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Abstract New anticancer vaccines must overcome reg-
ulatory T cell (Treg)-mediated immunosuppression. We
previously reported that oral ingestion of Lentinula edodes
mycelia (L.E.M.) extract restores melanoma-reactive
T cells in melanoma-bearing mice via a mitigation of Treg-
mediated immunosuppression. In this study, we investi-
gated the effect of oral ingestion of the extract on peptide
vaccine-induced anti-tumor activity. The day after subcu-
taneous inoculation in the footpad with B16 melanoma,
mice were freely fed the extract and were vaccinated with a
tyrosinase-related protein 2,g9_;g3g peptide. The peptide
vaccine was repeated thrice weekly. Melanoma growth was
significantly suppressed in mice treated with both the
peptide vaccine and L.E.M. extract compared with mice
treated with vaccine or extract alone, and the effect
was CD8" T cell-dependent. The combination therapy
increased H-2K’-restricted and B16 melanoma-reactive
T cells in the draining lymph nodes and spleen. Flow
cytometric and immunohistological analyses revealed that
the combination therapy significantly decreased the per-
centage of Tregs in the draining lymph nodes and spleen of
melanoma-bearing mice compared to treatment with vac-
cine or extract alone. Kinetic analyses of peptide-specific
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T cells and Tregs revealed that induction of peptide-spe-
cific T cells by the peptide vaccine alone was transient, but
when combined with L.E.M. extract, it efficiently pro-
longed the duration of peptide-specific T cell induction
without increasing the percentage of Tregs. These results
indicate that combination therapy enhances peptide
vaccine-induced anti-tumor activity due to attenuation of
the increase in the percentage of Tregs in tumor-bearing
hosts.
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Introduction

Tumor-reactive cytotoxic T lymphocytes recognize tumor-
derived antigens on cancer cells and are the most potent
cancer killing cells known [1-3]. Anticancer peptide vac-
cines are used clinically to induce proliferation of anti-
cancer T cells [4-6], but thus far their therapeutic efficacy
has proven unsatisfactory [7]. One obstacle to be overcome
is the activity of immunosuppressive cells, including reg-
ulatory T cells (Tregs) and/or myeloid-derived suppressor
cells (MDSCs), which increase in cancer patients and
profoundly influence the clinical outcome of anticancer
immunotherapies [8, 9]. In particular, an increase in the
number of Tregs is thought to negatively correlate with
cancer patient survival [10, 11].

Several treatment modalities have been proposed to
alleviate Treg-mediated immunosuppression [12-17]. We
recently reported that oral ingestion of Lentinula edodes
mycelia (L.E.M.) extract mitigates Treg-mediated immu-
nosuppression and restores melanoma-reactive CD8"
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T cells in melanoma-bearing mice [18]. As a preliminary
step toward extending the application of this treatment, we
investigated the effect of oral ingestion of L.E.M. extract
on the anti-tumor effects induced by vaccination with a
peptide derived from tyrosinase-related protein 2 (TRP2),
which is a melanocyte differentiation antigen. Combination
therapy involving the peptide vaccine and ingestion of
L.E.M. extract significantly suppressed the growth of B16
melanoma cells in a CD8% T cell-dependent manner
compared toc treatment with either therapy alone. The
combination therapy increased H-2K’-restricted and B16
melanoma-reactive T cells in the draining lymph nodes
(LNs) and spleen of melanoma-bearing mice. Additionally,
although induction of peptide-specific T cells was transient
with peptide vaccination alone, combining the vaccine with
L.E.M. extract prolonged the duration of T cell induction
while reducing the proliferation of Tregs. Our results
indicate that L.E.M. extract is a useful immunomodulating
reagent and has the potential to enhance the therapeutic
efficacy of various types of immunotherapies, including
anticancer peptide vaccines.

Materials and methods
Mice

C57BL/6 (H—Zb: 6 weeks old) female mice were purchased
from Japan SLC, Inc. (Hamamatsu, Japan). Animals were
maintained under specific pathogen-free conditions. Mice
were used for experiments at 7 weeks of age. Experiments
were performed according to the Ethical Guidelines for
Animal Experiments of the Kobayashi Pharmaceutical Co.,
Ltd., and conformed to the provisions of the Declaration of
Helsinki in 1995 (as revised in Tokyo 2004).

