it
has been demonstrated that pDCs do sense and
respond to self-DNA in human autoimmune diseases.
Therefore, we examined whether Hsp90 targets self-
DNA into the static early endosome, resulting in IFN-a
production by human pDCs [63]. Upon Hsp90-
mediated enforced endosomal translocation, both
human self-DNA and CpG-ODN could activate DCs via
TLR9 to produce I[FN-a. Previous studies have
demonstrated the presence of autoantibodies to Hsp90
[66, 67] and enhanced expression of HspS0 in PBMC
of patients with active SLE [68, 69], suggesting a role
of Hsp90 in the pathogenesis. In addition, Hsp90 has
been shown to localize both in the cytoplasm and
nucleus [70]. Moreover, under stressful conditions, it

has been shown that cytosolic Hsp90 translocates to
the nucleus [71]. This suggests that Hsp90 may bind
self-DNA within the nucleus. When cells undergo
necrosis, self-DNA associated with endogenous Hsp90
could be released into extracellular space and might
trigger IFN-a production by pDCs. Our findings support
the idea that Hsp90, an endogenous danger signal
found in the sera from SLE patients, is the key
mediator of pDC activation in SLE. Thus, Hsp90 may
activate innate immunity to self-DNA by forming a
complex with self-DNA that is delivered to and retained
within early endocytic compartments of pDCs to trigger
TLR9 and induce IFN production. Thus, we determined
a fundamental mechanism by which pDCs sense and
respond to self-DNA coupled with Hsp90. Our data
suggest that, through this pathway, pDCs drive
autoimmunity in autoimmune diseases. Several host
factors other than Hsp90 that can convert self-DNA into
a trigger of DC activation have been reported.
Endogenous antimicrobial peptide LL37 (also known as
CAMP) [72], autoantibodies [73] and HMGB1 [57] have
been demonstrated to do so by forming a complex with
host-derived DNA. Together, these findings indicate
that the ability of some of DAMPs to convert seli-DNA
into a trigger of high levels of IFN-a production
depends on its capacity fo concentrate and retain DNA
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Fig. (2). Extracellular Hsp90 targets chaperoned molecules into static early endosomes. Early endosomes are comprised of
static early endosomes (Rab5™ and EEA-1") and dynamic early endosomes (Rab5™ and EEA-17). The Hsp90-CpG-A complexes
are preferentially targeted and retained in the static early endosomes of DCs, leading to sustained activation of TLR9 and IFN-q.

production.

in static early endosomes, thus enabling the selective
and sustained activation of early endosomal TLRS.

NECROTIC CELL DEATH AS A SOURCE OF
ANTIGENS AS WELL AS DANGER SIGNALS

When cells undergo necrotic cell death, it is expected
that the release of endogenous danger signals such as
DAMPs, including HSPs, occurs. The relationship
between danger signals and induction of immunity was
originally proposed by Matzinger [74]. It has been
demonstrated that the presence of endogenous danger
signals released from necrotic cells in the vicinity of
exogenous danger signals such as LPS and CpG leads to
more vigorous adaptive immune responses. In conirast,
apoptotic cells can efficiently inhibit responses of immune
cells to exogenous danger signal-induced secretion of
proinflammatory cytokines IL-12 or TNF-a by promoting
the secretion of TGF-B1 and IL-10. As Hsp90 is one of the
most abundant proteins within the cells, it may act as a
major endogenous danger signal by itself and/or as an
accelerator for innate ligands by associating with them.

HSPS CAN LINK INNATE IMMUNITY AND ADA-
PTIVE IMMUNITY THROUGH CROSS-PRESEN-
TATION OF HSP-PEPTIDE COMPLEXES

We have shown that both HspQ90-peptide complexes
are efficiently cross-presented by DCs and elicit
powerful CTLs against the associated peptides [4].

Furthermore, we have recently shown that ER-resident
Hsp70 family member, oxygen-reguiated protein 150
(ORP150), localized to static early endosome after
endocytosis, leading to antigen cross-presentation
when pulsed onto DCs [5]. These CTLs could inhibit
established tumor growth, indicating that
HspS80/ORP150-peptide - complexes act as cancer
vaccines. Importantly, the Hsp90/ORP150-mediated
cross-presentation pathway for exogenous peptides
has been shown to be an endosome-recycling pathway
not a conventional TAP-dependent pathway [4, 5].
Targeting to static early endosomes is the key feature
of Hsp90 for innate as well as adaptive immune
responses.

FUTURE DIRECTIONS

Can all HSPs target chaperoned molecules to static
early endosomes? Up io now, it has been shown that
the Hsp90 and ORP150 could be targeted to static
early endosome after endocytosis, leading to antigen
cross-presentation when pulsed onio DCs. For other
HSPs, thus remains to be determined, however. More
importantly, the HSP receptor responsible for targeting
to static early endosomes should be clarified.
Elucidation of the molecular basis for sorting HSPs to
static endosomes will also be necessary to establish
HSP-based cancer vaccines. In particular, for immune
system receptors such as those on DCs, a deeper
understanding of the factors regulating frafficking of
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receptor-ligand complexes should  enable the
development of innovative cancer vaccines and
immunopotentiators.
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A novel monoclonal anti-pan human leukocyte antigen
(HLA) class | heavy chain antibody, EMR8-5, was estab-
lished. It could detect HLA-A, -B, and -C antigens in
formalin-fixed paraffin embedded tissues. By immunohis-
tochemical staining using the EMR8-5 antibody, various

cancer tissues from 246 cases were examined for HLA class -

I expression. It was found that HLA class | expression was
decreased in 20% to 42% of the cases of lung cancer, hepa-
tocellular carcinoma, colon cancer, renal cell carcinoma,
and urothelial carcinoma. In contrast, 85% of breast cancer
cases had loss of or decreased HLA class | expression. Of
the 35 breast cancer cases that had decreased HLA class |
heavy chain expression, 33 (94%) also had decreased beta2-
microglobulin expression detected by immunohisto-
chemical staining. It was suggested that HLA class |
down-regulation might be a common characteristic of
breast cancer mostly caused by the down-regulation of
beta2-microglobulin expression.

Key words: antigen presentation, beta2-microglobulin, breast
cancer, Immune escape, MHC class |

Human leukocyte antigen (HLA) class | molecules have a
central role in the cell-mediated immune system, especially as
antigen-presenting molecules for cytotoxic T lymphocytes
(CTL). The CTL can recognize antigenic peptides presented
on the cell surface by HLA class | molecules, and kill the target
cells. Recently, a large number of CTL epitope peptides were
identified in various tumor antigens, and CTL-based immuno-
therapy has been widely tested for various cancer patients.'
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Favorable outcomes have been obtained in some clinical
trials for melanoma patients, however, most of the CTL-based
immunotherapies for non-melanoma cancer patients have
fallen short of expectations.* Precise examination for the
insufficiency revealed immune escape of cancer cells, includ-
ing down-regulation of HLA class | molecules, secretion of
immunosuppressive cytokines and infiltration of immunosup-
presive cells.5® Though immune escape phenotypes such as
tumor HLA class | down-regulation have been demonstrated
mostly in primary cultured tumor cells or frozen tumor tissues,
they are rarely found in formalin-fixed paraffin-embedded
tissues because of the limited availability of anti-HLA class |
antibodies that can react to the denatured molecules in the
fixed tissues. Since most surgical tumor specimens are exam-
ined and stored after formalin fixation, development of novel
monoclonal antibodies that are capable of detecting specific
denatured antigens in the fixed tissues should contribute to
extensive histological examinations using large numbers of
archival tumor specimens.

