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Table 2 Summary of clinical courses of patients administered survivin-2B80-88 peptide vaccine

Peptide Adverse events (Grade)® DTH Tetramer staining assay % of HLA-A24/survivin- Reduction
dose skin 2B80-88 peptide tetramer-positiv e CTL rate (judgment)
test (post-/pre-vaccination)
| 0.1 mg x 6  Induration at the injection site (Grade 1) () Increased (1.29/0.04) 19.4% (SD)
2 0.1 mg x 6 Induration at the injection site (Grade 1) () Increased (1.34/0.07) 17.6% (SD)
3 0.lmgx2 None =) NA NA
4 0.1 mg x 6 Induration at the injection site (Grade 1)  (-) No change (0.28/0.06) —52.5% (PD)
5 1.0mg x3  None =) NA NA
6 1.0mg x 6 Induration at the injection site (Grade 1) =~ (-) No change (0.06/0.10) —68.0% (PD)
7 1.0mg x 5  Induration at the injection site (Grade 1)  (-) Increased (0.60/0.15)° NA
8 1.0mg x 6 Induration at the injection site (Grade 1)  (-) Increased (0.78/0.07)° —87.6% (PD)
9 1.0mg x 6 None ()] Increased ( 1.42/0.13)° —81.4% (PD)

NA not available

2 Adverse events were recorded using the National Cancer Institute Common Toxicity Criteria (NCI-CTC)

 Evaluation after third vaccination

through the protocol because of disease progression. Six
patients (cases 1, 2, 4, 6, 8 and 9) received the complete
regimen including six vaccinations and were evaluated.
Table 2 summarizes the immunological and clinical out-
comes of the nine patients.

Safety

Peptide vaccination was well tolerated in all nine patients.
As shown in Table 2, no hematologic, cardiovascular,
hepatic, or renal toxicity was observed. No other severe
adverse events such as fever and fatigue were observed dur-
ing or after vaccination in any patient. As minor side effect,
six patients (cases 1, 2, 4, 6, 7 and 8) developed grade 1
local skin reactions with redness and swelling at the injec-
tion sites.

DTH skin test

A DTH skin test was performed at each vaccination and
assessed 48 h later. No positive DTH reaction was observed
in any patient.

Tetramer staining assay

Peripheral blood lymphocytes of patients using HLA-A24/
survivin-2B80-88 peptide tetramers were available from
seven patients (cases 1, 2,4, 6, 7, 8 and 9). HLA-A24/survi-
vin-2B80-88 peptide tetramer analysis revealed a signifi-
cant increase in the peptide-specific CTL frequency of
CD8-positive T cells after the vaccination in five patients
(cases 1, 2, 7, 8 and 9) (Table 2). In cases 1 and 2, the fre-
quency of HLA-A24/survivin-2B80-88 peptide tetramer-
positive CTLs was increased from 0.04 to 1.29% and 0.07
to 1.34%, respectively, after the sixth vaccination (Fig. 2a, b).

@ Springer

In case 7 who could not receive the complete regimen
due to disease progression, HLA-A24/survivin-2B80-83
peptide tetramer analysis after the third vaccination
revealed an increase in the peptide-specific CTL frequency
from 0.15 to 0.60% (Fig. 2c). In cases 8 and 9, peptide-spe-
cific CTL frequency increased from 0.07 to 0.78% and 0.13
to 1.42%, respectively, after the third vaccination (Fig. 2d,
e). In these five patients, these CTLs did not show any
increases of frequency with the HLA-A24/HIV peptide
tetramer.

Clinical responses

As indicated in Table 2, the two patients (cases 1 and 2)
who showed increased frequencies of tetramer-positive
CTLs showed slight reduction of the tumor volume after
six-vaccination therapy. One responder (case 1) with right
ureteral cancer who developed chemotherapy-refractory
obturator lymph node metastasis chose to continue vaccina-
tion after finishing this phase I study because there were no
severe adverse events. Before this study, as shown in
Fig. 3a, pelvic CT showed that the recurrent right obturator
node metastasis was 60 x 25 mm in size. The metastatic
nodal disease was decreased to 46 x 15 mm after the sixth
vaccination (arrow, Fig. 3b) and to 45 x 14 mm 21 months
after first vaccination (arrow, Fig. 3c). In this patient with
advanced urothelial cancer, slight reduction of the tumor
volume was observed for 2 years, which was considered as
minor response.

Discussion

High-throughput gene expression profiling of cancer has
led to the discovery of many novel genes associated with it.
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Fig. 2 Frequency of peptide-specific CTLs analyzed by HLA-A24/
survivin-2B80-88 peptide tetramer analysis (a case 1, b case 2, ¢ case
7, d case 8 and e case 9). Lymphocytes were collected from peripheral
blood of the patients before and after the first, third and sixth vaccina-
tions, stained with an FITC-labeled anti-CD8 mAb and PE-labeled
HLA-A24/survivin-2B80-88 peptide tetramer, and analyzed by flow
cytometry. As a negative control, a tetramer with an HIV peptide was
used. The frequency of CTL precursors was calculated as the number

An increasing number of T-cell epitopes derived from these
various tumor-associated antigens have been reported and
proved to play significant roles in CTL-based immunother-
apy. Survivin was originally identified as a member of the
inhibitor of apoptosis protein family. It has the capability to
inhibit caspase-3, -7, and -9 in cells receiving an apoptotic
stimulus and may lead to tumor initiation, progression, and
therapeutic resistance [4]. It is expressed in colorectal,
breast, and urothelial cancers but is hardly detectable in

of tetramer-positive cells over the number of CD8-positive cells. The
frequencies of HLA-A24/survivin-2B80-88 peptide tetramer -positive
CTLs were increased from 0.04 to 1.29%, and 0.07 to 1.34% after the
sixth vaccination in cases 1 and 2, respectively (a and b). In case 7, 8
and 9 peptide-specific CTL frequency increased from 0.15 to 0.60%,
0.07 to 0.78% and 0.13 to 1.42%, respectively, after the third vaccina-
tion (c-e)

normal, differentiated adult tissues [2-5]. Moreover, over-
expression of survivin in cancer cells is associated with
unfavorable clinicopathologic variables such as poor prog-
nosis and shorter patient survival rates.

Because of its cancer-specific expression and function of
protecting cancer cells from apoptotic stimuli, survivin
might be an ideal target for CTL-based immunotherapy.
We focused on a survivin-derived peptide carrying the
HLA-A24 binding motif. This HLA-A24 genotype is
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Fig. 3 Pelvic CT findings of
case 1 patient. Pelvic CT shows
slight reduction of recurrent
right obturator node tumor size
after the sixth vaccination. The
vaccinations were continued
and, after 21 months, the size of
the recurrent right obturator
node tumor was almost
unchanged. Arrows, recurrent
right obturator node masses and
changes of the tumor size (mm)
are shown as follows: pre

(a 60 x 25), after sixth
vaccination (b 46 x 15), and C
after 21 months (¢ 45 x 14)

predominant in Japanese (about 60%) and less abundant in
Caucasians (17%), Blacks (9%), and Hispanics (27%) [14].
Previously we reported that survivin-2B80-88, a survivin-
derived peptide carrying the HLA-A24 binding motif, was
established and CDB8-positive CTLs were successfully
induced by stimulation with this peptide in vitro [5]. In
addition, we demonstrated that survivin was expressed in a
large proportion of bladder cancer specimens, and this sur-
vivin-2B-derived peptide could induce CTL responses in
the context of HLA-A24 [9]. On the basis of these observa-
tions, we started a phase I clinical study of survivin-
2B80-88 peptide vaccination for patients with advanced or
recurrent urothelial cancer.

The primary end point in the current clinical trial was to
evaluate the safety and toxicity of survivin-2B80-88 pep-
tide vaccination. In this study, there was no severe adverse
event during or after vaccination in either the 0.1 or 1.0 mg
group. Thus, we concluded that the survivin-2B80-88 pep-
tide vaccine was safe and could be repeatedly injected into
patients without serious side effects.

The secondary aims of our study were to evaluate
vaccine-induced specific immune reactions and clinical
responses. With respect to the immunological response, by
objective scientific HLA-A24/peptide tetramer analysis, we
could confirm that the peptide-based vaccines activated
peptide-specific CTLs in some patients. Under conditions
in which HIV peptide-specific CTL frequencies in PBMCs
remained at background levels (less than 0.1%), the fre-
quencies of tetramer-positive CTLs were increased after the
vaccination in five cases. However, no positive DTH reac-
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tion was observed in any vaccination of the nine patients.
A previous study reported that there was a positive correla-
tion between DTH and clinical responses [15]. The CTL
response induced by the survivin-2B peptide vaccine might
not be sufficient to induce cytotoxic activity against bulky
recurrent masses and induce dramatic clinical regression in
patients with an advanced urothelial cancer.

