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Abstract. Background: The aim of this study was to
investigate the safety and efficacy of combinatorial use of
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and CpG oligodeoxynucleotides (CpG-ODN) as
immunoenhancement adjuvants in Wilms’ Tumor 1 (WT1)
vaccine therapy for patients with solid malignancy. Patients
and Methods: The patients were placed into treatment groups
as follows: WT1 peptide alone, WI1 peptide with GM-CSF
(100 ug) and WT'1 peptide with CpG-ODN (100 ug). HLA-A
*2402 or *0201/%0206-restricted, WT1 peptide emulsified
with Montanide ISA51 was injected intradermally every week
for eight weeks. Toxicities were evaluated according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events ver. 3.0. Tumor size, which was measured by
computed tomography, was determined every four weeks. The
responses were analyzed according to Response Evaluation
Criteria in Solid Tumors. Results: The protocol was well
tolerated; only local erythema occurred at the WT1 vaccine
injection site. The disease control rate of the groups treated
with WT1 peptide alone (n=10), with combinatorial use of
GM-CSF (n=8) and with combinatorial use of CpG-ODN
(n=10), in the initial two months was 20%, 25% and 60%,
respectively. Conclusion: Addition of GM-CSF or CpG-ODN
to the WTI peptide vaccine for patients with solid
malignancy was safe and improved the effectiveness of
clinical response.
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Recent advances in tumor immunology have resulted in the
identification of a large number of tumor-associated antigens
(TAAs) that might be used for cancer immunotherapy, since
their epitopes, associated with human leukocyte antigen
(HLA) class I molecules, are recognized by cytotoxic
T-lymphocytes. One such identified TAA is the product of
the Wilms’ tumor gene, W71 (1, 2).

‘We performed a phase I clinical trial to examine the safety
of a WTIl-based vaccine, as well as the clinical and
immunological response of patients with a variety of cancer
types, including leukemia, lung cancer and breast cancer (3).
The WT1 peptide vaccine, emulsified with Montanide ISA51
adjuvant and administered at a dosage of 0.3, 1.0, or 3.0 mg at
two-week intervals, was safe for patients, other than those with
myelodysplastic syndromes. Furthermore, it has been
confirmed that the potential toxicities of the weekly WT1
vaccination treatment schedule (3.0 mg dose) with the same
adjuvant agent were also acceptable (4). In the past, clinical
response to weekly WT1 peptide-based immunotherapy in
phase II trials has been reported for renal cell carcinoma (5),
multiple myeloma (6), glioblastoma multiforme (7) and
gynecological malignancies (8). In these studies, the activity
of WT1 peptide alone was examined and no specific adjuvant,
that would activate immune reactions, was included. As a
result, the peptide vaccine had limited effectiveness against
malignant fumors.

In clinical studies, the identification of predictive factors of
treatment is extremely important for the improvement of
clinical response. The most representative factor that predicts
the outcome of cancer peptide vaccine therapy is the
expansion and/or induction of TAA-specific cytotoxic T-
lymphocytes (CTLs). Klebanoff et al. reported that not only
the induction of effector CTLs, but also the maintenance of
memory CTLs, are required for ideal antitumor immune
response in tumor-bearing patients (9). Moreover, Fujiki et al.
confirmed that occurrence of an antigen-specific helper T-cell
(Th) response predicted good clinical response of CTL epitope
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vaccination (10). We have demonstrated that the percentage of
dendritic cells (DCs) in peripheral blood may represent a new
interesting biological marker predicting therapeutic response
in patients treated with WT1 peptide vaccination (11). The
main function of DCs is to process antigen material and
present it on their surface of other cells (e.g. Th and CTLs) of
the immune system. In accordance with these results, we
focused on the adjuvant agent used to activate antigen-
presenting cells (e.g. DCs and macrophages), in order to
enhance the therapeutic efficacy of cancer peptide vaccination.

Granulocyte-macrophage colony-stimulating factor (GM-
CSF) is a cytokine that functions as a white blood cell growth
factor. GM-CSF stimulates stem cells to produce granulocytes
and monocytes. The various cellular responses (i.e. division,
maturation and activation) are induced through GM-CSF
binding to specific receptors, expressed on the cell surface of
target cells (12). GM-CSF increases the cytotoxicity of
monocytes towards certain neoplastic cell lines (13).

CpG oligodeoxynucleotides (CpG-ODN) are short, single-
stranded, synthetic DNA molecules that contain a cytosine
"C" followed by a guanine "G". The "p" refers to the
phosphodiester backbone of DNA, however some ODNs
have a modified phosphorothioate backbone. When these
CpG motifs are unmethlyated, they act as immunostimulants
(14). CpG motifs are considered pathogen-associated
molecular patterns (PAMPs) due to their abundance in
microbial genomes and their rarity in vertebrate genomes
(15). The CpG-ODN PAMP is recognized by the pattern
recognition receptor toll-like receptor 9 (TLR9).

In the present study, we investigated the safety and efficacy
of GM-CSF and CpG-ODN as immunoenhancement adjuvants
in WT1 vaccine therapy for patients with solid malignancy

Patients and Methods

Trial protocol. A phase 1 clinical trial of the WT1 with
immunostimulatory adjuvants was designed to evaluate the safety
and tumor response. Patients with histologically confirmed solid
malignancies were eligible if they exhibited a performance status of
the Eastern Cooperative Oncology Group of 0-2 and had
measurable disease. Additional inclusion criteria were: (i) age
ranging from 16 to 80 years; (ii) overexpression of the WT1 gene in
the cancerous tissue as determined by immunohistochemistry; (iii)
HLA-A*2402, or A*0201, or A*0206 positivity; (iv) disease
refractory to conventional chemotherapy, radiotherapy, and/or
hormonal therapy; (v) no history of antitumor therapy within 4
weeks prior to enrolment; (vi) in patients not having primary brain
tumor, absence of brain metastases should be confirmed by
computed tomography or magnetic resonance imaging; (vii)
sufficient organ function and (viii) written informed consent.
Following written informed consent, the patients received
injections of 3.0 mg of WT1 peptide emulsified with Montanide
ISA51 adjuvant (SEPPIC S.A., Paris, France). The emulsion was
injected intradermally into four different regions (bilateral axillary
and inguinal region). The WT1 vaccinations were scheduled to be

2264

administered weekly, for eight consecutive weeks. The initial group
of patients (cohort 1) received WT1 emulsion alone. The subsequent
group of patients (cohort 2) received WT1 emulsion with GM-CSF
(sargramostim) (Bayer Health Care Pharmaceuticals, LLC, Seattle,
WA, USA). GM-CSF was administered subcutaneously as four
separate injections of 100 ug in the same region as each vaccine
dose. The final group of patients (cohort 3) received WT1 emulsion
admixed with 100 pg CpG-ODN (5’-TCGTCGTTTTGTCGTITTG
TCGTT-3") (Hokkaido System Science Co., Ltd, Hokkaido, Japan).