In the present study, we introduce a novel monoclonal
anti-pan HLA class | antibody termed EMR8-5, which is
suitable for immunohistochemical staining of formalin-
fixed paraffin-embedded tissue sections. Immunostaining of
various tumor tissues revealed an unusually high frequency of
HLA class | down-regulation in breast cancer as compared
with lung, colon, kidney, liver, and bladder cancers. invol-
vement of beta2 microglobulin down-regulation is also
addressed as the major cause of the HLA down-regulation in
breast cancer.

METHODS

Development of monoclonal anti-pan HLA class | heavy
chain antibody

A recombinant His-tagged extracellular domain of HLA-
A*2402 heavy chain protein was produced and purified by
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using Ni-NTA agarose (QIAGEN, Valencia, CA, USA) as
described previously.® The purified protein was dialyzed in
PBS, and approximately 0.2 mg of protein per 500 pl of PBS
was emulsified with 500 pl of either complete Freund’s adju-
vant (for the first immunization) or incompiete Freund’s adju-
vant (after the second immunization). BALB/c mice were
immunized subcutaneously with the emulsion eight times
every week. Four days after the final immunization, spleen
cells were fused with NS-1 myeloma cells by using polyeth-
ylene glycol #4000 (Kanto Kagaku, Tokyo, Japan) and plated
into 96-well plates. Hybridoma supernatants were initially
screened using ELISA with a recombinant extracellular
domain of HLA-A*2402 heavy chain protein denatured in 8 M
urea buffer (8 M urea, 20 mM HEPES [pH 8.0]) as the
antigen. The positive supernatants were then screened by
Western blotting with cell lysates from OSC20 cells (HLA-
A*2402-negative oral cancer cell ling),'® OSC20 transfec-
tants with HLA-A*2402 cDNA, K562 cells, and recombinant
HLA-A*2402 protein. The third screening of the supernatants
was performed by immunostaining of formalin-fixed paraffin-
embedded human tissue sections. The resulting hybridoma
EMRS was cloned by limiting dilution, and finally its subclone
EMRS-5, which produced a monaoclonal anti-HLA class |
heavy chain antibody with the 1gG1 subclass and x chain,
was established.

Western bilotting

The monoclonal anti-HLA class | antibody HC10 was kindly
provided by Dr. S. Ferrone (Roswell Park Cancer Institute,
Buffalo, NY, USA).""'2 Recombinant extracellular domains of
various HLA class | allele proteins were kindly provided by
MBL Co. Ltd. (Nagoya, Japan). Cultured cells were washed
in ice-cold PBS, homogenized in ice-cold RIPA buffer
(150 mM NaCl, 1.0% NP-40, 0.5% deoxycholic acid, 0.1%
SDS, 50 mM Tris-HCL [pH 8.0], and protease inhibitor cock-
tail [Complete, Roche Diagnostics, Basel, Switzerland]) for
30 min and clarified by centrifugation at 12 000 g for 20 min
at 4°C. The lysates and 0.5 pg of recombinant HLA heavy
chain proteins were boiled for 5 min with SDS sample buffer
and then separated by 7.5% SDS-polyacrylamide gel elec-
trophoresis. The proteins were transferred electrophoretically
to a polyvinylidene fluoride (PVDF) membrane (Immobilon-P,
Millipore, Billerica, MA, USA). The membranes were incu-
bated with blocking buffer (5% nonfat dry milk in PBS) at
room temperature and then incubated for 60 min with
EMRS-5 culture supernatant. After washing three times with
PBS-T buffer (0.05% Tween-20 in PBS), the membrane was
reacted with a peroxidase-labeled goat anti-mouse 1gG anti-
body (KPL, Gaithersburg, MD, USA) for one hour. Finally, the
signals were visualized using an enhanced chemilumines-
cence (ECL) detection system (Amersham Life Science,

Atlington Heights, IL, USA) according to the manufacturer’s
protocol.

Tissue specimens

Formalin-fixed paraffin-embedded tissue specimens of
breast cancer (41 cases), lung cancer (35 cases), hepatocel-
lular carcinoma (57 cases), colon cancer (15 cases), renal
cell carcinoma (45 cases), and bladder cancer (53 cases)
that were resected from patients at the Sapporo Medical
University Hospital between 1995 and 2005 were used in the
immunohistochemical examination. The study was approved
by the Institutional Review Board for Clinical Research of our
university.

Immunohistochemistry

Tissue specimens were cut into 5—um-thick sections and
deparaffinized. Antigen retrieval was performed using
TT-mega Milestone (ESBE Scientific, Markham, Ontario,
Canada) in 10 mM citrate buffer (pH 6.0) at 120°C for 15 min.
After incubation in 0.3% hydrogen peroxide for 30 min, tissue
slides were reacted with 10 ug/mL purified EMR8-5 antibody
or polyclonal anti-beta2-microglobulin antibody (DAKO) for
1 h, washed three times with PBS-T buffer, and then incubated
with SimpleStainMax-PO (Nichirei, Tokyo, Japan), followed
by reaction with 3,3-diaminobenzidine tetrahydrochloride-
hydrogen peroxide as a chromogen for 1 min. After washing
with distilled water, the slides were stained with hematoxylin
solution for 1 min, rinsed, dehydrated through graded alcohols
into non-aqueous solution, and cover-slipped with mounting
media.

Tumor HLA class | expression levels were classified
according to the criteria established by the HLA and Cancer
component of the 12th International Histocompatibility Work-
shop.™ According to these criteria, expression levels were
defined as strongly positive (2+) if the cell membrane was
stained as strongly as stromal lymphocytes or endothelial
cells in more than 75% of the tumor cells. If membrane
staining was heterogenous in 25% or more of the constituent
tumor cells, it was defined as weak positive (1+). If mem-
brane staining was lost in more than 75% of the tumor cells,
it was defined as negative (0). Cases with a level 1+ or less
were judged as down-regulated.