HLA-A24/survivin-2B80-88 peptide tetramer analysis
revealed tetramer-positive cells were detected in CD8-
positive population (Fig. 2a-e), however, they were
considered to be non-specific binding since they could
be eliminated after titration of the tetramer. In order to
confirm if CD8%/tetramert cells represent the survi-
vin2B80-88-specific CTL, CD8+/tetramer+ T-cells were
cloned from PBMCs of vaccinated patients by single cell
sorting and analyzed for tetramer reactivity and specific
killing activity. The CTL clones that were approximately
98% positive for the survivin2B80-88 tetramer showed
the peptide-specific killing activity, indicating that
CD8+/tetramer® cells represent the survivin2B80-88-
specific CTLs (data not shown).

This survivin-2B80-88 peptide vaccination therapy
may have limitations to induce clinically relevant results
because of using only single HLA class I restricted pep-
tides. Recently, a number of survivin epitopes restricted
to several additional HLA molecules have been identi-
fied [16], and several clinical trials of immunotherapy
based on survivin-derived peptides have been initiated.
It would be interesting to identify and use other HLA
class I or HLA class II survivin epitopes to induce more
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survivin-specific CTLs. Furthermore, it is possible that
vaccination with the peptide in combination with some
cytokines may be able to lead to stronger immune
responses both in the induction and effector phases [17,
18]. On the basis of the information obtained from this
study, further studies are required to evaluate the
efficacy of the survivin-2B peptide vaccine in combina-
tion with various adjuvant drugs such as granulocyte
macrophage colony-stimulating factor (GM-CSF), inter-
leukin (IL)-2 and interferon (IFN). Our preliminary clin-
ical study suggested that survivin-2B80-88 peptide
vaccination in conjunction with IFN-o was more effec-
tive than the peptide alone in colon and pancreas cancer
patients. Moreover, heat shock protein (HSP)-peptide
complexes elicited antitumor responses in studies on
immunization protocols. In our laboratories, we have
found that HSPs such as Hsp70 and Hsp90 could be
subjected to receptor-mediated uptake by antigen-
presenting cells with subsequent representation of the HSP-
associated peptides to HLA class I molecules on antigen
presenting cells, facilitating efficient cross-presentation
[19]. Toll-like receptors (TLR) have an essential role in the
innate immune recognition of antigens [20]. Thus, it should
be effective to use TLR-mediated signaling pathways to
induce more survivin-specific CTLs.

Although our study consisted of only a limited number
of patients, these preliminary data seem to suggest that
survivin-2B peptide vaccination is safe without serious
adverse events. As the first step, this study revealed that
survivin-2B  peptide-based vaccines activated peptide-
specific CTLs and may be considered for potential immune
and clinical efficacy in HLA-A24 positive/survivin-
expressing patients with urothelial cancer. In the future, if
the efficacy and safety of this vaccination therapy are estab-
lished, we might be able to use this vaccine as an adjuvant
therapy for high-risk non-immune-suppressed patients
before systemic chemotherapy.

Conclusion

This phase I clinical study indicates that survivin-2B80-88
peptide-based vaccination is safe and should be further con-
sidered for potential immune and clinical efficacy in HLA-
A24+ survivin-expressing patients with urothelial cancer.
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During T cell development in the thymus, autoreactive T cells are deleted through a mechanism that is
actively supported by medullary epithelial cells. These epithelial cells possess particular transcription
factors including autoimmune regulator (AIRE), which is responsible for regulating expression of self-
antigens, as well as p63, a p53-like molecule. Here we present evidence suggesting interaction of AIRE
with p63 through a SAND domain and a transactivation domain, respectively. Interestingly an AIRE mol-

Key‘”ords-' ecule with a mutated SAND domain of G228W, whose genetic alteration is inherited in an autosomal
pg;E dominant manner, could not establish a complex with p63 as indicated by immunoprecipitation and

molecular modeling analyses. Further in vitro study indicated that the G228W mutation led to downreg-
ulation of the transcription levels of CIITA and, accordingly, the cell surface expression of HLA class Il mol-
ecules in thymic epithelial cells with p63. This indicates novel involvement of AIRE and p63 in the
regulation of HLA class Il, and suggests that defects in the AIRE-p63 interaction may lead to malfunction
of HLA-based selection of self-reactive helper CD4" T cells in the thymus.

Thymic selection
Autoimmunity

© 2008 Elsevier Inc. All rights reserved.

To establish immunosurveillance, which is largely conducted by
effector T cells, the thymus generates fully functional T cell reper-
toires equipped with immunological self-tolerance [1,2]. This cen-
tral process of the thymus is mainly achieved by major
histocompatibility complex (MHC)-based positive and negative
selection of developing T cells in the cortical and medullary re-
gions, respectively. Since helper CD4" T cells constituting major
peripheral T cells control most immune cells, including cytotoxic
CD8" T cells, B cells, NK cells, macrophages and dendritic cells, dys-
regulation of the selection event of helper T cells would cause an
unfavorable shift into systemic autoimmune-prone conditions
[3,4]. Medullary thymic epithelial cells mainly take part in negative
selection of immature T cells after rearrangement of T cell receptor
genes and, as a result, are believed to prevent the escape of autore-
active T cells from the thymus [5].

“ This work was supported by the Japan Society for the Promotion of Science to S.
Ichimiya and in part by the EU FP6 Program project EURAPS, the Academy of
Finland, Sigrid Juselius Foundation and the Paulo Foundation to I. Ulmanen and T.
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The gene encoding human AIRE (autoimmune regulator), a 545
amino acid molecule, was reported to be behind the non-HLA-
linked disorder autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED) [6,7]. APECED exhibits a broad
spectrum of autoimmune phenotypes affecting many organs such
as the parathyroid and adrenal glands, pancreas, epidermis, liver
and bone marrow. This phenotypic feature has led to a hypothesis
of the functional properties of AIRE in terms of thymic selection.
Consequently, analyses of AIRE-deficient mice and other studies
have revealed that medullary thymic epithelial cells express AIRE,
which helps to purge immature self-reactive T cells at the stage of
negative selection during T cell development [8-11]. Accordingly,
the discovery of AIRE has had a decisive impact on the understand-
ing of the regulatory mechanism of medullary thymic epithelial
cells in terms of intrathymic T cell development and autoim-
mune-related disorders [12]. Thus far, the functional significance
of AIRE in medullary thymic epithelial cells has been highlighted
with regard to T cell selection and antigen presentation.

We have previously reported the expression of a p53-related
transcription factor, p63, in human medullary thymic epithelial
cells [13,14], which evidence prompted us to examine whether
the function of AIRE might be controlled by p63 because transcrip-
tional regulators occasionally constitute an oligo-molecular
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Fig. 1. Colocalization of AIRE and p63 of a p53-related transcription factor in medullary thymic epithelial cells of primary culture. Images were obtained from
immunofluorescence microscopy after double-staining with p63 (green) and AIRE (red) and subsequent nuclear staining with DAPI (blue). Original magnification: x400.

complex. Our experimental evidence suggested that, when AIRE
was introduced into cells together with p63 mimicking the native
status of medullary thymic epithelial cells, the two molecules
could interact through the association of a SAND domain of AIRE
and a transactivation (TA) domain of p63. Interestingly, a naturally
occurring mutation with autosomal dominant inheritance in the
SAND domain of AIRE (G228W-AIRE) could not bind to the TA do-
main of p63, probably due to protrusion of the tryptophan residue
from the original structure of the SAND domain. Furthermore, the
surface expression of HLA-DR was affected by combinatory expres-
sion of p63 and G228W-AIRE in thymic epithelial cells due to the
downregulation of CIITA in that state. These findings illustrate a
cooperative role of p63 with AIRE in the regulation of HLA class
Il of medullary thymic epithelial cells and will help elucidate the
mechanism of the genetic defect causing G228W-AIRE mutation.

Experimental procedures

Tissues and cell culture. Normal human thymuses were obtained
from patients <3 years of age undergoing cardiovascular surgery
for congenital cardiac disease in the Hokkaido Medical Center for
Child Health and Rehabilitation in Japan. The procedures used for
primary thymic epithelial cell culture were previously [14]. Human
P1.4 thymic epithelial cells and HEK293 cells were maintained in
MEM with 10 mM HEPES, and DMEM, respectively, both of which
were supplemented with 10% heat-inactivated fetal bovine serum,
100 units/ml penicillin and 50 pg/ml streptomycin. All cells were
cultured at 37 °C in a humidified atmosphere in 5% CO,.

Antibodies and immunohistochemistry. A 4A4 mouse anti-p63
mAb and H137 rabbit anti-p63 pAb were purchased from Lab Vi-
sion and Santa Cruz Biotechnology, respectively. Mouse anti-HLA
class II (L243), anti-HA (HA-7), anti-GFP (JL-8), and anti-myc
(9E10) mAbs were also used in this study. A rabbit anti-AIRE pAb
was produced by immunization of polypeptides of the SAND do-
main. The procedures conducted for single- or double-staining
analysis were as previously described [13].

