Developmental and Comparative Immunoclogy 41 (2013) 68-76

Contents lists available at SciVerse ScienceDirect

Developmental and Comparative Immunology

journal homepage: www.elsevier.com/locate/dci

Humoral immune responses to CTL epitope peptides from
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Both cellular and humoral immune responses are crucial to induce potent anti-tumnor immunity, but
most of currently conducted peptide-based cancer vaccines paid attention to cellular responses alone,
and none of them are yet approved as a therapeutic modality against cancer patients. We investigated
humoral immune responses to CTL epitope peptides derived from tumor-associated antigens in healthy
donors and patients with various diseases to facilitate better understanding of their distribution patterns
and potential roles. Bead-based multiplex assay, ELISA, and Western blotting were used to measure
immunoglobulins reactive to each of 31 different CTL epitope peptides. Importantly, the sums of anti-
peptide IgG levels specific to 31 CTL epitope peptides were well correlated with better overall survival
(08S) in patients with malignant diseases. Our results suggested that humoral immune responses to
CTL epitope peptides were widely detectable in humans. Measurement of immunoglobulins specific to
CTL epitope peptides may provide a new biomarker for OS of patients with malignant diseases, although
it still remains to be determined whether the correlations between hurnoral immune responses to epi-
tope peptides and OS are observed only for the CTL epitopes used, or also for other panels of peptides.
Quantity of circulating IgG reactive to these peptides was also discussed.
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1. Introduction (Rosenberg et al., 2004; Mellman et al,, 2011). However, none of

them are yet approved as a therapeutic modality. There might be

Peptide-based cancer vaccines have been extensively studied
following the discovery of human tumor-associated antigens
(TAA) and cytotoxic T lymphocyte (CTL) epitope peptides

Abbreviations: TAA, tumor-associated antigen; HD, healthy donor; Flu, influenza
virus; HCV, hepatitis C virus; Ig, immunoglobulin; OS, overall survival.
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at least two important hurdles to obtain clinical benefits from
the peptide-based cancer therapies currently in practice. One of
these hurdles, the negative signaling against CTL activation
through check point molecules, such as CTLA-4 and PD-1, was re-
cently overcome by developing blocking antibodies against these
molecules (Hodi et al., 2010; Topalian et al., 2012; Brahmer et al.,
2012). The second potential hurdle is that no or little humoral im-
mune responses can be induced by the vaccination using most of
currently available CTL epitope peptides, although it has been well
recognized that both cellular and humoral immune responses are
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crucial to induce potent anti-tumor immunity in animal models
(Hu et al., 2005; Bequet-Romero et al., 2012; Zeng et al., 2009).
In fact, most of currently conducted peptide-based cancer vaccines
have paid attention to cellular immune responses alone. To our
knowledge, exception is “personalized peptide vaccination” that
we have developed (Terasaki et al., 2011), in which CTL epitope
candidates for therapeutic cancer vaccines were at first screened
based on not only their ability to induce CTL but also reactivity
to IgG responses in pre-vaccination samples.

Although humoral immune responses against whole proteins of
TAA have been well investigated (Yuan et al,, 2011; Toh et al,
2009; Zhang and Tan, 2010), those against CTL epitope peptides
derived from TAA, which have been used for therapeutic cancer
vaccines, have rarely been studied. We hypothesized that a CTL
epitope peptide possessing a B cell epitope could provide more
effective clinical benefits than a CTL epitope peptide without it.
In fact, we reported potential clinical benefits in advanced glioblas-
toma multiforme or prostate cancer patients under personalized
peptide vaccines using such peptides (Terasaki et al., 2011; Nogu-
chi et al,, 2010, 2011a,b; Yajima et al., 2005). In addition, IgG re-
sponses were identified as an excellent prognostic marker for
predicting overall survival (OS) of the vaccinated patients,
although CTL responses also showed a prognostic correlation
(Noguchi et al,, 2011b; Mine et al., 2004). However, it remains to
be fully studied whether anti-peptide immunoglobulins (Igs) are
detectable in healthy donors (HD) and patients with various dis-
eases. The current study has addressed this issue to facilitate better
understanding of humoral immune responses to CTL epitopes and
better designing of cancer vaccine protocols. The results suggest
that humoral immune responses are widely detectable in humans
and have potential as a new biomarker for overall survival (0S) of
patients with malignant diseases.

2. Materials and methods
2.1. Patients and sample collection

Plasma or sera were collected from HD (n =74, 43 20 years
old) and from patients with rheumatoid arthritis (n=20,
67 £ 7 years old), IgA nephropathy (n = 20, 34 * 13 years old), influ-
enza virus (Flu) infection (n=20, 34+ 17 years old), hepatitis C
virus (HCV) infection (n=20, 55%8years old), hematological
malignancies (n=55, 61+ 14 years old; 24 leukemia, 27 lym-
phoma, and 4 myeloma), or non-HCV hepatocellular carcinoma
(HCC, n =55, 60 + 11 years old; 26 non-B non-C hepatocellular car-
cinoma, 23 hepatitis B associated hepatocellular carcinoma and six
alcoholic hepatic carcinoma) (Supplementary Table 1). HD were
categorized into the following four age groups according to the
Ministry of Health, Labor and Welfare in Japan; 15-24 (n=20),
25-44 (n=19),45-64 (n=23), and 265 (n=12) years old (Supple-
mentary Table 2). This study was approved by the Kurume Univer-
sity Ethical Committee. After informed consent was obtained from
all subjects, blood samples (plasma or sera) were obtained and fro-
zen at —80 °C until use (Noguchi et al., 2011b; Mine et al., 2004).

2.2. Peptides

Thirty-one different peptides employed in the current study
were prepared under conditions of Good Manufacturing Practice
by Poly Peptide Laboratories (San Diego, CA) or American Peptide
Company (Vista, CA), and dissolved in DMSO (Wako, Osaka, Ja-
pan). Detailed information on these peptides, including the origi-
nal protein, peptide position, amino acid sequence, HLA class [ A
restriction, and references, are given in Supplementary Table 3.
Twenty-four of 31 peptides were derived from TAA that were

identified by the ¢cDNA expression cloning method, followed by
determination of CTL epitopes. The remaining seven peptides
including PAP-213, PSA-248, PSMA-624, and PAP-248 were identi-
fied by the reverse-immunology method (Kobayashi et al., 2003;
Matsueda et al., 2005; Inoue et al., 2001). CTL epitope peptides
were determined to be cancer vaccine candidates, based on both
their ability to induce CTL activity from peripheral blood mononu-
clear cells in vitro as well as the IgG levels against them in plasma
of un-vaccinated cancer patients, and these peptides have been
used in clinical trials of personalized peptide vaccine for advanced
cancer patients (Terasaki et al., 2011; Noguchi et al, 2010,
2011a,b; Yajima et al., 2005; Mine et al., 2004; Terazaki et al.,
2012).

2.3. Measurement of Igs reactive to each of 31 different peptides

The levels of Igs reactive to each of 31 different peptides were
measured by multiplex bead suspension array using the Luminex
system (Luminex Corp., Austin, TX) as reported previously (Koma-
tsu et al.,, 2004). In brief, plasma or serum was incubated with
100 pL of peptide-coupled color-coded beads for 1.5h at 30°C.
To detect IgG or IgM, after washing, the beads were incubated with
100 pL of biotinylated goat anti-human IgG (gamma chain-spe-
cific; Vector Laboratories, Burlingame, CA) or biotinylated goat
anti-human IgM (mu chain-specific; Vector Laboratories) Abs for
1h at 30 °C. To detect IgG1, IgG2, 1gG3, or IgG4, the beads were
incubated with 100 pL of sheep anti-human IgG1, 1gG2, IgG3, or
IgG4 Abs (Binding Site, Birmingham, UK) for 1 h at 30 °C, followed
by washing and incubation with 100 pL biotin-rabbit anti-sheep
IgG Ab for 1 h at 30 °C. After washing, the beads were incubated
with 100 pL of streptavidin-PE (Life Technologies, Carlsbad, CA)
for 30 min at 30 °C, followed by washing and detection of fluores-
cence intensity unit (FIU) on the beads using the Luminex system
(Komatsu et al., 2008). The cut-off values of anti-peptide IgG were
set to 10 FIU in 100-time diluted samples, as reported previously
(Komatsu et al., 2008). In brief, the calibration curves of FIU were
obtained with serially diluted samples. The plasma samples from
cancer patients were two times diluted from 160 to 1,310,720.
The minimum detectable level of anti-peptide IgGs was 2 FIU when
the samples were diluted at 40,960 times as shown by an arrow in
Supplementary Fig. 1. However, the levels of anti-peptide IgGs at
the minimum detectable range were not reliable since the stan-
dard deviations were high. Therefore, we set 10 FIU of the 100-
time diluted sample, which was considered to be a reliable value,
as a cut-off level as reported previously (Komatsu et al., 2008).
There were no significant differences between plasma and serum
with regard to the levels of anti-peptide Igs (data not shown).

The specificities of IgG against these peptides were confirmed
by competition assay. Plasma was incubated with 100 pL of pep-
tide-coupled color-coded beads and 5 pL of each of the corre-
sponding peptides for 1.5 h at 30 °C. The binding of anti-peptide
IgG was detected by same method as described above.

Plasma from frequently vaccinated (12-18 vaccinations) cancer
patients who were enrolled in clinical trials of personalized pep-
tide vaccine (data not shown) were used for estimation of anti-
peptide IgG levels by other methods, Western blotting and ELISA.
To isolate anti-peptide IgGs for Western blotting, plasma was incu-
bated with 100 pL of peptide-coupled color-coded beads for 1.5 h
at 30 °C. After washing, the beads were incubated with 6 pL of
sample buffer (NuPAGE LDS Sample buffer; Life Technologies,
Carlsbad, CA) at 70 °C for 15 min prior to loading onto the SDS-
PAGE gel. The separated proteins were transferred to nitrocellulose
membrane (Life Technologies, Carlsbad, CA), and IgG gamma chain
was detected by using Goat F(ab’); Fragment anti-human
IgG(H+L)-peroxidase (IM0837; Beckman Coulter, Fullerton, CA)
Ab and an ECL system (GE Healthcare, Uppsala, Sweden). As a
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standard, purified human IgG (R&D Systems, Minneapolis, MN)
was used. ImageQuant ver 5.2 (GE Healthcare, Pittsburgh, PA)
was used to measure chemi-luminescent signals for quantification.

A human IgG ELISA kit (Bethyl Laboratories Inc., Montgomery,
TX) was also used for quantitative analysis of anti-peptide IgGs
in plasma from frequently vaccinated patients, which were also
used for Western blotting. One hundred-time diluted plasma was
incubated with 100 pL of peptide-coupled color-coded beads for
1.5 h at 30 °C. After centrifugation, the supernatant was added to
new beads, and incubated again to detect the remaining anti-pep-
tide IgGs in plasma. The beads were washed and incubated with
90 pL of 0.1 M Glysine buffer (pH 2.7) for 5 min at 30 °C, and then
10 pL of 1 M Tri-HCl (pH 9.0) buffer was added to neutralize eluted
fraction. After centrifugation, the supernatant was collected for
quantitative analysis by ELISA. The optical density was determined
using a microplate reader (Infinite® 200; TECAN, Mainnedorf,
Switzerland).