Tumor cell lines

B16BL6 (B16) is a melanoma cell line originating in
C57BL/6 mice. B16L is an MHC class I loss variant of the
B16 melanoma line, and B16L-K® is a B16L subline
expressing H-2K® [19]. All cell lines were maintained in
vitro in RPMI 1640 complete medium (Sigma-Aldrich
Japan, Tokyo, Japan) supplemented with 10 % heat-inac-
tivated FBS (Thermo Trace, Melbourne, Australia) and
1 % penicillin—streptomycin (Wako Japan, Osaka, Japan).

L.E.M. reagent
A dried powder extract of L.E.M. was prepared with hot
water before germination and after culturing mycelia in a

medium composed of bagasse and rice bran, as previously
described [20].
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In vivo anti-tumor assay

A total of 7.5 x 10° B16 melanoma cells were inoculated
s.c. into the footpad of C57BL/6 mice. Beginning the next
day, mice were freely fed food containing 2 % L.E.M.
extract. Tumor size was measured twice weekly thereafter.
On day 21, all mice were euthanized and their feet were
amputated. The tumor weights were calculated by sub-
tracting the mean weight of the feet of naive mice (0.126 g)
from the weight of the feet of B16 melanoma-bearing mice.

Therapeutic immunization

The day after melanoma inoculation, mice (6 mice/group)
received an s.c. injection of complete Freund’s adjuvant
(CFA) containing TRP2go_135 peptide (200 pg of peptide/
mouse). One and 2 weeks after the first immunization,
mice received s.c. injections of incomplete Freund’s adju-
vant (IFA) containing TRP2,g9 133 peptide (200 pg of
peptide/mouse) for boosting.

In vivo depletion of CD8" T cells

In some experiments, melanoma-bearing mice received i.p.
injections of 200 pg of either anti-CD8 mAb (53-6.72: rat
IgG2a) or an isotype-matched control antibody on days —1
and +7 relative to tumor inoculation. Both antibodies were
purchased from eBioscience (Kobe, Japan).

In vivo transfer of Tregs

In some experiments, melanoma-bearing and L.E.M.
extract-fed mice were injected i.v. with Tregs of 81-91 %
purity on day 3 (3.2 x 10° cells/mouse) and day 7 (3.0 x
10° cells/mouse) after tumor inoculation. Tregs were pre-
pared from naive C57BL/6 mice using MACS beads
(Miltenyi Biotec, Bergisch Gladbach, Germany).

Assay for peptide-specific or melanoma-specific T cells

To test T cell responses against melanoma cells, an H-2K"-
binding TRP2;g0 135 peptide (SVYDFFVWL) [21] was
used. Ovalbumin (OVA),s7_2¢> peptide (SIINFEKL) was
used as an H-2K’-binding control peptide. Both peptides
were purchased from PH Japan (Hiroshima, Japan)
and were of >90 % purity. Tumor-draining LNs and the
spleen were harvested from each animal and stimulated in
vitro with each of the indicated peptides in the presence of
20 U/ml interleukin (IL)-2 for 3 days. To test for anti-
melanoma cell activity, tumor-draining LNs and spleen
cells were stimulated in vitro with B16, B16L, or B16L-K"
in the presence of 20 U/ml IL-2 for 3 days. Tumor cells
were inactivated by treatment with 100 pg/ml mitomycin C



Cancer Immunol Immunother (2012) 61:2143-2152

2145

(Kyowa Hakko Kirin, Tokyo, Japan) for 90 min. The level
of IFN-7 in the culture supernatants was determined using
an ELISA kit (Invitrogen Japan, Tokyo, Japan).

Flow cytometry

Tumor-draining LNs and spleen cells were stained with
FITC-conjugated anti-mouse CD4 mAb (eBioscience) and
PE-Cy5-conjugated anti-mouse/rat Foxp3 mAb (eBio-
science) and were analyzed using a Beckman Coulter
(Tokyo, Japan) EPICS flow cytometer.