The Independent Safety Monitoring Committee (ISMC)
monitored and reviewed the protocol compliance, safety and on-
schedule study progress. The protocol was approved by the
Institutional Review Board and the Ethical Committee at Tokyo
Women’s Medical University. The study was registered in the
University Hospital Medical Information Network Clinical Trial
Registry (UMIN-CTR) Clinical Trial (Unique trial number: UMIN
000002771) on November 11, 2009 (UMIN-CTR URL: http://
www.umin.ac.jp/ctr/index htm).

WT1I peptide. The WT1 peptide was manufactured by NeoMPS, Inc.
(San Diego, CA, USA). For patients with HLA-A*2402, modified
9-mer WT1 peptide (amino acids 235-243 CYTWNQMNL) was
synthesized, in which Y was substituted for M at amino acid
position 2 (the anchor position) of the natural WT1 peptide. This
variant induces stronger cytotoxic activity than the natural peptide
(16). For patients with HLA-A*0201 or A*0206 an 9-mer WTI
peptide (amino acids 187-195 SLGEQQYSV), which is able to bind
to both HLA-A*0201 and A*0206, was synthesized (17). Peptides
were stored in dimethyl sulfoxide (DMSO) at —~80°C and thawed on
the day of injection. A water-in-oil emulsion vaccine was then
prepared, consisting of the peptide (aqueous phase) and the adjuvant
Montanide (oil phase), by combining equal volumes of the peptide
and the adjuvant. All synthesis, production and formulation of the
two different kinds of peptides were in accordance with applicable
current Good Manufacturing Practices and met the applicable
criteria for use in humans.

Immunohistochemical analysis. Positive immunostaining of WT1
protein in the patient’s tumor was a mandatory requirement for entry
into the trial. A standardized staining protocol was adopted from a
preceding trial (18). Briefly, formalin-fixed and paraffin-embedded
tissue sections were first autoclaved in order to expose antigenic
epitopes and were then stained with polyclonal rabbit anti-WT1 IgG
antibodies (C-19, sc-192; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), followed by a Vectastain abidin-biotin-peroxidase
complex (ABC) kit (Vector Laboratories, Burlingame, CA, USA).
Staining with a more specific monoclonal antibody, 6F-H2 (Dako,
Glostrup, Denmark), was also performed and the results were
consistent with those obtained with the polyclonal antibodies.

Evaluation of toxicity. Toxicities were evaluated according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events ver. 3.0 (19). If an adverse event of grade 2 or 3
continued, further immunization was suspended until the problem
was solved. An adverse event of more than grade 4 forced the
immediate termination of the immunotherapy.

Evaluation of clinical response. After the WT1 vaccine was
administered eight times, the antitumor effect of the treatment was
assessed by determining the response of the target lesions on
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Table 1. Characteristics of patients treated with WTI peptide alone.

No. Diagnosis Gender Age HLA Completion of therapy RECIST Adverse events
(years) (times and duration of vaccination) (at 8 weeks) >G3)
Peptide 1 Colon cancer Male 60 A2402 No: poor general condition (4 times) PD None
Peptide 2 Colon cancer Male 71 A0201 No: disease progression (5 times) PD None
Peptide 3 Colon cancer Female 59 A2402 No: disease progression (5 times) PD None
Peptide 4 Pancreatic cancer ~ Female 42 A2402 Yes (21 times: 21 weeks) PD None
Peptide 5 Colon cancer Female 80 A0206 Yes (9 times: 9 weeks) PD None
Peptide 6 Pancreatic cancer ~ Female 45 A0206 No: disease progression (5 times) PD None
Peptide 7 Rectal cancer Male 53 A2402 No: disease progression (8 times) PD None
Peptide 8 Lung cancer Male 46 A2402 Yes (19 times: 30 weeks) SD None
Peptide 9 Lung cancer Female 62 A0206 Yes* (25 times: 34 weeks) SD None
Peptide 10 Gastric cancer Male 76 A0201 No: disease progression (7 times) PD None
PD: Progressive disease; SD: stable disease. *Continuous administration.
Table II. Characteristics of patients treated with WT'1 peptide with GM-CSF.
No. Diagnosis Gender Age HLA Completion of therapy RECIST Adverse events
(years) (times and duration of vaccination) (at 8 weeks) >G3)
GM-CSF 1 Biliary cancer Female 63 A2402 Yes (22 times: 22 weeks) PD None
GM-CSF 2 Esophageal cancer Male 68 A2402 Yes (9 times: 9 weeks) PD None
GM-CSF3  Pancreatic cancer Male 65 A2402 Yes (9 times: 9 weeks) PD None
GM-CSF 4  Pancreatic cancer Male 65 A2402 Yes (23 times: 23 weeks) SD None
GM-CSF 5 Colon cancer Female 61 A0206 No: poor general condition (3 times) PD None
GM-CSF 6 Colon cancer Female 63 A0206 No: poor general condition (2 times) PD None
GM-CSF 7 Colon cancer Male 74 A0201 Yes (9 times: 9 weeks) PD None
GM-CSF 8 Ovarian cancer Female 50 A0201 Yes* (30 times: 33 weeks) SD None

PD: Progressive disease; SD: stable disease. *Continuous administration.

computed tomographic images. The tumor size was analyzed
according to Response Evaluation Criteria in Solid Tumors
(RECIST) (20), with results reported as complete response (CR),
partial response (PR), stable disease (SD) or progressive disease
(PD). The disease control rate was calculated as the percentage of
the number of patients in which there was a CR, PR or SD divided
by the total number of patients.

Results

Patients’ characteristics. Between January 2010 and
November 2010, a total of 28 patients were enrolled in this
study. Their clinical characteristics are summarized in Tables
I-III. The mean age of the 28 enrolled patients was 55.3
(cohort 1: 59.4, cohort 2: 63.6, cohort 3: 54.3) years. All the
patients had been treated with surgery as initial therapy. For
recurrent diseases and disease progression after initial
therapy, all patients received chemotherapy with or without
radiotherapy.

Administration protocol and toxicities. The median number
of vaccination was nine (cohort 1: 7.5, cohort 2: 9, cohort 3:

15.5), with a range from 2 to 47 (cohort 1: 4-25, cohort 2:
2-30, cohort 3: 6-47), with four patients still on treatment at
the end of September 2011. Nine patients received fewer
than nine vaccinations due to disease progression and poor
general condition. The patients who had an effective
response continued to receive weekly or biweekly
vaccinations after the period of the clinical trial, until tumor
progression was demonstrated.

All patients developed an injection-site reaction (grade 1
or 2), such as erythema, itching or swelling. Patient CpG 5
(Table III) had multiple colonic liver metastases with hepatic
portal infiltration at the time of enrollment in the study. Eight
weeks after the initial vaccination, bleeding from esophageal
varices, which occurs as a result of portal-systemic shunting,
was observed. Endoscopic variceal ligation was performed
and hemostasis was promptly achieved. The ISMC review of
this adverse event confirmed that the gastrointestinal
bleeding was not related to WT1 treatment.

No other toxicities (grade 1-5) were observed. These
results indicate that repeated WT1 vaccination with GM-CSF
and CpG-ODN is sufficiently tolerable.
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Table III. Characteristics of patients treated with WT'1 peptide with CpG.