2.4. Statistical analysis

The t-test and the Chi-square test were used to determine
whether there is a significant difference in age or gender. Wilcoxon
signed rank test was used to compare Ig levels specific to peptides.
The OS in cancer patients was calculated from the date of drawing
blood until the date of death or the last date when the patient was
known to be alive. Curves for OS were estimated by the Kaplan-
Meier method, and the log-rank test was conducted for the com-
parison of survival curves. A two-sided P value of less than 0.05
was considered to be statistically significant. All statistical analyses
were conducted by using the JMP version 9.1 software (SAS Insti-
tute Inc., Cary, NC).

3. Results
3.1. Detection of Igs specific to CTL epitope peptides in HD

We first addressed whether Igs reactive to each of 31 different
CTL epitope peptides derived from TAA were detectable in plasma
or sera from HD (n =74) by the Luminex system. There are no sig-
nificant differences in Ig levels measured between in sera and in
plasma (data not shown). I[gM reactive to all but two (Lck-422
and MRP3-503) of the 31 peptides were detected as positive in
>50% of HD, since their median values exceeded the cut-off values
(10 FIU) (Table 1). Similarly, IgGs reactive to 23 peptides, but not to
the remaining eight peptides (Lck-422, ppMAPKkkk-432, and the
others), were detected as positive in >50% of HD. 1gG1, IgG2,
IgG3, and IgG4 levels were also detected as positive in >50% of
HD in 22, 15, 12, or 0 of 31 peptides, respectively (Table 1).

The specificities of IgG reactive to nine peptides were previ-
ously reported (Kobayashi et al., 2003; Matsueda et al., 2005; Hara~
da et al,, 2003; Shomura et al., 2004; Ogata et al,, 2004; Yao et al.,
2004; Minami et al., 2007). The specificities of IgG against the
remaining 22 peptides were confirmed in this study by competi-
tion assays, in which the binding of anti-peptide IgG was inhibited
in the presence of each of the corresponding peptides, and repre-
sentative results for the 12 peptides are shown in Supplementary
Figi2,

We next examined the effects of gender and age on the anti-
peptide Ig levels. There were no significant differences between
males (n=41) and females (n=33) with regard to the levels of
IgM, IgG, IgG1, 1gG2, IgG3, or IgG4 against any of the 31 peptides,
or the sums of the Igs against each of the 31 peptides (data not
shown). When the subjects were divided into the following four
age groups: 15-24years old (n=20), 25-44 (n=19), 45-64
(n=23), and =265 (n=12) (Supplementary Table 2), there was an

Table 1
Assessment of immunoglobulins reactive to each of the 31 different CTL epitopes in
plasma or sera from healthy donors.

Peptide name HD (median FIU) *

1gM IG 1gG1 1gG2 1gG3 IgG4
CypB-129 350 20 19 <10 <10 <10
Lck-246 925 42 25 18 <10 <10
Lck-422 <10 <10 <10 <10 <10 <10
PPMAPkkk-432 103 <10 <10 <10 <10 <10
WHSC2-103 4940 114 69 61 16 <10
HNRPL-501 71 <10 <10 <10 <10 <10
UBE2V-43 1696 51 50 10 25 <10
UBE2V-85 73 <10 <10 <10 <10 <10
WHS(2-141 764 49 36 25 <10 <10
HNRPL-140 721 41 41 29 <10 <10
SART3-302 223 38 50 <10 <10 <10
SART3-309 2655 32 34 <10 11 <10
SART2-93 11,500 148 111 66 28 <10
SART3-109 511 <10 <10 <10 <10 <10
Lck-208 654 11 11 <10 <10 <10
PAP-213 2134 48 34 <10 17 <10
PSA-248 2743 50 41 10 12 <10
EGFR-800 2659 58 39 25 <10 <10
MRP3-503 <10 <10 <10 <10 <10 <10
MRP3-1293 1376 48 37 15 12 <10
SART2-161 84 <10 <10 <10 <10 <10
Lck-486 1277 65 49 <10 17 <10
Lck-488 6302 135 111 35 41 <10
PSMA-G24 426 23 19 <10 <10 <10
EZH2-735 261 <10 <10 <10 <10 <10
PTHrP-102 1467 13 22 24 <10 <10
SART3-511 5057 70 60 19 17 <10
SART3-734 2302 188 164 74 23 <10
Lck-90 7410 116 90 34 25 <10
Lck-449 590 44 33 <10 <10 <10
PAP-248 420 29 <10 13 <10 <10

¢ 1gM, IgG, and IgG subclasses (1gG1, 1gG2, 1gG3, and IgG4) specific to each of the
31 CTL epitope peptides were measured by the Luminex system in 100-time diluted
samples (plasma or sera) from healthy donors (HD). The median values of FIU are
shown.

age-dependent decrease of IgM levels against each of the 31 pep-
tides (data not shown) or of the total sum of the I[gM against each
of the 31 peptides (Fig. 1). A similar trend was also observed for the
levels of anti-peptide IgG as well as for those of anti-peptide IgG
subclasses, including IgG1 and 1gG2, whereas IgG and IgG1 levels
were somewhat increased in the oldest age bracket (265 years
old) (Fig. 1).

3.2. Detection of Igs specific to CTL epitope peptides in patients with
various diseases

We next examined the levels of anti-peptide Igs in patients with
various types of immune-related disorders, including autoimmune
diseases, immune-complex-related diseases, and acute and chronic
infectious diseases (Supplementary Table 1). The total sums of Igs
against each of 31 peptides from patients’ samples were compared
with those from the age- and gender-matched HD samples. We
measured anti-peptide Igs in patients with rheumatoid arthritis
and IgA nephropathy as an example of autoimmune diseases and
immune-complex-related diseases, respectively. There were no
significant differences between patients with rheumatoid arthritis
and HD with regard to either Ig levels to each peptide or the total
sums of them (Fig. 2A). In contrast, the total sums of anti-peptide
I[gM (P<0.0001) and IgG2 (P=0.0142) in patients with IgA
nephropathy were significantly lower than those in HD, respec-
tively (Fig. 2B). In addition, we measured anti-peptide Igs in pa-
tients with Flu infection and HCV infection as an example of
acute and chronic viral infections, respectively. The total sums of
anti-peptide IgM in patients with Flu infection were significantly
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Fig. 1. Detection of immunoglobulins specific to CTL epitope peptides in plasma or sera from healthy donors. Immunoglobulins (IgM, IgG, IgG1, 1gG2) specific to each of the
31 CTL epitope peptides were measured by multiplex bead suspension array in plasma or sera from healthy donors. The total sums of the immunoglobulins specific to each
peptide were calculated. Healthy donors were categorized into the following four age groups: 15-24 (n=20), 25-44 (n=19), 45-64 (n=23), and 265 (n = 12) years old. The
differences between each group were evaluated by Wilcoxon test. Only the P values that were statistically significant (P < 0.05) are shown.

lower than those in HD (P < 0.0001), whereas those of anti-peptide
IgG and IgG2 were significantly higher than those in HD (P = 0.0448
and P =0.0073, respectively) (Fig. 2C). In patients with HCV infec-
tion, the total sums of anti-peptide IgG and IgG1 were significantly
higher, compared to those of HD (P=0.0015 and P=0.0009,
respectively) (Fig. 2D).

We next examined anti-peptide Ig levels in non-vaccinated can-
cer patients, and the median values of IgM, 1gG, and IgG subclasses
(IgG1,1gG2, IgG3, and 1gG4) against each of 31 peptides in patients
with hematological malignancies and HCC are shown in Table 2.
The levels of IgM against most of the 31 peptides were increased
in patients with both hematological malignancies and HCC, com-
pared to those of HD. Almost all of IgG, IgG1 and IgG2 levels against
each of the 31 peptides were decreased in patients with hemato-
logical malignancies, compared to those of HD. In contrast, most
of IgG levels against each of 31 peptides, except for one (anti-
PAP-248 1gG), were increased in HCC patients, compared to those
of HD (Table 2), and similar results were obtained with regard to
IgG1.

Subsequently, the total sums of anti-peptide IgM were signifi-
cantly increased in patients with both hematological malignancies
(P<0.0001) and HCC (P < 0.0001), compared to those of HD (Fig. 3A
and B). The total sums of anti-peptide IgG, [gG1, and IgG2 were sig-
nificantly decreased in patients with hematological malignancies
(P=0.0006, P=0.0005 and P=0.0029, respectively) (Fig. 3A),
whereas the total sum of anti-peptide [gG was significantly

increased in HCC patients, compared to those of HD (P = 0.0300)
(Fig. 3B).

3.3. Prognostic significance of anti-peptide Ig levels in patients with
malignant diseases

We investigated whether the total sums of anti-peptide Igs
against each of 31 different peptides were well correlated with
OS in patients with malignancies. When the cut-off values were
set to the median values of HD, the total sums of anti-peptide
IgG against 31 different peptides was well correlated with better
0S in patients with both hematological malignancies (P = 0.0083)
and HCC (P =0.0440) (Fig. 4A and B).

3.4. Quantitative analysis of IgGs specific to CTL epitope peptides

Western blotting was first employed to confirm the reactivity
between the peptide-coated beads and anti-peptide IgGs in plasma
samples from five different cancer patients, all of whom had re-
ceived multiple immunizations with CypB-129 (12th vaccinations),
UBE2V-43 (18th), UBE2V-85 (18th), Lck-488 (12th), or Lck-449
peptide (12th) as part of clinical trials of personalized peptide vac-
cines. The levels of anti-peptide IgGs detected by the Luminex sys-
tem before and after the vaccination period were 161 and 12,717
(79-fold increase), 94 and 2739 (29-fold), 26 and 19,965 (768-fold),
368 and 114,788 (312-fold), or 34 and 5841 (172-fold) FIU/mL of
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Fig. 2. Comparison of anti-peptide immunoglobulins in plasma or sera between healthy donors and patients with various types of immune-related diseases.
Immunoglobulins (IgM, IgG, IgG1, 1gG2) specific to each of the 31 CTL epitope peptides were measured by multiplex bead suspension array in plasma or sera from
patients with rheumatoid arthritis, [gA nephropathy, influenza virus (Flu) infection, and hepatitis C (HCV) infection and gender- and age-matched healthy donors (HD). The
total sums of the immunoglobulins specific to each of the peptides were calculated. (A) rheumatoid arthritis (n = 20) vs. gender- and age-matched HD (n = 15). (B) IgA
nephropathy (n = 20) vs. gender- and age-matched HD (n = 59). (C) Flu infection (1 = 20) vs. gender- and age-matched HD (n = 59). (D) HCV infection (n = 20) vs. gender- and
age-matched HD (n = 48). The differences between each group were evaluated by Wilcoxon test. Only the P values that were statistically significant (P < 0.05) are shown.

100-time diluted plasma, respectively. By Western blotting, 1gGs
specific to all of these peptides were clearly detected in the post-
vaccination samples, but not in the pre-vaccination samples
(Fig. 5).

ELISA, a more sensitive quantitative analysis, was then em-
ployed to measure the amounts of anti-peptide IgG isolated from
the same post-vaccination samples. The samples from HD or can-
cer patients before vaccinations were not provided for the ELISA
primarily because of failure to detect by a mean of Western blot-
ting. As a result, the amounts of IgG specific to CypB-129,
UBE2V-43, UBE2V-85, Lck-488, and Lck-449 peptide in the post-
vaccination samples were calculated as 146, 35, 21, 52, and
178 ng/mL, respectively.

