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polymyositis/dermatomyositis (PM/DM) patients
(n = 10) were negative. In addition, in the syn-
ovial fluid of a subset of RA patients, we detected
CD4* T cells producing IFN-y upon stimulation
with RPL23A (Fig. 4, D and E). These findings
in humans, together with the key role of anti-
RPL23A T cell responses for autoimmune arthritis
and psoriasis-like dermatitis in mice, suggest that
the responses may play a pathogenic role at Jeast
in a subset of patients with RA or PsA.

Our results show that by attenuating TCR
signal intensity in developing T cells (hence re-
ducing their sensitivity to thymic negative selec-
tion by natural self ligands), T cells reactive with
ubiquitously expressed self antigens can be gen-
erated as dominant pathogenic clones causing
systemic autoimmune disease. Because similar
attenuation of TCR signaling at various degrees
in conjunction with T, cell depletion is able to
produce a variety of other autoimmune diseases
in mice (9, 22), this strategy of generating path-
ogenic T cells and characterizing the self antigens
they recognize would facilitate our understand-
ing of the mechanisms of other autoimmune dis-
eases of currently unknown etiology. In addition,
given that genetic polymorphism in a signaling
molecule in T cells is a major determinant of ge-
netic susceptibility to various human autoimmune
diseases including RA (23), such a genetic varia-
tion might, at least in part, alter thymic selection,
hence forming a TCR repertoire for causing auto-
immune disease. Our approach may also be use-
ful in deciphering how T cell autoimmunity to
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a ubiquitous self antigen triggers localized tissue
damage in RA and other human autoimmune
diseases, and in devising effective means of sys-
temic or local intervention in the disease process.
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Purpose: We conducted a cancer vaccine clinical trial with MAGE-A4 protein. Safety, clinical response,
and antigen-specific immune responses were analyzed and the prognostic factors by vaccination were
investigated.

Experimental design: Twenty patients with advanced esophageal, stomach or lung cancer were admin-
istered MAGE-A4 vaccine containing 300 g protein subcutaneously once every 2 weeks in six doses.
Primary endpoints of this study were safety and MAGE-A4 immune responses.

Iéery::l(:irg; Results: The vaccine was well tolerated. Fifteen of 20 patients completed one cycle of vaccination and two
MAGE-A4 patients showed SD. A MAGE-A4-specific humoral immune response was observed in four patients who
Cancer vaccine had high expression of MAGE-A4 and MHC class ] on tumor cells. These four patients showed significantly
Prognosis longer overall survival than patients without an antibody response after vaccination (p=0.009). Patients

MHC with tumor cells expressing high MAGE-A4 or MHC class I antigen showed significantly longer overall
Monitoring survival than those with low expression. Induction of CD4 and CD8T cell responses was observed in three
and six patients, respectively, and patients with induction of MAGE-A4-specific [FNy-producing CD8T
cells, but not CD4T cells, lived longer than those without induction.
Conclusions: The CHP-MAGE-A4 vaccine was safe. Expression of MAGE-A4 and MHC class I in tumor tissue
and the induction of a MAGE-A4-specificimmune response after vaccination would be feasible prognostic
markers for patients vaccinated with MAGE-A4.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction antigen gene (MAGE) family is also known to show such unique

expression and to induce spontaneous humoral and cellular

The expression of cancer/testis (CT) antigens is normally limited
to human germ line cells in the testis and to various types of
human cancers|1,2}. Among CT antigens, the melanoma-associated

* The study was registered in the University hospital Medical Informa-
tion Network Clinical Trials Registry (UMIN-CTR) Clinical Trial (Unique
trial number: UMINGC00003188) on February 15, 2010 (UMIN-CTRURL:
http:/fwwwuminac jp/ctr/index.hiim),
* Corresponding author at: 2-2 Yamada-oka, Suita, Osaka 565-0871, Japan.
Tel.: +81 6 6879 3251; fax: +81 6 6879 3259.
E-mail address: hwada@gesurg.med ka-wacdp (H. Wada).

hit x.doborg/ 101016/ vaccine 2014.09.002
0264-410X/© 2014 Elsevier Ltd. All rights reserved.

- 282 -

immune responses in MAGE-expressing cancer patients 3,4}, with
the result that they are feasible targets for tumor immunotherapy.
Numerous cancer vaccine strategies are under development and
some patients have experienced clinical benefits after vaccina-
tion. Among the MAGE family, a phase II cancer vaccine trial with
MAGE-A3 protein in non-small-cell lung cancer patients showed 8%
reduction of the recurrence rate [5]. Based on the outcome of this
phase Il study, a randomized double-blind phase Il study (MAGRIT
trial) with MAGE-A3 protein vaccination was performed [5].
MAGE-A4 is also reported to be expressed in a wide variety of
tumors, e.g., 60% esophageal cancer, 50% head and neck cancer, 24%
non-small-cell lung cancer, 33% gastric tumor, and 21% Hodgkin’s
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disease but not in normal tissues besides the testis. MAGE-A4 elic-
its spontaneous humoral or cellular immune responses in patients
with MAGE-A4-expressing non-small-cell lung cancer, head and
neck cancer and adult T cell leukemia/lymphoma {3.4,7.81. High
expression of MAGE-A4, as well as other CT antigens, in tumors was
correlated with the poor prognosis of patients with bladder cancer,
ovarian cancer, non-small-cell lung cancer and head and neck can-
cer {9-14]. Many MAGE-A4 epitope peptides recognized by CD4
and CD8 T cells in the context of human leukocyte antigen (HLA)
class I and class II have been identified, e.g., HLA-A0201 {15,186},
HLA-A2401 {17}, HLA-B3701 [ 18], HLA-DP0501, and HLA-DR1403
[19].

Because tumor-specific T cells are considered to be a direct effec-
tor of tumor immunity, the expression level of MHC class1on cancer
cells is crucial for the prognosis of cancer patients, especially in the
case of an immune therapy such as a cancer vaccine. It is reported
that deficient MHC class I surface expression is associated with
reduced patient survival in colon cancer, gastric cancer and non-
small-cell lung cancer {20-23], and is considered to be one of the
causes of the immune escape of tumor cells { 24,25 . In patients vac-
cinated with tumor antigens, some papers reported the effect of the
expression level of MHC class I on cancer cells on the clinical effect
of vaccinated patients, but there are few reports on their prognosis
after vaccination [26,27].

In this study, we conducted a cancer vaccine clinical trial with a
complex of MAGE-A4 protein and cholesteryl pullulan (CHP) nano-
particles in advanced cancer patients. We monitored and analyzed
the safety, clinical effect, humoral and cellular immune responses
and expression of antigens in these patients.

2. Materials and methods
2.1. CHP-MAGE-A4 vaccine

The complex of cholesterol-bearing hydrophobized pullulan
(CHP) and MAGE-A4 protein (CHP-MAGE-A4) was provided by
ImmunoFrontier, Inc. (Tokyo, Japan) [28]. The synthesis, produc-
tion, formulation and packaging of the investigational agent were
performed in accordance with current Good Manufacturing Prac-
tices (cGMP) and met the applicable criteria for use in humans. The
toxicity of the drug products was assessed using animal models,
and stability was monitored during the clinical trial using repre-
sentative samples of the investigational drug product.

2.2. Study design

A phase I, open-label, single-institutional clinical trial of the
CHP-MAGE-A4 vaccine was designed to evaluate the safety,
immune response and clinical response. Patients eligible for entry
were those who had advanced cancers that were refractory to
standard therapy and expressed MAGE-A4 antigen as assessed by
immunohistochemistry (IHC). The CHP-MAGE-A4 vaccine contain-
ing 300 pg MAGE-A4 protein was administered subcutaneously
once every 2 weeks in six doses. Two weeks after the last adminis-
tration, the safety, immune response and clinical response were
evaluated. Thereafter, the vaccine was administered addition-
ally. Clinical response was assessed according to the Response
Evaluation Criteria in Solid Tumors (RECIST ver1.1) {29]. Safety
was evaluated according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events ver.3.0 (NCI-CTCAE
ver.3.0) {30} The protocol was approved by the Ethics Commit-
tee of Osaka Universities according to the Declaration of Helsinki.
Written informed consent was obtained from each patient before
enrolling in the study. The study was conducted in compliance with
Good Clinical Practice and was registered in the University hospital

Medical Information Network Clinical Trials Registry (UMIN-CTR)
Clinical Trial (Unique trial number: UMIN0O00003188) on February
15, 2010 (UMIN-CTRURL: hitp://www.uminacip/cir/index him).