No. Diagnosis Gender Age HLA Completion of therapy RECIST Adverse events  Causality
(years) (times and duration of vaccination) (at 8 weeks) >G3)

CpG 1 Cervical cancer Female 39 A2402 Yes (9 times: 9 weeks) PD None

CpG 2  Epithelioid sarcoma Female 54 A2402 Yes* (47 times: 65 weeks) SD None

CpG 3 Rectal cancer Male 55 A0206 Yes (9 times: 9 weeks) PD None

CpG 4 Pancreatic cancer  Female 67 A2402 Yes (19 times: 19 weeks) SD None

CpG 5 Colon cancer Female 55 A2402 Yes (9 times: 9 weeks) PD Gastrointestinal bleeding No

CpG 6 Lung cancer Female 61 A0206 Yes (15 times: 19 weeks) SD None

CpG 7 Lung cancer Male 71 A2402 No: poor general condition (6 times) PD None

CpG 8 Papilla cancer Female 54 A2402 Yes (18 times: 21 weeks) Sh None

CpG 9 Ovarian cancer Female 52 A2402 Yes (16 times: 17 weeks) SD None

CpG 10  Pancreatic cancer Male 35 A2402 Yes* (32 times: 43 weeks) SD None

PD: Progressive disease; SD: stable disease. *Continuous administration.

Clinical outcome. Clinical outcome data for all patients
categorized by immunoenhancing adjuvants are summarized
in Tables I-III. For primary analysis, clinical response was
assessed according to the RECIST criteria. The disease
control rate of cohort 1,2 and 3 in the initial two months (the
clinical trial period) was 20%, 25% and 60%, respectively.

Discussion

In this study, patients with HLA-A*2402, A-*0201 or A-
*0206 were immunized by injecting the WT1 peptide, added
with GM-CSF or CpG-ODN, intradermally once every week
for eight weeks and evaluated the safety and efficacy. As
vaccine-related adverse events, grade 1 and 2 injection-site
reactions were observed within 24-72 h. The intensity of the
skin reaction was augmented by repeated vaccinations,
suggesting the reaction was a delayed-type hypersensitivity
reaction towards WT1 peptide. It is reasonable to believe that
the skin toxicity of vaccine therapy at the injection sites is
due to the natural course of the immune activation.
Therefore, the treatment was considered to be well-tolerated.

The potential of the WT1 protein as a cancer antigen is of
considerable interest. Many cancer antigens are relatively
easy to isolate because of advances in tumor and molecular
immunology. Nevertheless, determination of the clinical
efficacy of these cancer antigens can be achieved only by
clinical studies that are very laborious, and moreover, only
clinical studies can determine their potential as cancer
antigens. It is therefore a laborious and time-consuming
work to determine and confirm the clinical usefulness of a
given cancer antigen. Recently, 75 representative cancer
antigens including WT1 were prioritized (21). The selection
and prioritization of these antigens were performed
according to the following criteria: (i) therapeutic function,
(ii) immunogenicity, (iii) role of the antigen in oncogenicity,
(iv) specificity, (v) expression level and percentage of
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antigen-positive cells, (vi) stem cell expression, (vii) number
of patients with antigen-positive cancer, (viii) number of
antigenic epitopes, and (ix) cellular location of antigen
expression. Although none of the 75 cancer antigens had all
the characteristics of the ideal cancer antigen, WT1 was at
the top of the ranking. This finding can be expected to
promote the development of WTl-targeted cancer
immunotherapy.

The cytokine GM-CSF is involved in the recruitment and
maturation of antigen-presenting cells and has been
incorporated into numerous clinical studies with cancer
vaccines to enhance immune responses (22-24). Previous
studies have revealed the safety of therapeutic application
using WT1 peptides in Montanide adjuvant with GM-CSF
in patients with myeloid malignancy (25-27) and
mesothelioma (28). The present study also demonstrated
that GM-CSF was safe as adjuvant in patients with various
types of cancer. However, the disease control rate in the
group of patients treated with the WT1 peptide vaccine with
GM-CSF (cohort 2) (25%), was only slightly better than or
comparable to that of the group treated with the WTI
peptide alone (cohort 1) (20%).

CpG-ODN can be synthesized for therapeutic use and has
been evaluated as a vaccine adjuvant in several clinical
studies. CpG-ODN acts as a very potent adjuvant in
combination with Montanide, and has been shown to
promote strong antigen-specific CD8* T-cell responses in
patients with melanoma (29, 30). In addition, intradermal
injections of CpG-ODN around the excision site of
melanoma activate the plasmacytoid DCs and myeloid DCs,
and reduce the number of regulatory T-cells in sentinel
lymph nodes (31, 32). Vaccination with NY-ESO-1 peptide
in combination with CpG-ODN was reported to successfully
induce NY-ESO-1-specific immune responses and revealed
clinical benefit by extending survival in patients with NY-
ESO-1-positive cancer (33). As established by the seminal



Ohno et al: A Phase I Trial of WT1 Peptide with GM-CSF/CpG

study of Iwahashi et al. (34), immunization with two kinds
of squamous cell carcinoma-specific peptides, LY6K-177
and TTK-567, in combination with CpG-ODN, successfully
elicited antigen-specific CD8* T-cell responses in patients
with advanced esophageal squamous cell carcinoma. In
addition, expression of interferon (IFN)-a and its related
chemokines were up-regulated and, correspondingly, natural
killer (NK) cells were activated. These results suggest that
not only tumor-specific acquired immunity, but also innate
immunity were enhanced by this vaccination.

CpG-ODN can stimulate both innate immunity and adoptive
immune responses through endosomal TLR9, which is
expressed in plasmacytoid DCs in humans. Plasmacytoid DCs
produce high levels of type I interferons, as well as a variety
of other cytokines and chemokines to promote Thl-like
immune responses involving other cell types, including
additional DC subsets, monocytes, NK cells, and neutrophils
(35-37). Therefore, CpG-ODN is considered to play important
roles as an adjuvant for cancer vaccines using epitope peptides.

In our study, we have shown that the disease control rate
in the group of patients treated with the WT1 peptide vaccine
with CpG-ODN (cohort 3) (60%), was much higher than that
of the other groups. Recently, Hong et al. (38) revealed that
idiotypic vaccine combined with CpG-ODN or IFN-a, but
not GM-CSF, not only efficiently protected mice from
developing myeloma, but also eradicated the already
established myeloma. The therapeutic responses were
associated with an induction of strong humoral immune
responses, including anti-idiotypic antibodies, and cellular
immune responses, including idiotype- and myeloma-specific
CD8* CTLs, CD4* Thl cells and memory T-cells in mice
receiving idiotypic vaccine combined with CpG or IFN-a.
Furthermore, idiotypic vaccine, combined with CpG or IFN-
o induced idiotype- and tumor-specific memory immune
responses that protected surviving mice from tumor
reocenitence. Thus, these results clearly show that CpG is a
better immune adjuvant than GM-CSF. However, our study
was still a phase I trial, and we will determine whether the
immune response to WT1 can be induced by this vaccine
protocol in the next phase II study.