The amounts of anti-peptide IgG in pre-vaccination plasma of
these patients were then estimated by applying the relationship
between the FIU levels determined by the Luminex system and
the amounts of IgG by ELISA. Accordingly, the amounts of IgG
against CypB-129, UBE2V-43, UBE2V-85, Lck-488, or Lck-449 pep-
tide in the pre-vaccination samples could be estimated as 1.85
(146 ng/mL divided by 79-fold), 1.20 (35 ng/mL divided by 29-
fold), 0.03 (21 ng/mL divided by 768-fold), 0.17 (52 ng/mL divided
by 312-fold), and 1.04 (178 ng/mL divided by 172-fold) ng/mL,
respectively. Therefore, the amounts of IgG in the pre-vaccination
plasma ranged from 0.03 to 1.85ng/mlL, in which the lowest

amount of anti-UBE2V-85 and highest FIU of anti-CypB-129 IgG
were 0.03 and 1.85 ng/mL, respectively. As shown in Table 1, the
median FIU/mL of anti-peptide IgG against 23 of the 31 peptides
in the 100-time diluted plasma of HD ranged from 11 to 188. On
the other hand, the FIU/mL values of anti-peptide-IgG against each
peptide in the pre-vaccination plasma were ranged from 26 to 368,
as shown above. Therefore, the median levels of anti-peptide IgG
against 23 of the 31 peptides that were detected as positive in
>50% of HD (Table 1), could be estimated to be in the range of
0.01-1 ng/mL.

4. Discussion

We reported in this study that humoral immune responses
against the vast majority (29 of 31) of CTL epitope peptides tested
were detectable in the circulation of both HD and patients with
various diseases. Two exceptions were the response to MRP3-
503, a peptide derived from multidrug resistance-associated pro-
tein 3 (Yamada et al., 2001), and that to Lck-422, a peptide derived
from Lck tyrosine kinase that was expressed on metastatic cancer
cells (Imai et al., 2001). However, we reported that humoral re-
sponses against these two peptides became detectable in a part
of metastatic cancer patients who were resistant to chemothera-
pies (Noguchi et al., 2010, 2011a,b; Yajima et al, 2005; Mine



Table 2
Assessment of immunoglobulins reactive to each of the 31 different CTL epitopes in plasma or sera from patients with hematological malignancies and HCC.

Peptide name Hematologic malignancy (median FIU (Fold change))? HCC (median FIU (fold change))®
IgM 1G 1gG1 1gG2 1gG3 15G4 IgM 1G 1gG1 15G2 15G3 I5G4

CypB-129 4347 (13.15) 12 (0.52) 10 (0.51) <10 (1.00) <10 (1.00) <10 (1.00) 4425 (12.64) 57 (2.94) 44 (2.45) <10 (1.00) 14 (2.77) <10 (1.00)
Lck-246 1315 (2.02) <10 (0.20) 10 (0.62) <10 (0.34) <10 (1.00) <10 (1.00) 3543 (5.06) 106 (4.13) 51 (3.15) 19 (3.79) <10 (1.00) <10 (1.00)
Lck-422 <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00)
ppMAPKKkk-432 1213 (16.39) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 636 (9.56) 24 (4.83) 22 (4.30) <10 (1.00) 10 (1.00) <10 (1.00)
WHSC2-103 17493 (6.61) 23 (0.21) 21(0.31) 11 (0.23) <10 (0.36) <10 (1.00) 18186 (4.57) 135 (1.33) 87 (1.37) 29 (0.64) 16 (1.04) <10 (1.00)
HNRPL-501 271 (6.95) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 358 (8.14) 23 (4.58) 15 (3.03) <10 {1.00) 10 (1.00) <10 (1.00)
UBE2V-43 11901 (8.46) 16 (0.20) 21(0.32) <10 (1.00) 13 (0.63) <10 (1.00) 5655 (3.83) 83 (1.42) 77 (1.51) <10 (1.00) 25(1.12) <10 (1.00)
UBE2V-85 <10 (0.08) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 69 (1.27) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00)
WHSC2-141 1572 (2.55) 11(0.33) <10(0.18) <10 (0.47) <10 (1.00) <10 (1.00) 2371 (3.74) 57 (1.73) 44 (1.78) 13 (2.50) 10 (1.00) <10 (1.00)
HNRPL-140 785 (1.71) <10(0.16) 10 (0.33) <10 (0.25) <10 (1.00) <10 (1.00) 1704 (3.19) 60 (1.84) 51 (1.95) 15 (0.80) <10 (1.00) <10 (1.00)
SART3-302 215 (3.09) <10 (0.25) 11 (0.25) <10 (1.00) <10 (1.00) <10 (1.00) 256 (2.18) 27 (1.34) 20 (0.47) <10 (1.00) <10 (1.00) <10 (1.00)
SART3-309 26455 (17.43) 16 (0.51) 13 (0.60) <10 (1.00) 11 (1.05) <10 (1.00) 19696 (10.14) 84 (2.90) 61 (2.66) <10 (1.00) 19 (1.74) <10 (1.00)
SART2-93 62196 (6.96) 56 (0.35) 35(0.31) 19 (0.38) 20(0.71) <10 (1.00) 45915 (4.12) 253 (1.73) 154 (1.52) 34 (0.72) 29 (1.04) <10 (1.00)
SART3-109 17244 (111.61) <10 (1.00) 11(2.17) <10 (1.00) <10 (1.00) <10 (1.00) 7381 (38.14) 48 (9.63) 40 (8.02) <10 (1.00) 13 (2.61) <10 (1.00)
Lck-208 412 (1.20) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 1322 (3.25) 10 (1.00) 16 (3.11) <10 (1.00) <10 (1.00) <10 (1.00)
PAP-213 32182 (52.41) 18(0.38) 21(0.60) <10 (1.00) 15 (0.91) <10 (1.00) 15387 (10.99) 98 (2.20) 76 (2.42) <10 (1.00) 25 (1.46) <10 (1.00)
PSA-248 21095 (13.49) 22(0.48) 24 (0.61) <10 (1.00) <10 (1.00) <10 (1.00) 19447 (8.02) 101 (2.20) 86 (2.27) <10 (1.00) 14(1.33) <10 (1.00)
EGFR-800 13115 (7.53) 12 (0.21) 12 (0.35) <10 (0.23) <10 (1.00) <10 (1.00) 13276 (6.02) 82 (1.59) 60(1.72) 12 (0.59) <10 (1.00) <10 (1.00)
MRP3-503 145 (29.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 14 (2.8) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00)
MRP3-1293 11003 (13.52) 14 (0.38) 15 (0.44) <10 (1.00) <10 (0.47) <10 (1.00) 6306 (5.97) 75 (2.26) 58 (2.10) <10 (1.00) 13 (1.24) <10 (1.00)
SART2-161 884.(13.92) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 519 (8.72) 15 (2.93) 13 (2.60) <10 (1.00) <10 (1.00) <10 (1.00)
Lck-486 14036 (14.43) 21(0.33) 19 (0.44) <10 (1.00) 18 (1.31) <10 (1.00) 7148 (6.81) 81(1.69) 72 (2.26) <10 (1.00) 25 (1.95) <10 (1.00)
Lck-488 42491 (8.65) 36 (0.24) 41 (0.35) 11 (0.29) 25 (0.76) <10 (1.00) 26514 (4.84) 212 (1.64) 155 (1.50) 23 (0.89) 54 (1.62) <10 (1.00)
PSMA-G24 5299 (26.36) <10(0.30) <10 (0.37) <10 (1.00) <10 (1.00) <10 (1.00) 5066 (22.77) 36 (2.67) 36 (2.75) <10 (1.00) 10 (1.00) <10 (1.00)
EZH2-735 622 (4.52) <10 (1.00) <10(1.00) <10 (1.00) <10 (1.00) <10 (1.00) 574 (4.14) <10 (1.00) 10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00)
PTHrP-102 1083 (1.29) <10 (1.00) <10(0.47) <10 (0.48) <10 (1.00) <10 (1.00) 2635 (2.97) 32(6.39) 41 (3.66) <10 (0.45) <10 (1.00) <10 (1.00)
SART3-511 34670 (13.05) 28 (0.40) 27 (0.50) <10(0.42) 14 (0.9) <10 (1.00) 23299 (7.72) 141 (2.15) 101 (1.85) 11 (1.06) 26 (1.66) <10 (1.00)
SART3-734 3845 (2.12) 47 (0.36) 51 (0.47) 36 (0.61) 17 (0.73) <10 (1.00) 5365 (2.87) 147 (1.01) 125 (1.08) 55 (0.92) 19(0.94) <10 (1.00)
Lck-90 50172 (11.48) 29 (0.28) 26 (0.36) <10 (0.19) 14 (0.73) <10 (1.00) 32010 (5.12) 195 (2.25) 141 (2.04) 19 (0.80) 34 (1.66) <10 (1.00)
Lck-449 1441 (2.73) 12 (0.31) <10(0.17) <10 (1.00) <10 (1.00) <10 (1.00) 2027 (3.65) 49 (1.47) 38(1.73) <10 (1.00) <10 (1.00) <10 (1.00)
PAP-248 <10 (0.02) <10 (0.25) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00) 271(0.71) 13 (0.61) <10 (1.00) <10 (1.00) <10 (1.00) <10 (1.00)

2 IgM, IgG, and 1gG subclasses (IgG1, IgG2, IgG3, and 1gG4) specific to each of the 31 CTL epitope peptides were measured by the Luniinex system in 100-time diluted samples (plasma or sera) from patients with hematological
malignancy or HCC. The median values of FIU are shown. The changes relative to the HD groups (fold increase or fold decrease) are also calculated and shown in parenthesis. Undetectable levels (less than 10 FIU of cut-off value) of
anti-peptide antibody titers were tentatively defined as 5 FIU for calculation of fold increase or fold decrease.
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Fig. 3. Comparison of anti-peptide immunoglobulins in plasma or sera between healthy donors and patients with malignant diseases. Immunoglobulins (IgM, IgG, IgG1, 1gG2)
specific to each of the 31 CTL epitope peptides were measured by multiplex bead suspension array in plasma or sera from patients with hematological malignancies and non-
viral hepatocellular carcinoma (HCC) and gender- and age-matched healthy donors (HD). The total sums of the immunoglobulins specific to each of the peptides were
calculated. (A) hematological malignancies (n=59) vs. gender- and age-matched HD (n = 38). (B} HCC (n = 55) vs. gender~ and age-matched HD (n=52). The differences
between each group were evaluated by Wilcoxon test. Only the P values that were statistically significant (P < 0.05) are shown. )
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Fig. 4. Correlation between the sums of anti-peptide IgG levels and overall survival in patients with malignant diseases. Patients with hematological malignancies (A) or
hepatocellular carcinoma (HCC) (B) were divided into two subgroups by the sums of IgGs specific to each of the 31 CTL epitope peptides. The median values in healthy donors
were used as a threshold. Kaplan-Meier curves for overall survival were plotted in the two subgroups. Solid line and dotted line showed the subgroups with higher and lower

sums of anti-peptide IgGs, respectively. A log-rank test was used for statistical analysis.

et al., 2004; Kobayashi et al., 2003). These results, along with our
previous reports showing that all the 15 TAA tested were preferen-
tially expressed on malignant cells with low levels of expression on
normal proliferating cells (see the references citation in the Sup-
plementary Table 3), suggest that both CTL and humoral responses
against these CTL epitope peptides are consistently observed in
both HD and patients with various diseases.