2.3. MAGE-A4 protein and peptides

For ELISA, recombinant N-His-tagged MAGE-A4 protein was
given by Mie University. For Western blot analysis, the MAGE-A4
open reading frame was given by Hokkaido University and was
cloned into pGEX-HT plasmid given by Dr. J. Takagi (Osaka Uni-
versity, Osaka, Japan). N-GST-His-tagged MAGE-A4 protein was
expressed in M15 Escherichia coli cells and purified by Glutathione
Sepharose 4B. Finally, recombinant MAGE-A4 protein without a
His-tag was purified by TEV protease {31]. For in vitro stimulation
of T cells, the following series of 31 MAGE-A4 overlapping peptides
spanning the protein was synthesized: 1-20, 11-30, 21-40, 31-50,
41-60, 51-70, 61-80, 71-90, 81-100, 91-110, 101-120, 111-130,
121-140, 131-150, 141-160, 151-170, 161-180, 171-190,
181-200, 191-210, 201-220, 211-230, 221-240, 231-250,
241-260, 251-270, 261-280, 271-290, 281-300, 291-310, and
300-317.

2.4. ELISA

Recombinant protein (0.4 p.g/ml) in coating buffer was adsorbed
onto 96-well plates and incubated overnight at 4°C. Plates were
washed with phosphate-buffered saline (PBS) and blocked with
1% bovine serum albumin (BSA). 100 ! of serially diluted serum
was added to each well and incubated for 2h at room tempera-
ture, Horseradish peroxidase (HRP)-conjugated goat anti-human
IgG (Medical & Biological Laboratories, Nagoya, Japan) was added
to the wells. Ovalbumin (OVA, albumin from chicken egg white;
Sigma, St. Louis, MO) was used as the control protein in each assay.
The cut-off value of the antibody reaction was 0.47 0.D., calculated
from the results of 47 healthy donors with the average +2 SD.

2.5. Immunohistochemistry (IHC)

IHC was performed using formalin-fixed paraffin-embedded
cancer specimens obtained from all patients enrolled in this trial
and 57 esophageal cancer patients who had received surgical treat-
ment. Monoclonal antibodies were anti-MAGE-A4 protein (57B),
anti-HLA class I (EMR 8-5) and anti-CD8 (clone C8/144B). The
reaction was evaluated as +++ (>50% stained cells), ++ (25-50%),
+ (5-25%), £ (1-5%) and — (<1%) for MAGE-A4 and HLA class I
expression.

2.6. In vitro stimulation of CD4 and CD8T cells

CD8 and CD4T cells were purified from peripheral blood
mononuclear cells (PBMCs) using CD8 Microbeads and a CD4+ T
Cell Isolation Kit (Miltenyi Biotec). The remaining cells were used
as antigen-presenting cells (APCs) after pulsing with a mixture
of 31 MAGE-A4 overlapping peptides. Then, 5 x 10° CD4 or CDST
cells were cultured with 10 x 10° APCs after irradiation with IL-2
(10U/mL; Roche Diagnostics) and IL-7 (20 ng/mL; R&D Systems) for
21 days or 8 days, respectively. CD4 or CD8T cells harvested were
re-stimulated with T-APCs pulsed with a mixture of 31 MAGE-A4
overlapping peptides or HIV (p17,39-51) peptide as the control for
6hi32]

2.7. IFNy intracellular staining (ICS)
ICS was performed with an ICS kit (BD Biosciences) according to

the manufacturer’s instructions followed by treatment with Gol-
giStop reagent containing monensin (BD Biosciences) for 1 h. Cells
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Table 1
Immune responses and clinical responses following CHP-MAGE-A4 vaccination.
Patient ID Immunization MAGE-A4-specific immune response
Antibody CcD4b Ccpsg® Clinical response 0S (days)
Pre Post Pre Post Pre Post
P-1 16 - + - + - + PD 218
P-2 13 - - - - - - PD 254
P-3 5 + nd nd nd NE (74)
P-4 6 - - - - - - PD 82
P-5 7 + + - - - + PD 206
P-6 15 - - - - - - SD 228
P-7 31 - -+ - + - + PD 436
P-8 2 - nd nd nd NE (42)
P-9 16 - - - - - - PD 340
P-10 7 - - - - - PD 90
P-11 5 + nd nd nd NE (81)
P-12 35 - + - + - + SD 767
P-13 7 - - - - - - PD 129
P-14 9 - - - - - - PD 179
P-15 7 - - - - - + PD 96
P-16 40 - ++ - - - + PD 1029
P-17 4 - nd nd nd NE (63)
P-18 4 - nd nd nd NE (66)
P-19 6 - - - - - - PD 92
P-20 7 + + - - - - PD 116

0S: overall survival; PD: progressive disease; SD: stable disease; NE: not evaluated; nd: not done.
2 Antibody response was determined by ELISA. Antibody response shown here represents O.D. for MAGE-A4 protein: ++ >1.0; +>1.0 to >0.47; — >0.47.
b CD4 and CDST cell responses were determined by IFNvy intracellular cytokine staining with those cells stimulated in vitro once. IFNvy-positive cells: +++ >10%; ++ >5% to

<10%; +>1% to <5%; — <1%.

were stained with CD8-V450 (clone RPA-T8; BD Biosciences), CD4-
V450 (clone RPA-T4; BD Biosciences), CD3-Alexafluor 700 (clone
UCHT1; BD Biosciences), eFluor 780-fixable viability dye (eBio-
science, San Diego, CA) and IFNvy-FITC (clone 4S.B3; BD Biosciences).

2.8. Western blot

Recombinant protein (20ng) in sample buffer was boiled for
5 min and subjected to SDS-PAGE with 10-20% polyacrylamide Bio-
Rad Ready-Gels (Bio-Rad). After electrophoresis, the membrane
was blocked with 5% FCS/PBS and then incubated with patients’
seradiluted 1:100 for 1 h at room temperature. Horseradish perox-
idase (HRP)-conjugated goat anti-human IgG (MBL) was added to
the membrane. Signals were developed with a 5-bromo-4-chloro-
3-indolylphosphate-nitroblue tetrazolium chromogenic substrate
kit (Bio-Rad). Anti-MAGE-A4 monoclonal antibody (57B) used as
the positive control at 1:200 dilution was given by Dr G.C. Spagnoli
(University Hospital Basel, Basel, Switzerland).

2.9. Activated regulatory T cells in PBMC

Activated regulatory T cells (Treg) were analyzed by a flow
cytometer using CD3-PerCPCy5.5 (clone OKT3; eBioscience), CD4-
Alexafluor 700 (clone RPA-T4; eBioscience), CD8-V500 (clone RPA-
T8; BD Biosciences), CD45RA-FITC (clone HI100; BD Biosciences),
eFluor 780-fixable viability dye (eBioscience) and FoxP3-PE (clone
236A/E7; eBioscience). The details of the assay and the definition
of activated Tregs were described previously {33].

2.10. Statistics analysis

Rates of the immune responses were compared by Fisher's exact
test, and the survival curve was estimated using the Kaplan-Meier
method and compared by the log-rank test. All analyses were per-
formed using the SPSS statistical package, version 15.0 (SPSS Inc.,
Chicago, IL).
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3. Results
3.1. Patient characteristics

Twenty advanced cancer patients were enrolled: 18 patients
with esophageal cancer, a patient with lung cancer and a patient
with gastric cancer expressing MAGE-A4 antigen (Supplementary
Table). They received 2-40 immunizations and 15 patients com-
pleted a cycle of vaccination (Table 1).