For decades, investigators have relied on modified WHO
criteria (39) or, more recently, RECIST (20) to assess the
clinical activity of anticancer agents. These standard criteria
were designed to capture effects of cytotoxic agents and
depend on tumor shrinkage to demonstrate activity. However,
the response patterns seen with immunotherapeutic agents
extend beyond those of cytotoxic agents and can manifest,
for example, after a period of stable disease in which there is
no tumor shrinkage, or after initial tumor burden, an increase
in, or the appearance of new lesions (e.g. tumor-infiltrating
lymphocytes) (40-43). This potential delayed detection of
clinical activity on radiographic assessment may reflect the
dynamics of the immune system, the time required for T-cell

expansion followed by infiltration of the tumor, and a
subsequent measurable antitumor effect. For example, our
previous trial (8, 44) and other studies (40-43) of clinical
cancer vaccines demonstrated that patients with stable or
progressive disease may have subsequent tumor regression,
or initial mixed responses, with regression in some lesions,
while other lesions remain stable or progress.

Such patterns have been noted by many investigators;
however, they were inconsistently included in publications or
were not systematically captured because of the absence of
suitable response criteria, which, in turn, did not allow for
their clinical significance to be adequately studied (45). It has
become evident that RECIST and WHO criteria may not offer
a complete description of the response to immunotherapeutic
agents, and therefore either adjusted or new criteria are
needed (45).

Cancer immunotherapy is considered to be the fourth
cancer therapy after the three major cancer therapies of
surgery, chemotherapy and radiotherapy. It is thought that
complete eradication of cancer stem cells is essential for the
cure of cancer and that only immunotherapy is capable of
killing non-dividing, quiescent cancer stem cells. Therefore,
ideal and future immunotherapy should be started as soon as
possible after the diagnosis of cancer and continued as long
as possible, so that surgery, chemotherapy and radiotherapy
can be performed under conditions of enhanced cancer
immunity.

In conclusion, the addition of GM-CSF or CpG-ODN to a
WT]1 peptide vaccine, for patients with solid malignancy,
was safe and apparently improved the effectiveness of
clinical response.
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Vaccination with WT-1 (Wilms’ Tumor
gene-1) peptide and BCG-CWS in
melanoma

The Wilms tumor gene, WT1, plays an important role in the
regulation of cell proliferation, differentiation, etc. Wild-
type WTL is highly expressed in malignancies, including
malignant melanoma, and seems to be important for main-
taining the transformed phenotype and function of cancer
cells[1, 2]. The Bacillus Calmette-Guerin cell wall skeleton
(BCG-CWS) activates dendritic cells via toll like recep-
tors and is expected to be a useful adjuvant for cancer
immunotherapy [3, 4]. We present a metastatic malig-
nant melanoma patient who received clinical benefits and
showed immunological response in association with using
WT1 peptide vaccination with BCG-CWS.

A 64-year-old male with Stage IV malignant melanoma
originating from the left chorioid, which had metastasized
to the lungs, was admitted to Osaka University Hospi-
tal for WT1 peptide-based immunotherapy in February,
2008. In 2007, a lung nodule was histopathologically diag-
nosed as metastasis of malignant melanoma. The remaining
metastatic lesion increased in size in spite of administra-
tion of the standard chemotherapy. The patient met the
inclusion criteria for the vaccine trials, including having
the HLA-A*2402 genotype and WT1 protein expression,
and so was enrolled in the phase I clinical trial of immuno-
therapy using the WT1 peptide and BCG-CWS. According
to the trial protocol, we used a modified 9-mer WT1 peptide,
CYTWNQMNL. The treatment schedule was as follows;
onday 1, 100 g BCG-CWS was intracutaneously injected
in the upper arm, followed by an injection of WT1 peptide
(0.25 mg intracutaneously/0.25 mg subcutaneously) at the
same site on day 2. The administrations were performed in
the 1%, 3", 6™ weeks and sequentially every month there-
after. With regard to adverse events, only a grade 2 skin
ulcer was observed, which occurred at the injection site a
few days after the injection, and lasted less than 2 months.
Although the size of the target lesion measured by computed
tomography had been steadily increasing before treatment,
stable disease (SD) was achieved according to the Response
Evaluation Criteria in Solid Tumors guidelines (figure 1A).
Because no new metastatic lesions appeared for about 6
months after the beginning of vaccination, surgical resec-
tion of the right lower lobule, including the target lesion,
was performed on day 188. Fluorescent immunostaining of
the resected lung lesions before and after vaccination was
performed.

The number of CD8" T cells was robustly increased
after vaccination (figures 1B-C). The delayed type hyper-
sensitivity (DTH) reaction specific to the WT! peptide
shown by in vive immuno-monitoring changed from
negative to positive at one month after the first vacci-
nation. For ex vivo immuno-monitoring, the frequencies

T T +
12/25/2007 2/1/2008 3/12/2008 4/11/2008

t

Initial vaccination

Pre Im 2m S5m
Time course

Figure 1. A) A graphical representation of the change in size
of the target lesion in the lung. The tumor size was calcu-
lated by using computed tomography images, and the treatment
response was evaluated according to the RECIST guidelines.
The fluorescent immunostaining of the lung metastatic lesions
before and after WT1 peptide vaccination. There were obvi-
ously more CD8" T cells (red) after the vaccination (C) than
before the vaccination (B). D) The frequencies of WT1-specific
CTLs in peripheral blood and their subset compositions are
shown. Based on CD45RA and CCR7 expression, the CTLs
were phenotypically classified into four subsets; naive (blue),
central-memory (green), effector-memory (yellow), and effec-
tor (red).

of WT1-specific CTLs, determined by the percentages of
WT1-tetramer" CD8*T cells among the total CD8™T cells
in the peripheral blood, were measured (figure ID). Fur-
thermore, based on CD45RA and CCR7 expressions, a
phenotype analysis of the CTLs was performed, in which
they were classified into naive (blue), central-memory
(green), effector-memory (yellow), and effector (red) sub-
sets. The frequency of WTl1-specific CTLs remained at
about 0.07% before and after vaccination. WT1-specific
CTLs in effector-memory and effector subsets accounted
for the dominant CTL populations both before and after
the vaccination. The frequency of WT1-specific CTLs was
not higher than that in healthy donors, however the subset
was in sharp contrast to healthy donors, in whom WT1-
specific CTLs in the naive subset were dominant [5]. Sucha
high percentage of well-differentiated WT1-specific CTLs
even before treatment might have contributed to the induc-
tion of a clinical response.Taken together, these findings
suggest that WT'1 peptide vaccination with a BCG-CWS
adjuvant induced a stabilization of the disease, associated
with induction of a WT1 peptide-specific immune-response
and infiltration of CD8" T cells in the tumor tissue, offering
evidence for the therapeutic potential of this treatment for
malignant melanoma. B
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Successful treatment of a folliculotropic
mycosis fungoides with bexarotene and
PUVA

According to the WHO-EORTC classification of primary
cutaneous lymphomas, follicular mycosis fungoides (FMF)
is a rare subtype of mycosis fungoides, the most com-
mon form of cutaneous T cell lymphoma. In comparison to
classical MF, FMF often shows a more aggressive clinical
course, with 5 year survival rates of only 64% [1].