An age-dependent decrease of anti-peptide [gM responses was
observed as far as tested from ages 19 to 91. The similar decrease
was also observed on anti-peptide IgG responses, although the IgG
levels were somewhat increased at elder ages (265 years old). This

could be partly explained by age-dependent decline of specific
immunity largely due to an atrophic change of the thymus year
by year, starting at around 12 years of age.

There were no significant differences in anti-peptide Ig levels
between patients with rheumatoid arthritis (RA) and the age-
and gender-matched HD samples. This result may suggest that hu-
moral responses against CTL epitope peptides were not affected by
the impaired immune responses observed in RA. The total sumns of
anti-peptide IgM or IgG2 in patients with Flu infection were signif-
icantly lower or higher than those in HD, respectively. In patients
with HCV infection, however, the total sums of anti-peptide IgG1
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Fig. 5. Detection of IgGs specific to CTL epitope peptides in plasma from cancer
patients with or without immunization. IgGs specific to CypB-129, UBE2V-43,
UBE2V-85, Lck-488, and Lck-449 peptides were isolated by the peptide-coupled
beads from plasma in cancer patients with and without immunization of these
peptides, and were detected by Western blotting with anti-human IgG(H + L)
antibody. As a control, the beads without coupling with the peptides were used for
isolation of the non-specific IgGs. The numbers shown are differences in signal
intensities between the peptide-coupled beads and peptide-uncoupled beads in
cancer patients with and without immunization: [signal intensity by the peptide-
coupled bead]/[signal intensity by the peptide-uncoupled bead].

were significantly higher than those of HD. Th2 cells responsible
for IgG2 production or Th1 cells responsible for IgG1 production
are reported to be more activated in patients with Flu infection
or HCV infection, respectively (Chen et al, 2011; Gordon et al,,
2010; Roohvand et al.,, 2007). Therefore, the results shown above
could be partly due to these un-balanced immune responses in
these patients.

The levels of IgM or IgG against CTL epitope peptides increased
or decreased in patients with hematological malignancies, respec-
tively, compared to those in HD, suggesting the impaired class-
switch of Ig as expected. In contrast, the levels of IgG against CTL
epitope peptides increased in patients with non-HCV HCC. Aug-
mentation of T cell responses to CTL epitope peptides in cancer pa-
tients might be partly responsible for the increment of 1gG against
them. Large-scale studies on different types of malignancies are
now underway.

When the cut-off was set to the median values of Igs from HD,
the total sum of anti-peptide IgG against 31 different peptides was
significantly correlated with OS in patients with both hematologi-
cal malignancies and HCC. From a clinical point of view, patients
with hematological malignancies holding more anti-peptide IgG
than the median value of HD (n=15) survived longer than the
other remaining patients (n=41). Similarly, HCC patients holding
more than the median value of HD (n=40) survived longer than
the other patients (n = 15). The same results were observed in pan-
creatic cancer patients before vaccination, and the patients holding

more than the median value among them survived significantly
than the other patients (unpublished results).

The IgGs against the CTL epitope peptides were detectable by
the Luminex system in HD as well as patients with various dis-
eases, but their levels were too low to measure the absolute
amounts of anti-peptide IgGs. Either Western blotting or ELISA
with a human IgG ELISA kit was not sensitive enough for quantita-
tive analysis with these samples. We therefore attempted to use
plasma from frequently (212 times) vaccinated cancer patients
for quantitative analysis, and showed that the amounts of anti-
peptide IgG in the circulation of these patients ranged from 21 to
178 ng/mL. When such results were employed for approximate
quantitative analysis of anti-peptide IgG in HD, the amounts of
anti-peptide IgG in circulation of HD could be estimated to be in
the range of 0.01-1 ng/mL. This estimation was largely based on
the hypothesis that the binding affinities of IgG to certain peptides
in HD were similar to those in frequently vaccinated patients.
However, the binding affinities in the latter are most likely to be
higher than those in HD, due to the somatic hypermutation in B
cells of the vaccinated cancer patients. Indeed, our preliminary re-
sults showed that the binding affinities of IgG against the immu-
nized peptides after repeated vaccinations were higher than
those in pre-vaccination plasma. If so, the amounts of anti-peptide
IgG not binding to the peptide beads in samples from non-vacci-
nated patients might be larger than those in post-vaccination sam-
ples, resulting in underestimation of the amounts of anti- peptide
IgG in the circulation of HD. Further studies remain to be con-
ducted for more accurate measurement of the amounts of IgG
against CTL epitope peptides in HD and non-vaccinated cancer pa-
tients by employing more sensitive assays with larger amounts of
samples, if available, for enrichment of anti-peptide IgG.

Collectively, the current study showed that humoral immune
responses to certain CTL epitope peptides were widely detectable
in humans, and the measurement of anti-peptide IgGs may provide
a new biomarker for OS of patients with malignant diseases. It fur-
ther remains to be determined whether the humoral immune re-
sponses to peptides are widely detectable not only for the CTL
epitopes used, but also for other panels of peptides.

Disclosure of potential conflict of interest

None of the authors has any potential financial conflict of inter-
est related to this manuscript.

Financial support
This study was supported by four grants.

(a) Developing Innovation Systems Program for Forstering
Regional Innovation (Global Type), Ministry of Education,
Culture, Sports, Science and Technology of Japan Project (to
K. Itoh).

(b) A research program of the Project for Development of Inno-
vative Research on Cancer Therapeutics (P-Direct), Ministry
of Education, Culture, Sports, Science and Technology of
Japan (to K. Itoh).

(c) Grant-in-Aid for Young Scientists (B), JSPS KAKENHI Grant
No. 24791452 (to S. Matsueda).

(d) Sendai Kousei Hospital, Japan (to K. Itoh).

Acknowledgments

The authors thank Mses. Chieko Seki and Akiko Ishii for measur-
ing of Igs reactive to each of 31 different peptides.



76 S. Matsueda et al. / Developmental and Comparative Immunology 41 (2013) 68-76

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.dci.2013.04.004.

References

Bequet-Romero, M., Morera, Y., Ayala-Avila, M., Ancizar, J., Soria, Y., Blanco, A.,
Sudrez-Alba, ], Cavilondo, JV., 2012. CIGB-247: a VEGF-hased therapeutic
vaccine that reduces experimental and spontaneous lung metastasis of C57B1/6
and BALBjc mouse tumors. Vaccine 30, 1790-1799.

Brahmer, J.R,, Tykodi, S.5., Chow, L.Q., Hwu, W], Topalian, S.L., Hwuy, P, Drake, C.G.,
Camache, LH., Kaul, ., Odunsi, K, Pitot, H.C,, Hamid, O., Bhatia, S., Martins, R.,
Eaton, K., Chen, S., Salay, T.M., Alaparthy, S., Grosso, J.F., Korinan, A, Parker,
S.M., Agrawal, S, Goldberg, S.M., Pardoll, D.M., Gupta, A., Wigginton, J.M., 2012,
Safety and activity of anti-PD-L1 antibody in patients with advanced cancer. N
Engl. J. Med. 366, 2455-2465.

Chen, W.H,, Cross, AS., Edelman, R., Sztein, M.B., Blackwelder, W.C,, Pasetti, M.F,,
2011. Antibody and Thl-type cell-mediated immune responses in elderly and
young adults immunized with the standard or a high dose influenza vaccine,
Vaccine 29, 2865-2873.

Gordon, CL. Johnson, P.D., Permezel, M., Holines, N.E,, Gutteridge, G., McDonald,
CF., Eisen, D.P., Stewardson, AJ., Edington, ., Charles, P.G., Crinis, N., Black, M.J.,
Torresi, J., Grayson, M.L, 2010. Association between severe pandemic 2009
influenza A (HIN1) virus. Iufection and immunoglobulin G(2) subclass
deficiency. Clin. Infect. Dis, 50, 672-G78.

Harada, M., Kobayashi, K., Matsueda, S., Nakagawa, M., Noguchi, M., Itoh, K., 2003,
Prostate-specific antigen-derived epitopes capable of inducing cellular and
humoral responses in HLA-A24+ prostate cancer patients, Prostate 57, 152-159.

Hodi, ES., O'Day, S]. McDermott, D.F., Weber, RW,, Sosman, J.A., Haanen, [.B,
Gonzalez, R., Robert, C. Schadendorf, D., Hassel, J.C., Akerley, W., van den
Eertwegh, AJ., Lutzky, |, Lorigan, P, Vaubel, ] M., Linette, G.P, Hogg, D.,
Ottensmeier, C.H., Lebbé, C., Peschel, C., Quirt, L, Clark, [.I., Wolchok, |.D., Weber,
1.5, Tian, . Yellin, M), Nichol, G.M., Hoos, A, Urba, W], 2010. Improved
survival with ipilimwmab in patients with metastatic melanoma. N Engl. . Med.
363, 711-723.

Hu, B., Wei, Y., Tian, L., Zhao, X, Lu, Y., Wu, Y,, Yao, B., Liy, |, Niu, T., Wen, Y., He, Q.,
Sy, J. Huang, M., Loy, Y., Luo, Y., Kan, B., 2005. Active antitumor imuunity
elicited by vaccine based on recombinant form of epidermal growth factor
receptor, J. Immunother, 28, 236-244.

Imai, N., Harashima, N., Ito, M,, Miyagi, Y., Harada, M., Yamada, A., Itoh, K., 2001.
Identification of Lck-derived peptides capable of inducing HLA-A2-restricted
and tumor-specific CTLs in cancer patients with distant metastases, Int. J.
Cancer 94, 237-242,

Inoue, Y., Takaue, Y., Takei, M., Kato, K., Kanai, S., Harada, Y., Tobisu, K., Noguchi, M.,
Kakizoe, T., Itoh, K., Wakasugi, H., 2001, Induction of tunor specific cytotoxic T
Iymphocytes in prostate cancer using prostatic acid phosphatase derived HLA-
A2402 binding peptide. J. Urol. 166, 1508-1513.

Kobayashi, K., Noguchi, M., ftoly, K., Harada, M., 2003, Identification of a prostate-
specific membrane antigen-derived peptide capable of eliciting both cellular
and humoral immune responses in HLA-A24+ prostate cancer patients, Cancer
Sci. 94, 622-627.

Komatsu, M., Shichijo, S., Nakagawa, M., Itoh, K, 2004. New multiplexed flow
cytometric assay to measure anti-peptide antibody: & novel tool for monitoring
immune responses to peptides used for immunization. Scand. J. Clin. Lab. [nvest.
G4, 535~545.

Komatsu, N., Harada, M., Nakagawa, M., Tanaka, Y., Ono, T., Gohara, S., Ohkubo, K.,
Itoh, K., 2008. A correlation between symptom severity and unbalanced reactive
IgA production in fapanese cedar pollinosis patients, Asian Pac. J. Allergy
Immunol. 26, 97-104,

Matsueda, S., Takedatsu, H., Yao, A, Tanaka, M., Noguchi, M., Itoh, K., Harada, M.,
2005. 1dentification of peptide vaccine candidates for prostate cancer patients
with HLA-A3 supertype alleles. Clin. Cancer Res. 11, 6933-6943.