3.2. Safety

Grade 1 fever and Grade 1 injection site reactions, e.g., skin red-
ness or pruritus, were observed in 4 and 13 patients, respectively,
after vaccination, and improved without any treatment (Supple-
mentary Table). No severe adverse event was observed.

3.3. Clinical response

All patients underwent image analysis and routine physical
checks during and after vaccination. An SD response was observed
in two esophageal cancer patients, P-6 and P-12, out of 15 patients
who completed vaccination (Table 1). In patient P-6, relapsed
lymph node metastasis in the right neck after radical esophagec-
tomy showed a 9% increase in its diameter after 6 immunizations
with CHP-MAGE-A4. In patient P-12, although the main tumor
disappeared after chemotherapy, metastasis in the left lung was
observed with a 15% increase in its diameter after a cycle of vacci-
nation. Both patients received additional cycles of CHP-MAGE-A4
vaccination; however, these target lesions showed rapid enlarge-
ment after the second cycle.

3.4. Monitoring of humoral immune response

MAGE-A4 antibody in sera obtained from all patients at base-
line and 15 vaccine-completed patients two weeks after the final
immunization were analyzed by ELISA. Four patients, P-3, P-5, P-11
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Fig. 1. Antibody production and prognosis. Overall survival of 15 patients and 13 esophageal cancer patients who completed 1 cycle of vaccination and the antibody response
determined by ELISA were analyzed. Kaplan-Meier curves illustrate the duration of overall survival of sero-converted patients (solid line) and patients without an antibody
response (dotted line) in 15 patients (A) and 13 esophageal cancer patients (B). The hazard ratio (HR) and log-rank P value for overall survival comparing patients with

positive against negative antibody responses were calculated.

and P-20, showed the production of MAGE-A4 antibody at baseline
(sero-positive) while others did not (sero-negative) (Table 1). After
vaccination, 4 of 13 sero-negatives among 15 vaccine-completed
patients showed increased O.D. values by ELISA and were con-
sidered positive serological responses (Supplementary Fig. 1A).
No increased response was observed with sera from two sero-
positives. These sero-conversions were observed just after a cycle of
vaccination in all four patients. Anti-MAGE-A4, but not anti-His-tag,
antibody responses in sera from patients P-1, P-12 and P-16 were
analyzed by Western blot analysis using recombinant MAGE-A4
protein without any tags (Supplementary Fig. 1B).

Then, the overall survival after the first immunization in
sero-conversion positives and negatives was analyzed in 15
vaccine-completed patients. The four sero-converted patients
showed prolonged overall survival, significantly longer than that of
patients without an antibody response after vaccination (Fig. 1A).
When the analysis was limited to esophageal cancer patients, the
overall survival of the three sero-converted patients was also sig-
nificantly longer than that of patients without a MAGE-A4 antibody
response (Fig. 1B).

3.5. Immunohistochemical analysis of MAGE-A4, MHC class I and
CD8

Expression of MAGE-A4 and MHC Class I antigens on tumor
cells was analyzed by IHC using formalin-fixed paraffin-embedded
tumor tissues obtained from all enrolled patients (Supplementary
Table). Among 15 vaccine-completed patients, high expression of
MAGE-A4 (>25% tumor cells) and MHC class 1 (>5% tumor cells)
was observed in tumor tissues from 12 and 12 patients, respec-
tively. Then, we analyzed whether there is any relation between
the expression of MAGE-A4 and MHC class I antigens on tumor cells
and the induction of immune responses by CHP-MAGE-A4 vacci-
nation. Four of eight patients with high expression of MAGE-A4 or
MHC class I antigen on tumor cells showed an antibody response
while no patients with low expression of either antigen on tumors
showed an antibody response. High expression of both MAGE-A4
and MHC class I antigens was observed on tumor cells from sero-
converted patients (Fig. 2A and B). Next, we analyzed whether
there is any relation between the expression of those antigens and
overall survival by CHP-MAGE-A4 vaccination. Patients with tumor
cells expressing high MAGE-A4 or MHC class | antigen showed

significantly longer overall survival than those with lower expres-
sions (Fig. 2C and D).

3.6. Induction of MAGE-A4-specific CD4 and CD8T cell responses

MAGE-A4-specific CD4 and CD8T cell responses were analyzed
by ICS assay using PBMCs obtained from 15 vaccine-completed
patients at baseline and 2 weeks after the 6th immunization (Sup-
plementary Fig. 2). MAGE-A4-specific IFNy-producing CD4 and
CD8T cells were observed in no patient at baseline. After vacci-
nation, induction of a CD4T cell response was observed in three
patients, P-1, P-7, P-12, who showed sero-conversion, and induc-
tion of a CD8 T cell response was observed in six patients, P-1, P-5,
P-7, P-12, P-15, P-16, who showed antibody production (Table 1).
Patients with induction of MAGE-A4-specific [FNy-producing CD8 T
cells, but not CD4 T cells, lived longer than those without induction
(Supplementary Fig. 3).

3.7. Impact of CD4+ FoxP3 high+ regulatory T cells on overall
survival

The ratio of CD4+ Foxp3 high+ cells in CD3+ T cells was ana-
lyzed using PBMCs obtained at baseline from 15 vaccine-completed
patients. When the patients were divided by the mean of the ratio,
the two SD patients, P-6 and P-12, belonged in the low ratio group
(Supplementary Fig. 4A and B). Patients with a low ratio of CD4+
Foxp3 high+ cells in CD3+ T cells showed longer overall survival
than patients with a high ratio after vaccination, although it was
not significant (Supplementary Fig. 4C).

4. Discussion

We showed that the induction of MAGE-A4-specific immune
responses correlated well with the prognosis of patients vacci-
nated with CHP-MAGE-A4. In our previous study of cancer vaccines
with NY-ESO-1 protein [34-39], NY-ESO-1f peptide {40] and NY-
ESO-1 overlapping peptide {41], feasible clinical responses were
observed in several patients; however, we could not confirm the
effects of NY-ESO-1 vaccines on the good prognosis of enrolled
patients. There are several reports of successful cancer vaccines
which prolonged the overall survival of vaccinated patients {42,43],
and some studies revealed that patients with the induction of an
antigen-specific CD8 T cell response, but not an antibody response,
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Fig. 2. MAGE-A4 and MHC-class antigen expression and prognosis. MAGE-A4 and MHC-class I were analyzed by immunohistochemical analysis with monoclonal antibodies;
anti-pan-MAGE protein (57B), anti-human leukocyte antigen (HLA) class [ (EMR 8-5). The reaction was evaluated as +++ (>50% stained cells), ++ (25~50%), + (5-25%), = (1-5%)
and — (<1%) for MAGE-A4 and HLA class 1 expression. Among 15 vaccine-completed patients, tumor tissues from the four MAGE-A4 sero-converted patients showed higher
expression of both MAGE-A4- and MHC-class I-antigens of tumor cells (A and B). The patients with tumor cells expressing higher MAGE-A4 or MHC-class I antigen showed

a significantly longer overall survival than those with lower expressions (C and D).

survived longer [44]. Our results of immune monitoring indicated
that the induction of not only MAGE-A4 CD8 T cells but also MAGE-
A4 antibody responses could be a marker for predicting the good
prognosis of patients vaccinated with MAGE-A4 protein. Detection
of an antibody response is considered to be a useful tool for mon-
itoring cancer vaccines with protein because it is easy to analyze
with sera using ELISA [35]. In our previous studies of NY-ESO-1
antigen, specific humoral and cellular responses were sponta-
neously induced in patients with NY-ESO-1-expressing tumors,
and elicited much more frequently and earlier in patients vacci-
nated with NY-ESO-1 than MAGE-A4 {39-41]. CT antigens, among
tumor antigens, are known to have better immunogenicity because
of their unique expression pattern | i}. However, MAGE-A4 anti-
gen might not possess such strong immunogenicity as other CT
antigens, for example, NY-ESO-1. Although it is not easy to deter-
mine and explain the intent of the immunogenicity of antigenic
molecules, one possibility for determining immunogenicity is the
immune competition by other molecules. The existence of ubiqui-
tous expressions of other MAGE family members might interfere
with the immune response of MAGE-A4 as a tumor antigen [3].
Another possibility is the stability of MHC and antigenic peptide
complexes. It is reported that MAGE-A4 epitope peptide combined
with HLA-A2 is less stable than Tax10 or influenza matrix epi-
tope peptides but is consistent with common sets of A2-complexes
determined by thermal denaturation measurements [15]. Nev-
ertheless, the induction of a MAGE-A4 antibody response was
a good marker of the long survival of patients vaccinated with
MAGE-A4 protein, indicating that the immunogenicity of MAGE-
A4 might be adequate to induce immune responses which can be
used for immune monitoring to predict the prognosis of vaccinated
patients.