Wereport a 69-year-old woman who presented with a 3-year
history of a slowly-growing, well-demarcated, red tumor in

EJD, vol. 22, n° 2, March-April 2012

the central and left face. The tumour was densly infiltrated
with multilocular ulcerations and brownish crusts, leading
to a facies leonina-like appearance (figure 1A). There were
no B-symptoms like fatigue, night sweats or weight loss.
Despite previous histological investigations, the underly-
ing cause of disease was still unclear. Under the suspected
diagnosis of pyodermia, an antibiotic and steroid based
therapy was initiated (sultamicillin 375 mg BID; ery-
thromycin 500 mg BID; minocyclin 100 mg OD;
prednicarbate locally BID). However, no response to ther-
apy was observed, and the patient was transferred to our
department.

Except for local symptoms on the face, physical exam-
inations showed no other abnormal findings. Two new
skin biopsies were taken. Histopathology revealed dense
inflammatory infiltrates predominantly in the middle part
of the dermis, clustering around destructed hair follicles
(figure 1C). Higher magnification unveiled a polymorphic
folliculotropic lymphoid infiltrate with atypical features,
containing limited numbers of eosinophils and plasma cells
(figure 1D). Alcian-PAS staining demonstrated deposits of
mucin, especially in the areas of hair follicles. By immuno-
histochemical examination, lymphocytes stained positively
for CD3, CD4 and CD45 RO. Approximately 10% of lym-
phoid cells were positive for the proliferation marker Mib-1.
Multiplex-PCR verified clonality of the T cell receptor
gamma chain.

Based on clinical appearance, histopathology and molec-
ular findings, folliculotropic mycosis fungoides was diag-
nosed. Using imaging techniques (CT scans, ultrasound)
and peripheral blood smear stainings, an extracutaneous
involvement was ruled out. We initiated a combined therapy
with oral psoralen (40 mg meladinine prior to irradiation)

Figure 1. A) At presentation, densely infiltrated plaques with
crusts and unlcerations were present on the central and left
face, giving the patient a facies leonina-like appearance. B)
10 months after initiation of combined therapy with oral
bexarotene and PUVA, lesions had cleared almost completely.
C) Histopathology of skin biopsies showed dense inflamma-
tory infiltrates in the dermis, especially around destructed hair
follicles (H&E, x 50). D) Higher magnification (x200) reveals
infiltration of hair follicles by lymphoid cells with atypical
features.
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Recognition of a Natural WT1 Epitope by a Modified
WT1 Peptide-specific T-Cell Receptor
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Abstract. Wilms’ tumor gene WT1 is highly expressed in
leukemia and in various types of solid tumors and exerts an
oncogenic function. Thus, WT1 protein is a most promising
tumor-associated antigen. We have been successfully
performing WT1 vaccination with a 9-mer modified WT1,35
peptide, which has one amino acid substitution (M—Y) at
position 2 of 9-mer natural WT14;5 peptide (235-243 a.a.),
for close to 700 HLA-A*24:02-positive patients with
leukemia or solid tumors. Although vaccination of modified
WT1,35 peptide induced natural WT1 35 peptide-recognizing
eytotoxic T-lymphocytes (CTLs) and exerted cytotoxic activity
towards leukemia and solid tumor cells that expressed the
natural WT 135 peptide (epitope} bus not the vaccinated
modified WT 1,35 peptide (epitope), the molecular basis has
remained unclear. In this study, we established a modified
WT 1435 peptide-specific CTL clone, we isolated T-cell
receptor (TCR) genes from it and transduced the TCR genes
into CD8* T-cells. The TCR-transduced CD8* T-cells
produced interferon-y (IFNy) and tumor necrosis factor-a
(TNFa} in response to stimulation not only with the modified
WT 1535 peptide but also with the natural WT1,35 peptide and
lysed modified or natural WT1 535 peptide-pulsed target cells
and endogenously WTI-expressing lenkemia cells in a HLA-
A*24:02-restriction manner. These results provided us, for
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the first time at molecular basis, with a proof-of-concept of
modified WT1,;5 peptide-based immunotherapy for natural
WT1 ;5 peptide-expressing malignancies.

It is evident that T-cell-mediated immunity plays a crucial
role in tumor regression and eradication, and the main
effector cells that attack tumor cells are CD8* cytotoxic T-
lymphocytes (CTLs) (1, 2). These CTLs recognize tumor-
associated antigen (TAA)-derived peptides presented on the
surface of target cells in association with major
histocompatibility complex (MHC) class I molecules. To
enhance the activity of the TAA-specific CTLs, various types
of immunotherapies. including cancer vaccines, are being
performed-(3, 4).

WT1, which was originally identified as a gene responsible
for the pediatric neoplasm Wilms® tumor, encodes a zinc
finger transcription factor involved in the regulation of cell
proliferation and differentiation (5-8). Although the WT'/
gene was first categorized as a tumor suppressor gene, we
showed that it had an oncogenic function and the WT1
protein was highly expressed in various kinds of malignant
neoplasms, including hematopoietic malignancies and solid
tumors, indicating that the WT1 protein is a most promising
TAA (9-21).

Our group and others have identified WTI protein-
derived CTL epitope peptides with the restriction of several
HLA class I types. Clinical trials using WT1 CTL epitopes,
including HLA-A*0201-restricted WTI;54 and HLA-
A*24:02-restricted WT1,35 peptides. were performed and
showed successful results with clinical response (22, 23).
However, we identified a modified WT1,35 peptide with
much higher affinity for HLA-A*24:02 than the natural
WTl535 peptide. The modified WT1,35 peptide was found
to have the ability to elicit robust induction of the peptide-
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specific CTLs that also ‘recognized the natural WTl35
peptide (epitope) presented on the tumor cell surface (24).
In fact, vaccination of the modified WT1,35 peptide, which
was mainly conducted by our group, showed favorable
clinical response, including tumor shrinkage and leukemia
cell reduction, in association with immunological response.
such as an increase in the frequency of natural WTl;35
peptide-specific CD8* T-cells in the peripheral blood (PB)
of patients with various kinds of malignancies (3, 25-36).
However, why the vaccination of modified WT1,35 peptide
exerted clinical effect and killed tumor cells that expressed
the natural WT1,35 peptide (epitope) but not the madified
WT1,35 peptide (epitope) has not yet been explained on a
molecular basis. .

In the present study, we describe the establishment of a
modified WT1,35 peptide-specific CTL clone, the isolation
of the T-cell receptor (TCR) genes from it, and the molecular
basis of clinical findings that the vaccination of modified
WTl,35 peptides is effective for eradication of natural
WTI,35 peptide (epitope)-expressing tumor cells.

Materials and Methods

Cells. Peripheral blood mononuclear cells (PBMCs) were obtained
from a healthy donor with HLA-A*24:02 by density gradient using
a lymphocyte separation solution (Nacalai Tesque, Kyoto, Japan).
and CD8* T-cells were isolated from the PBMCs using the Human
CD8 T-Lymphocyte Enrichment Set-DM (BD Biosicences, San
Jose, CA, USA).