Mellman, L, Coukos, G., Dranoff, G., 2011. Cancer immunotherapy comes of age.
Nature 480, 480-489,

Minami, T., Matsueda, S., Takedatsu, H., Tanaka, M., Noguchi, M,, Uemura, H,, {toh,
K., Harada, M., 2007, ldentification of SART3-derived peptides having the
potential fo induce cancer-reactive cytotoxic T lymphocytes from prostate
cancer patients with HLA-A3 supertype alleles. Cancer Immunol. Immunother.
56, 689-698.

Mine, T., Sato, Y., Noguchi, M., Sasatomi, T., Gouhara, R., Tsuda, N., Tanaka, S.,
Shomura, H., Katagiri, K., Rikimaru, T., Shichijo, S., Kamura, T., Hashimoto, T.,
Shirouzu, K, Yamada, A, Tedo, S., ftoh, K., Yamana, H., 2004, Hurnoral responses
to peptides correlate with overall survival in advanced cancer patients

vaccinated with peptides based on pre-existing, peptide-specific cellular
responses. Clin. Cancer Res. 10, 929-937.

Noguchi, M., Kakuma, T., Uemura, H., Nasu, Y., Kumon, H., Hirao, Y., Moriya, F.,
Suekane, S., Matsuoka, K., Komarsu, N, Shichijo, S., Yamada, A, Itohy, K, 2010. A
randomized phase I trial of personalized peptide vaccine plus low dose
estramustine phosphate (EMP) versus standard dose EMP in patients with
castration resistant prostate cancer. Cancer Immunol. Immunother. 59, 1001~
1009.

Noguchi, M,, Uemura, H., Naito, S., Akaza, H., Yamada, A., [toh, K., 2011a. A phase |
study of personalized peptide vaccination using 14 kinds of vaccine in
combination with low-dose estramustine in HLA-AZ4-positive patients with
castration-resistant prostate cancer. Prostate 71, 470-479.

Noguchi, M., Mine, T., Kumatsu, N, Suekane, S., Moriya, F., Matsuoka, K., Yutani, S.,
Shichijo, S., Yamada, A., Toh, U,, Kawano, K., Azuma, K., Uemura, H., Okuno, K.,
Matsumoto, K., Yanagimoto, H., Yamanaka, R., Oka, M., Todo, S., Sasada, T., Itoh,
K., 2011b. Assessment of immunological biomarkers in patients with advanced
cancer treated by personalized peptide vaccination. Cancer Biol. Ther. 10, 1266-
1279.

Qgata, R., Matsueda, S., Yao, A., Noguchi, M., Itoh, K, Harada, M., 2004, Identification
of polycomb group protein enhancer of zeste homolog 2 (EZH2)-derived
peptides immunogenic in HLA-AZ4+ prostate cancer patients. Prostate 60, 273-
281.

Roohvand, F., Aghasadeghi, M.R., Sadat, S.M., Budkowska, A., Khabiri, A.R., 2007.
HCV core protein immunization with Montanide/CpG elicits strong Th1/Th2
and long-lived CTL responses. Biochem. Biophys. Res. Commun, 354, 641-649,

Rosenberg, S.A., Yang. [.C.. Restifo, N,P., 2004. Cancer immunotherapy: moving
beyond cwrrent vaccines. Nat. Med. 10, 909-915.

Shomura, H., Shichijo, S., Komatsu, N., Matsueda, S., Mine, T., Rikimaru, T,, Sato, Y.,
Todo, S., Ttoh, K, 2004. Identification of epidermal growth factor receptor-
derived peptides recognised by both cellular and humoral imumune responses in
HLA-AZ24+ non-small cell lung cancer patients. Eur, ], Cancer 40, 1776-1786.

Terasaki, M., Shibui, S., Narita, Y., Fujimaki, T., Aoki, T,, Kajiwara, K., Sawamura, Y.,
Kurisu, K, Mineta, T,, Yamada, A, ltoh, I, 2011, Phase | trial of a personalized
peptide vaccine for patients positive for hluman leukocyte antigen - A24 with
recurrent or progressive glioblastoma multiforme. J. Clin. Oncol, 29, 337-344,

Terazaki, Y., Yoshiyama, K., Matsueda, S., Watanabe, N,, Kawahara, A,, Naito, Y.,
Suekane, S., Komatsu, N., loji, T, Yamada, A., Mine, T., Terasaki, M., Itoh, K.,
Takamori, S., Sasada, T., 2012. Immunological evaluation of personalized
peptide vaccination in refractory small cell lung cancer. Cancer Sci. 103, 638-
G44.

Toh, H.C., Wang, W.W., Chia, W.K, Kvisthorg, P., Sun, L., Teo, K., Phoon, Y.P., Soe, Y.,
Tan, S.H., Hee, S.W,, Foo, KF, Ong, S., Koo, W.H., Zocca, M.B,, Claesson, M.H.,
2009. Clinical benefit of allogeneic melanoma cell lysate-pulsed autologous
dendritic cell vaccine in MAGE-positive colorectal cancer patients. Clin. Cancer
Res. 15, 7726-7736.

Topalian, S.L., Hodi, F.S., Brahmer, [.R., Gettinger, S.N,, Smith, D.C., McDermott, D.F.,
Powderly, [.D., Carvajal, R.D., Sosman, J.A., Atkins, M.B., Leming, P.D,, Spigel, D.R.,
Antonia, S.J., Horn, L, Drake, C.G., Pardoll, D.M,, Chen, L, Sharfinan, W.H.,
Anders, RA., Taube, .M., McMiller, T.L., Xu, H., Korman, AJ., Jure-Kunkel, M.,
Agrawal, S., McDonald, D., Kollia, G.D., Gupta, A., Wigginton, |.M., Sznol, M.,
2012, Safety, activity, and immune correlates of anti~PD-1 antibody in cancer, N
Engl. ]. Med. 366, 2443~2454.

Yajima, N, Yamanaka, R., Mine, T., Tsuchiya, N., Homma, J., Seno, M,, Kuramoto, T.,
Obata, Y., Komatsu, N., Arima, Y., Yamada, A., Shigemori, M., Itoh, K, Tanaka, R.,
2005. Immunologic evaluation of personalized peptide vaccination for patients
with advanced malignant glioma. Clin. Cancer Res. 11, 5900-5911,

Yamada, A., Kawano, K, Koga, M., Matsumoto, T. Itoh, K, 2001. Multidrug
resistance-associated protein 3 is a tumor rejection antigen recognized by
HLA-A2402-restricted cytotoxic T lymphocytes. Cancer Res. 61, 6459-6466,

Yao, A., Harada, M., Matsueda, S., Ishihara, Y., Shomura, H., Noguchi, M., Matsuoka,
K., Hara, L, Kamidono, §., Itoh, K., 2004, ldentification of parathyroid hormone-~
related protein-derived peptides immunogenic in human histocompatibility
leukocyte antigen-A24+ prostate cancer patients. Br. J. Cancer 91, 287-296,

Yuan, J., Adamow, M., Ginsberg, B.A., Rasalan, T.S., Ritter, E., Gallardo, H.F.,, Xu, Y.,
Pogoriler, E., Terzulli, S.L., Kuk, D., Panageas, K.S,, Ritter, G., Sznol, M., Halaban,
R., Jungbluth, AA, Allisen, J.P., Old, L], Wolchek, ].D., Gnjatic, S., 2011,
Integrated NY-ESO-1 antibody and (D8+ T-cell responses correlate with
clinical benefit in advanced melanoma patients treated with ipilimumab.
Proc. Natl. Acad. Sci. USA 108, 16723-16728.

Zeng, J. Cai, S., Yi, Y., He, Y., Wang, Z, Jiang, G., Li, X, Dy, ], 2009. Prevention of
spontaneous tumor development in a ret (ransgenic mouse model by ret
peptide vaccination with indoleamine 2.3-dioxygenase inhibitor i-methyl
tryptophan. Cancer Res. 68, 3963~3970.

Zhang, J.Y. Tan, EM. 2010. Autoantibodies to tumor-associated antigens as
diagnostic biomarkers in hepatocellular carcinoma and other solid tumors.
Expert Rev. Mol. Diagn. 10, 321-328.



ONCOLOGY REPORTS 30: 1094-1100, 2013

A phase II study of a personalized peptide vaccination for
chemotherapy-resistant advanced pancreatic cancer patients

SHIGERU YUTANI', NOBUKAZU KOMATSU!, MUNEHIRO YOSHITOMI?, SATOKO MATSUEDA '@,
KOJI YONEMOTO?, TAKASHI MINE?, MASANORI NOGUCHP®, YUKI ISHIHARA!,
AKIRA YAMADAZ, KYOGO ITOH' and TETSURO SASADA!

Departments of ! Immunology and Immunotherapy, and 2Surgery, Kurume University School of Medicine,
Kurume, Fukuoka 830-0011; 3Research Center for Innovative Cancer Therapy and
“Biostatistics Center, Kurume University, Kurume, Fukuoka 830-0011, Japan

Received March 22,2013; Accepted May 9, 2013

DOI: 10.3892/0r.2013.2556

Abstract. Pancreatic cancer is one of the most aggressive
cancers with a median survival time (MST) of <6 months in
chemotherapy-resistant patients. Therefore, the development
of novel treatment modalities is needed. In the present study, a
phase II study of personalized peptide vaccination (PPV) was
conducted, in which vaccine antigens were selected and admin-
istered based on the pre-existing IgG responses to 31 different
pooled peptides, for 41 chemotherapy-resistant advanced
pancreatic cancer patients. No vaccine-related severe adverse
events were observed. IgG responses specific to at least one
of the vaccine peptides were augmented.in 14 of 36 patients
(39%) and in 18 of 19 patients (95%) tested after the 5th and
11th vaccination, respectively. MST from the first vaccination
was 7.9 months with a l-year survival rate of 26.8%. Higher
serum amyloid A (SAA) and C-reactive protein (CRP) levels
in pre-vaccination plasma were unfavorable factors for overall
survival (OS). Due to the safety profile and the potential
clinical efficacy, the conduction of additional clinical trials of
PPV for chemotherapy-resistant advanced pancreatic cancer
patients is warranted.

Introduction

Pancreatic cancer, the fourth leading cause of cancer-related
mortality worldwide, constitutes one of the most aggressive
types of cancer (1). There have been substantial advances in
the therapeutic modalities for advanced pancreatic cancer,
including carbon beam ion radiotherapy (2), systemic chemo-
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therapies using gemcitabine (GEM), tegaful-gimeracil-oteracil
potassium (S-1) (3) and oxaliplatin, irinotecan, fluorouracil,
leucovorin (Folfirinox) (4), as well as an EGFR-inhibitor erlo-
tinib (5). However, despite these advances, the median survival
time (MST) of advanced pancreatic cancer patients-from the
first or second line of chemotherapy still remains approxi-
mately 7-11 (1-5) or 4-6 months (2.6), respectively. Therefore,
the development of novel therapeunc approachcs including
cancer vaccines is needed.