To investigate which factors induce a humoral immune response
by MAGE-A4 vaccine, the expression of MAGE-A4 and MHC class
I antigens in tumor tissues was analyzed by IHC, and it was

shown that the four sero-converted patients had cancers with high
expression of both MAGE-A4 and MHC class [. Moreover, overall
survival was prolonged in patients with tumors with high expres-
sion of MAGE-A4 antigen, suggesting that these patients might
have elicited MAGE-A4-specific immune responses to some extent
by MAGE-A4 vaccination, resulting in a good prognosis. The weak
band observed in sero-negative patient P-16 at baseline by Western
blot analysis (Supplementary Fig. 1B) might indicate such an unde-
tectable level of MAGE-A4 immune responses by ELISA, probably
due to the property of recombinant MAGE-A4 protein or MAGE-A4
antigen itself.

Next, we tried to find direct immunological activity against
tumor cells, resulting in some clinical benefit, e.g., OS, progression-
free survival, or tumor shrinkage. In two SD patients, while one
showed sero-conversion but not the other, seromics analysis
showed the antigen spreading among CT antigens in both patients
after vaccination (Supplementary Fig. 5). In addition, activated reg-
ulatory T cells were abundantly observed in PBMC from both SD
patients, although they did not influence OS. In our previous study
of patients vaccinated with NY-ESO-1, antigen spreading was also
observed |37}, and Tregs were not increased after vaccination [41].
Antigen spreading of CTL against tumor-specific antigens after
cancer vaccine with MAGE-1, 3 was also reported, indicating its
contribution to tumor regression |45]. P-16 underwent resection of
lung metastasis before and after vaccination, and both specimens
were available for [HC analysis (Supplementary Fig. 6). Although the
expressions of MAGE-A4 and MHC class I were consistent, the num-
ber of tumor-infiltrating CD8+ T cells after vaccination was twice
as many as at the baseline.

In summary, CHP-MAGE-A4 vaccine was safe and two SD
patients were observed. High expression of MAGE-A4 and MHC
class I antigens in tumor cells and the induction of MAGE-A4
humoral and cellular immune responses would be feasible progno-
stic markers for patients vaccinated with MAGE-A4 protein.
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We established CD4 T-cell clones, Mz-1B7, and Ue-21, which recognized the NY-ESO-1 121-138 peptide
from peripheral blood mononuclear cells (PBMCs) of an esophageal cancer patient, E-2, immunized with
an NY-ESO-1 protein and determined the NY-ESO-1 minimal epitopes. Minimal peptides recognized by
Mz-1B7 and Ue-21 were NY-ESO-1 125-134 and 124-134, respectively, both in restriction to DRB1*08:03.
Using a longer peptide, 122-135, and five other related peptides, including either of the minimal epitopes
recognized by the CD4 T-cell clones, we investigated the free peptide/DR recognition on autologous EBV-
B cells as APC and peptide/DR tetramer binding. The results showed a discrepancy between them. The
tetramers with several peptides recognized by either Mz-1B7 or the Ue-21 CD4 T-cell clone did not bind
to the respective clone. On the other hand, unexpected binding of the tetramer with the peptide not
recognized by CD4 T-cells was observed. The clone Mz-1B7 did not recognize the free peptide 122-135
on APC, but the peptide 122-135/DRB1*08:03 tetramer bound to the TCR on those cells. The failure of
tetramer production and the unexpected tetramer binding could be due to a subtly modified structure
of the peptide/DR tetramer from the structure of the free peptide/DR molecule. We also demonstrated
that the NY-ESO-1 123-135/DRB1*08:03 tetramer detected ex vivo CD4 T-cell responses in PBMCs from
patients after NY-ESO-1 vaccination in immunomonitoring.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

To analyze T-cell immunomonitoring after vaccination, pep-
tide/MHC tetramers have become widely used {1]. Peptide/MHC
tetramers identified and visualized antigen specific T-cells. MHC
class I tetramers were originally developed by Altman and Davis
[2], and used for various antigens including those of viral or
tumor origin [3,4]. However, MHC class II tetramers have been
used in only a few studies because of the difficulty in prepara-
tion [5]. The soluble form of MHC class Il molecules is necessary
to produce tetramers. However, production of such molecules

Abbreviations: ~ APC, antigen-presenting cell; CHP-NY-ESO-1, complex of
cholesterol-bearing hydrophobized pullulan and NY-ESO-1 whole protein; Fmoc,
N-(9-fluorenyl)-methoxycarbonyl; HD, healthy donor; MFI, mean fluorescence
intensity; OLP, overlapping peptide; PBMC, peripheral blood mononuclear cell.

* Corresponding author. Tel.: +81 86 462 1111x54954; fax: +81 86 464 1109.
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A0

4

0264-410X/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
htipr//dsdolorg/ 101016/ vacnine 2013.12.042

- 289 -

using extracellular domains of MHC class II o and 8 chains is
generally difficult because of a lack of assembly or aggrega-
tion {6]. These findings indicate the necessity of transmembrane
regions for the proper assembly of the molecules. Kalandadze et al.
[7] found that replacement of the hydrophobic transmembrane
regions by the Fos and Jun leucine zipper dimerization motifs
resulted in the assembly and secretion of DRap heterodimers in
yeast. Novak et al. [8] developed MHC class II tetramers using
DR molecules incorporating leucin zipper motifs to stabilize the
DRa and P heterodimer. The procedure has been widely used,
but successful production of MHC class Il tetramers is still limited
[9-13].

We recently analyzed CD4 T-cell responses against NY-ESO-1
in PBMCs from patients who were vaccinated with a complex of
cholesterol-bearing hydrophobized pullulan and NY-ESO-1 pro-
tein (CHP-NY-ESO-1) in our clinical trial and determined three
novel NY-ESO-1 CD4 T-cell epitopes: NY-ESO-1 87-100 bound
to DRB1*09:01, NY-ESO-1 95-107 bound to DQB1*04:01, and
NY-ESO-1 124-134 bound to DRB1%08:03 {14]. CD4 T-cells that
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recognized these epitope peptides also recognized EBV-B cells or
DC that were treated with recombinant NY-ESO-1 protein or an
NY-ESO-1-expressing tumor cell lysate, suggesting that the epitope
peptides are naturally processed. These CD4 T-cells had a cytokine
profile with Th1 characteristics.

In this study, we showed that tetramers with several pep-
tides recognized by the CD4 T-cell clones did not bind to the
same clones. On the other hand, unexpected binding of the
tetramer with a peptide not recognized by CD4 T-cells was
observed. The failure of tetramer production and the unex-
pected tetramer binding could be due to a subtly modified
structure of the peptide/DR tetramer from the structure of the
free peptide/DR molecule. We also demonstrated that the NY-
ESO-1 123-135/DRB1*08:03 tetramer detected ex vivo CD4 T-cell
responses in PBMCs from patients after NY-ESO-1 vaccination in
immunomonitoring.