Plasmid DNAs. Expression plasmids of pEGFPC2 carrying wild-
type AIRE (EGFP-AIRE) or G228W-AIRE (EGFP-G228W) were used
in this study [15]. We newly constructed six EGFP-tagged deleted
forms based on EGFP-AIRE by PCR techniques. Expression plasmids
of pcDNA3.1 carrying HA-tagged p63 and ANp63 cDNA were also
employed. To establish stable transformants, expression plasmids
of pIREShyg2 carrying p63 (pIREShyg2-p63) and pIRESpuro-myc
carrying AIRE (pIRESpuro-myc-AIRE) and G228W-AIRE (pIRESp-
uro-myc-G228W-AIRE) were constructed.

Flow cytometry. For detecting surface HLA-DR molecules, cells
were detached from the tissue culture bottles using PBS containing
EDTA. Then the cells were stained with L243 as the primary anti-
body. After washing with PBS three times, the cells were subse-

quently stained with a rabbit anti-mouse pAb conjugated with
FITC. After washing, these cells were subjected to analysis with
FACS Calibur (BD Biosciences). All data shown were obtained with
gates set on living cells and analyzed with CellQuest software.

Calculation of interaction energy and electrostatic complementar-
ity. The three-dimensional structures of the SAND domain of AIRE
(aa 194-279) and the TA domain of p63 (aa 1-55) were con-
structed with MOE (CCG, Montreal, Canada) based on the Brookha-
ven Protein Databank 10LZ and 20JQ, respectively. The structure
and molecular mechanics of these complexes were analyzed by
using the Amber99 force field in MOE as well as ZDOCK (Boston
University, MA). To calculate interaction energy and electrostatic
complementarities, we employed MOE and MolFeat-EC (FiatLux,
Tokyo, Japan), as previously described with some modification
[16,17].

Results
Colocalization of AIRE and p63 in human thymic epithelial cells

First we studied the expression of AIRE and p63 in medullary
thymic epithelial cells of primary culture to reconcile the evidence
observed in thymic tissue sections [13,14]. Medullary thymic epi-
thelial cells of primary culture showed typical flat shapes with
round nuclei forming small cell clusters (Fig. 1). Indeed, we could
find a cell population expressing AIRE and p63 in their nuclei of
medullary thymic epithelial cells of primary culture. Thus, AIRE
was certainly colocalized with p63 in the nuclei of these human
thymic epithelial cells.

Association of AIRE with p63

To examine whether AIRE had the capacity to associate with
p63, we next performed immunoprecipitation experiments. The
AIRE protein is constituted of multiple structural domains, includ-
ing a homogeneously staining region (HSR) domain at the N-termi-
nus, a nuclear localization signal (NLS), an Sp100, AIRE, NucP41/75
and DEAF-1 (SAND) domain and two plant homeodomain-type
zinc-finger (PHD) domains at the C-terminus (Fig. 2A). By using
EGFP-tagged deletion constructs covering the whole domain struc-
tures of such AIRE proteins, results from immunoprecipitation
experiments interestingly indicated that p63 could bind to the
NLS/SAND domain of AIRE, whereas ANp63, an alternative spliced
form of p63 lacking its TA domain, did not associate with any type
of domain of AIRE (Fig. 2B and C). These results implied that the TA
domain of p63 was responsible for the interaction with the NLS/
SAND domain of AIRE. Further analysis suggested that an EGFP-
tagged construct containing only the SAND domain would bind
to p63 (Fig. 2C). Thus, it was suggested that the SAND domain of
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Fig. 2. Interaction of p63 with AIRE. (A) Functional domains of an AIRE protein and the respective fragments employed to transfect cells. To cover the whole domain structure
of AIRE, six different constructs with an EGFP tag, EGFP-HSR, EGFP-NLS/SAND, EGFP-NLS, EGFP-SAND, EGFP-PHD1/PRR and EGFP-PHD2, were made. (B) Immunoprecipitation
analysis of HEK293 cells transiently transfected with HA-p63 or HA-ANp63 expression plasmids and EGFP-AIRE. (C) Interaction of p63 with the NLS/SAND domain of AIRE
was suggested by immunoprecipitation in a left panel (the arrow indicating EGFP-NLS/SAND), whereas no association with p63 was indicated for the other constructs. Bands
due to immunoglobulin heavy chains are detected in each lane. In a right panel, the p63 protein was indicated to interact with the SAND domain, but not the NLS domain of
AIRE. (D) The p63 protein was indicated to interact with wild-type AIRE, whereas p63 did not associate with AIRE carrying G228W-mutation in the SAND domain.

wild-type AIRE (wt-AIRE) could have a capacity to directly bind to
the TA domain of p63.

This evidence prompted us to perform further experiments to
determine whether naturally occurring mutant AIRE carrying the
missense mutation G228W in its SAND domain (G228W-AIRE)
could bind to p63. This type of missense mutation of AIRE is inher-
ited in an autosomal dominant manner, whereas most mutant
types of AIRE are recessively transmitted [18,19]. Compared to
the binding capacity of wt-AIRE, G228W-AIRE seemed to abolish
the binding of AIRE to p63 (Fig. 2D).

Effects of a G228W moiety of mutant AIRE on AIRE-p63 interaction

Given that the physical association of wt-AIRE with p63 was
inhibited by G228W mutation of AIRE, we employed molecular
modeling to determine how the G228W portion of AIRE abro-
gated the interaction of AIRE with p63. The interaction energies
of the SAND domains of wt-AIRE and G228W-AIRE with the TA
domain of p63 were calculated to be -340.7 kcal/mol and
—254.1 kcal/mol, respectively, implying that the wt-AIRE/p63
complex constituted a more stable form than the G228W-AIRE/
p63 complex (Table 1). Following this analysis, we further mod-
eled how G228W-AIRE inhibited the robust interaction with the

Table 1

Interaction energy (IE) and electrostatic complementarity (EC) between two portions
of the SAND domains of wt-AIRE and G228W-AIRE and the TA domain of p63 as
depicted in wt-AIRE/p63 and G228W-AIRE/p63, respectively. IE and EC were
calculated by parse and Amber analyses, respectively.

p63/wt-AIRE p63/G228W-AIRE
IE (kcal/mol) -340.7 -254.1
EC (Person's) 0.34 -0.05

TA domain of p63 (Fig. 3A). The manner of binding of the SAND
domain of wt-AIRE to the TA domain of p63 was proposed to be
the sole feasible binding pattern. In contrast, due to the hydro-
phobic contact repulsion of tryptophan at position 228, the
SAND domain of G228W-AIRE prevented active interaction of
wt-AIRE with the TA domain of p63. In addition to such a dock-
ing simulation, we investigated the electrostatic complementar-
ity (EC) for quantitative analysis of the protein-protein
interaction between the SAND domain of wt-AIRE and the TA
domain of p63. This was in accord with our observation that
the value of EC of wt-AIRE/p63 (0.34) was much higher than
that of G228W-AIRE/p63 (EC = —0.05) (Table 1). Indeed, the pro-
tein-protein interfaces of the SAND domain of wt-AIRE and the
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A TA/wt-SAND TA/G228W-SAND

B (a) (b)

(d)

C (@) (b)

(d)

Fig. 3. Molecular interaction models of the SAND domains of wild-type AIRE and G228 W-AIRE with the TA domain of p63. (A) The atomic structures of glycine??® of the wild-
type AIRE and tryptophan?®?® of G228W-AIRE within the predicted SAND domain are shown in the left and right panels, respectively. Due to the bulging of tryptophan?23, the
surface interactions of the G228 W-SAND domain and the TA domain seem to be interrupted. The putative domain structure of the SAND domain is demonstrated in blue and
that of the TA domain is in yellow. (B) The electrostatic potential on the molecular surfaces buried in the interface between the wild-type SAND domain (green) and the TA
domain (blue). (a) EC on the buried molecular surface of the TA domain generated by its own charges. (b) EC of the TA domain generated by charges on the wild-type SAND
domain. (c) EC of the wild-type SAND domain generated by charges on the TA domain. (d) EC of the wild-type SAND domain generated by its own charges. (C) Electrostatic
potential on the molecular surfaces buried in the interface between the G228W-SAND domain (green) and the TA domain of p63 (blue). (a) EC on the buried molecular surface
of the TA domain generated by its own charges. (b) EC of the TA domain generated by charges on the G228W-SAND domain. (c) EC of the G228 W-SAND domain generated by
charges on the TA domain. (d) EC of the G228 W-SAND domain generated by its own charges.