RESULTS
Characterization of monoclonal antibody EMR8-5

0SC20 is an HLA-A*2402-negative cell line.' HLA-A*2402
cDNA was cloned into plasmid pcDNA3.1 and transfected

© 2012 The Authors

Pathology International © 2012 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd

— 222 —



into OSC20 cells. The resulting stable transfectant OSC20-
A*2402 cells expressed HLA-A24 antigen on the cell surface.
K562 is an HLA class I-negative cell line. Western blotting
with the EMR8-5 antibody and HC10 antibody indicated that
the EMR8-5 antibody could react to both immunized recom-
binant HLA-A*2402 heavy chain protein and endogenous
non-HLA-A*2402 heavy chains expressed in OSC20 cells,
whereas the HC10 antibody could react to endogenous non-
HLA-A*2402 heavy chains, but not to the HLA-A*2402 heavy
chain (Fig. 1).

Western blotting analysis with deletion mutant HLA-
A*2402 proteins revealed that the epitope of EMR8-5 was
located within a conserved o3 domain (Fig. 2).

41KDa m—

Figure 1 Western blot analysis with antibodies EMR8-5 (upper
panel) and HC10 {lower panel). OSC20 cells are HLA-A*2402 nega-
tive. OSC20-HLA*2402 cells are OSC20 transfectant cells with
pcDNA3.1-HLA-A*2402 cDNA. K562 cells are HLA class I-negative
cells. Recombinant A*2402 indicates 0.5 pg of recombinant extracel-
lular domain protein derived from HLA-A*2402 that was used as the
immunogen.

Figure 2 293T cells were trans-
fected with cDNA encoding
FLAG-tagged deletion mutant

HLA-A*2402 proteins, A24-o.1/a2 S§ atvoz o

(lanes 1 and 3) and A24-¢:3 (lanes A*2402
2 and 4). Reactivity of EMR8-6to
the deletion mutant proteins was Azdatioz R
analyzed by Western blot analysis A2d-03

(lanes 1 and 2). Both of deletion
mutant proteins were detected
by anti-FLAG antibody (lenes 3
and 4). EMR8-5 reacted only
to 16 kDa A24-03 (lane 2, black
arrow). White arrow indicates
41 kDa endogenous HLA class |
protein in 293T cells.

© 2012 The Authors
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To clarify the specificity of these antibodies, reactivity to
recombinant extracellular domains of various HLA class |
allele proteins was examined by Western blotting (Fig. 3). It
was demonstrated that EMR8-5 could react to all the HLA-A,
B, and C alleles examined, whereas HC10 reacted preferen-
tially to HLA-B and C alleles as reported previously.™'2 The
data indicate that EMR8-5 was a monoclonal pan-HLA class
| heavy chain antibody.

Immunochistochemical staining of formalin-fixed tumor
tissues with EMR8-5 antibody

To determine the frequency of down-regulation of HLA class
| expression in various tumors, surgically resected tissue
specimens from 246 cases were immunostained with the
EMRS8-5 antibody. Representative immunostaining data of
HLA class I-positive cases of colon cancer and breast cancer
are shown in Figure 4a,d, respectively, and HLA class |
down-regulated cases of colon cancer and breast cancer are
shown in Figure 4b,c,e,f, in which stromal lymphocytes and
endothelial cells are strongly stained by the antibody, serving
as internal positive control. A summary of the frequency of
HLA class | down-regulation in each tumor is presented in
Table 1. A striking difference in the frequency of HLA class |
expression was noted between breast cancer (85%) and
other cancers (20% to 42%). HLA class | expression was
down-regulated in a larger proportion of breast cancer
cases than in other cancers such as lung cancer, colon
cancer, hepatocellular carcinoma, renal cell cancer, and
bladder cancer.

To determine the mechanism involved in the down-
regulation of membrane expression of HLA class | in breast

Intra
cellular

EMRS8-5

Anti-FLAG
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recombinant HLA class I heavy chain proteins
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Figure 3 Western blot analysis with anti-
bodies EMR8-5 (upper panel) and HC10

EMR8-5

(lower panel). Recombinant extracellular
domain proteins (0.5 ug per lane) derived
from the indicated HLA class | alleles were
run on the SDS-PAGE and immunoblotted
with the indicated antibody. Underlined

HC10

protein in italics indicates the immunogen
of our preparation. Other proteins were
gifts from Medical & Biological Lab. Co.
Ltd. (Nagoya, Japan).

Figure 4 Representative immunostaining pictures with EMR8-5 antibody. Panels a, b and ¢ are colon cancer cases that are HLA class
|-positive (2+, Panel a), negative (0, Panel b) and heterogeneous staining (1+, Panel ¢). Panels d, e and f are breast cancer cases that are
HLA class |-positive (2+, Panel d), negative (0, Panel e) and weak positive staining (1+, Panel f). Note that stromal cells such as lymphocytes,
endothelial cells and fibroblasts are HLA class I-positive in Panel b, ¢, e and f, serving as internal positive control.

cancers, the same tissue sections were examined for the
expression of beta2-microglobulin (HLA class | light chain) by
immunostaining. As shown in Table 2, 33 of the 35 cases
(94%) of HLA class | weak or negative breast cancer had loss
of beta2-microglubulin expression demonstrated by immun-
ostaining. These data indicated that HLA class | down-
regulation in breast cancer cells was mostly accompanied by
the down-regulation of beta2-microglobulin expression,
which might be one of the major causes of the impairment of
membrane expression of HLA class |.

Table 1 Human leukocyte antigen (HLA) class | expression levels
detected by immunostaining with antibody EMR8-5

Cancer origin Total cases 2+ 140 (%)
Breast cancer 41 6 35 (85%)
Lung cancer 35 28 7 (20%)
Hepatocellular carcinoma 57 33 24 (42%)
Colon cancer 15 11 4 (27%)
Renal cell carcinoma 45 29 16 (35%)
Bladder cancer 53 35 18 (34%)

Expression levels 2+, 1+, and 0 are strongly positive, weakly positive,
and negative, respectively.

© 2012 The Authors
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Table 2 Human leukocyte antigen (HLA) class | heavy chain
expression and beta2-microglobulin expression in the breast cancer
cases

Monoclonal anti-pan-HLA class | antibody 307

Table 3 Human leukocyte antigen (HLA) class | Allele Frequency
(Phenotype frequency)

Frequency % Frequency % Frequency %

Total cases B2-MG + p2-MG - Allele (Japanese) (Asian in USA) (Caucasoid in USA)
HLAclass | 0 15 0 15 1 AO0101 4 3-10 22-29
HLAclass | 1+ 20 2 18 2 At1101 16-22 3646 12-14
HLA class | 2+ 6 6 0 3 A0201 21-23 18-19 40-48
Expression levels 2+, 1+, and 0 are strongly positive, weakly positive, 4 A0207 4-8 8-13 0
and negative, respectively. 5 A2402 65-76 36-38 13-26
6 B 0702 10-13 5 20-31
7 B 0801 0 3 13-23
8 B 1501 13-17 7-10 12-16
DISCUSSION 9 B 3501 4-18 8 9-14
10 B 4001 6-12 16-18 8-14
There are many reports showing the down-regulation of HLA 11 B 4002 6-17 6 2-3
class | and immune escape of cancer cells.'*? Since most ~ 12 B 4006 8-13 47 0
anti-HLA class | antibodies recognize the allele-specific 13 B 4403 12-24 8-9 6-16
) 14 Cw 0102 3040 27 4-7
native structure of cell-surface HLA class | molecules or 15 Cw 0801 15-22 29 0
heterodimeric structure of a heavy chain and beta2- 16 Cw 1202 20-24 6 2
17 Cw 1502 3-5 5 3-5