2. Materials and methods
2.1. Patients and blood samples

Peripheral blood samples were drawn from esophageal can-
cer patients E-1 and E-2, and a prostate cancer patient P-3, who
were vaccinated with CHP-NY-ESO-1, and a lung cancer patient
TK-OLP-01, who was vaccinated with NY-ESO-1 OLP in our clini-
cal trials {15,16] after obtaining written informed consent. PBMCs
were isolated by density gradient centrifugation using Histopaque
1077 (Sigma-Aldrich, St. Louis, MO). CD4 T-cells and CD19" cells
were purified from PBMCs using CD4 and CD19 microbeads, respec-
tively, using a large scale column and a magnetic device (Miltenyi
Biotec, Auburn, CA). The cells were stored in liquid N; until
use. HLA typing was done using PBMCs with a sequence-specific
oligo-nucleotide probe and sequence-specific priming of genomic
DNA using standard procedures. Patient E-2 was found to possess
homozygous alleles.

2.2. Peptides

Peptides were synthesized using standard solid-phase meth-
ods based on N-(9-fluorenyl)-methoxycarbonyl (Fmoc) chemistry
on a Multiple Peptide Synthesizer (AMS422, ABIMED, Langenfeld,
Germany) at Okayama University (Okayama, Japan).

2.3. Cell lines

E-2 bulk CD4 T-cells were stimulated in vitro twice as described
previously [ 14]. Clones were then established by limiting dilution.
EBV-B cells were generated from CD19* peripheral blood B cells
using the culture supernatant from EBV-producing B95-8 cells.

24. Generation of HLA-DRB1*08:03 tetramers

HLA-DR tetramers were prepared as described previously [5].
The cDNA coding for the extracellular domains of the HLA-DRa
chain was inserted by fusion PCR in a basic leucine zipper and His
tag. The HLA-DR chain was fused with an acidic leucine zipper and
the BirA substrate peptide for BirA enzyme-dependent biotinyla-
tion. The HLA-DRa and HLA-DRf chimeric cDNA were cloned into
the pcDNA3.1 vector, respectively. The expression vectors contain-
ing the HLA-DRa and HLA-DR chains were co-transfected into
CHO cells.

2.5. ELISA

Supernatants (100 pl) from cultures of CD4 T-cells (5 x 103)
stimulated for 18h with autologous EBV-B cells (5 x 103)

pre-pulsed for 30min with peptide in a 96-well round bot-
tomed culture plate, or with solid-phase peptide/HLA-DRB1*08:03
tetramers in a 96-well flat bottomed culture plate, were collected
and the amounts of IFNvy were estimated by sandwich ELISA | 14].
TNFe, IL-4, IL-10 and IL-17A in the culture supernatants were esti-
mated by DuoSet Sandwich ELISAs (R&D Systems, Minneapolis,
MN), according to the manufacturer’s instructions.

2.6. Flow cytometry

FITC-conjugated anti-human TCRaf3 mAb (BD), PerCP Cy5.5-
conjugated anti~human CD3 mAb and APC-conjugated anti-human
CD4 mADb (eBioscience, San Diego, CA) were used for T-cell surface
staining. The stained cells were detected by FACS Canto Il (BD). Flow
cytometry results were analyzed with Flow]Jo (Tree Star, Ashland,
OR).

2.7. Tetramer staining

CD4 T-cells were incubated with tetramers for 1 hat37°Cina5%
CO, atmosphere. FITC-conjugated anti-human CD4 mAb (Miltenyi
Biotec) was added at the end of tetramer staining and incubated for
an additional 20 min at 4°C.

2.8. IENy capture assay

The method has been described previously | 14].

2.9. TCR VB and CDR3 sequence analysis

For TCR V3 analysis, the [0Test Beta Mark kit (Beckman Coulter,
Brea, CA) was used. The CDR3 sequence was determined by PCR as
described previously [ 17].

3. Results

3.1. Determination of NY-ESO-1 minimal epitopes recognized by
CD4 T-cell clones Mz-1B7 and Ue-21 established from PBMCs of
an esophageal cancer patient E-2 immunized with CHP-NY-ESO-1

We established CD4 T-cell clones from PBMCs of an esophageal
cancer patient E-2 immunized with CHP-NY-ESO-1 which rec-
ognized the 18-mer NY-ESO-1 121-138 peptide. The CD4 T-cell
clones Mz-1B7 and Ue-21 produced IFNvy, TNFa, but not IL-
4, IL-10 or IL-17A (Supplementary Fig. 1), indicating that they
have Th1 characteristics. We determined restriction molecules
by antibody blocking and minimal epitopes using various N-
and C-termini truncated peptides. Assays were done by ELISA
examining IFNvy in the culture supernatant from responding T-
cells using autologous EBV-B cells as antigen-presenting cells
(APC). As shown in Fig. 1A, recognition of the 18-mer NY-
ESO-1 121-138 by CD4 T-cell clones Mz-1B7 and Ue-21 was
inhibited by addition of anti-HLA-DR mAb, but not anti-HLA-
DQ mAb. Since patient E-2 possessed homozygous haplotypes
(DRB1*08:03, DQA1*01:03, DQB1*06:01, DPB1*05:01) according
to genetic analysis (see Section Z), the two clones Mz-1B7 and
Ue-21 recognized the NY-ESO-1 peptide 121-138 in restriction to
DRB1*08:03.

We then investigated recognition of various N- and C-termini
truncated peptides and found that a core peptide region recog-
nized by either clone Mz-1B7 or clone Ue-21 was made up of amino
acids 125-134 (¥ig. 1B). Further analysis revealed that a minimal
peptide recognized by clone Mz-1B7 was peptide 125-134 (10-
mer) and that recognized by clone Ue-21 was peptide 124-134
(11-mer) (¥ig. 1C). Thus, clones Mz-1B7 and Ue-21 recognized
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Fig. 1. Antibody blocking (A) and determination of NY-ESO-1 minimal epitopes ((B) and (
(5 x 103) were stimulated for 18 h with autologous EBV-B cells (5 x 10%) in the presence o
anti-HLA-DQ mAb (5 pg/ml) in the culture. [FN+y in the culture supernatants was determ

C)) recognized by E-2 CD4 T-cell clones Mz-1B7 and Ue-21. In (A), CD4 T-cell clones
f NY-ESO-1 121-138 (VLLKEFTVSGNILTIRLT) peptide (100 nM), and anti~-HLA-DR or
ined by ELISA. In B and C, CD4 T-cell clones (5 x 10%) were stimulated for 18 h with

autologous EBV-B cells (5 x 10%) in the presence of truncated NY-ESO-1 121-138 peptides (100 nM). The core peptide region and each minimal epitopes recognized by CD4
T-cell clones are shown in gray boxes. [FNvy in the culture supernatants was determined by ELISA.

closely related, but different, minimal NY-ESO-1 peptides in restric-
tion to the same DRB1*08:03. Recognition of closely related, but
different, peptides by these CD4 T-cell clones was further con-
firmed with responses to other peptides. Peptide 122-135 was
recognized by Ue-21, but not Mz-1B7. On the other hand, peptide
125-135 and peptide 126-135 were recognized by Mz-1B7, but not
Ue-21.

3.2. Differential recognition by clone Mz-1B7 and clone Ue-21 of
the longer peptide 122-135, including minimal epitopes
recognized by either clone

To confirm that the longer peptide 122-135 was recognized by
only clone Ue-21, but not clone Mz-1B7, irrespective of includ-
ing epitopes recognized by either clone, an IFNy capture assay
together with ELISA was performed examining IFNv in the same
culture stimulated with peptide 122-135 and five other related
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peptides using autologous EBV-B cells as APC as above. As shown
in Fig. ZA, a response of clone Mz-1B7 was observed against the
peptides 123-135, 124-135, 122-134, 123-134 and 124-134, but
not 122-135 in either the IFNvy capture assay or ELISA. No response
against peptide 122-135 was observed up to a peptide concentra-
tion of 100nM in ELISA. On the other hand, a response of clone
Ue-21 was observed against all of the peptides used. These results
were consistent with the results shown in Fig. 1.