K562 is a cell line derived from a blast crisis of chronic myeloid
leukemia (CML). K562 endogenously expresses WT'/, but does not
express HLA molecules on the cell surface. K562/24:02 is an HLA-
A*24:02-expressing K562 cell line, which was generated by the
transduction of HLA-A*24:02 ¢cDNA into K562 (37). T2 is a cell
line deficient in transporter-associated with antigen processing
(TAP) protein that is essential for the transportation and presentation
of peptides generated from endogenous proteins. T2/24:02 was
made by the transduction of HLA-A*24:02 ¢cDNA into T2 cells
(38). K562, K562/A24:02, and T2/A24:02 cells were cultured in
RPMI-1640 (Nacalai Tesque), supplemented with 10% fetal bovine
serum (FBS; EuroClone. Pero. ltaly).

Induction of the modified WT1435 peptide-specific CD8* T-cell
clones. Modified WT 1,55 peptide (CYTWNQMNL)-specific CD8*
T-cell clones were generated by a mixed lymphocyte peptide culture
(MLPC) in a modification of the method described by Karanikas et
al. (39). PBMCs from an HLA-A*24:02+ healthy donor were
cultured in X-VIVO 15 medium (Lonza, Walkersville, MD, USA),
supplemented with 10% human AB type serum (GEMINI Bio-
Products, West Sacramento, CA, USA) in the presence of the
modified WT1,35 peptide (1 pg/ml) and recombinant interleukin-2
(IL-2) (40 U/ml, kindly donated by Shionogi & Co.. Lid., Osaka,
Japan) in a 96-well U-bottom plate at a density of 2x105 cells/well
so that cell expansion occurred in fewer than 10 wells among 96
wells (39).

After two weeks of culture, the expanded cloned cells were
screened for positivity for the phycoerythrin (PE)-conjugated
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modified WT1,35 peptide tetramer (MBL. Nagoya, Japan) and
positive clones were confirmed for the peptide specificity by
peptide-specific interferon-y (IFNYy) production.

Cloning of TCR cDNA and construction of a lentivirus vector. cDNA
was obtained by reverse-transcription of total mRNA of the
modified WT 1435 peptide-specific CD8* T-cell clone B10. cDNAs
of TCR-a and -f§ chains were cloned, amplified by 5’RACE PCR
using SMARTer™ RACE cDNA Amplification Kit (Clontech
Laboratories, Inc., Mountain View, CA, USA) with gene-specific
primers of TRAC (CTGTCTTACAATCTTGCAGATC) for TCR-a
chain, and TRBC! (CACTTCCAGGGCTGCCTTC) and TRBC2
(TGACCTGGGATGGTTTTGGAGCTA) for TCR-B chain, and
sequenced.

To construct a vector that simultaneously expressed both the TCR-
o and -f chains, cDNAs of the TCR-a and - chains were linked via
a viral P2A sequence (40). followed by cloning into a lentiviral SIN
vector (CSII-EF-MCS-IRES2-Venus), with the Venus gene that
expressed yellow fluorescent proteins (YFPs) (41).

Transduction of TCR constrict into CD8* T-cells, HEK293T
packaging cells were transfected with the TCR construct vector,
pCAG-HIVgp and pCMV-VSV-G-RSV-Rev using linear
polyethyleneimines (Polysciences, Inc., Warrington, UK) in low-
serum media (Gibco, Grand Island, NY, USA). The original CSII-
EF-MCS-IRES2-Venus mock vector (mock vector) was used as a
negative control, After 12 h of incubation, the HEK293T cells were
cultured for virus production in DMEM, containing 4.5 g/} glucose
(Nacalai Tesque) supplemented with 10% FBS for 48 h. The virus
particles were concentrated by precipitating the culture supernatant
using polyethylene glycol (SBI, Mountain View, CA, USA).

The TCR genes were transduced into CD8* T-cells. In brief.
CD8* T-cells were isolated from PBMCs of an HLA-A*24:02+
healthy donor and activated in X-VIVO |5 medium containing a
monoclonal antibody {(mAb) against CD28 (eBiosicence Inc., San
Diego, CA, USA) and 10% human AB type serum in a CD3 mAb
(eBiosicence Inc.)-coated culture plate. Afier 3 days of activation,
the cells were infected with the TCR-containing lentivirus vector
using 8 pg/ml of polybrene in RetroNectin (TaKaRa, Tokyo, Japan)-
coated plate for 12 h, washed, and cultured in X-VIVO 15 medium,
supplemented with 10% human AB type serum.

Flow cytometric analysis. For multicolor staining of cells with
tetramer and mAbs, the cells were suspended in phosphate-buffered
saline (PBS) containing 2% FBS, followed by staining with the PE-
conjugated natural or modified WTpsg tetramer according to the
manufacturer’s protocol. The cells were then stained with mAbs on
ice for 20 min, washed twice with PBS, containing 2% of FBS, and
analyzed with a FACSAria instrument (BD Biosciences). mAbs used
were Pacific Blue-conjugated anti-CD3 (BD BioScience).
allophycocyanin (APC)-conjugated anti-CD8 (BD BioScience), and
PE-conjugated anti-VB1 (TRBVY in another family nomenclature)
mAbs (Beckman Coulter Inc.. Bera. CA, USA).

Cytokine production assay. For cytokine production assay, 2.5x104
of responder cells were stimulated by the appropriate stimulator
cells pulsed with 10 pg/ml of a natural WTl,y35 peptide
(CMTWNQMNL), the. modified WT 1,35 peptide (CYTWNQMNL),
or an irrelevant CMV pp65 peptide (QYDPVAALF) in culture
medium containing anti-CD28/49d (BD Bioscience) and 10 pg/ml
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Figure 1. Establishment of a modified WT1 335 peptide-specific CD8* T-cell clone, B10. B10 cells were stimul,

d by the modified WT1435 peptide,

the natural WTl,35 peptide, or not stimulated. Flow cytometory of interferon-y (IFNy) production by B10 cells is shown.

Brefeldin A for 5 h. After the stimulation, the responder cells were
stained with APC-Cy7-conjugated anti-CD8 mAb, washed twice,
fixed, and permeabilized with Cytofix/Cytoperm (BD Bioscience).
The cells were then stained by a PE-conjugated anti-IFNy and APC-
conjugated anti-TNFa mAbs (BD Bioscience), and analyzed using a
FACSAria instrument.

For HLA blocking assay. an appropriately titrated blocking mAb
for HLA class I (clone wb/32) or HLA-DR (clone 1.243) was added
to cell culture for cytokine production assay.

Cyrotoxiciry assay. Target cells for cytotoxicity assay were labeled
with 5ICr in X-VIVO 15 medium, supplemented with 1% human
AB type serum for 2 h, and washed with PBS. The target cells were
incubated with appropriate concentrations of antigen peptides, if
needed. TCR-transfected CD8* T-cells were co-cultured with the
51Cr-labeled target cells in X-VIVO 15 medium supplemented with
1% human AB type serum for 4 h. The supernatant was collected,
and the radjoactivity was counted using a MicroBeta2 plate counter.
The percentage-specific lysis was calculated by the equation: (cpm
experimental release — cpm spontaneous release)/(cpm maximum
release — cpm spontaneous release).