microglobulin, these antibodies cannot react with denatured
HLA class | molecules in formalin-fixed paraffin-embedded
tissue sections. Two monoclonal anti-HLA class | antibodies,
HC10 and HCA2, have been well characterized and are
available for the immunostaining of formalin-fixed tissue
specimens. However, as shown in our results (Figs 1,3),
HC10 can barely react with HLA-A allele proteins, and HCA2
reacts to some HLA-A allele proteins, but not to most HLA-B
or C allele proteins."'2 In the present study, we demon-
strated a novel monoclonal pan-HLA class | heavy chain
antibody suitable for the immunostaining of formalin-fixed
tissue specimens. The epitope was located  within a con-
served a3 domain, and the antibody reacted to 17 HLA class
| allele proteins examined. Allele frequencies are shown in
Table 3. The antibody enabled us to examine HLA class |
expression at the tissue level in a large number of archival
tissue specimens that were surgically resected and stored for
a long time.

By immunostaining of various tumor specimens from 246
cases using EMB8-5, it was found that breast cancer might
have a unique immune escape phenotype as compared with
other tumors. Our findings are essentially compatible with
studies of Ferrone et al.® and other groups,'®* although the
frequency was higher in our study. Although we could not find
a correlation between the prognoses of the cancer patients
and HLA class | expression level, it was noted that all the
cases of micropapillary type breast cancer (10 cases) were
HLA class | negative, which subtype is known to be extremely
metastatic and have a poor prognosis. Of the breast cancer
cases with decreased HLA class | heavy chain expression,
94% were accompanied by loss of beta2-microglobulin
expression. No beta2-microglobulin gene mutation was
detected by sequencing analysis of three breast cancer
cases with beta2-microglobulin negative phenotype. It is
likely that beta2-microglobulin gene expression may be regu-
lated by epigenetic mechanisms such as gene methylation

© 2012 The Authors

Percentage of individuals who have the allele or gene.
Phenotype frequencies were calculated from the data of ‘The Allele
Frequency Net Database’ (http://www.allelefrequencies.net/).?

and histone deacetylation. Actually, we have found that
beta2-microglobulin expression of breast cancer cell lines
was up-regulated in the presence of a histone deacetylase
inhibitor, leading to the restoration of cell surface HLA class |
expression (data not shown). Further analysis of the mecha-
nism of HLA class | gene regulation should lead to a novel
therapeutic strategy for breast cancer.
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Abstract

Primary lymphoma of adrenal glands is rare, and non-B-cell lymphoma associated with pyothorax is also very rare. Here
we report the first autopsy case of non-B-cell lymphoma in bilateral adrenal glands of a 79-year-old woman with
pyothorax who had an aggressive clinical course. Immunohistochemically, tumor cells showed CD3+, CD45RO+, CD5-,
CD7-, CD4-, CD8-, CD10-, CD20-, CD30-, CD79a-, CD138-, CD56-, granzyme B-, TIA-14+ and ALK-. In addition, tumor

lymphoma (nasal type).

eu/vs/8050621197741854.

\.

cells were strongly EBER1-positive by in situ hybridization. In genomic DNA of tumor cells, T-cell receptor
rearrangements were not detected by southern blotting. We finally diagnosed this case as extranodal NK/T-cell

Virtual Slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.

Keywords: NK/T-cell lymphoma, Adrenal gland, EBV, Pyothorax, Autopsy

Background
Lymphoma in the adrenal gland is rare, accounting for
less than 1% of non-Hodgkin lymphomas. The features of
lymphoma in adrenal glands are: (i) peak age of onset is
elderly (mean age of 68 years), (ii) bilateral adrenal glands
are involved in 60% of cases, (iii) adrenal failure occurs in
66% of cases, (iv) B-cell type is predominantly observed in
90% of cases and (v) prognosis is poor [1]. On the other
hand, pyothorax-associated lymphoma, which is also rare
(only 2% of patients with pyothorax), commonly shows
the following features: (i) pathogenesis is related to
pyothorax resulting form tuberculosis and artificial
pneumothorax, (i) common site of the tumor is around
the pleural cavity, (iii) period of onset is more than
20 years, (iv) B-cell type is typical and strongly positive for
Epstein-Barr virus, and (v) prognosis is poor [2]. However,
non-B-cell type lymphoma occurring in adrenal glands of
a patient with pyothorax has not been reported.

Here we report the first case of NK/T-cell lymphoma
in bilateral adrenal glands in a patient with pyothorax.
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'Department of Pathology, Sapporo Medical University, South-1, West-17,
Chuo-ku, Sapporo 060-8556, Japan
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Case presentation

A 79-year-old Japanese woman presented with cough and
bloody sputum in July 2011. She had been followed since
1990 by a pulmonologist under the diagnosis of chronic
pyothorax resulting from tuberculosis, and warfarin had
been administered under the diagnosis of atrial fibrillation
since 2009. There was no obvious evidence of existing
immunodeficiency.

At the initial presentation, a large cystic lesion, pleural
fluid and bilateral independent adrenal tumors (55 mm
x 31 mm on the right side and 57 mm x 32 mm on the
left side) were detected by thoracic and abdominal com-
puted tomography (CT) scans, respectively (Figure 1A,
1B). Tuberculosis bacterium was not detected in the
sputum using PCR. Serum LDH was elevated to 1,038
U/L. Although use of warfarin was immediately stopped
and coagulation therapy was performed using carbazo-
chrome sodium sulfonate hydrate and tranexamic acid,
the symptoms were not improved. Nineteen days after
initial presentation, bloody sputum was successfully
decreased by bronchial artery embolization. The next
day, however, hyponatremia (Na: 113 mEq/L) occurred,
followed by increases of serum IL-2R (1,185 U/mL) and
serum NSE (1179 ng/mL). An abdominal CT scan
showed an increase in sizes of the bilateral adrenal

© 2012 Tsukahara et al; licensee BicMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
repraduction in any medium, provided the original work is properly cited.
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Figure 1 Enhanced computed tomography scan of the chest and abdomen. (A) Thoracic CT scan displayed large pyothorax and effusion in
the left pleural cavity (indicated by a red arrow). (B) Abdominal CT scan displayed bilateral adrenal tumors (indicated by red arrows).

tumor masses (57 mm x 54 mm on the right side and
74 mm x 45 mm on the left side). Two days later, under
the diagnosis of adrenal failure caused by the tumors,
augmentation of corticosteroid and correction of hypo-
natremia were started. Serum concentrations of cortisol,
sodium and potassium were controlled well. However,
seven days after the initiation of treatment, the patient
had symptoms of general malaise and chest pain as well
as atrial fibrillation with a rapid ventricular response.
Serum LDH was increased to 3,650 U/L from 1,038 U/L
at the initial presentation. Despite administration of anti-
arrhythmic agents, blood pressure decreased to less than
70 mmHg, and then cyanosis and hypouresis occurred.
Thirty-three days after initial presentation (11 days after
initiation of therapy for adrenal failure), the patient died.
Autopsy was performed five hours after death.