3.3. Tetramer binding

We produced tetramers using the longer peptide 122-135,
and five other related peptides 123-135, 124-135, 122-134,
123-134 and 124-134. The DR molecule was constructed by
combining the DRA*01:01 and DRB1*08:03 chains that fused
the leucine zipper motif at the C-terminal ends [8]. In the
DRA locus, seven alleles DRA*01:01:01:01, DRA*01:01:01:02,
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clones were stained with the indicated peptide/HLA-DRB1*08:03 tetramers (5 ug/ml) at 37°C for 1 h followed by staining with an anti-CD4 mAb, and analyzed using FACS
Canto II. In B bottom, CD4 T-cell clones (5 x 103) were stimulated for 18 h with the indicated peptide/HLA-DRB1*08:03 tetramers coated on wells in microculture plates. [FNvy
in the culture supernatant was determined by ELISA. The peptides that show a discrepancy between recognition (A) and tetramer binding (B) are marked by *.

DRA*01:01:01:03, DRA*01:01:02, DRA*01:02:01, DRA*01:02:02
and DRA*01:02:03 have been identified. These alleles differ only at
amino acid 217 in the cytoplasmic domain, which is included in the
region replaced by a leucin zipper motif from amino acid residue
152 in the a2 domain. Therefore, any DRA allele can be used for
tetramer production.

With these six peptide/DR tetramers, we examined binding to
clones Mz-1B7 and Ue-21. As shown in ¥ig. 2B, to clone Mz-1B7,
binding of tetramers with peptide 122-135, 123-135, 124-135,
122-134 and 123-134, but not 124-134, was observed. The pep-
tide 122-135 including the minimal epitope 125-134 was not
recognized by Mz-1B7, but a tetramer constructed using the same
peptide bound to Mz-1B7. Furthermore, peptide 124-134 that also
included the minimal epitope 125-134 was recognized by Mz-1B7,
but a tetramer constructed using the same peptide did not bind to
the same clone.

On the other hand, to clone Ue-21, weak binding of tetramers
with peptides 122-135, 123-135 and 124-135, but only marginal
binding of tetramers with 122-134, 123-134 or 124-134, was
observed. The peptides 122-134 and 123-134, including the
minimal epitope 124-134 and the peptide124-134 itself, were

recognized by Ue-21, but the tetramers constructed using the same
peptides bound to the same clone only marginally. IFNvy produc-
tion by CD4 T-cell clones in stimulation with the tetramers was
consistent with tetramer binding (¥ig. 2B bottom).

We further examined the only marginal binding of a tetramer
constructed using the peptide 124-134 to Mz-1B7 and Ue-21 under
different culture conditions. As shown in Fig. 3A and B, efficient
binding of the tetramer constructed using the peptide 123-135
to clone Mz-1B7 was observed at 25-37°C after incubation for
10-120 min. However, only marginal binding was observed with
the tetramer constructed using the peptide 124-134, even at 37°C
after incubation for 120 min. Only marginal binding of the tetramer
with the peptide 124-134 to Mz-1B7 or Ue-21 was observed up to
a concentration of 10 pg/ml (Fig. 3C and D).

3.4. Expression of CD4 and TCR on CD4 T-cell clones

Expression of CD4, CD3 and TCRaf3 was analyzed by FACS.
As shown in Fig. 4A, expression of CD4 was observed similarly
on clones Mz-1B7 and Ue-21. On the other hand, expression of
CD3 and TCRa3 was observed on Ue-21 strongly, but on Mz-1B7
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Fig. 3. Effect of temperature, incubation time and dose in tetramer staining. In (A) and (B), the E-2 CD4 T-cell clone Mz-1B7 was stained with NY-ESO-1 123-135 (LKEFTVSG-
NILTI) or NY-ESO-1 124-134 (KEFTVSGNILT) peptide/HLA-DRB1*08:03 tetramers (5 pg/ml) at 4, 25 or 37 °C for 10, 30, 60 or 120 min followed by staining with anti-CD4 mAb.
In Cand D, E-2 CD4 T-cell clones Mz-1B7 and Ue-21 were stained with NY-ESO-1 123-135 (LKEFTVSGNILTI) or NY-ESO-1 124-134 (KEFTVSGNILT) peptide/HLA-DRB1*08:03
tetramers (0.5, 1, 5 or 10 ng/ml) at 37°C for 1h followed by staining with an anti-CD4 mAb. Analysis was done using FACS Canto II. Dot plots (A and C) and the mean

fluorescence intensity (MFI) (B and D) of tetramer staining are shown.
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Fig. 4. Surface expression of the molecules on CD4 T-cell clones (A) and analysis of CDR3 sequences (B). In A, CD4 T-cell clones Mz-1B7 and Ue-21 stained with anti-CD4,
CD3 and TCRa3 mAb were analyzed using FACS Canto 1. In B, the nucleotide sequence and deduced amino acid sequences of the V-D-] junctional region of TCR 3 chain from

the E-2 CD4 T-cell clones are shown.
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Fig. 5. Immunomonitoring of CD4 T-cell responses by the tetramer in cancer patients immunized with NY-ESO-1. CD4 T-cells from prostate cancer patient P-3 (A) and
esophageal cancer patient E-1 (B) who were immunized with CHP-NY-ESO-1, and a lung cancer patient TK-OLP-01 (C) who was immunized with NY-ESO-1 OLP were stained
ex vivo with the NY-ESO-1 123-135/HLA-DRB1*08:03 tetramer or a control NY-ESO-1 87-100/HLA-DRB1%09:01 tetramer (5 wg/ml)at 37°C for 1 h followed by staining with
an anti-CD4 mAb. In D, TK-OLPO1 CD4 T-cells after in vitro stimulation twice were stained with the NY-ESO-1 123-135/HLA-DRB1*08:03 tetramer or a control NY-ESO-1
87-100/HLA-DRB1*09:01 tetramer and anti-CD154 mAb at 37°C for 2 h followed by staining with an anti-CD4 mAb. The histogram shows CD154 expression on NY-ESO-1
123~135/DRB1*08:03 tetramer-positive (open) and negative (filled) CD4 T-cells. CD4 T-cells from two HDs were stained with tetramers as a negative control (E). HD1 and
HD2 are DRB1*08:03-positive and -negative individuals, respectively. Analysis was done using FACS Canto II.

moderately. As shown in Fig. 4B, analysis of CDR3 sequences
revealed that clone Mz-1B7 utilizes the V[313.6, SPLPQAGNEQ
sequence for CDR3 and J(32.1. On the other hand, clone Ue-21 util-
izes the VP32, ARGDGNTGEL sequence for CDR3 and J32.2.

By cloning bulk CD4 T-cells from the E-2 patient, we obtained
58 DRB1*08:03-restricted clones. Within these, 5 clones utilized
VB13.6 and 53 clones VB2. 5 clones with V313.6 and 6 clones
with VB2 were sequenced for CDR3. A combination of the same
CDR3 sequence and JB was utilized by clones with each Vj,
respectively.