TA domain of p63 had anticorrelated and complementary surface These results further supported our finding that the G228W res-
electrostatic potentials when compared to those of the SAND do- idue might be unfavorable when the SAND domain of AIRE
main of G228W-AIRE and TA domain of p63 (Fig. 3B and C). accesses the TA domain of p63.
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Involvement of AIRE/p63 complex in the regulation of HLA class Il
expression

To further address the question of functional consequences of
the G228W mutation of AIRE, we established P1.4 cells stably
expressing wt-AIRE or the G228W-AIRE mutant together with
p63 as well as p63 alone (Fig. 4A). Especially focusing on CD4" T
cell selection, flow cytometry analysis of the cell surface expres-
sion of HLA class Il was conducted to these cells. Results revealed
that the levels of HLA class Il were slightly downregulated in
P1.4 cells with p63 alone (mean fluorescence intensity, MFI = 68),

769

when compared to mock transfectants (MFI=77) as shown in
Fig. 4B. More interestingly the levels of HLA class II of P1.4 cells
with p63 and wt-AIRE were relatively increased (MFI = 125), while
the levels of HLA class Il of P1.4 cells expressing p63 and G228W-
AIRE (MFI = 70) were found to be similar to those of P1.4 cells of
mock controls. These suggest that, in the presence of p63, wt-AIRE
but not G228W-AIRE could have a capacity to maintain the levels
of HLA class II It is well investigated that the expression of HLA
class 11 is chiefly regulated by a class Il master regulator, CIITA, in
antigen-presenting cells [20]. Quantitative PCR analysis of these
P1.4 cells expressing p63 suggested that G228W-AIRE suppressed

A p63/ p63/
ik P63 WH-AIRE G228W-AIRE
” -
A -
B p63/ 063/
Mock p63 wt-AIRE G228W-AIRE
2 2
68 | 3 125 70
s..
gs
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W) .
10} 102 103 10 100 104
FLI-H FLI-H
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=
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0
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<@
(0]
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«
(]
(14
05 }
o mock  p63  pE3WLAIRE  p63G228W-

AIRE

Fig. 4. The roles of AIRE and p63 in the regulation of HLA class Il expression. (A) Immunohistochemical analysis was performed using anti-p63 and anti-myc antibodies to
confirm expression phenotypes of P1.4 stable transformants as indicated in mock, p63 (alone), p63/wild-type-AIRE and p63/G228W-AIRE. (B) FACS analysis of cell surface
expression of HLA class Il on P1.4 transformants. The expression of HLA class 1l is depicted by the solid line with isotype control as indicated by shaded areas. The mean
fluorescence intensity (MFI) is also noted in the upper right corner of each figure. x-axis: signal intensity in arbitrary units, y-axis: number of cells. A representative data is
shown from three independent experiments. (C) Quantitative PCR analysis of CIITA transcripts in P1.4 transformants. To evaluate the levels of CIITA in cells, the AACT method
was employed to analyze triplicate specimens. Values are expressed at the mean + SD for each group.
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the levels of transcripts of CIITA (Fig. 4C). When compared to the
endogenous levels of CIITA transcripts of P1.4 cells, the levels were
2.0-fold in P1.4 cells expressing wt-AIRE and p63, whereas P1.4
cells expressing G228W-AIRE and p63 showed significantly de-
creased amounts of CIITA transcripts (0.5-fold).

Discussion

Comparative studies of the molecular structure of the SAND do-
main with those of Sp100b and GMEB1/2 suggest that, in addition
to the structural similarity, AIRE also shares their functions and that
the SAND domain of AIRE might contribute to protein-protein
interaction as well as DNA binding [21,22]. Based on this feature,
the mutated SAND domain of G228 W-AIRE would be predicted to
disturb intermolecular interactions with other molecules. Further-
more, the G228W mutant has a putative dominant negative effect
by interfering with the transactivation capacity of the AIRE protein
oligomer [15,19]. Since a broad range of tissue-restricted antigens
encompassing a large set of tissue-specific molecules in medullary
thymic epithelial cells is presumably dependent on promiscuous
gene expression by AIRE, the G228 W mutant is expected to cause
alteration of expression profiles of tissue-restricted antigens in
these cells [23]. This might support the abnormal selection of
immature T cells in patients with the G228 W mutation. In addition
to this putative mechanism, our hypothesis focusing on altered
expression of HLA class Il molecules of medullary thymic epithelial
cells in concert with p63 would also account for the reason why the
G228W mutation promotes the emergence of self-reactive T cells.
Thus, it might be possible that, in addition to AIRE-related func-
tions, the G228W mutant could affect AIRE-independent functions
via HLA class Il modulation. This may reflect the phenotype of pa-
tients with the G228W mutation, which is not typical for APECED.

The physiological relevance of p53-related factors of the human
thymus has been suggested by previous reports. For example,
mutations of the p63 gene cause ectrodactyly-ectodermaldysplasia
cleft lip/palate (EEC) and EEC-related syndromes [24]. Some of
those syndromes exhibit histological abnormalities of the thymus
and prominent depletion of cells in T-zones of lymph nodes [25].
Since the nuclear factor or factors responsible for the function of
medullary thymic epithelial cells have been incompletely studied,
the discovery of AIRE as well as a p53 family member localized in
these cells allows us to investigate the regulatory networks in
them, which may contribute to thymic selection. The fact that AIRE
and p63 might mutually regulate each other's functions would
suggest a complex mechanism in the modulation of medullary thy-
mic epithelial cell function and provides an opportunity to further
understand how promiscuous gene transcription is achieved with-
in the cells. From a broader point of view, p63 is thought to be a
potential determinant of the stem cell properties of epithelia by
regulating a wide range of target genes [26]. With regard to gene
expression of medullary thymic epithelial cells, it poses the ques-
tion of whether p63 is associated with the fundamental role of
AIRE. In another study, we found that p63 might take part in the
regulation of claudin-1, which widely join medullary cells, includ-
ing epithelial cells and dendritic cells [14]. Besides cell surface
expression of HLA class II, AIRE in conjunction with p63 might also
have a role in the instruction of cell surface molecules required for
establishing the medullary cell network.

In summary, we described a potential complex formed of AIRE
and p63 and the regulatory role of the complex in CIITA expression
of medullary thymic epithelial cells. It remains to be seen whether
the putative role of AIRE/p63 in the regulation of HLA class Il is rel-
evant for explaining the molecular phenotypes of other mutations

of AIRE. However, AIRE function seems, at least in part, to be more
understandable by adding p63 in the context of HLA class II
expression.
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ARTICLE I NFO ABSTRACT
Article history: Cytotoxic T lymphocytes (CTLs) play an essential role in immunologic responses for tumor rejection. In the
Reccived 17 March 2008 past decade. various melanoma tumor-associated antigens (TAAs) have been identified. and several clinical
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adjuvants have had fascinating results. However, this has not been the case with oral squamous cell
carcinoma (OSCC) because of the difticulty of establishing oral cancer cell lines and CTLs against autologous
oral cancer cells. Therefore, (ew oral cancer antigens have been identified with such CTLs.

We herein present the successtul establishment of an oral squamous cell carcinoma cell line, POT-1. and

Keywords:
Oral cancer
Squamous cell carcinoma

HLA-A24 an HLA-A24 —restricted CTL line (TcPOT-1) from a patient’s autologous peripheral blood lymphocytes.
CTL. tuinor antigen TcPOT-1 recognized autologous POT-1 cells in an HLA-A24 —restricted manner, and also allogeneic HLA-A24

( )OSCC cell lines OSC-70 and HSC-2. We also succeeded in isolating two distinet CTL clones from TcPOT-1.
HLA-A24 —restricted CTL clone 4F1 1 and HLA-A33-restricted clone 4A11. Both of these clones recognized
autologous POT-1 but not allogencic OSSC cell lines. These data imply that the TcPOT-1 CTL line may include
several CTL subpopulations with distinct antigen specificities. such as an HLA-A24 —restricted POT-1-specific
clone, HLA-A33-restricted POT-I-specific clone. and HLA-A24 —restricted allogeneic OSCC-recognizing
clone. Therefore. precise analysis of TcPOT-1-recognizing antigens may provide us with important informa-

tion on as-yet-unknown tumor rejection antigens in OSCC.
2009 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
rescrved.