‘We previously devised a new regimen of peptide-based
vaccination, named personalized peptide vaccination (PPV),in
which vaccine antigens were selected from 31 different pooled
peptides, and administered based on both HLA-class 1A
types and levels of peptide-specific IgG responses before
vaccination (7-10). In our previous clinical trials, immune
responses triggered by PPV were well-associated with overall
survival (OS) in advanced pancreatic cancer patients under
PPV in combination with GEM as the first-line therapy (7.98).
GEM did not inhibit immune responses-induced by PPV.
Furthermore, the MST of advanced pancreatic cancer patients
with positive (n=10) or negative (n=8) immune responses
was 15.5 and 6 months, respectively, when non-resectable
pancreatic cancer patients were treated with PPV and GEM
as the first-line therapy. However, there is no trial of PPV for
chemotherapy-resistant advanced pancreatic cancer currently
available. Consequently, in the present study, a phase II study
of PPV in chemotherapy-resistant advanced pancreatic cancer
patients was performed.

Materials and methods

Patients. Patients pathologically and/or clinically diagnosed
with pancreatic cancer were eligible for inclusion in the
present study, when they had failed at least first-line chemo-
therapy and showed positive IgG responses to at least 2 of
the 31 different vaccine candidate peptides as previously
reported (10). Additional inclusion criteria were the following:
age between 20 and 80 years, Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, positive status
for the HLA-A2, -A24, -A3 supertype (A3, All, A3l or A33)
or -A26, life expectancy of at least 12 weeks, and adequate
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hematologic, hepatic and renal function. Exclusion criteria
included pulmonary, cardiac or other systemic diseases, acute
infection, a history of severe allergic reactions, pregnancy or
nursing, and other inappropriate conditions for enrollment
as judged by clinicians. The protocol was approved by the
Kurume University Ethics Committee, and was registered in
the UMIN Clinical Trials Registry (UMIN #08167). After a
full explanation of the protocol, a written informed consent
was obtained from all the patients prior to enroliment.

Clinical protocol. This was an open-label phase II study,
in which the main objectives were to evaluate safety and to
address whether PPV in combination with additional chemo-
therapeutic regimens for chemotherapy-resistant pancreatic
cancer patients prolongs MST. Thirty-one peptides, the
safety and immunological effects of which were reported in
previous clinical studies (8-11), were employed for vaccination
{12 peptides for HLA-A2, 14 for HLA-A24, 9 for HLA-A3
supertype (A3, All, A3l or A33) and 4 for HLA-A26].
The peptides were. prepared under the conditions of Good
Manufacturing Practice (GMP) by PolyPeptide Laboratories
(San Diego, CA, USA) and the American Peptide Company
(Vista, CA, USA).

The peptides for vaccination to mdxvndual patients were
selected in consideration of the pre-existing host immunity
before vaccination, by assessing the titers of IgG specific to
each of the 31 different vaccine candidates (10). A maximum
of 4 peptides (3 mg/each peptide), which were selected based
on the results of HLA typing and peptide-specific IgG titers,
in complex with incomplete Freund's adjuvant (Montanide
ISA 51; Seppic, Paris, France) were subcutaneously adminis-
tered once a week for 6 consecutive weeks.

Afterthe firstcycle of 6 vaccinations, upto4 vaccine peptides
were re-selected-according to the titers of peptide-specific
IgG and administered every 2 weeks. Vaccine peptides were
re-selected at every cycle of 6. vaccinations until the discon-
tinuation of PPV, Adverse events were monitored according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE) version 3.0. Complete
blood counts and serum biochemical tests were performed
at every cycle of 6 vaccinations. The clinical responses were
evaluated by the Response Evaluation Criteria in Solid Tumors
(RECIST) with radiological findings of computed tomography
(CT) scanning or magnetic resonance imaging (MRI) before
and after vaccinations.

Measurement of laboratory markers. Levels of C-reactive
protein (CRP), serum amyloid A (SAA) and IL-6 in plasma
were examined by ELISA using kits from R&D Systems
(Minneapolis, MN, USA), Invitrogen (Carlsbad, CA, USA)
and eBioscience (San Diego, CA, USA), respectively.
Bead-based multiplex assays were used to measure cytokines,
including IL-4, IL-13, IL-21, IP-10, BAFF and TGF-p with the
Lumirex 200 system (Luminex, Austin, TX, USA). -

Measurement of immunoglobulins (lIgs) reactive to each of the
31 different peptides. The levels of Igs reactive to each of the
31 different peptides were measured using the Luminex 200
system as previously reported (9-11). In brief, plasma was
incubated with 100 ul of peptide-coupled color-coded
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beads for 1.5 h at 30°C, followed by washing and incubation
with 100 I of biotinylated goat anti-human IgG (Vector
Laboratories, Burligame, CA, USA). After washing, 100 pl
of streptavidin-PE (Invitrogen) was added and incubated for
30 min at 30°C. After washing, the fluorescence on the beads
was detected using the Luminex 200 system. The Igs levels
were expressed in fluorescence intensity units (FIU) as previ-
ously reported (9-11). Peptide-specificity of IgG against each
of the 31 peptides was confirmed (unpublished data).

Statistical methods. The Wilcoxon signed-rank test and paired
t-test were used to compare differences between pre- and
post-vaccination measurements. OS was calculated from the
first day of peptide vaccination until the day of death or the last
day when the patient was known to be alive. Prognostic factors
for OS were evaluated by univariate and multivariate analyses
with the Cox proportional hazards regression model. Curves
for OS were estimated using the Kaplan-Meier method, and
the log-rank test was conducted for the comparison of survival
curves. Two-sided P-values of <0.05 were considered to indi-
cate statistically significant differences. All statistical analyses
were conducted using the JMP version 10.0:1 software (SAS
Institute Inc., Cary, NC, USA). ,

Results

Patient characteristics. Between November 2008 and
March 2011, 41 advanced pancreatic cancer patients who
had failed at least first-line chemotherapy were included in
the present study. Patient characteristics are listed in Table I.
There were 27 male and 14 female subjects with a2 median age
of 61 years (range, 44-78). All patients had advanced stages of
cancer (stage [Va, n=7; 1Vb, n=24; recurrent, n=10). Prior to
enrollment, the patients had failed 1 (n=11), 2 (n=24), 3 (n=5)
or 4 (n=1) regimen(s) of chemotherapy. The median duration
of chemotherapy prior to PPV was 8 months with a range from
1 to 36 months. The performance status at the time of enroll-
ment was grade 0 (n=37) or 1 (n=4). The numbers of vaccine
peptides employed at the first cycle of vaccinations were
4 peptides in 33 patients, 3 in 5 patients and 2 in 3 patients.
The median number of vaccinations was 10 with a range of
3 to 36. PPV was combined with GEM (n=11), S-1 (n=6), GEM
and S-1 (n=8) or other combinations of chemotherapeutic
agents including CDDP-based regimens (n=8). PPV alone was
administered to 8 patients, since chemotherapy could not be
tolerated (n=4) or due to patient refusal (n=4).

Toxicities. A grade 1 or 2 dermatological reaction at the
injection site was observed in 39 cases. Anemia (n=15),
lymphocytopenia (n=20), thrombocytopenia (n=11), leukocy-
topenia (n=7), hypoalbuminemia (n=15) and hyperglycemia
(n=8) were also frequently observed. Grade 3 adverse events
included anemia (n=1), lymphocytopema (n-l), hypertensnon
(n=1), GGT increase (n=1) and creatinine increase (n=1).
According to assessment by the Independent Safety Evaluation
Committee in this trial, all the grade 3 adverse events were
concluded to be not directly associated with PPV,

Humoral responses to peptides. 1gG responses specific to the
vaccine peptides in pre- and post-vaccination plasma samples
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Table I. Patient characteristics.
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Table 1. IgG responses to the vaccinated peptides.

Characteristic Value
Age (years), median (range) 61 (44-78)
Gender, n
Male 27
Female 14
Disease location, n
Head 14
Body 15
Limbs 6
Body and limbs 6
Performance status, n
0 37
1 4
Stage, n
Va 7
IVb 24
Recurrent 10
No. of previous regimens, n
1 11
2 24
3 5
4 1
Duration of previous treatment (months),
median (range) 8 (1-36)
No. of vaccinations, median (range) 10 (3-36)
Combined treatment, n
-) 8
GEM 11
S-1 6
GEM and S-1 8
Other regimens 8
Treatment response, n
SD 28
PD 13
Overall survival time (days),
median (95% CI) 238 (151-313)

GEM, gemcitabine; S-1, tegaful-gimeracil-oteracil potassium; SD,
stable disease; PD, progressive discase; CI, confidence interval.

were analyzed. Post-vaccination plasma samples were avail-
able from 36 and 17 patients after the 5th and 11th vaccination,
respectively. When peptide-specific IgG titers to at least one
of the vaccine peptides in the post-vaccination plasma were
>2-fold higher compared to those in the pre-vaccination
plasma, antigen-specific humoral responses were considered
to be increased. The IgG responses specific to at least one
of the vaccine peptides were augmented in 14 of 36 patients
(39%) and in 18 of 19 patients (95%) after the 5th and [1th
vaccination, respectively (Table II).