Results

Establishment of a modified WT1,35 peptide-specific CD8* T-
cell clone. PBMCs of an HLA-A*24:02% healthy donor were
stimulated with modified WTIl,35 peptide seeded at
concentrations of 2x10° cells/well in a 96-well plate and then
cultured in the presence of modified WT1444 peptide (1 pg/ml)
and IL-2 (40 TU/ml) for two weeks. Cell expansion was
observed in only two of a total of 192 wells and finally only one
clone, designated B10, was established. B10 cloned cells were
positive for staining with HLA-A*24:02/modified WT1,35

tetramer and produced IFNy on stimulation with not only
modified WT1535 but also natural WT1,35 peptides (Figure 1).
These results show that BI0 was a modified WT1,35 and
natural WT 1,35 peptide-specific CD8* T-cell clone.

Isolation of the TCRs from B10 and establishment of the TCR-
transfected CD8* T-cells. cDNA of TCR-a and - chains was
made from mRNA of the B10 cells using each gene-specific
primer, cloned, and sequenced. V- and J- regions of Va were
TRAV27*01 and TRAJ28*01, respectively, while V-, D-, and
J-regions of VP were TRBV9*01, TRBD2*01, and TRBJ2-
3%01, respectively. The TCRs isolated from B10 cells are
referred to as B10-TCRs in the following text.

Next, the TCR-a and -§ chain genes were linked via a
viral P2A sequence for dual gene expression (40) and
inserted into a lentiviral vector for transfection. Activated
CD8* T-cells were transfected with a B10-TCR-containing
lentiviral vector, stimulated by irradiated autologous PBMCs
loaded with modified the WT1,35 peptide three days after
transfection, cultured for two weeks, and stained with mAbs
to CD3, CD8 and either of the anti-V1 family mAb and the
modified WT1,35-tetramer (Figure 2).

A considerable proportion (18.3%, 9.6/(9.6+42.9)) of
YFP-positive cells in B-10-TCR-transfected CD8* T-cells
were positive for staining with mAb to VB1 (=TRBV9),
whereas 4.3% (2.9/(2.9+65.3)) of YFP-positive cells in
mock-transfected CD8* T-cells were positive for staining
with the mAb against VB! mAb (Figure 2a). On the other
hand. 4.1% (4.1/(4.1+95.9)) of the untransfected CD8* T-
cells were stained with mAb to VB1, which suggested
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vector or a mock vector, dnd then stwined with a monoctonal antibody 1o VBT funily (a) or modified WT'Tyzs-tetramer {B). Représentarive data of three

experiments are shown,

endogenous expression of V1 and/or artificial staining with
mAb to V1. Furthermore, importantly, modified WT 1315
tetramer-positive cells were detected only in BI10-TCR-
transfected - CD8* Tecells * at * frequencies  of  18.4%
(9:5/(9.5+42.1)) in YFP-positive cells (Figure 2by. These
results indicate that the TCRs from B10 were successfully
transduced into CD8* T-cells and were functional.

To assess the function of BI0-TCRs. the antigen-specific
eytokine production from the CDS8T T-cells transfected with
BI10-TCRs was examined (Figure 3a and b). B10-TCR-
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transfected CD8* Tecells were stimulated by irradiated
- autologous PBMCs loaded - with the modified WT 1435
peptide for 1wo weeks ‘and then  stimulated again with
- modified, natural WT 1,35 peptide. or irrelevant CMV pp63

peptide for 5 h and examined for production of IFNy and

TNFa. Cells stimulated with the modified or natural WT 1,35
- peptide produced IFNy and TNFa, whereas cells stimulated
_ with the irrelevant peptide (CMV pp65) did not.

Next. HLA: class I restriction of B10-TCR-transfected

CD8* T-cells was examined (Figure 3¢). The BI10-TCR-
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WT1,35 peptide, or with CMV pp65 peptide. at a concentration of 20 uM
{a). or at different concentrations (b). Representative data of two experiments
are shown. E:T, effectorltarget ratio.

transfected CD8* T-cells were stimulated by T2/24:02 cells
loaded with the modified WT1,35 peptide in the presence of
an HLA class I or HLA DR blocking mAb and stained for
intracellular IFNYy. The production of TFNy was inhibited by
anti-HLA class I mAb, but not by anti-HLA DR blocking
mAb. These results indicate that the cytokine production of
B10-TCR-transfected CD8* T-cells by antigenic stimulation
was restricted to HLA class 1.

WT1,35 peptide-specific cytotoxic activity of B10-TCR-

transfected CD8* T-cells. To test the antigen-specific
cytotoxicity of B10-TCR-transfected CD8* T-cells, they were
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Figure 5. Cytotoxic activity of BIO-TCR-transfecied CD8* T-cells towards
endogenously WTi-expressing leukemia cells. Cytotoxic activity of B10-
TCR-transduced CD8* T-cells towards endogenously WT1-expressing
K562 leukemia cells with or without HLA-A*24:02 expression was
examined. Representative data of three experiments are shown.

co-cultured with irradiated autologous PBMCs loaded with
modified WT1,35 peptide for two weeks and assayed for
cytotoxicity towards 51Cr-treated HLA-A*24:02-transfected
T2 (T2/24:02) cells, loaded with modified or natural WT1,35
peptide (Figure 4a). The B10-TCR-transfected CD8* T-cells
exhibited cytotoxicity towards the T2/24:02 cells loaded with
modified or natural WT1,35 peptide in an effector/target
(E/T) ratio-dependent manner, but not towards those loaded
with an irrelevant peptide (CMV pp65 peptide). These results
indicated that B10-TCRs recognized not only the modified
WT1,35 peptide/HLA-A%24:02 complex but also the natural
WT1,35 peptide/HLA-A*24:02 complex.

Next, specific lysis by B10-TCR-transfected CD8" T-cells
was assayed for the T2/24:02 target cells pulsed with
different concentrations of modified or natural WTl;35
peptide (Figure 4b). The specific lysis increased in parallel
with an increase in the peptide concentrations and reached a
plateau at an E/T ratio of 5:1, at a concentration of 1 pM in
both peptides. The half-maximal lysis for modified and
natural WT1,35 peptide was obtained at a concentration of
about 0.06 pM and 0.04 pM, respectively. These results
indicate that the affinity of B10-TCRs for natural WT1,35
peptide/HLA-A*24:02 complex was high enough to expect
that B10-TCRs would be able to recognize the endogenous
WT1 protein-derived (natural) WT1,35 peptide that was
presented on the cell surface in association with HLA-
A*24:02 molecules.