1. Introduction CTLs and tumor cell lines, but notable achievements still remain
very rare for OSCC.

Previously, we reported the establishment of OSCC cell line
0SC-20 and HLA-DR-restricted autologous CD4 T cells [3.4].Ina
subsequent report, we also showed that a human enolase- —derived
antigenic peptide could be presented by HLA-DR molecules and
might be a target antigen of CD4 T cells [5]. This was the first report
concerning the characterization of an OSCC antigenic peptide.
However, because enolase- is a ubiquitous self-antigen, further
analysis is required to explain the tumor specificity of the CD4 T
cells. Taking into consideration that CD8 T cells are an essential
component for tumor rejection, identification of HLA class 1-

Recently, huge numbers of tumor—associated antigens (TAAs)
have been identified and characterized. For most of them, this has
been done through autologous cytotoxic T lymphotye (CTL) clones
isolated from peripheral blood mononuclear cells (PBMCs) of mel-
anoma patients [1,2]. Even now, however, little is known about
TAAs recognized by autologous CTLs in oral squamous cell carci-
noma (OSCC) because of the difficulties in the generation of autol-
ogous pairs of CTL clones and OSCC cell lines. Recent advances in
reverse immunogenetic strategies have facilitated the identifica-
tion of antigenic peptides, but such analysis harbors the risk that in
vitro CTL reactions to allogeneic tumor cells do not always reflectin

vivo immune reactions against autologous tumor cells. Hence, itis  restricted antigenic peptides has great importance in the develop-
very important to analyze CTLs that recognize autologous OSCC ment of cancer immunotherapy. In this context, we have attempted
cells for precise identification of tumor-rejection antigens. Thus far, to establish more pairs of OSCC cell lines and CTLs. Herein, we

great efforts have been made to establish such autologous pairs of ~ report the establishment of a novel autologous pair of OSCC cell
lines, POT-1 and CTL line TcPOT- 1, which recognized POT-1 cells in

an HLA-A24 —restricted manner. We isolated two CTL clones, 4F11
* Corresponding author. and 4A11, from the TcPOT-1 CTL line. Clone 4F11 recognized POT-1
E-mail address: hirohashesapmed.ac.jp (Y. Hirohashi). cells in an HLA-A24 —restricted manner, whereas clone 4A11 recog-

0198-8859/09/$32.00 - see front matter 2009 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
doi:10.1016/j.humimm.2008.11.004
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nized POT-1 cells in an HLA-A33—restricted manner. Although pa-
rental TcPOT-1 recognized allogeneic HLA-A24 () OSCC cell lines
as well as POT-1, CTL clones 4F11 and 4A 11 recognized only autol-
ogous POT-1 cells. These data indicate that the TcPOT-1 CTL line is
composed of several CTL clones with distinct antigen specificities,
which may recognize shared OSCC antigens and POT- I-specific
antigens.

2. Subjects and methods
2.1. Cell lines

The oral squamous cell carcinoma cell line POT-1 was estab-
lished from a surgically resected specimen of a 60-years-old female
patient with moderately differentiated oral squamous cell carci-
noma, and was cultured in RPMI-1640 medium (Sigma, St. Louis,
MO) supplemented with 10% fetal bovine serum (FBS; Invitrogen,
Palo Alto, CA). The HLA genotype of POT-1 was HLA-A*2402/3303,
B*4403/5201,Cw*1202/1403, DRB1*1302/1502. DQA 1*0102/0103,
DQB1#¥0601/0604. DPB1#*0401/ 0901. An Epstein-Barr (EB) virus—
transformed B-cell line (POT-1 EBV) was established from autolo-
gous PBMCs using B95-8 culture supernatant. OSC-19 (HLA-A2).
0OSC-20 (HLA-A2/A11. B*4601, Cw*0102), and OSC-70 (HLA-A24)
oral squamous cell carcinomaccell lines were also established in our
laboratory. Erythroleukemia cell line K562 was purchased from
ATCC. HSC-2 (HLA-A*2402/3302, B*44031/5401, Cw*0102/1403),
and HSC-3 (HLA-A*0201/2402. B*4801/5201, Cw*0803/1202) oral
cell carcinoma cell lines were purchased from the Human Science
Rescarch Resources Bank (HSRRB, Osaka, Japan). All of these cell
lines were cultured in RPMI- 1640 medium supplemented with 10%
FBS. Autologous PBMCs from the patient were density-gradient
centrifuged with Lymphoprep (Axis Shied, Oslo, Norway) and fro-
zcnat 80 C for storage.

2.2. FACScan analysis and monoclonal antibodics

Cells were incubated with murine monoclonal antibodies
(mAbs) at saturating concentration for 30 minutes on ice, washed
with PBS, and stained with a polyclonal goat anti-mouse antibody
coupled with FITC for 30 minutes. Samples were analyzed using a
FACScan analyzer (Becton Dickinson, Mountain View, CA). Anti—
HLA class 1 (W6/32), anti-HLA-DR (L243), and anti—-HLA-A24
(C7709A2.6) mAbs, as well as anti-HLA-B,C (B1.23.2). were pre-
pared from hybridomas. An anti-A33 monoclonal antibody (Cat. no.
0612HA) was purchased from One Lambda (Canoga Park, CA). Anti-
A24 and anti—-HLA-B.C hybridomas were kind gifts from Dr. P. G.
Coulie (Ludwig Institute for Cancer Research, Brussels, Belgium). To
increase the protein expression of HLA molecules, cell lines were
treated with 100 U/ml interferon (IFN)— for 48—72 hours.

2.3. CTL induction and establishment of CTL clones

Mixed lymphocyte tumor cell culture was perforimed as de-
scribed previously [6]. Briefly, CD8 T cells were positively sepa-
rated from an OSCC patient’'s PBMCs using immunomagnetic beads
coupled with an anti-CD8 mAb (Miltenyli Biotech GmbH, Germany)
following the manufacturer’s protocol. Then 2 10° CD8 T cells
were cocultured in a 24-well plate with 2 10° irradiated POT-1
cells as antigen-presenting cells (APCs) in 2 ml of AIM-V medium
supplemented with 10% human serum. Three days later, human
recombinant interleukin-2 (IL-2; a kind gift from Takeda Pharma-
ceutical Co., Osaka, Japan) was added at a final concentration 20
IU/ml. The same mixed lymphocyte tumor cell culture procedure
was performed every 7 days. After stimulation four times, cytotoxic
activity and IFN- secretion were measured with the standard >!Cr
release assay and enzyme-linked immunoabsorbent assay (ELISA),
respectively.

To obtain the CTL clones, standard limiting dilution was per-
formed as described previously [7]. Briefly, series of diluted CTLs

were incubated with 1 10* 100 Gy-irradiated LG2-EBV (a kind gift
from Dr. B. J. Eynde, Ludwig Institute for Cancer Research, Brussels,
Belgium) and 5 10* allogeneic PBMCs as feeder cells in 200 1 of
AIM-V medium supplemented with 10% HS, the anti-CD3 Ab (40
ng/ml) (BD), and 100U/mL rIL-2 in 96-well round plates. On day 7,
the culture medium was half exchanged for AIM-V supplemented
with 10% HS and 100 U/mL rIL-2. On day 14, growing wells were
transferred to 24-well culture plates and the specific cytotoxic
activity was examined by >'Cr release assay.

2.4. Cytotoxicity assay and ELISA

The lytic activity of CTLs was tested by >'Cr release assay as
described previously [6]. Briefly, 2000 target cells labeled with 100
Ci of chromium were incubated in 96-well microtiter plates with
CTLs at different E/T ratios in 200 1 of AIM-V medium. >!Cr release
was measured after 6 hours’ incubation in a 37 incubator. For the
inhibition assay with monoclonal antibodies (mAbs), *'Cr-labeled
target cells were incubated with appropriate concentrations of
mAbs at room temperature for 60 min, before *!Cr release assay.
Percent cytotoxicity was calculated as: % Cytotoxicity (experi-
mental release  spontaneous release)/(maximumrelease  spon-
taneousrelease) 100. All target cells were treated with 100 U/ml
IFN- for 48 —72 hours before assay.

For the detection of IFN- in the culture supernatant, standard
IFN- ELISA (R&D Systems, Minneapolis, MN) was performed fol-
lowing the manufacturer’s instructions.

For the specific inhibition with antibodies, an anti—-HLA-class I
mAb (W6/32), anti-HLA-B,C mAb (B1.23.2), anti-HLA-A24 mAb
(C7709A2.6), and anti-HLA-DR mAb (L243) were added at half the
volume of the hybridoma culture supernatant.

2.5. Immunoselection

For the immune selection of cancer cells, 1 10° POT-1 cells
were cocultured with 1 108 TcPOT-1 clones for 6 hours, and then
the CTLs were removed. The same coculture procedure was per-
formed weekly. After immunoselection four times, POT-1 variant
cells were established.

3. Results
3.1. Establishment of the oral squamous cell carcinoma cell line POT-1

For successful identification of TAAs, it is essential to analyze an
autologous tumor cell line and CTL pair. Therefore, we attempted to
establish an oral squamous cell carcinoma cell line. A surgically
resected specimen of oral squamous cell carcinoma from a 60-year-
old female patient was cultured in RPMI-1640 supplemented with
10% FBS as described in Subjects and methods, and we successfully
established oral squamous cell carcinoma cell line POT-1. The pri-
mary lesion of the carcinoma specimen was well-differentiated
squamous cell carcinoma (Fig. 1A). This cell line had a standard
doubling time of 48—-72 hours, and grew stably through more
than 50 passages. Moreover, this cell line exhibited tumor-forming
ability in immune-compromised host mice, and the tumors were
typical squamous cell carcinoma resembling the primary lesion
(Fig. 1B).