IgG response
Patient no. Peptide Pre 5th 11th
1 ppMAPkkk-432 43 40 na
WHSC2-103 68 69 na
HNRPL-501 191 638 na
HNRPL-140 209 189 na
2 SART3-109 226 1896 na
Lck-422 44 66 na
CypB-129 23 45 na
WHSC2-103 322 401 na
3 PSA-248 28 4999 28025
MRP3-1293 75 70 3,259
SART2-161 37 38 7860
Lck-486 38 31 23,697
4 MRP3-503 57 56 na
MRP3-1293 79 69 na
SART2-161 51 53 na
Lck-486 53 ND na
5 CypB-129 161 120 12,717
ppMAPkkk-432 368 ND ND
UBE2V-43 396 399 60,508
SART3-302 272 235 11,267
HNRPL-501 150 343 ND
6 HNRPL-140 13 ND na
SART3-302 40 ND na
7 SART3-109 42 52 na
SART3-511 27 ND na
Lck-90 13 ND na
Lck-449 45 ND na
8 SART2-93 32 18 na
PAP-213 1249 1,573 na
EGF-R-800 40 ND na
MRP3-503 98 38 na
SART3-109 23 1 na
9 Lck-246 376 623 3,264
UBE2V-43 188 ND 16,549
UBE2V-85 294 314 2,053
SART3-302 207 330 1,929
HNRPL-140 ND 494 2,780
10 HNRPL-501 578 ND ND
UBE2V-85 70 ND 14
SART3-302 36 ND ND
SART3-309 18 ND ND
11 SART3-109 21 ND 653
MRP3-503 69 ND 14,787
PTHrP-102 14 ND ND
12 SART2-93 164 ND na
Lck-208 206 13 na
Lck-486 245 298 na
EZH2-735388 503 na
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Table II. Continued. Table I1. Continued.
IgG response IgG response
Patient no. Peptide Pre 5th 11th Patient no. Peptide Pre 5th 11th
12 Lck-422 783 532 na 23 PAP-213 13 123 4,179
HNRPL-140 456 380 na Lck-486 25 580 2,552
13 SART3-109 1475 1279 na Lck-449 37 37 43
Lck-486 1644 1833 na WHSC2-103 40 14 165
14 SART3-109 2309 2136 6782 SART3:511 ND - 289 173
MRP3-1293 43 40 23,180 PAP-248 ND 1,200 63
SART2-161 32 27 ND 24 PAP-213 122 122 na
Lck-486 1515 1234 267,768 Lck-449 129 102 na
15 SART3-109 1500 5872 180917 %’3“129 186 183 na
SART?2-161 31 22 3278 $C2-103 6  ND na
Lck-486 650 224 58,780 25 PAP-213 16 2,772 na
Lck-488 54 37 21889 PSA-248 64 1372 na
SART3-511 99 57 ND Lck-486 17 105 na
16 SART3-511 1699 1,503 1522 26 CypB-129 90 8l 105
PAP-248 70 69 ND Lck-246 20 12 39
Lck-422 180 ND 16 SART3-309 12 374 4,738
WHSC2-103 188 ND 2,629 PAP-248 21 ND ND
Lck-90 35 45 63 27 SART2-93 1 ND 55
CypB-129 16 23 20 SART3-109 156 22 1871
17 ppMAPKKkk-432 83 88 ND Lck-486 185 313 12511
SART3-109 62 49 ND Lck-488 15 12 3980
Lck-486 2,176 2,191 3,523,034 PAP-213 ND Y ND
PTHrP-102 129 162 135 28 PAP-213 31 44 657
SART2-93 47 100 59 PSA-248 a5 446 15954
18 MRP3-1293 103 ND na EGF-R-800 30 33 2926
Lck-486 5731 10510 na Lek-486 22 23 11,356
PSMA-624 99 ND na 29 SART2-93 1 1 na
ppMAPKkk-432 126 115 na Lck-486 25 ND na
SART3-109 55 50 na Lck-488 14 16 na
Lek-488 38 35 na 30 CypB-129 246 232 na
19 CypB-129 57 53 na WHSC2-141 317 21 na
ppMAPkkk-432 106 ) na SART3-302 86 865 na
HNRPL-501 974 934 na Lck-208 11 2,016 na
SART3-302 473 2233 na 3 SART2-93 40 37 478
Lck-246 17 61 na Lck-486 23 32 2,567
20 Lck-246 49 441 2,349 Lck-488 31 47 20641
EGF-R-800 83 134 183 PTHrP-102 40 46 523
Lck-486 95 72 31353 32 WHSC2-141 433 398 20518
EZH2-735 117 ND 10,454 PSA-248 29 2,109 13221
CypB-129 183 192 190 MRP3-1293 149 4,155 11903
ppMAPkkk-432 120 185 233 121
21 PAP-213 48 98 na Lck-486 121 18577
Lck-486 20 22 na 33 SART2-93 22 51 60
22 CypB-129 109 112 393 SART3-109 14 ND 16
Lck-246 22 13 56 Lck-486 39 ND 2479
WHSC2-141 22 ND 15 SART2-161 ND 76 59
SART3-302 631 1459 5168 34 CypB-129 263 239 na
Lek-422 14 12 78 WHSC2-103 43 ND na
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Table II. Continued.
I2G response
Patient no. Peptide Pre 5th 1th
34 WHSC2-141 231 125 na
SART3-734 32 ND na
35 MRP3-1293 62 ND na
Lck-486 85 ND na
SART3-734 123 ND na
CypB-129 149 93 na
36 SART2-93 13 11 12
SART3-109 11200 10657 10,093
Lck-488 16 13 2017
EGF-R-800 ND 11 ND

Underlined peptides indicate the selection of new peptides for the
second cycle of PPV. Bold values represent increased IgG responses.
na, not applicable; ND, no data.
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Figure 1. Kaplan-Meier survival analysis of the enrolled patients, The median
survival time (MST) of patients who were vaccinated (n=41) was 238 days
(7.9 months) and the 1-year survival rate was 26.8%.

Laboratory markers. Two inflammation markers, CRP and
SAA,and 7 cytokines including IL-4,1L-6,1L-13,1L-21,IP-10,
BAFF and TGF-g, were examined in plasma before and after
the 5th vaccination. Since 5 of 41 patients did not complete
the first cycle of 6 vaccinations due to rapid disease progres-
sion, they were excluded from the marker analysis. However,
no significant differences before and after vaccinations were
observed in the markers tested (data not shown).

Clinical outcome. No complete response (CR) or partial
response (PR) was observed during PPV. Optimum clinical
responses after the 6th vaccination or at discontinuation of
PPV were observed in 28 cases of stable disease (SD) and
13 cases of progressive disease (PD) (Table I). MST from
the first vaccination was 7.9 months (238 days) with a I-year
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Figure 2. Evaluation of pre-vaccination factors by Kaplan-Meier survival
analysis. Patients were divided into two subgroups according to the median
value of the (A) SAA and (B) CRP levels before vaccination. Curves for
overall survival were estimated by the Kaplan-Meier method, and differences
in survival rates were evaluated using the log-rank test. SAA, serum-amy-
loid A; CRP, C-reactive protein.

survival rate of 26.8% (Table I). All the 41 patients, except for
1 patient, had succumbed to the disease at-the time of exami-
nation. Survival curve is shown in Fig. 1. MST in patients
treated with PPV in combination with (n=33) or without (n=8)
chemotherapies was 9.6 or 3.1 months, respectively (P=0.0013)
(data not shown). When calculated from the initiation of the
first-line chemotherapy, MST of all 41 cases was 19.0 months
[95% confidence interval (CI), 15.0-25.0 months].

Prognostic factors for OS. Pre-vaccination prognostic
biomarkers for OS were investigated in 36 patients who
completed at least the first cycle of 6 vaccinations. SAA levels
in pre-vaccination samples were found to be inversely associ-
ated with OS using the univariate Cox proportional hazards
model [hazard ratio (HR) per I mg/dl increment = 1.10,
95% Cl=1.03-1.15,P=0.004] (Table I1I). CRPlevels alsoshowed
a significant association (HR per 1 mg/dl increment = 1.68,
95% Cl=1.03-2.58, P=0.039). Similar results were obtained
using the multivariate Cox proportional hazards model. The
patients were allocated into two subgroups according to the
median value of SAA or CRP. The survival curves were esti-
mated by the Kaplan-Meier method and differences in survival
rates were compared using the log-rank test. The patients with
higher SAA (P=0.0043) or CRP levels (P=0.0019) in the
pre-vaccination samples exhibited worse prognosis (Fig. 2).
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Table II1. Univariate and multivariate analyses with pre-vaccination clinical findings and laboratory data.

Univariate analysis Multivariate analysis

Factor Hazard ratio (95% Cl) P-value® Hazad ratio (95% Cl) P-value?
Age (years) 1.58 (0.40-6.44) 052

Gender (female<male) 0.98 (0.52-1.95) 096

Clinical stage (IVa<recurrent<IVb) 1.18 (0.78-1.80) 043

Duration of previous chemotherapy (months) 0.98 (094-1.02) 027

Regimen no. of previous chemotherapy 0.93 (0.59-1.44) 0.75

Lymphocyte count (x10%mm?®) 1.00 (1.00-1.00) 039

Hemoglobin (g/dl) 0.93 (0.75-1.16) 053

Albumin (g/dl) 0.58 (0.32-1.10) 0.09

Creatinine (mg/dl) 1.88 (0.51-5.23) 031

SAA (mg/dl) 1.09 (1.03-1.15) 0.004° 1.08 (0.99-1.18) 0.09
CRP (mg/dl) 1.68 (1.03-2.58) 0.039° 0.95 (0.41-2.06) 091

*P_values determined by Cox proportional hazard regression model; Ysignificant difference. Cl, confidence interval; SAA, serum amyloid A;

CRP, C-reactive protein.

In addition, concerning post-vaccination samples, the patients
with boosted IgG responses (n=19) [in response to the vacci-
nated (n=14) or unvaccinated peptides selected for the 2nd
cycle of PPV (n=5)] exhibited better prognosis compared
to those with no IgG boosting (n=17) (P=0.0485) (data not
shown).

Discussion

The MST of 41 chemotherapy-resistant advanced pancreatic
cancer patients under PPV was 7.9 months with a I-year
survival rate of 26.8%. Among them, the MST in patients
treated with PPV combined with (n=33) or without (n=8)
chemotherapies was 9.6 or 3.1 months, respectively (P=0.0013).
OS of the patients treated with PPV not combined with chemo-
therapies was significantly short, suggesting that PPV alone
did not provide survival benefits to advanced pancreatic cancer
patients. This failure was expected based on the results from
our previous study (13). These results suggest that PPV has the
potential to improve OS in chemotherapy-resistant advanced
pancreatic cancer patients when administered in combination
with chemotherapeutic agents. ;

With regard to post-vaccination biomarkers, several factors,
including CTL responses, Thl responses, delayed-type hyper-
sensitivity (DTH) and autoimmunity, have been reported to be
associated with clinical responses in some clinical trials (14,15).
We have also shown that an increase in peptide-specific IgG
and/or CTL responses after PPV is significantly associated
with longer OS (11,12). In contrast to such post-vaccination
biomarkers, there are currently no validated pre-vaccination
prognostic biomarkers widely used. Therefore, this issue was
addressed in the present study. As a result, plasma SAA and
CRP levels were inversely correlated with OS. These results
were expected based on our previous study on PPV (10). These
biomarkers are suggested to be important not only in cancer
vaccines, but also in other treatment modalities for advanced
pancreatic cancers.

Collectively, due to the safety profile and the potential
clinical efficacy of PPV, further clinical trials to determine a
protocol suitable for PPV-based therapy in chemotherapy-resis-
tant advanced pancreatic cancer patients are warranted.
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Refractory bone and soft tissue sarcomas are challenging diseases
to treat because of their robustness to chemotherapy. Although
cancer vaccines have the potential to become an attractive treat-
ment modality, their progress has been hampered by the presence
of many subtypes of sarcomas and different human leukocyte anti-
gen (HLA)-types. We investigated whether personalized peptide
vaccination (PPV) would be feasible for the vast majority of sar-
coma patients. Twenty refractory bone and soft tissue sarcoma
patients with nine different subtypes and 11 different HLA-class 1A
phenotypes were enrolled in this study. A maximum of four HLA-
matched peptides showing higher peptide-specific igG responses
in pre-vaccination plasma were selected from 31 pooled peptide
candidates applicable for the HLA-A2, -A3, -A11, -A24, -A26, -A31,
and -A33 types, and were subcutaneously administered weekly for
6 weeks and bi-weekly thereafter. Measurement of peptide-spe-
cific CTL and IgG responses along with other laboratory analyses
were conducted before and after vaccination. No patients were
excluded by either sarcoma subtypes or different HLA-types. No
severe adverse events associated with PPV were observed in any
patients. Peptide-specific immunological boosting was observed in
the post-vaccination samples from the majority of patients. Tumor
reduction of the lung metastasis and a long stable disease was
observed in each case, and the median overall survival time of the
20 cases was 9.6 months. Taken together, PPV could be feasible for
the vast majority of refractory sarcoma patients because of the
safety and higher rates of immunological responses regardless of
the presence of different sarcoma subtypes and various HLA-types.
(Cancer Sci 2013; 104: 1285-1294)

R efractory bone and soft tissue sarcomas are challenging
diseases to treat with an unmet need for effective systemic
therapy.''” Several molecularly targeted agents, such as mam-
malian target of rapamycin (mTOR) inhibitor'” and antibody
to the insulin-like growth factor 1 receptor (IGF-1R)," have
shown clinical benefits in a subgroup of sarcoma patients with
refractory sarcomas, achieving a median survival time (MST)
of 7.6-9.2 months. However, new treatment modalities still
remain to be developed to improve overall survival (OS) of
these patients, and cancer vaccines have been discussed as a
promising approach against refractory sarcomas because of the
expressions of tumor-associated antigens (TAA) on sarcoma
tissues.'" > Nevertheless, there have been few clinical trials
of cancer vaccination for refractory sarcoma patients. One of
the hurdles could be the fact that there are many sarcoma
subtypes along with different human leukocyte antigen
(HLA)-types.