Materials and methods

The autopsy specimen was fixed with 10% buffered for-
maldehyde and embedded in paraffin. Sections were cut
to 2um in thickness and stained with hematoxylin and
eosin. Immunohistochemistry was performed using pri-
mary antibodies against cytokeratin, vimentin, CD3,
CD45R0, CD5, CD7, CD4, CD8, CD10, CD20, CD79%,
CD138, CD56, granzyme B, TIA-1, ALK and Ki-67. Ki-67
index was calculated as the ratio of Ki-67-positive cell
number to 1,000 tumor cells. In situ hybridization was
performed using an anti-sense probe of Epstain-Barr virus
(EBV)-encoded RNA 1 (EBER1). Southern blotting for de-
tection of T cell receptor rearrangement in genome DNA
of fresh frozen tumor tissue using probes against J§1 and
JB2 of TCR 8 chain and Jy of TCR y chain was performed
by BML, Inc (Tokyo, Japan).

Results

Macroscopic findings

In the left pleural cavity, pyothorax as a large cystic lesion
{approximately 16 cm x 7 c¢m) containing necrotic tissues
with pyogenic pleural fluid was detected. No tumoral le-
sion was detected around the left pleural cavity. In both

adrenal glands, tumor masses (90 mm x 65 mm on the
right and 85 mm x 60 mm on the left) with necrotic
change were detected (Figure 2). The right adrenal tumor
had infiltrated into the right kidney and inferior vena cava,
and the left adrenal tumor had infiltrated into the left kid-
ney and spleen. Enlarged lymph nodes were not detected
anywhere.

Histologic and genomic findings

The cystic wall of the pyothorax consisted of fibrous
and hyalinizing tissue with a small population of infil-
trating lymphocytes without atypia. No EBER1-positive
cells were detected around the left pleural cavity by in
situ hybridization. The adrenal tumors contained diffuse
middle to large-sized neoplastic lymphoid cells with aty-
pia and mitosis (Figure 3A). Both of the adrenal glands
had completely disappeared due to invasion of the
tumors. Immunohistochemically, the tumor cells were
cytokeratin -, vimentin +, CD3+ (Figure 3B), CD45RO+,
CD5-, CD7-, CD4-, CD8-, CD10-, CD20- (Figure 3C),
CD30-, CD79a-, CD138-, CD56- (Figure 3D), granzyme
B-, TIA-1 cytotoxic granule-associated RNA binding
protein (TIA-1) + (Figure 3E) and ALK-. As shown in
Figure 3F, Ki-67 was strongly positive in tumor cells
(Ki-67 index: 77.0%). Results of in situ hybridization
showed that EBER1 was strongly positive in most of the
tumor cells (Figure 3G). TCR rearrangements in gen-
omic DNA of fresh frozen tumor cells were not detected
in TCR 8 and TCR y chains by southern blotting
(Figure 3H).

These findings indicated that the tumor had characteris-
tics of peripheral T-cell origin or natural killer (NK)/T-cell
origin. The findings of CD3+, CD45RO+and CD56-
could indicate peripheral T-cell lymphoma. In contrast,
the findings of TIA-1+, EBER1+ and no TCR rearrange-
ment could indicate NK/T-cell lymphoma. Considering
the findings of TIA-1+, EBER1+ and no TCR rearrange-
ment, histological type of the tumor was finally diagnosed
as CD56-negative extranodal NK/T-cell lymphoma (nasal

type).
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Figure 2 Macroscopic view of bilateral adrenal masses and adjacent organs.

Discussion

This is the first case of non-B-cell lymphoma in bilateral
adrenal glands in a patient with pyothorax. Tumor cells
had the characteristics of both peripheral T-cell lymph-
oma and NK/T-cell lymphoma. In addition, no tumor
lesions were detected around the pyothorax. The tumor
showed highly malignant characteristics and showed an
aggressive clinical course.

Commonly, adrenal lymphoma shows histological
characteristics of B-cell type, mainly diffuse large B-cell
lymphoma (DLBCL). Therefore, this case of non-B-cell
lymphoma is a rare case. Six cases of peripheral T-cell
lymphoma and five cases of NK/T-cell lymphoma have
been reported [3,4]. On the other hand, most pyothorax-
associated lymphomas have shown findings of DLBCL
occurring in the pleural cavity in addition to strong posi-
tive findings of EBV. Nine cases of peripheral T-cell
lymphoma associated with pyothorax have been reported
[5-13], but no cases of NK/T-cell lymphoma associated
with pyothorax have been reported. Only one case of
lymphoma occurring in both adrenal glands in a patient
with pyothorax has been reported [14]. In that case, a
small lesion of lymphoma was also detected around the
pyothorax lesion, and the histological type was diag-
nosed as DLBCL. Thus, non-B-cell lymphoma in adrenal
glands in a patient with pyothorax such as the present
case is an extremely rare condition.

For differential diagnosis, (i) “peripheral T-cell lymph-
oma, not otherwise specified”, (ii) “extranodal NK/T-cell
lymphoma (nasal type)” and (iii) chronic active Epstein-
Barr virus infection (CAEBV) were considered. As
described above, the tumor had characteristics of both
peripheral T-cell and NK/T-cell lymphomas. The find-
ings of CD3 + CD45R0O + CD56- could indicate peripheral
T-cell lymphoma. On the other hand, the findings of
cytotoxicity-associated molecule TIA-1+, no TCR re-
arrangement and EBV + could indicate NK/T-cell lymph-
oma. The present case could not strictly be categorized
into either. However, considering the findings of TIA-1+,
EBER1+ and no TCR rearrangement, we finally diagnosed
this lymphoma as extranodal NK/T-cell lymphoma (nasal
type). Recently, Miles et al. reported a case of CD56-
negative extranodal NK/T-cell lymphoma [15]. In that
case, neoplastic lymphoid cells expressed CD3, TIA-1
and EBER1 with an unusual lack of CD56. In addition,
the patient had no typical symptoms of infectious
mononucleosis-like illness, hypersensitivity to mosquito
bites or other symptoms supporting CAEBV [16].

Our patient died only 33 days after initial presentation.
Generally, the prognosis of both peripheral T-cell lymph-
oma and NK/T-cell lymphoma is poor. Nonnasal NK/T-
cell lymphoma, such as this case, shows an aggressive clin-
ical course. Chen et al. reported that the mean survival
period of nonnasal NK/T-cell lymphoma patients was
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Figure 3 Microscopic views and T-cell receptor rearrangement of the tumors. HE (A) and immunohistochemistry against CD3 (B), CD20 (Q),
(D56 (D), TIA-1 (E) and Ki-67 (F). (G) In situ hybridization against EBER-1. (H) Southern blotting to detect T-cell receptor rearrangement in fresh
frozen tumor tissue. The first column in each blot indicates the size of the DNA fragment (kbp). Restriction enzymes used were as the follows: E,

EcoRl; B, BamHI and H, HindlIl.