For immunologic evaluation of the POT-1 cell line, the surface
MHC molecules were then examined by FACScan analysis. As
shown in Fig. 2, POT-1 expressed a pan-HLA class | molecule (W6/
32), HLA-B,C (B1.23.2), HLA-A24 (C7709A2.6), HLA-A33, and a rel-
atively low level of HLA-DR (L243). The expression levels of HLA-DR
molecules were enhanced by IFN- treatment for 48 hours, but
those of HLA-class I molecules were not. These HLA expression
profiles might indicate that immune cells can interact with POT-1
through HLA-class I molecules.
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Fig. 1. Pathologic lindings of the primary oral squamous cell carcinoma lesion of the POT-1 patient (A). and the tumor tissue in immune-deticient mice (B). Hematoxylin and

cosin stain; magnification 100 (scale bar. 100 m),

3.2. Induction and analysis of CTLs

To establish CTLs that recognized the POT-1 cell line, we stimu-
lated PBMCs with autologous POT-1 several times. Atter stimula-
tion four times. the specific reactivity was evaluated by *'Crrelcase
assay (Fig. 3A). The CTLs (TcPOT-1) recognized autologous POT-1
specifically, but not the autologous EB-virus—transformed B cells
(POT-1 EBV) or erythroleukemia cell line K562 used as negative
controls. For further analysis of TcPOT-1, cytotoxic activity was
measured against the allogeneic OSCC cell line by *'Cr release assay
(Fig. 3A). TcPOT-1 line recognized allogeneic OSCC cell line HSC-2
(HLA-A*2402/3302, B*44031/5401, Cw*0102/1403) cell line, but
did not OSC-19 and OSC-70 cell lines. To confirm the HLA restriction
of TcPOT- 1, blocking assays with HLA-specific antibodies were per-
formed. As shown in Fig. 3B, the cytotoxic activity was blocked by
an anti-HLA-class I antibody (W6/32). The cytotoxic reactivity was
also likely to be inhibited with anti—-HLA-A24 antibody (C7709A2.6)
but not inhibited by an anti-HLA-B,C antibody (B1.23.2) or anti-
HLA-DR antibody (L243). Inasmuch as we could observe indepen-
dent experiments, some populations of TcPOT-1 line might be

restricted HLA-A24 molecule, and this suggests the possibility that
TcPOT-1 recognized HSC-2 on the context of HLA-A24 molecule.

3.3. Establishment of TcPOT-1 clones

For detailed analysis of TcPOT-1, CTL TcPOT-1 clone lines were
generated by the standard limiting dilution method as described in
Subjects and methods. We successfully established two CTL clones,
designated 4F11 and 4A11. As shown in Fig. 4A, clones 4F11 and
4A11 both recognized the autologous POT-1 cell line specifically
compared with POT-1 EBV cells used as a negative control. Next,
blocking assays using mAbs were performed to identify the HLA-
restriction elements. As shown in Fig. 4B, the IFN- —secreting abil-
ity of clone 4F11 was blocked by anti—-HLA-class I and anti—-HLA-
A24 antibodies, indicating that 4F11 was an HLA-A24 —restricted
CTL. On the other hand, the IFN- secretion of clone 4Al1 was
inhibited by an anti—-HLA-class I antibody, but not other antibodies,
including anti-HLA-A24 and HLA-B,C (Fig. 4C). This highly sug-
gested that clone 4A11 is restricted to another allele of the HLA-A
locus, HLA-A33. To analyze clone 4F11 and 4Al1l in detail, the
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Fig. 2. FACScan analysis of the surface HLA molecules. Several cell lines were evaluated with FACScan analysis. Anti pan-HLA-class | (W6/32), anti-HLA-B.C (B1.23.2),
anti-HLA-A24 (C7709A2.6), anti -HLA-A33 (0612HA) and anti-HLA-DR (L243) monoclonal antibodies were used for specilic detection.
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Fig. 3. Cytotoxic activity of TcPOT-1 CTL linc. (A) TcPOT-1 CTL cells were examined
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POT-1 by 3'Cr release assay as described in Subjects and methods. POT-1 EBV is the
autologous EBV-B ccll linc. (B) Cytotoxic activity against allogencic oral squamous
cell carcinoma was examined. Allogeneic oral squamous cell lines OSC-19 (HLA-A2).
OSC-70 (HLA-A24) and HSC-2 (HLA-A*2402/3302. B*44031/5401, Cw*0102/1403)
were used as target cells. (C) Blocking assays with HLA-specific mAbs was per-
formed as described in Subjects and methods. Anti-pan-HLA-class 1 (W6/32), anti
HLA-B.C (B1.23.2). anti-HLLA-A24 (C7709A2.6), and anti-HLA-DR (1.243) monoclonal
antibodics were used. Similar results could be obtained with independent experi-
ments three times.

reactivity against allogeneic OSCC cell lines was examined (Fig. 4B
and 4C). Clones 4F11 and 4A11 recognized the autologous POT-1
cell line but not allogeneic OSCC cell lines including OSC-19, OSC-
20, HSC-2, and HSC-3. These data indicated that 4F11 and 4A11
recognized the POT-1 specific antigen in an HLA-A24- and HLA-
A33-restricted manner, respectively.

3.4. Immune selection of POT-1 and establishment of
immune-tolerant subline POT-1 variant

For further analysis of TAAs of POT-1, we established a POT-1
subline that was immunoselected by coculture with both CTL
clones 4F11 and 4A11. The established subline was termed as a
POT-1 variant. As shown in Fig. 5, CTL clones 4F11 and 4A11 recog-
nized POT-1, but not POT-1 variant or the negative controls POT-1
EBV and K562. However, the TcPOT-1 line did recognize POT-1
variant as well as POT-1, suggesting TcPOT-1 line mainly recog-
nized different antigens as CTL clones 4F11 and 4A1 1. For immuno-
logic evaluation of POT-1 variant, cell surface HLA expression was
also examined by FACScan analysis (Fig. 2). The expression levels of
HLA-class I, HLA-B,C, and HLA-A24 showed no significant differ-
ence compared with POT-1. The expression of HLA-A33 was rela-
tively deceased compared with POT-1, but the expression of HLA-
A33 was restored with IFN- treatment. Thus, the expression

2 L-I. Kobayashi ct al. / Human Immunology 70 (2009) 89-95

levels of HLA molecules might not be critical for the immunoes-
cape of POT-1 variant cells, and POT-1 variant might lose some
antigen gene expression or antigen-presenting machinery.
Therefore, OSCC cell line POT-1 seems to express at least three
different TAAs, and TcPOT-1,4F11, and 4A11 recognize indepen-
dent antigens.

4. Discussion

Oral squamous cell carcinoma is a major malignancy all over the
world, with an annual mortality rate 5—-10 per 100,000 in industri-
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Fig. 4. Establishment and characterization of CTL clones 4-F-11 and 4-A-11.
(A) Cytotoxicactivitics of CIL clones 4-F-11 and 4-A- 11 lor autologous OSCC cell line
POT-1 and autologous EBV-B cell line POT-1 EBV were examined by *'Cr release
assay. (B) Reactivitics of CTL clone 4F1 1. Blocking assays with mAbs were performed
with CTL clones using IFN-  ELISA. Anti-pan-HLA-class | (W6/32). anti-HLA-B,C
(B1.23.2). anti-HLA-A24 (C7709A2.6). and anti-HLA-DR (L243) monoclonal antibod-
ics were used. 4F 11 reactivity for allogeneic OSCC cell lines were evaluated. Alloge-
ncic oral squamous cell lines OSC-19 (HLA-A2). OSC-20 (HLA-A2/A11. B*4601,
Cw*0102). OSC-20-A24 HLA-A24 transfected OSC-20 cell line, OSC-70 (HLA-A24)
and HSC-2 (HLA-A*2402/3302. B¥44031/5401. Cw*0102/1403) were uscd as target
cells. (C) Reactivitics of CTL clone 4A11.
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alized countries. Surgical resection, chemotherapy and radiation
therapy are the major treatments for OSCC. With recent progress,
the outcome of the disease has greatly improved. However. even
now. the prognosis for advanced cases (i.e. with neck lymph node
metastasis or distant metastasis), is still not favorable. Therefore,
another breakthrough in OSCC therapy is desired.

With recent innovative advances in cancer immunity initiated
from the identification of the MAGE gene family and other melanoma
antigens [8,9], immune therapy can be one of the representative ther-
apies for malignancies. Using such melanoma antigens, several groups
reported the efficacy of cancer immunotherapy for advanced mela-
noma patients [ 10,1 1]. There are three major approaches to identify-
ing TAAs. These reports prompted the further analysis of other epithe-
lial malignancies. Previously, we reported autologous cancer cell line
and CTL pairs from several epithelial malignancies [3,12—15]. By anal-
ysis of those CTLs, we succeeded in isolating novel cancer-associated
antigens 5,16}, as well as antigenic peptides by reverse immunoge-
netic analysis [7,17—19]. With this progress, we started a clinical trial
for cancer vaccine therapy with an antigenic peptide derived from one
of the cancer-associated antigens, survivin [20]. Some patients
showed decreases in tumor markers and remarkable tumor regres-
sion. These findings suggested that cancer vaccine therapy might also
be effective for OSCC patients.