3.5. Monitoring of CD4 T-cell response by a tetramer constructed
using the peptide 123-135 in cancer patients immunized with
NY-ESO-1

Tetramers constructed using the peptide 123-135 (NY-ESO-1
123-135/DRB1*08:03) were used to monitor CD4 T-cell responses
in DRB1*08:03-expressing cancer patients immunized with CHP-
NY-ESO-1, or a mixture of NY-ESO-1 OLPs (NY-ESO-1 79-108,
100-129, 121-150 and 142-173) with Picibanil and Montanide.
As shown in Fig. 5, the tetramer detected positive cells ex vivo in
CD4 T-cells from PBMCs of a prostate cancer patient (P-3) (Fig. 5A)
and an esophageal cancer patient (E-1) (Fig. 5B) who expressed
DRB1*08:03 after immunization with CHP-NY-ESO-1. The tetramer
also detected positive cells in CD4 T-cells from PBMCs of a lung
cancer patient (TK-OLP-01) immunized with NY-ESO-1 OLP ex
vivo (Fig. 5C) and after in vitro stimulation (Fig. 5D). Predominant
detection of tetramer NY-ESO-1 123-135/DRB1*08:03-positive

cells was observed after in vitro stimulation. Induction of CD154
(CD40L) expression on tetramer-positive cells was examined.
At 9 and 11 weeks (3 and 4 vaccinations) after immunization,
CD154 (CD40L)-positive cells were detected in tetramer NY-ESO-1
123-135/DRB1*08:03-positive, but not negative, cells suggesting
their activation. No tetramer-positive cells were detected in CD4
T-cells from DRB1*08:03-positive or negative healthy donors (HD)
(¥ig. SE). No clonal analysis of CD4 T-cells was possible because
PBMCs from these patients were not available for further study.

4. Discussion

In this study, we demonstrated that HLA class Il tetramers pro-
duced using minimal epitope peptides efficiently recognized by
CD4 T-cell clones did not bind to cognate CD4 T-cell clones. Fur-
thermore, we showed that a tetramer produced using a peptide
which included the epitope sequence, but was not recognized by
the cognate CD4 T-cell clone, could bind to the same CD4 T-cell
clone.

It has long been observed that production of HLA class II
tetramers is extremely difficult when compared to the production
of MHC classItetramers{5,6]. HLA class [l tetramers produced using
minimal epitope peptides and HLA class Il molecules dimerized
by a leucine zipper motif incorporated in the molecule generally
failed to bind cognate CD4 T-cell clones. There have been only a
few reports of successful binding of MHC class II tetramers to CD4 T-
cells in which long peptides which were recognized by those T-cells
were used for tetramer production {911},
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The reason for the difficulty in producing MHC class Il tetramers
has generally been considered to be due to inappropriate accom-
modation of the peptide in the groove of the MHC class Il molecule,
resulting in unnatural conformation. One of the constraints for
MHC class II tetramer production is derived from the ambiguity
of determining epitopes for CD4 T-cells. Peptides with the addition
of various lengths of N- and C-terminal ends to the minimal core
sequence are recognized by CD4 T-cells. Moreover, it is difficult to
determine whether the minimal peptide is a naturally presenting
epitope or not [18,19]. Lack of accurate information about natu-
ral HLA class II epitopes appears to be one of the reasons for the
difficulty in HLA class II tetramer production.

Moreover, low binding affinity/avidity of the peptide to MHC
class II molecules may also be involved. In this study, we con-
firmed successful tetramer production with differential retention
time by HPLC. For example, the prolongation of the retention
time was 0.554 min with the addition of the 12-mer NY-ESO-1
123-134 peptide (LKEFTVSGNILT) to the DRB1*08:03 monomer,
but was 0.039 min with the addition of a negative control pep-
tide to DRB1*08:03. The prolongation of the retention time was
0.246 min with the positive control 15-mer CLIP peptide (PVSKM-
RMATPLLMQA). However, the possibilities discussed above were
also considered for the failure to produce a tetramer using the min-
imal epitope peptides. First, the use of an inappropriate epitope
may have been involved. Defining the precise length of natural epi-
topes bound to class [l molecules is extremely difficult as described
above. Second, the epitope peptide may have weak binding affinity
for the MHC class II molecules used for tetramer production (see
below). With the core 9-mer peptides bound to HLA-DRB1*08:03,
hydrophobic residues at P1 as phenylalanine (F) or tyrosine (Y) and
residues at P6 as proline (P), serine (S), arginine (R) or asparagine
(N) are relevant as anchor residues {20,21]. F at position 126 and
N at position 131 in NY-ESO-1 121-138 may contribute to bind-
ing. Addition of isoleucine (I) at position 135 strongly stabilized
tetramer production. Third, binding instability of the peptide to
class Il molecules may also be involved.

In addition to the failure to produce MHC class Il tetramers using
the epitope peptides, this study showed unexpected binding of the
tetramer with a peptide not recognized by CD4 T-cells. The clone
Mz-1B7 did not recognize the free peptide 122-135 on autologous
EBV-B cells as APC, but the peptide 122-135/DRB1*08:03 tetramer
bound to the TCR on those cells. The possibility of a lack of binding
of the free peptide 122-135 to the DRB1%08:03 molecule on autol-
ogous APC is unlikely because clone Ue-21 recognized it efficiently.
Rather, the tetramer binding could be due to a subtly modified
structure of the 122-135 peptide/DRB1*08:03 tetramer from the
structure of the free 122-135 peptide/DRB1*08:03 molecule. This
could result from structural modification of either the peptide or
the DR molecule, or both, during preparation of the peptide/DR
tetramer, or simply be due to a subtle conformational change in
the DR molecule itself due to fusion of the leucine zipper motif
{8]. In the latter, it is possible that association of DRa and DRf3
chains by the leucine zipper motif on each chain caused a sub-
tle difference in the conformation of the natural DR molecule,
although there was no convincing evidence to support this idea
in this study.

Here, we also demonstrated that the NY-ESO-1 123-135/
DRB1%08:03 tetramer detected ex vivo CD4 T-cell responses in
PBMCs from a prostate cancer patient P-3 and an esophageal
cancer patient E-1 after CHP-NY-ESO-1 vaccination, and a lung
cancer patient TK-OLP-01 after NY-ESO-1 OLP vaccination. These
patients possessed the DRB1*08:03 allele. Patient P-3 was posi-
tive for the NY-ESO-1 antibody before vaccination (sero-positive)
and patients E-1 and TK-OLP-01 were sero-negative {151 In
these patients, tetramer-positive CD4 T-cells were detected after
vaccination.

Based on the discussion above, a possible difference in CD4 T-
cell clones recognizing the epitope peptides from those detected by
the respective peptide/HLA class II tetramer should be taken into
consideration in HLA class Il tetramer analysis.
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ABSTRACT

Background. Evidence suggests that CD204-positive
(CD204%") tumor-infiltrating macrophages are associated
with aggressive behavior of various cancers; however, the
clinical, pathological, and prognostic associations of
tumor-infiltrating CD204" macrophages in urothelial can-
cer have not been reported.

Methods. A tissue microarray was constructed from the
centers and peripheries of 171 upper urinary tract cancers
treated with nephroureterectomy. CD204 immunohisto-
chemistry was performed. The density of CD204" cells was
calculated using image analysis software, and survival anal-
yses were performed using the Kaplan—Meier method and
multivariate Cox proportional hazards regression models.
Results. High CD204" cell density at the centers and
peripheries of tumors was significantly associated with sev-
eral adverse prognostic factors, including sessile architecture,
histological high-grade, presence of lymphovascular inva-
sion, concomitant carcinoma in situ, higher tumor stage, and
lymph node metastasis. High CD2047 cell density was sig-
nificantly associated with shorter metastasis-free and cancer-
specific survival (log-rank p < 0.001) and shorter metastasis-
free survival in multivariate analysis.
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Conclusions. A high density of tumor-infiltrating CD204*
macrophages was associated with aggressive behavior of
upper urinary tract cancer. Our results suggest that a spe-
cific immune microenvironment may be associated with
the biological behavior of urothelial cancer and that CD204
may serve as a novel prognostic biomarker for these
tumors.