3.5 months (from 1 week to 3 years) after initial presenta-
tion [17).

In pyothorax-associated lymphoma, transformation of
lymphocytes caused by EBV infection and proliferative
stimulation via inflammatory cytokines including interleukin-
6 in the microenvironment of chronic pyothorax might be
the major cause of tumorigenesis [8]. In a narrow sense, the
association between pyothorax and the present lymphoma of
adrenal glands is still unknown because no tumor lesions
were detected in the pleural cavity. Obviously, there is a pos-
sibility that the pyothorax existed incidentally. Nevertheless,
the possibility that both the long-standing pyothorax lesion
and EBV infection contributed to the tumor-initiating ability
of tumor cells in the present case cannot be ruled out. Asak-
age et al. reported a case of EBV-positive T-cell lymphoma of
the stomach in a patient with pyothorax. In that patient, no
tumors were detected around the pleural cavity, as in the
present case [5].

Conclusion

We have reported the first case of CD56-negative extranodal
NK/T-cell lymphoma in bilateral adrenal glands in a patient
with pyothorax. The tumor displayed highly malignant char-
acteristics with a distressful clinical course. There is a possi-
bility that chronic inflammation in the microenvironment of
the pyothorax and EBV infection contributed to the tumor-
initiating ability of tumor cells in the present case.
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Survivin, a member of the inhibitor of apoptosis protein (IAP)
family containing a single baculovirus IAP repeat domain, is
highly expressed in cancerous tissues but not in normal counter-
parts. Our group identified an HLA-A24-restricted antigenic
peptide, survivin-2B80-88 (AYACNTSTL), that is recognized by
CD8 + CTLs and functions as an immunogenic molecule in
patients with cancers of various histological origins such as
colon, breast, lung, oral, and urogenital malignancies. Subse-
quent clinical trials with this epitope peptide alone resulted in
clinical and immunological responses. However, these were not
strong enough for routine clinical use as a therapeutic cancer
vaccine, and our previous study of colon cancer patients
indicated that treatment with a vaccination protocol of survivin-
2B80-88 plus incomplete Freund’s adjuvant (IFA) and s-interferon
(IFNg) conferred overt clinical improvement and enhanced the
immunological responses of patients. In the current study, we
further investigated whether this vaccination protocol could
efficiently provide not only improved immune responses but also
better clinical outcomes for advanced pancreatic cancers. Tetra-
mer and enzyme-linked immunosorbent spot analysis data
indicated that more than 50% of the patients had positive clinical
and immunological responses. In contrast, assessment of treat-
ment with IFNa only to another group of cancer patients resulted
in no obvious increase in the frequency of survivin-2B80-88
peptide-specific CTLs. Taken together, our data clearly indicate
that a vaccination protocol of survivin-2B80-88 plus IFA and IFN«
is very effective and useful in immunotherapy for this type of
poor-prognosis neoplasm. This trial was registered with the
UMIN Clinical Trials Registry, no. UMING0O0000905. (Cancer Sci
2013; 104: 124-129)

R ecent progress in human tumor immunology research has
presented us with the possibility that immunothempy
could be established as an effective cancer therapy in the very
near future.!”"® Indeed, since the first discovery of a human
tumor antigen in 199?‘ ’ many clinical trials for cancer vac-
cines have been carried out, and these studies have suggested
that active immunization using HLA class I restricted tumor
antigenic peptides and the whole or part of the tumor antigenic
protein could work as activators of antigen-specific CTLs, at
least in some cancer patients.””” >’ However, even in effective
cases, vaccination with these molecules alone is not sufficient
to evoke a potent and stable immune response and subsequent
strong clinical effect. Thus, it is crucial to develop various
methods for enhancing the immunological efficacy of tumor
antigens.

We have studied how tumor antigenicity can be cfficiently
enhanced in cancer patients since 2003. In our studies, the
HLA-A24-restricted peptide survivin-2B80-88 was given s.c.

Cancer Sci | January 2013 | vol. 104 | no. 1 | 124-129

to patients six times or more at biweekly intervals for colon,
breast, lung. oral cavity, and urinary bladder cancers, and
lymphomas. Clinically, certain patients with colon, lung, and
urinary bladder cancers showed reductions in tumor mark-
ers and ﬁ’iowth arrest as assessed by computed tomography
(CT).® 19 These effects. however, were not strong enough for
the clinical requirements as decided by the criteria for cancer
chemotherapy. When assessed with the Response Evaluation
Criteria in Solid Tumors, which requires more than 30%
regression of tumors on CT, only one patient each of 15 with
colon cancers and three with urinary bladder cancers had a
positive clinical response, indicating that the therapeutic poten-
tial was obviously not strong enough for routine clinical use as
a cancer treatment.

In a previous study.‘m to determine if the immunogenicity of
the survivin-2B80-88 peptide could be enhanced with other
vaccination protocols, we carried out and compared clinical
trials in advanced colon cancer patients with two vaccination
protocols: (i) survivin-2B80-88 plus incomplete Freund’s adju-
vant (IFA); and (ii) survivin-2B80-88 plus IFA and a type-I
interferon (IFN), IFNz. Our data clearly indicated that,
although the effect of survivin-2B80-88 plus IFA was not
significantly different from that with survivin-2B80-88 alone,
treatment with survivin-2B80-88 plus IFA and IFNu« resulted
in clear clinical improvement and enhanced the immunological
responses of patients. We also analyzed CTLs of these patients
by single-cell sorting, and found that each CTL clone from
vaccinated patients was indeed not only peptide-specific but
also cytotoxic against human cancer cells in the context of the
expression of both HLA-A24 and survivin molecules.

Pancreatic cancer is still one of most difficult malignant
ncoplasms to treat, so in the current study we investigated
whether the most effective protocol for colon cancer patients,
namely survivin-2B80-88 plus IFA and IFN«, could work sim-
ilarly in pancreatic cancers as in colon cancers. Furthermore,
we carried out frequency monitoring of survivin-2B80-88 pep-
tide-specific CTL in cases of cancer patients treated with IFNa.
alone, and found no overt increase of these CTLs. Once the
survivin-2B80-88 peptide was administered with IFNo,
patients showed strong clinical and immunological responses
as assessed by tetramer and enzyme-linked immunosorbent
spot (ELISPOT) analyses. Taken together, our current data
strongly suggest that vaccination using survivin-2B80-88 plus
IFA and IFNo is actually very effective in patients with
advanced pancreatic cancers from both the clinical and
immunological points of view.