Immunohistochemistry

Immunohistochemical staining of draining LNs to identify
Foxp3™ cells was performed at the Nara Pathological
Institute, Nara, Japan. Draining LNs were harvested and
fixed with formalin. Thereafter, samples were stained with
anti-Foxp3 antibody (Bey Bioscience, Kobe, Japan), fol-
lowed by a biotin-conjugated anti-rat antibody (DAKO,
Tokyo, Japan). The development was carried out using
DAB enhancer (Dako, Tokyo, Japan).

Kinetic analysis of spleen and draining LNs

A total of 7.5 x 10° B16 melanoma cells were inoculated
s.c. into the footpad of C57BL/6 mice. Beginning the next
day, mice were freely fed food containing 2 % L.E.M.
extract and were vaccinated with the TRP2 peptide thrice
weekly as described above. On days 0, 7, 14, and 21, the
draining LNs and spleen were harvested from each animal
and examined for reactivity to the TRP-2,gy 133 peptide
and to determine the percentage of Foxp3™ cells among
CD4™" T cells.

Results

Significant growth suppression of B16 melanoma
in mice treated with both peptide vaccine
and L.E.M. extract

First, we examined the effect of oral ingestion of L.E.M.
extract on peptide vaccine-induced anti-tumor activity
against B16 melanoma established by s.c. inoculation. As
described above, beginning 1 day after melanoma inocu-
lation, mice were freely fed food containing 2 % L.E.M.
extract and received an s.c. injection of CFA containing the
TRP2g09_133 peptide. One and 2 weeks after the first
immunization, mice received s.c. injections of IFA con-
taining the TRP2,g0_;gg peptide for boosting. As a control
for the peptide vaccine, mice were injected s.c. with the
same volume of CFA or IFA without the TRP2 peptide. On

average, each mouse was fed approximately 4 g of the 2 %
L.E.M. food, equivalent to 0.08 g of L.E.M. extract. No
difference in tumor growth was noted between mice fed 2
or 8 % L.E.M. extract (data not shown); therefore, 2 %
L.E.M. extract was used in all experiments.

As shown in Fig. la, although both L.E.M. extract and
the peptide vaccine exhibited some degree of anti-tumor
activity individually, the combination therapy significantly
suppressed tumor growth. A similar result was obtained
when the anti-tumor activity was assessed according to
tumor weight (Fig. 1b). Different results were observed
with peptide vaccine treatment alone: tumor growth (as
measured by size) was significantly suppressed, but there
was no effect on tumor weight. Nevertheless, it is of note
that both measures indicated that combination therapy
significantly suppresses melanoma growth.

We next examined the effect of CD8™ T cell depletion on
the anti-tumor effect induced by the combination therapy.
On the day following the second administration of anti-CD8§
mAb, the percentage of CD8" T cells in the draining LNs
decreased from 27.2 to 6.2 %. As shown in Fig. lc,
depletion of CD8' T cells abolished the combination
therapy-induced anti-tumor effect, suggesting that CD8"
T cells play an essential role in the anti-tumor effect
induced by the combination therapy. Although we previ-
ously reported that oral ingestion of L.E.M. extract can
significantly decrease the number of Tregs in melanoma-
bearing mice [18], in this study, we directly addressed the
question whether transfer of Tregs could reverse the anti-
tumor effect induced by L.E.M. extract (Fig. 1d). Tregs that
were prepared from spleen cells of naive mice were trans-
ferred i.v. on days 3 and 7 after tumor inoculation. As a
result, although no significant difference in tumor size was
observed (data not shown), the adoptive transfer of Tregs
reversed the decrease in tumor weight in mice that were fed
L.E.M. extract. These findings indicate that in vivo growth
suppression of melanoma after the combination therapy
primarily depends on CD8" T cells and support the
hypothesis that the anti-tumor effect associated with oral
ingestion of L.E.M. extract derives at least partially from
mitigation of Treg-mediated immunosuppression.