Tumor tissue comprises variable numbers of cancer and
stromal cells, and the tumor microenvironment plays
important roles in the biological behavior of cancer.'™
Macrophages, which contribute to the host’s immune
response, are the most abundant stromal cells in tumors.’
Macrophages possess tumor suppressive (M1) and tumor-
supportive (M2) functions.® M2-polarized macrophages
express high levels of CD204 (also called scavenger
receptor A).” Recent studies show that a high number of
tumor-infiltrating CD204-positive (CD204") macrophages
is associated with worse patient outcome in a variety of
cancers.'*~'® However, the role of CD204* macrophages in
urothelial cancer has not been reported. We therefore
examined the clinicopathological and prognostic associa-
tions of tumor-infiltrating CD204" macrophages in patients
with upper urinary tract cancer.

MATERIALS AND METHODS
Study Population
Actotal of 171 patients with upper urinary tract cancer who

underwent nephroureterectomy at The University of Tokyo
Hospital from 1996 to 2012 were included in this study. No
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patient received neoadjuvant chemotherapy. In 31 cases,
bladder cancer was found and treated before or at the time of
nephroureterectomy. All research protocols in the present
study were approved by our Institutional Review Board.

Histopathological Evaluation

Hematoxylin and eosin (H&E)-stained slides of all cases
were reviewed by a pathologist (TM) without knowledge of
clinical outcomes. Tumor histology and grade were defined
according to the World Health Organization/International
Society of Urologic Pathology consensus classification.'’
All tumors (103 pelvic cancers and 68 ureteral cancers)
were histologically diagnosed as urothelial carcinomas.
Tumors were staged according to the TNM classification
system.'® Lymphovascular invasion was examined using
H&E and Elastica van Gieson staining.

Tissue Microarray Construction

H&E-stained slides were evaluated for the presence of
the tumor center and the periphery. The tumor periphery
was defined as the area of invasive margin or as the area
where cancer cells were closest to the lamina propria for
non-invasive tumors. For each tumor specimen, H&E-
stained slides containing the tumor center and the periphery
were selected. Using a tissue microarrayer (Beecher
Instruments Inc., Sun Prairie, WI, USA), each region in the
donor paraffin block was cored with a needle 2 mm in
diameter and transferred to the recipient paraffin block.'?

Immunohistochemical Analysis

Preparation of sections from paraffin blocks was per-
formed as previously described.”” Immunohistochemical
analysis of CD204 was performed using a mouse mono-
clonal antibody against human CD204 (clone SRA-ES5,
1:500; Transgenic, Kumamoto, Japan) according to stan-
dard techniques for a Ventana Benchmark® XT
Autostainer (Ventana Medical Systems, Tucson, AZ,
USA). Antigen retrieval was carried out using Cell Con-
ditioning Solution (CC1-Tris-based EDTA buffer, pH 8.0;
Ventana Medical Systems). Visualization was achieved
using the I-VIEW DAB Universal Kit (Ventana Medical
Systems) and hematoxylin counterstaining.

Image Analysis

Images of immunostained slides were digitized at 20x
magnification using the NanoZoomer Digital Pathology
(NDP) System (Hamamatsu Photonics, Hamamatsu,
Japan). For digital quantification, image analysis software
(Tissue Studio v.3.5; Definiens AG, Munich, Germany)

was used to distinguish the CD204* macrophages.”’ The
percentage of the area containing CD204™ cells (summed
area with CD204™" cells/total measured area x 100) was
calculated for each tissue microarray core.'*

Statistical Analysis

All statistical analyses were performed using SAS
software (Version 9.3, SAS Institute, Cary, NC, USA). All
p values were two-sided. Differences were considered
significant at p < 0.05. For categorical data, the Chi square
test was performed. The Kaplan—-Meier method and log-
rank test were used to analyze survival. To control for
confounding variables, multivariate Cox proportional haz-
ards regression models were used. The multivariate models
initially included gender, age at diagnosis, tumor side,
tumor location, tumor architecture, tumor grade, lympho-
vascular invasion, concomitant carcinoma in situ, tumor
stage, lymph node metastasis, and adjuvant chemotherapy.
Tumor stage was dichotomized (pTa—pT1 vs. pT2—pT4) to
be consistent with previous studies.””° A backward
elimination was performed using a threshold of p = 0.05;
however, CD204 status, tumor stage, and lymph node
metastasis were forced into the final models.

RESULTS

Distribution of Tumor-Infiltrating CD204™
Macrophages in Upper Urinary Tract Cancer

Representative photomicrographs of CD204 immuno-
histochemistry are presented in Fig. 1. The median tumor-
infiltrating CD204% cell density was 0.64 % (range 0.03—
9.29 %) at the tumor center, and 0.81 % (range 0.03-
12.43 %) at the tumor periphery. CD204% cell density of
the two areas correlated positively (Spearman r = 0.76;
p < 0.0001), and there was no significant difference
between the tumor center and the periphery (p > 0.05,
Wilcoxon signed-rank test). We divided the cases into high
and low CD204™" groups according to the median value of
CD204™" cell density."* High CD204™ density at both the
tumor center and the periphery was significantly associated
with sessile architecture, histological high-grade, presence
of lymphovascular invasion, concomitant carcinoma
in situ, higher tumor stage, and lymph node metastasis
(Table 1).

CD204% Macrophages and Clinical Outcome of Upper
Urinary Tract Cancer

Patients with previous or concurrent bladder cancer
(n = 31) were excluded from the survival analyses because
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FIG. 1 Quantitation of CD204" macrophage density in upper
urinary tract urothelial carcinoma. CD204 immunohistochemistry
shows low (a) and high (c) infiltration of CD204" macrophages.
Using image analysis software, immunopositive areas are highlighted

they may affect the outcome of upper urinary tract can-
cer.”” Among the 140 patients without bladder cancer at the
time of nephroureterectomy, there were 58 bladder recur-
rences, 32 metastases, and 23 cancer-specific deaths during
a median 56-month follow-up (interquartile range 25-
86 months).

Kaplan—Meier analysis revealed that high CD204*
density at both the tumor center and the periphery was
significantly associated with shorter metastasis-free and
cancer-specific survival (log-rank p < 0.001; Fig. 2). High
CD204™" density at both the tumor center and the periphery
was also significantly associated with shorter metastasis-
free survival in univariate and multivariate Cox models
(Table 2). High CD204" density was significantly associ-
ated with shorter cancer-specific survival in univariate
analysis, but the statistical significance was not achieved in
multivariate analysis (Table 3). Lymphovascular invasion
and lymph node metastasis were also significantly associ-
ated with shorter metastasis-free and cancer-specific
survival in univariate and multivariate analyses. Tumor
stage was not significantly associated with shorter metas-
tasis-free and cancer-specific survival in multivariate
analysis, consistent with previous studies.** %% CD204™
density was not significantly associated with bladder
recurrence-free survival in Kaplan—Meier analysis (Fig. 2)

in red, and the percentage of immunopositive area (summed area with
CD204" macrophages/total measured area x 100) was calculated (b,
d). Bars indicate 100 um. CD204% CD204-positive

or in univariate and multivariate Cox models (Supple-
mentary Table 1).

DISCUSSION

To our knowledge, the present study is the first to assess
the clinicopathological and prognostic associations of
CD204" macrophages in upper urinary tract cancer. We
found that a high density of tumor-infiltrating CD204"
cells was significantly associated with sessile architecture,
histological high-grade, lymphovascular invasion, con-
comitant carcinoma in situ, higher tumor stage, and lymph
node metastasis, which are adverse prognostic factors in
upper urinary tract cancer.”** Moreover, high CD204*
cell density was significantly associated with shorter
metastasis-free and cancer-specific survival. Our findings
suggest that tumor-infiltrating CD204" macrophages are
associated with aggressive behavior of upper urinary tract
cancer.

A high density of tumor-infiltrating CD204" macro-
phages is associated with a poorer prognosis in lung, 10,12,13
pancreatic,'"'*'> and esophageal carcinomas.'® In two of
these studies, the independent prognostic significance of
CD204 expression was also shown using multivariate
analysis.">'* In contrast, there was no prognostic
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