3*To whom correspondence should be addressed.
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Materials and Methods

Patients. Patient selection was done as reported in our previ-
ously published work. The study protocol was approved by the
Clinic Institutional Ethical Review Board of the Medical Insti-
tute of Bioregulation, Sapporo Medical University (Sapporo,
Japan).®™' All patients gave informed consent before being
enrolled. Patients who participated in this study were required
to: (i) have histologically confirmed pancreatic cancer; (ii) be
HLA-A*2402 positive; (iii) have survivin-positive carcinoma-
tous lesions by immunohistochemistry; (iv) be between 20 and
85 years old; (v) have unresectable advanced cancer or recur-
rent cancer; and (vi) have Eastern Cooperative Oncology
Group performance status between 0 and 2. Exclusion criteria
included: (i) prior cancer therapy such as chemotherapy, radia-
tion therapy, steroid therapy, or other immunotherapy within
the past 4 weeks; (ii) the presence of other cancers that might
influence the prognosis; (iii) immunodeficiency or a history of
splenectomy; (iv) severe cardiac insufficiency, acute infection,
or hematopoietic failure; (v) use of anticoagulants; and (vi)
unsuitability for the trial based on clinical judgment. This
study was carried out at the Department of Surgery, in the
Sapporo Medical University Primary Hospital from December
2005 through to November 2010.

Peptide, IFA, and IFNa preparation. The peptide, survivin-
2B80-88 with the sequence AYACNTSTL, was prepared under
good manufacturing practice conditions by Multiple Peptide
Systems (San Diego, CA, USA).®'%2 The identity of the
peptide was confirmed by mass spectrometry analysis, and the
purity was shown to be more than 98% as assessed by HPLC
analysis. The peptide was supplied as a freeze-dried, sterile
white powder. It was dissolved in 1.0 mL physiological saline
(Otsuka Pharmaceutical, Tokyo, Japan) and stored at —80°C
until just before use. Montanide ISA 51 (Seppic, Paris, France)
was used as IFA. Human IFNo was purchased from Dainip-
pon-Sumitomo Pharmaceutical (Osaka, Japan).

Patient treatment. In this clinical study, we used the protocol
illustrated in Fig. 1, with the survivin-2B80-88 peptide plus
IFA and IFNo. In this trial, the primary endpoint was safety.
The second endpoint was investigation of the antitumor effects
and clinical and immunological monitoring.

In this protocol. survivin-2B80-88 at a dose of 1 mg/l mL
plus IFA at a dose of | mL were mixed immediately before
vaccination. The patients were then vaccinated s.c. four times

Survivin-2B80-88 peptide plus IFA with IFNo

Peptide Peptide Peptide Peptide
(1mg/1mLY K1 mg/1 mL)| 1 mg/1 mLY K1 mg/1mL,
IFA (1 mL){ | IFA (1 mL)] { IFA (1 mL)] | IFA (1 mL);

l Day 1 l 2 weeks l 4 weeks l 6 weeks

IR RN RN RN

IFNo administration
(3000 000 IU)

Clinical & Clinical &
immunological immunological
evaluation evaluation

Fig. 1. Clinical protocol of study. Survivin-2B80-88 and incomplete
Freund's adjuvant (IFA) were mixed immediately before vaccination.
The patients were then vaccinated s.c. four times at 14-day intervals.
In addition, a-interferon (IFN«) was given twice a week close to the
site of vaccination. For this, IFNa was mixed with the peptide and IFA
immediately before vaccination and given at the time of peptide and
IFA biweekly vaccination.

Kameshima et al.

at 14-day intervals. In addition, IFNo at a dose of
3 000 000 IU was given s.c. twice a week close to the site of
vaccination. For this, IFNo was mixed with the peptide and
IFA immediately before vaccination and given at the time of
peptide and IFA biweekly vaccination (Fig. 1).

Toxicity evaluation. Patients were examined closely for signs
of toxicity during and after vaccination. Adverse events were
recorded using the National Cancer Institute Common Toxicity
Criteria.'"”

Clinical response evaluation. Physical examinations and
hematological examinations were carried out before and after
each vaccination.®' A tumor marker (Cal9-9) was exam-
ined. Changes in the tumor marker levels were evaluated by
comparison of the serum level before the first vaccination and
that after the fourth vaccination. Immunohistochemical study
of the HLA class I expression in patients’ primary pancreatic
cancer tissues was done with anti-HLA class 1 heavy chain
mAb EMR-8-5"® (Funakoshi, Tokyo, Japan).

Tumor size was evaluated by CT scans or MRI by comparing
the size before the first vaccination with that after the fourth
vaccination. A complete response (CR) was defined as com-
plete disappearance of all measurable and evaluable disease. A
partial response was defined as a >30% decrease from the
baseline in the size of all measurable lesions (sum of maximal
diameters). Progressive disease (PD) was defined as an increase
in the sum of maximal diameters by at least 20% or the appear-
ance of new lesions. Stable disease (SD) was defined as the
absence of criteria matching those for complete response, par-
tial response, or PD.®™'” Patients who received fewer than four
vaccinations were excluded trom all evaluations in this study.

In vitro stimulation of PBMC, tetramer staining, and ELISPOT
assay. The samples for tetramer analysis and ELISPOT analysis
were simultaneously obtained at the time of the hematological
examination before and after each vaccination. These experi-
ments were carried out as in our previous report. The PBMCs
were isolated from blood samples by Ficoll-Conray density
gradient centrifugation. Then they were frozen and stored at
—80°C. As needed, frozen PBMCs were thawed and incubated
in the presence of 30 pg/mL survivin-2B80-88 in AIM V (Life
Technologies Corp, Grand Island, NY, USA) medium contain-
ing 10% human serum at room temperature. Next, interleukin-2
was added at a final concentration of 50 U/mL 1 h, 2 days,
4 days, and 6 days after the addition of the peptide. On day 7
of culture, the PBMCs were analyzed by tetramer staining and
ELISPOT assay. -

The FITC-labeled HLA-A*2402-HIV  peptide (RYL-
RDQQLL) and phycoerythrin (PE)-labeled HLA-A*2402-
survivin-2B8-88 peptide tetramers were purchased from Medi-
cal and Biological Laboratories (MBL) Co., Ltd (Nagoya,
Japan). For flow cytometric analysis, PBMCs, stimulated
in vitro as above, were stained with the PE-labeled tetramer
at 37°C for 20 min, followed by staining with a PE-Cy5-
conjugated anti-CD8 mAb (BD Biosciences, San Jose, CA,
USA) at 4°C for 30 min. Cells were washed twice with PBS
before fixation in 1% formaldehyde. Flow cytometric analysis
was carried out using FACSCalibur and CellQuest software
(BD Biosciences). The frequency of CTL precursors was calcu-
lated as the number of tetramer—;l)ositive cells divided by the
number of CD8-positive cells.®%12

The ELISPOT plates were coated overnight in a sterile
environment with an IFNy capture antibody (BD Biosciences)
at 4°C. The plates were then washed once and blocked with
AIM V medium containing 10% human serum for 2 h at room
temperature. CD8-positive T cells separated from patients’
PBMCs (5 x 10° cells/well) that were stimulated in vitro as
above were then added to each well along with HLA-A24-trans-
fected T2 cells (T2-A24) (5 x 10* cells/well) that had been
preincubated with or without survivin-2B80-88 (10 mg/mL) or
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with an HIV peptide as a negative control. After incubation in
a 5% CO, humidified chamber at 37°C for 24 h, the wells
were washed vigorously five times with PBS and incubated
with a biotinylated anti-human IFNy antibody and HRP-conju-
gated avidin. Spots were visualized and analyzed using KS
ELISPOT (Carl Zeiss, Oberkochen, Germany). In this study,
positive (+) ELISPOT represents a more than twofold increase
of survivin-2B80-88 peptide-specific CD8 T cell IFNy-postive
spots as compared with HIV peptide-specific CD8 T cell spots,
whereas negative (—) means a less than twofold increase.