Lysis of endogenously WTI-expressing leukemia cells by
B10-TCR-transfected CD8* T-cells with an HLA-A*24:02
restriction. Whether or not B10-TCR-transfected CD8* T-
cells had the ability to lyse endogenously WT1-expressing
leukemia cells with a restriction of HLA-A*24:02 was
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examined, The B10-TCR-transfected CD8* T-cells were
stimulated by irradiated autologous PBMCs loaded with the
modified WTl,35 peptide. After two weeks of the
stimulation, the B10-TCR-transfected CD8* T-cells were
assayed for the lysis of HLA-A*24:02-transfected K562
leukemia cells (K562/24:02) that endogenously expressed
WT1. The B10-TCR-transfected CD8" T-cells were cytotoxic
towards the K562/24:02 cells, but not towards K562 cells
without an HLA-A*24:02 expression (Figure 5). These
results indicate that B10-TCR-transfected CD8* T-cells were
able to kill endogenously WT1-expressing leukemia cells in
an HLA-A*24:02 restriction manner.

Discussion

In the present study, a modified WT1,35 peptide-specific
CTL clone (B10) was established and its TCRs (B10-TCRs)
were cloned. B10-TCR-transfected CD8* T-cells were able
to kill both modified WT1,35 peptide-pulsed and natural
WT1,35 peptide-pulsed target cells and endogenously WT1-
expressing leukemia cells.

An important finding presented here was that B10-TCRs,
isolated from a modified WT1,35 peptide-specific CTL
clone, was able to recognize and kill both natural WT1,35
peptide-pulsed target cells and endogenously WTI-
expressing leukemia cells that were possibly expressing
natural WT1,35 peptide (epitope) on their cell surface in
complexes with HLA-A*24:02 molecules. The evidence, at
the molecular level, showing that a modified WTl,35
peptide-specific TCR recognizes both its own modified and
other natural WTl,35 peptides (epitopes) has been
demonstrated here for the first time due to our successful
cloning a modified WT1,35 peptide-specific TCR gene. This
evidence provided us with a strong proof-of-concept of
modified WT1,45 peptide-based immunotherapy, in which
the modified (not natural) WT 1,35 peptides were effectively
vaccinated for the eradication of tumor cells that were
possibly expressing natural (not modified) WT1,35 peptides
in complexes with HLA-A*24:02 molecules. In fact, there
are some clinical findings showing that vaccination with
modified WTly35 peptides induced modified WTlg35
peptide-specific CTLs and other CTLs that were able to
recognize both the modified and natural WT1,,5 peptides
(epitopes). For example, Narita et al. successfully vaccinated
a patient with CML with the modified WT1,35 peptides and
showed that some CD8* T-cells in PBMCs that were
obtained after repeated WT1 vaccination were dually stained
with the modified WT1,35 peptide-specific and natural
WT1la35 peptide-specific tetramers. They also showed that
the modified WTl,35 peptide-specific CTL clones
established, exerted cytotoxic activity towards both the
modified WT1,35 peptide-pulsed and natural WTl,3
peptide-pulsed target cells (42). However, since the cloning

of TCRs from the modified WT1,35-specific CTLs was not
done, it was not demonstrated, at the molecular level, that
the TCRs of the modified WT1,35-specific CTLs recognized
both the modified and natural WT1,35 peptides (epitopes).
On the other hand, it was demonstrated that a natural
WT1,35 peptide-specific CTL clone, TAK-1, recognized both
the natural and modified WT 1,35 peptides (24). However, the
molecular basis of this finding has not yet been reported.
Thus, detailed analysis at the molecular level for explaining
how WT1,35 peptide-specific CTLs are able to recognize
both natural and modified WT 1,35 peptides (epitopes) has
been reported here for the first time.

Results presented here suggest the possibility for adoptive
transfer therapy of CD8* T-cells transfected with the
modified WT1,35 peptide-specific TCR genes. Half-maximal
lysis by the CD8* T-cells that were transfected with the
TCRs from the modified WT1,35 peptide-specific CTLs was
obtained against the natural WT1,35 peptide-pulsed target
cells at concentrations of as low as 0.04 pM. This indicates
the high affinity of the TCRs for the natural WT1,35 epitope
on tumor cells. These results should allow us to expect a
good clinical effect of adoptive cell therapy using the TCR
genes isolated here.
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Pathological Status of Mediastinal Lymph Nodes
after Preoperative Concurrent Chemoradiotherapy
Determines Prognosis in Patients with Non-Small
Cell Lung Cancer

Yasushi Shintani, MD, PhD,'? Yasunobu Funakoshi, MD, PhD,* Masayoshi Inoue, MD, PhD,’
Yukiyasu Takeuchi, MD, PhD,> Meinoshin Okumura, MD, PhD,’
Hajime Maeda, MD, PhD,? and Mitsunori Ohta, MD, PhD?

Objectives: The benefits of preoperative chemoradiotherapy for advanced nonsmall cell lung
cancer (NSCLC) remain controversial. To evaluate prognostic indicators of clinical N2
NSCLC patients treated with concurrent chemotherapy followed by pulmonary resection, we
performed a retrospective study.

Methods: We retrospectively investigated 52 patients with pathologically proven N2 NSCL.C
who underwent concurrent chemoradiotherapy before pulmonary resection. Each received 2
cycles of cisplatin-vinca alkaloid-based chemotherapy every 4 weeks. Radiotherapy, directed
at the tumor and mediastinal nodes, was started on day 2 at a median dose of 44 Gy. A thora-
cotomy was performed 6 to 8 weeks after completion of chemoradiotherapy.

Results: The overall 5-year survival rate for the 52 patients was 38%. Complete pathological
response by the tumor was found in 11 (21%). Down-staging of nodal stage occurred in 29
patients, (56%) and overall survival was better in those with lower pathological N status. The
S-year survival rate was 58% for pathological N0-N1 disease and 0% for N2 disease. While
the response to induction therapy by the primary tumor was correlated with postoperative
nodal stage, multivariate analysis revealed postoperative nodal stage as an independent prog-
nostic factor.

Conclusion: Pathological status of mediastinal lymph nodes in response to preoperative con-
current chemoradiotherapy determined prognosis in our patients.

Keywords: nonsmall cell lung cancer, preoperative concurrent chemoradiotherapy, prognostic indicator

Introduction

'Department of General Thoracic Surgery, Osaka University

Graduate School of Medicine, Suita, Osaka, Japan

’Department of General Thoracic Surgery, Osaka Prefectural
Medical Center for Respiratory and Allergic Disease, Habikino,
Osaka, Japan

*Department of General Thoracic Surgery, National Hospital
Organization Toneyama Hospital, Toyonaka, Osaka, Japan

Received: October 13, 2011; Accepted: February 7, 2012
Corresponding author: Yasushi Shintani, MD, PhD. Department
of General Thoracic Surgery, Osaka University Graduate School
of Medicine, Suita, Osaka 565-0877, Japan

Email: yshintani@thoracic.med.osaka-u.ac jp

©2012 The Editorial Committee of Annals of Thoracic and
Cardiovascular Surgery. All rights reserved.

530

The most effective treatment for patients with locally
advanced nonsmall cell lung cancer (NSCLC) remains
controversial. The results of surgical resection alone for
locally advanced NSCLC are poor; thus the treatment
option of induction chemoradiotherapy has been investi-
gated."? Although there is consensus about the indica-
tion for a multimodality approach in most patients with
locally advanced disease, there is no clear agreement
about which local therapy should be applied in a given
situation.” Some reports have demonstrated that induc-
tion chemoradiotherapy followed by surgical resection
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