In this study, we successfully established OSCC cell line POT-1 and
autologous CIL line Tc-POT-1. TcPOT-1 did recognized allogeneic
OSCCcell line HSC-2. This suggests TcPOT-1 line recognized POT-1 and
HSC-2 shared TAA (antigen C in Fig. 6). Inasmuch as POT-1 and HSC-2
shared several HLA-class [ molecules, we cannot definitely conclude
which HLA is the restriction element of TcPOT-1. However, the cyto-
toxic activity of TcPOT-1 tended to be inhibited with anti-HLA-A24

mAb, HLA-A24 might be one candidate. Because antigen C was shared
with allogeneic cell line, this is presumed to be overexpressed antigen.
As previously reported, cancer-testis antigens and Wilms’ tumor 1
(WT1) antigens express in OSCC [21,22]. There is possibility that anti-
gen Cis one of the cancer-testis antigen or WT1. Both 4F1 1 and 4A11
recognized only autologous cell line, highly suggesting these CIL
clones recognized POT- 1-specific antigens (antigens A and B in Fig. 6).
Autologous cell-specific antigens are usually coded by mutated genes
[23]. Thus, antigens A and B seem to be coded with some mutated
genes. However, at this moment, we cannot conclude that antigen A
and antigen B are coded in same genes or different genes. The gene
cloning will resolve all of these questions.

Some analyses of OSCC cancer immunity have been reported,
including in vivo analysis of immunologic parameters. Cruz et al.
showed that , microglobulin expression in cancer tissues was
down-regulated in 17 of 47 OSSC cases [24]. The decreased level of

, microglobulin correlated well with decreased expression of HLA
class I and decreased infiltration of immune cells such as CD8 T
cells. Matsui et al. reported that antigen-presenting machinery
such as TAP1/2, LMP7/tapasin, and PA28 / were downregulated
in OSCC cell lines [25]. We also examined the HLA-class [ expression
level of OSCC in surgically resected specimens using the novel
anti-HLA class | antibody EMR8-5. A decrease in HLA-class | was
observed in 22 of 81 cases at several levels (data not shown). These
findings indicated that the immunologic surveillance in vivo was
potent enough to reject cancer cells. Therefore, vaccination therapy
with antigenic peptides of OSCC patients might have enough po-
tential to remove cancer cells. Recently we reported that HLA-class
I downregulation was one of the factors for poor prognoses in
bladder cancer and osteosarcoma [26,27]. These findings also sup-
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port the idea that immunoreaction against cancer cells has suffi-
cient competency for cancer rejcction.

Recently, Morgan ¢t al. reported remarkable results for adoptive
cancer immunc therapy [28]. After transduction of anti—-MART-1,
gp 100, NY-ESO-1, and p53 TCRs into autologous T lymphocytes and
expansion of CILs in vitro, more than 1 billion CTLs were transferred
into advanced melanorna patients with 720,000 IU/kg IL-2 every 8
hours. One month later, two of 17 patients showed partial re-
sponses (PR) of solid tumors, and the tumor regression lasted more
than 10 months. This report showed the CTLs were powerful for
tumor regression in advanced melanoma patients. This was also the
case with the POT-1 patient. The CTL cytotoxicity of TcPOT-1 was

60% at an E/T ratio of 30 and was quite high compared with the
autologous CTLs we previously reported. After surgical resection of
the oral squamous cell carcinoma, the patient is still disease free
and has enjoyed good quality of life for more than 4 years. One of
the reasons for the good prognosis was the high CTL reactivity.
Furthermore, the CTL precursor frequency seemed to be quite high
because we succeeded in inducing CTLs from the POT-1 patient's
PBMCs three times over 3 years. These findings also support the
idea that CTL is quite potent and plays an essential role in cancer
immunosurveillance.

Asshownin Fig. 6, the TcPOT-1 CTL line and CTL clones 4F11 and
4A11 recognized more than 3 TAAs. Because HLA-A24 and A33 loci
are common throughout the world, further analysis of TcPOT-1 and
clones 4-F-11 and 4-A-11 should be informative for the analysis of
OSCC cancer immunity.
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Abstract

Background: We previously reported an HLA-A24-restricted cytotoxic T-cell epitope, Survivin-
2B80-88, derived from a splice variant of survivin, survivin-2B. In this report, we show a novel HLA-
A24-restricted T-cell epitope, Survivin-C58, derived from a wild type survivin, and compared their
immunogenicity in oral cancer patients.

Methods: By stimulating peripheral blood lymphocytes of HLA-A24-positive cancer patients with
Survivin-C58 peptide in vitro, the peptide-specific CTLs were induced. In order to compare the
immunogenic potential between C58 peptide and 2880-88 peptide, peripheral blood T-cells from
thirteen HLA-A24-positive oral cancer patients were stimulated with either or both of these two
peptides.

Results: Survivin-2B80-88 peptide-specific CTLs were induced from four patients, and C58
peptide-specific CTLs were induced from three out of eight patients with over stage |l progression.
The CTLs exerted cytotoxicity against HLA-A24-positive tumor cells. In contrast, CTL induction
failed from a healthy volunteer and all four patients with cancer stage .

Conclusior: It was indicated that a splicing variant-derived peptide and wild type survivin-derived
peptide might have a comparable potency of CTL induction, and survivin targeting immunotherapy
using survivin-2B80-88 and C58 peptide cocktail should be suitable for HLA-A24+ oral cancer
patients.
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Background

Survivin, an inhibitor of apoptosis protein, is highly
expressed in the vast majority of cancers [1,2]. Survivin
has been shown to increase tumor resistance to apoptotic
stimuli, such as radiation and chemotherapy [3.4]. in
agreement with these findings, a number of reports dem-
onstrate that survivin expression in cancer cells has a prog-
nostic value and is associated with increased tumor
recurrence and shorter patient survival [5-10], although
the opposite correlation is reported in certain cancers
[11]. So far, tour different splicing variants of human sur-
vivin have been described, including survivin-2!, sur-
vivin-2B, survivin-"Ex3, and survivin-3B [12-15]. While
survivin-2 ! and survivin-3B are truncated forms, survivin-
2B results from alternating splicing at the interface
between exon 2 and exon 3, leading to insertion of an
additional exon, termed exon 2B, in BIR domain. Since
BIR domain is a functional domain that is important for
the anti-apoptotic activity of survivin, survivin-2B is pre-
dicted to be non-anti-apoptotic [16,17].

Survivin was originally detected only in normal thymus,
testis and placenta; however, low levels of wild type sur-
vivin was detected in other normal tissues, such as acti-
vated T-cells, vascular endothelial cells, and
hematopoietic cells by more sensitive methods (3,18,19].
Wild type survivin is known to have an essential role in
the mitosis [3,18,20]. It forms a complex with the chro-
mosomal passenger proteins during mitosis and regulates
mitotic progression. In contrast, the protein levels as well
as the mRNA levels of survivin-2B and other survivin var-
iants are far less than that of wild type survivin, and they
are dispensable in such a mitotic checkpoint [17,21].

Since survivin expression is very low in normal differenti-
ated adult tissues as compared with that in cancer tissues,
survivin is considered to be an ideal molecular target for
cancer immunotherapy. With this mind, we attempted to
identify a HLA-A24-restricted cytotoxic T-lymphocyte
(CTL) epitopes of survivin that were suitable for cancer
vaccine, since HLA-A24 was the most frequent allele in
Japanese. In our previous report, three peptides derived
from survivin and its splicing variant survivin-2B were
examined for HLA-A24-binding affinity and immuno-
genicity [22]. It was shown that Survivin-2880-88 peptide
(amino acid sequence AYACNTSTL), which was derived
from a splicing variant survivin-2B-specific exan2B, was
capable of inducing CTLs that had killing activity to HLA-
A24+cancer cells. Following this report, we provided fur-
ther evidence that Survivin-2880-88 was highly immuno-
genic in various cancer patients, including those with
gastric cancer, breast cancer, and colorectal cancer [23].
Based on these results ex vivo, we have conducted phase |
clinical trials assessing the adverse event and efficacy of
Survivin-2B80-88 peptide vaccination in patients with

advanced colorectal cancer, breast cancer, lung cancer,
bladder cancer, and oral cancer [24-26].