Single-cell cloning and functional assessment of tetramer-posi-
tive CTLs. Survivin-2B80-88 peptide tetramer-positive CTLs
were sorted and subsequently cloned to single cells using
FACS (Aria II Special Order; BD Biosciences). The peptide-
specific cytotoxicity of each of these CTLs was determined
by pulsing T2A24 cells®!” with survivin-2B80-88 or HLA-
A*2402 HIV (RYLRDQQLL) peptides, as previously
described.

Results

Patient profiles, safety, and clinical responses. In the present
protocol with the survivin-2B80-88 peptide plus IFA and
IFNa, six patients were enrolled in the study (Table 1). None
dropped out because of adverse events due to the vaccination.
They consisted of three men and three women, whose age
range was S0-80 years.

With respect to the safety, vaccination was well tolerated in
all patients. Four patients had fever reaching nearly 39°C after
the vaccination, possibly due to the action of IFNa. No other
severe adverse events were observed during or after vaccina-
tion except for induration at the injection site, which was con-
duced by IFA.

The clinical outcomes for the six patients treated with survi-
vin-2B80-88 plus IFA and IFNa are summarized in Table 1.
In some patients, particularly No. 1, the postvaccination Cal9-
9 value was clearly decreased as compared with prevaccina-
tion, and was within the normal limit. Other patients (Nos. 2,
4, and 6) also had decreased or stable postvaccination levels of
Cal9-9, although not as large. As for tumor size evaluated by
CT, four patients (Nos. 1, 2, 4, and 6) were considered to have
SD, but the other two patients (Nos. 3 and 5) had PD. Conse-
quently, it appeared that there was a close correlation between
clinical SD outcomes and a reduced or stable Cal9-9 level.

Immune responses, single-cell cloning, and subsequent
functional assessment of tetramer-positive CTLs. As in our
previous study with colon cancer patients, we determined if
the survivin-2B80-88 peptide vaccination could actually induce
specific immune responses in the patients enrolled. The peptide-
specific CTL frequency was analyzed using the HLA-A24/
peptide tetramer. The CTL frequencies before the first
vaccination (prevaccination) and after the last vaccination
(postvaccination) were assessed with an HLA-A24-restricted
survivin-2B80-88 (AYACNTSTL) peptide tetramer, compared
with an HLA-A24-restricted HIV peptide (RYLRDQQLL) tetra-
mer as a negative tetramer control. The number of survivin-
2B80-88 peptide tetramer-positive but HIV peptide-negative
CDS8 T cells in 10* CD8 T cells was determined. In the current
study, ELISPOT was also carried out using these peptides.

As summarized in Table 1, four of the six patients (Nos. [,
2, 4, and 6) had enhanced frequency with a more than 200%
increase. It was also interesting that all four of these patients
were also positive in the ELISPOT study, and all four had SD
by CT evaluation, suggesting that immune responses might
appropriately reflect clinical responses with the current vacci-
nation protocol.

As in our previous work, we also analyzed tetramer-positive
CD8 T cells at the single-cell level, and determined whether
these T cells had specificity for the survivin-2B80-88 peptide
and cytotoxic potential against live survivin-2B-positive tumor
cells in the context of HLA-A*2402. As shown in Fig. 2,
patient No. 1 (62 years old, female) had a reduced serum
Cal9-9 level, and obvious immune responses as assessed by
the survivin-2B80-88 ELISPOT and tetramer analyses (Fig. 3)
after vaccination.

Subsequently, CD8 T cells of the tetramer-positive fraction
were sorted by FACS, then cultured with 1, 3, and 10 cells/
well for 7-10 days. Almost all growing T cells were survivin-
2B peptide-specific T cells (data not shown), and we next
assessed peptide-specific cytotoxicity by using these T cells.
As Fig. 4 clearly shows, all T cells had very high peptide-
specific cytotoxic potential. Taken together, these data clearly
indicated that the vaccination protocol with survivin-2B80-88
plus IFA and IFNo was capable of inducing a strong CTL
response and for some pancreatic cancer patients might result
in clinical effectiveness.

Assessment of treatment effect with IFNa alone. The above
data strongly suggested that the current vaccination protocol

Table 1. Profiles of patients with advanced pancreatic cancer enrolled in the study and their clinical and immunological responses to
vaccination with survivin-2B80-88 peptide, incomplete Freund’s adjuvant and IFN«

" Tetramer stainingt ELISPOT#

Patient Age/sex Adverse effects Tumor markers CT eval. ’

no. pre/post (CA19-9 U/mL) Pre/post % Increase Pre/post % Increase

1 62/F induration 136.5/31.4 SD 23/246 1069.6 27/294 1088.9

61/F Induration 63.6/60.6 SD 1/157 15700.0 25/71 284.0

Fever

3 56/M Induration 171.4/978.8 PD 22/19 86.3 19/525 2763.2
Fever
Thrombopenia

4 80/F Induration 30.0/22.7 SD 9/1030 11444.4 17101 10100.0
Fever

5 58/M Induration 436.0/2885.0 PD 3/0 0.0 34/20 58.8
Fever

6 50/M Induration 4389.0/4295.0 SD 2/7 350.0 27/85 314.8

tCytotoxic T-lymphocyte frequency of prevaccinated (pre) and postvaccinated (post) patients was assessed with an HLA-A24-restricted survivin-
2B80-88 (AYACNTSTL) peptide tetramer. HLA-A24-restricted HIV peptide (RYLRDQQLL) tetramer was used as a negative control. The numbers of
survivin-2B80-88 peptide tetramer-positive but HIV peptide-negative CTLs in 10* x CD8 T cells are shown. ty-Interferon (IFNy) secretion of pre-
and postvaccinated patients’ CD8 T cells was assesed with enzyme-linked immunosorbent spot (ELISPOT) assay using T2-A24 cells pulsed with sur-
vivin-2B80-88 peptide. The numbers of spots in 5 x 10° CD8 T cells are shown. CT eval., evaluation by computed tomography; IFNg, a-interferon;

PD, progressive disease; SD, stable disease.
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