We have developed a novel regime of personalized peptide
vaccination (PPV), in which vaccine antigens are selected and
administered from a pool of 31 different peptide candidates

doi: 10.1111/cas.12226
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based on the pre-existing IgG responses specific to peptides
before vaccination.'“™'* In previous studies, the PPV was fea-
sible for the vast majority of cancer patients with different
HLA-types.'">"" A recently conducted randomized clinical
trial of PPV in advanced prostate cancer patients showed a
favorable clinical outcome in the vaccinated group.''® In the
present study, we addressed whether PPV treatment would be
feasible for refractory bone and soft tissue sarcoma patients
with various HLA-types by conducting a small-scale phase II
study.

Materials and Methods

TAA and HLA-class | expressions in sarcoma tissues. The
expressions of 15 different TAA, from which the vaccine pep-
tides used for PPV were derived, were examined by immunohis-
tochemistry (IHC) in 26 sarcoma tissues (11 leiomyoarcoma,
five synovial sarcoma, five malignant fibrous histiocytoma, and
five liposarcoma) as previously reported.'”’ The expression of
HLA-class I was also examined by IHC in the 26 sarcoma tis-
sues by using an anti-HLA-class I antibody (murine monoclonal,
clone EMRS&-5; Abcam, Cambridge, UK).

Patients. Patients with histological diagnosis of bone and
soft tissue sarcoma were eligible for inclusion in the present
study. All patients were required to have evaluable recurrent
and/or metastatic tumors at the time of entry. Patients whose
general condition was tolerable for chemotherapy or radiother-
apy were eligible only after the failure of these therapies.
Patients, who had poor general conditions intolerable for che-
motherapy or radiotherapy, or refused them, were also eligible.
All patients were required to show positive IgG responses to at
least two of the 31 different vaccine candidate peptides, as
reported previously."'""'? Other inclusion criteria were as fol-
lows: age between 20 and 80 years; an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1; posi-
tive status for the HLA-A2, -A24, -A3 supertypes (A3, All,
A31, or A33), or -A26 types; life expectancy of at least
12 weeks; and adequate hematologic, hepatic, and renal func-
tion. Exclusion criteria included pulmonary, cardiac, or other
systemic diseases; an acute infection; a history of severe aller-
gic reactions; pregnancy or nursing; and other inappropriate
conditions for enrollment as judged by clinicians. Patients with
a lymphocyte count of <1000/pL were excluded from the
study, since we previously reported that pre-vaccination
Iymphocytopenia (<1000 cells/pL) is an unfavorable factor for
OS in cancer patients receiving PPV."'®'” The protocol was
approved by the Kurume University Ethical Committee and
registered in the UMIN Clinical Trials Registry
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(UMIN#000002282). All patients were given a full explanation
of the protocol and provided their informed consent before
enrollment.

Clinical protocol. This was a phase II study to evaluate the
safety and immunological responses in refractory bone and soft
tissue sarcoma patients under PPV. Thirty-one peptides, whose
safety and immunological effects for other types of cancer were
confirmed in previously conducted clinical studies,'"''™'* were
used for vaccination (12 peptides for HLA-A2, 16 peptides for
HLA-A24, nine peptides for HLA-A3 supertypes [-A3, -All,
-A31, and -A33], and four peptides for HLA-A26) (Table S1).
These peptides were prepared under the condition of Good Man-
ufacturing Practice (GMP) by the PolyPeptide Laboratories (San
Diego, CA, USA) and American Peptide Company (Vista, CA,
USA). Peptides for vaccination to individual patients were
selected in consideration of the pre-existing host immunity
before vaccination, as assessed by the titers of IgG specific to
each of the 31 different vaccine candidates.

A maximum of four peptides (3 mg/each peptide), which
were selected based on the results of HLA typing and

peptide-specific IgG titers, were subcutaneously administrated
with incomplete Freund’s adjuvant (Montanide ISA51; Seppic,
Paris, France) once a week for six consecutive weeks. After
the first cycle of six vaccinations, up to four antigen peptides,
which were re-selected according to the titers of peptide-spe-
cific IgG at the 6th vaccination, were administered every
2 weeks. During the PPV, patients were allowed to receive
combination therapies, such as chemotherapies or radiothera-
pies. Since the frequency of bone and soft tissue sarcomas had
been low, we enrolled the patients treated both with and with-
out combination therapies to facilitate the enrolment. Adverse
events were monitored according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events version
3.0 (NCI-CTC Ver.-3.0). Complete blood counts and serum
biochemistry tests were performed every six vaccinations. The
clinical responses were determined by the Response Evaluation
Criteria in Solid Tumors (RECIST) in the vaccinated patients.
The RECIST-based clinical responses were evaluated every six
vaccinations by radiological findings of computed tomography
(CT) scan and/or magnetic resonance imaging (MRI), and the
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(m) Fig. 1. Expressions of tumor-associated antigens
(TAA) in soft tissue sarcoma tissues. Expressions of
TAA were examined by immunohistochemistry in
soft tissue sarcoma tissues. Thirteen out of the 15
TAA were expressed at different frequencies in soft
tissue sarcoma tissues. Representative results are
" shown (a-m: x400). The remaining two prostate-
related antigens, PSA and PSMA, were not
detectable by immunohistochemistry in sarcoma
MRP3 tissues tested (not shown).
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best overall responses during PPV treatment were shown. For
the patients who did not complete the first cycle of six
vaccinations, the newest radiological findings were evaluated.
Measurement of humoral and cellular immune responses and
inflammatory cytokine and markers. Humoral immune responses
specific to each of the 31 peptide candidates were determined
by peptide-specific 1gG levels using the Lummex system
(Luminex, Austin, TX, USA), as previously reported.’ DI the
titers of peptide-specific IgG to at least one of the vaccinated
peptides in the post-vaccination plasma were more than two-
fold higher than those in the pre-vaccination plasma, the
changes were considered to be significant as reported prev1-
ously."""™'® Cellular immune responses specific to the vacci-
nated peptides were evaluated by interferon (INF)-y ELISPOT

Fig. 2. Expressions of HLA-class | in soft tissue
sarcoma tissues. Expressions of HLA-class | were
examined by immunohistochemistry in different
subtypes of soft tissue sarcoma tissues.
(a,b) leiomyosarcoma (a, x200; b, x400). (c,d) synovial
sarcoma (¢, x200; d, x400). (ef) liposarcoma
(e, x200; f, x400). (g,h) malignant fibrous hist-
ocytoma (g, x200; h, x400).

Takahashi et al.

using PBMCs as reported previously."' '™ As a control, cellu-
lar immune responses specific to CEF peptides (MABTECH,
Cincinnati, OH, USA), a mixture of virus-derived CTL epi-
topes, were also examined. Inflammatory cytokine and mark-
ers, including, interleukin-6 (IL- 6) C-reactive protein (CRP),
and serum amyloid A (SAA), in plasma samples were also
examined by ELISA as reported previously.'"

Statistical analysis. The two-sided Wilcoxon test was used to
examine differences between pre- and post-vaccination mea-
surements. P-values <0.05 were considered to be statistically
significant. Progression-free survival (PFS) or OS were calcu-
lated from the date of the first vaccination until the date of dis-
ease progression or death, respectively, or the last date when
the patient was known to be alive. Predictive factors for OS

Synovial sarcoma

Malignant fibrous histiocytoma
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Table 1. Characteristics of the enrolled patients with refractory sarcoma
HLA Previous No. of Periods of Disease No. of Combined  Treatment Survival
No wpe Sex Age Pathology Stage PS radiothera previous chemothera location v O " th PFS R
yp py chemotherapy py C accination erapy response times
1 A2/A24 M 64 Osteosarcoma rec. 0 + 2 23.0 Lung 12 - PD 4.8 9.7
2 A2/A1T M 31 Malignant rec. 0 + 1 6.8 Lung, Mediastinal LN 17 - SD 6.8 7.6
neurinoma
3 A2/A24 M 60 MFH rec. 0 ~ - - Lung, Inguinal LN 6 - PD 2.0 2.3t
4 A2/A24  F 30  Synovial rec. 0 + 4 32.0 Lung 6 Radiotherapy PD 1.8 4.6
sarcoma
5 A2/A26 M 54  Synovial v 0 - 1 10.0 Mediastinal LN 6 - SD 33.0 35.0%
sarcoma
6 A24/A33 F 74 Liposarcoma rec. 1 + - - Humerus, Thoracic 14 - SD 7.4 9.2%
vertebra
7 AT1/A33 F 49 Leiomyosarcoma IV 0 - 2 3.8 Lung, Liver, Sacrum 15 - PD 4.5 10.0
8 A33 F 23 Osteosarcoma rec. 0 - 4 6.9 Lung, Hilar LN 4 - PD 1.6 2.2
9 A24/A33 M 43 Epithelioid rec. 1 + - - Parasternal LN, 12 - SD 7.0 25.0%
sarcoma Pleura
10 A4 F 33 Leiomyosarcoma  rec. 0 - 3 17.0 Lung, Liver, 12 GEM + DTX PD 4.4 9.6
Peritoneum
11 A24/A26 F 62 Liposarcoma rec. 0 - 2 2.7 Liver, Retroperitoneum 4 - PD 1.5 7.2
12 A24/A26 F 55 Clear cell rec. 1 - 3 4.6 Lung, 6 - PD 3.5  21.0%
sarcoma Intraabdominal LN
13 A24 M 73 MFH rec. 0 - - - Lung, Liver 1 - SD 11.0 11.0
14 A26/A30 F 38 MFH rec. 1 - 2 2.3 Liver, Retroperitoneum 3 - PD 1.4 2.5
15 A4 F 75 Leiomyosarcoma  rec. 0 - - - Liver, Lumbar vertebra, 12 - PD 4.4 6.2
Sacrum, Femur
16 A2/A24 M 64 Chondrosarcoma rec. 0 - - Lung, Pleura 14 - SD 57 571
17 A2 F 63 Leiomyosarcoma  rec. 0 + 3 24.0 Lung, Subcutaneous 6 GEM PD 1.8 4.7
tissue
18 A2ZA11 M 71 Osteosarcoma rec. 0 - -~ - Local recurrence, Lung 11 - PD 3.5 4.1%
19 A2/A26 M 45 Alveolar soft rec. 0 + 3 65.0 Lung, Brain 10 Radiotherapy PD 3.5 3.6t
part CPA
sarcoma
20 A11/A31 M 27 Synovial rec. 0 = 2 8.9 Lung, Liver, 6 Sorafenib PD 1.6 3.2
sarcoma Retroperitoneum

TSurvivor. CPA, cyclophosphamide; DTX, docetaxel; F, female; GEM, gemcitabine; LN, fymph nodes; M, male; MFH, malignant fibrous histocytoma; PS, performance status; PD, progressive dis-

ease; PFS, progression-free survival; rec., recurrent status; SD, stable disease.