Though we failed to identify an HLA-A24-restricted CTL
epitope derived from wild type survivin in the initial
study, a number of epitopes have been identified from
wild type survivin that are restricted to other HLA class |
alleles, such as A1, A2, A11, and B35 [27-29], some of
which have been applied for clinical trials {30,31]. More
recently, Andersen, et al. demonstrated that wild type sur-
vivin-derived Sur20-28 peptide (amino acid sequence
STFKNWPFL) was capable of inducing the peptide-spe-
cific CD8-positive T-cells from PBMCs of HLA-A24+ can-
cer patients, although HLA-A24-restricted killing activity
of the peptide-specific T-cells against survivin-positive
cancer cells has not been assessed [32]. In this study, we
presenta novel CTL epitope Survivin-C58 peptide derived
from wild type survivin. The peptide-specific CTLs
induced from peripheral blood mononuclear celis
(PBMCs) of oral cancer patient exerted HLA-A24-
restricted cytotoxicity against the tumor cells. Then, we
stimulated PBMCs of oral cancer patients with either or
both Survivin-C58 and Survivin-2B80-88 peptides, and
the consequent CTLs were examined for the peptide-spe-
cificity and cytotoxicity against HLA-A24+ tumor cells. We
demonstrate here for the first time a comparative study on
the potency of inducing CTLs in vitro between wild type
survivin-derived peptide and survivin-2B-derived peptide,
which indicates the comparable potency of CTL induction
in oral cancer patients.

Materials and methods

Patients and samples

Surgically-resected cancer specimens and PBMCs used in
this study were obtained from HLA-A*2402+ patients with
breast cancer or oral cancer who were hospitalized at Sap-
poro Medical University Hospital after obtaining their
informed consent. The patients' clinicopathological pro-
files were listed on the table.

Cell lines and culture media

Human breast cancer cell lines, HMC-1 and HMC-2,
human oral squamous cell carcinoma (QSCC) cell lines,
05C19, 0SC20, 0SC30, 0SC40, 0SC70, and POT1 were
established in our laboratory. OSCC cell lines HO-1-NH,
KO0SC-3, HSC-2, HSC- 3, and HSC-4 were purchased from
the Human Science Research Resources Bank (HSRRB,
Osaka, dJapan). 0SCC cell line SAS was obtained from the
Institute of Development, Aging and Cancer Tohoku Uni-
versity (Tohoku, Japan). Human embryonic kidney cell
line 293T, breast cancer cell line MCF7, lymphoma cell
line Daudi and leukemia cell line K562 were purchased
from American Type Culture Collection (Manassas, VA).
C1R-A24 and C1R-A31, lymphoblastoid cell line C1R
transfectants with HLA-A*2402 and HLA-A*31012cDNA

—455—



respectively, were kind gifts from Or. M. Takiguchi
{Kumamoto University School of Medicine, Kumamoto,
Japan). T2-A24, a stable transfectant of T2 cells with HLA-
A*2402 ¢cDNA was a kind gift from Dr. K. Kuzushima
(Aichi Cancer Research Institute, Nagoya, Japan).

293T cells and breast cancer lines were cultured in Dul-
becco's modified Eagle's medium (DMEM, Sigma-
Aldrich, St. Louis, MO) with 2 mM L-glutamine, 10%
heat-inactivated fetal bovine serum, 100 U/ml penicillin
G, and 100 mg/mi streptomycin at 37°C in humidified
5% CO, atmosphere. All the 0SCC cell lines were cul-
tured in RPMI 1640 (Sigma-Aldrich, St. Louis, MO)
medium supplemented with 2 mM L-glutamine, 10%
fetal bovine serum, 100 U/ml penicillin G, and 100 #g/mi
streptomycin at 37°C in a humidified 5% C02 atmos-
phere. 0SC20-A24, a stable transfectant of 0SC20 with
HLA-A*2402 ¢DNA was cultured in a medium supple-
mented with 800 ng/ml of puromycin (Sigma-Aldrich, St.
Louis, MO). Hygromycin B (0.5 mg/ml, WAKO chemi-
cals, Osaka, Japan) or G418 (800 #g/ml, GIBC Q/Invitro-
gen Corp., Carlsbad, CA) was continuously added to the
culture medium for C1R transfectants and T2 transfectant,
respectively.

RT-PCR Analysis
A set of total RNA from normal human adult tissues was
purchased from Clontech (human total RNA master
panel). Total RNA was isolated from cultured cells by
using ISOGEN reagent (Nippon Gene, Tokyo, Japan). The
cDNA mixture was synthesized from 1 mg of total RNA by
reverse transcription using Superscript 1 and oligo(dT)
primer (Life Technologies, Inc., Gaithersburg, MD)
according to the manufacturer's protocol. PCR amplifica-
tion was performed in 50 ml of PCR mixture containing 1
mL of the ¢cDNA mixture, KOD Plus DNA polymerase
(Toyobo, Osaka, Japan), and 50 pmol of primers. The
PCR mixture was initially incubated at 94°C for 2 min,
followed by 30 cycles of denaturation at 94°C for 15 s,
annealing at 57°C for 30 s, and extension at 68°C for 1
min. Primer pairs used for RT-PCR analysis were 5'-
TCAAGGACCACCGCATCTCTAC-3' and 5-GCACTTTCT-
TCGCAGTTTCCTC-3' as a forward and a reverse primer,
respectively. Expected sizes of PCR products for wild type
survivin, survivin-2B, and survivin-DEx3 were 355 bp,
424 bp, and 236 bp, respectively. As an internal control
glyceraldehyde-3-phosphate dehydrogenase (G3PDH)
was detected by using a forward primer 5'-ACCACAGTC-
CATGCCATCAC-3' and a reverse primer 5-TCCACCAC-
CCTGTTGCTGTA-3' with an expected PCR product of 452
bp. The PCR products were visualized with ethidium bro-
mide staining under UV light after electrophoresis on
1.0% agarose gel. Nucleotide sequence of the PCR prod-
ucts was confirmed by direct sequencing using ABI

Genetic analyzer PRIM 310 and an AmpliCycle sequenc-
ing kit (Perkin-Elmer, Foster City, CA).

Western blotting

Cultured cells were washed in ice-cold PBS, lysed by incu-
bation on ice in a lysis buffer [50 mmol/L Tris-HCI (pH
8.0), 150 mmol/L NaCl, 1% NP40, protease inhibitor
cocktail; Complete, Roche Diagnostics, Inc., Basel, Swit-
zerland], and clarified by centrifugation at 15,000 rpm for
20 minutes at 4°C. The whole-cell lysates were boiled for
5 minutes in the presence of SDS sample buffer, resolved
by 10% SDS-PAGE, and electrophoretically transferred to
polyvinylidene difluoride (PVDF) membranes (Immo-
bilon-P, Millipore, Billerica, MA). The membranes were
then incubated with blocking buffer (5% nonfat dry milk
in PBS) for 1 hour at room temperature and then incu-
bated for 40 minutes with mouse anti-human survivin
monoclonal antibody (Santa Cruz Biotechnology) or
mouse anti-$-actin monoclonal antibody AC-15 (Sigma-
Aldrich). After washing three times with wash buffer
(0.1% Tween-20 in PBS), the membrane was reacted with
peroxidase-labeied goat anti-mouse IgG antibody (KPL,
Gaithersburg, MD) for two hours. Finally, the signal was
visualized by using an enhanced chemiluminescence
(ECL) detection system (Amersham Life Science, Arling-
ton Heights, IL) according to the manufacturer's protocol.

Peptides and Cytokines

Wild type survivin-derived peptides carrying HLA-A24
binding motif Survivin-C58 (amino acid sequence
FFCFKELEGW), a splicing variant survivin-2B-derived
peptide Survivin-2B80-88 (AYACNTSTL) [22], EBV LMP2-
derived HLA-A24 binding peptide (TYGPVFMSL) [33],
HIV env-derived HLA-A24 binding peptide (RYL-
RDQQLLGI) [34], CMV pp65-derived HLA-A24 binding
peptide (QVDPVAALF), mouse VSV-derived peptide VSV8
(RGYVYQGL), and synovial sarcoma chromosomal trans-
location product SYT-SSX-derived $SS393 peptide and K91
peptide (GYDQIMPKK and GYDQIMPKI respectively)
[35,36] were purchased from SIGMA Genosys (Ishikari,
Japan). They were resolved in DMSO at the concentration
of 5 mg/ml and stored at -80°C. Human recombinant
interleukin (IL)-2 was a kind gift from Takeda Pharmaceu-
tical Co. (Osaka, Japan). Human recombinant GM-CSF
was a kind gift from Kirin (Tokyo, Japan) and Novartis
Pharmaceutical (Basel, Switzerland). Human recom-
binant IL-4 and I1L-7 were purchased from Invitrogen (San
Diego, GA).

Peptide Binding Assay

Peptide binding affinity to HLA-A24 was assessed by HLA-
A24 stabilization assay as described previously [22].
Briefly, after incubation of T2-A24 cells in culture medium
at26°C for 18 h, cells (2 x 105) were washed with PBS and
suspended with 1 ml of Opti-MEM (Life Technologies,
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