Combination therapy with peptide vaccine and
L.E.M. extract increases H-2K"-restricted and
melanoma-reactive T cells in melanoma-bearing mice

Next, we examined the effect of oral L.E.M. ingestion on
induction of tumor peptide-reactive and/or melanoma-
reactive T cells in the draining LNs and spleen of B16
melanoma-bearing mice. We used the TRP2,g,_;35 peptide
as a melanoma antigen-derived and H-2K® binding peptide,
as previously reported [18]. Although both the L.E.M.
extract and the peptide vaccine significantly increased
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Fig. 1 Anti-tumor activity induced by L.E.M. extract and/or TRP2
peptide. C57BL/6 mice were injected s.c. in the right foot pad with
7.5 x 10° B16 cells. Beginning the next day, mice were freely fed food
containing 2 % L.E.M. extract and received an s.c. injection of CFA
containing the TRP2;g0_1gg peptide (200 pg of peptide/mouse). One
and 2 weeks after the first immunization, mice received s.c. injections
of IFA containing the TRP2g,_;3g peptide (200 pg of peptide/mouse)
for boosting. a Measurement of tumor size. ¥*P < 0.05; **P < 0.01. Ad
adjuvant. b On day 21, all mice were euthanized and their feet were
amputated. The tumor weights were calculated by subtracting the mean
weight of the feet of naive mice (0.126 g) from the weight of the feet of

TRP2,g40_133 peptide-specific and IFN-y-producing T cells
in the draining LNs and spleen of melanoma-bearing mice
when administered individually, the combination therapy
significantly enhanced the levels of these T cells (Fig. 2).

We further tested the reactivity of H-2K’-restricted
T cells to melanoma cells. Draining LNs and spleen cells
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B16 melanoma-bearing mice. Similar results were obtained in three
independent experiments. *P < 0.05; **P < 0.01. NS not significant.
¢ B16 melanoma-bearing mice, which were injected i.p. with either
anti-CD8 mAb (200 pg/mouse) or isotype-matched control antibody
on days —1 and +7, were treated with or without the combination
therapy and tumor size was measured. **P < 0.01. d B16 melanoma-
bearing mice were treated with or without L.E.M. extract and Tregs
were injected i.v. on days 3 and 7 after tumor inoculation. On day 21, all
mice were euthanized, their feet were amputated, and tumor weights
were determined. The mean £ SD for each group of 5 or 6 mice is
shown. **P < 0.01; NS not significant

were stimulated in vitro with either B16, B16L. (an MHC
class I loss variant of B16) or BI6L-K" (H-2K"-expressing
B16L), and the level of IFN-y in the supernatants was
determined (Fig. 3). Both the L.E.M. extract and the
peptide vaccine significantly increased B16 melanoma-
reactive T cells in the draining LNs and spleen of
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Fig. 2 Reactivity of draining LNs and spleen to the TRP-2 peptide.
B16 melanoma-bearing mice were treated as described in Fig. 1. On
day 21, the draining LNs and spleen were harvested and stimulated in
vitro with the indicated peptide in the presence of 20 U/ml IL-2, and

melanoma-bearing mice. Similar to tests of reactivity to the
TRP2 peptide, the combination therapy significantly
enhanced the level of IFN-7 in draining LNs, but not in the
spleen. The combination therapy-induced enhancement of
the activity of melanoma-reactive T cells was more dis-
tinguishable in the draining LNs than in the spleen. These
results indicate that combining the L.E.M. extract and
peptide vaccine therapies effectively increases MHC class
[-restricted and melanoma antigen-reactive T cells in
melanoma-bearing mice, especially in the draining LNs.

Combination therapy can relieve the increase of Tregs
in melanoma-bearing mice

We then examined the frequency of Tregs in the draining
LNs and spleen of melanoma-bearing mice treated with
L.E.M. extract and/or the peptide vaccine. Neither treat-
ment alone had an impact on the melanoma-induced
increase in the percentage of Tregs in the draining LNs and
spleen. However, the combination therapy significantly
decreased the percentage of Tregs in both the draining LNs
and the spleen (Fig. 4a). Representative results are shown
in Fig. 4b. Although we previously reported that ingestion
of L.E.M. extract alone decreases the frequency of Tregs in
melanoma-bearing mice [18], no significant decrease was
observed in this experiment. This discrepancy might relate
to the s.c. injection of CFA without peptide, since injection
of adjuvant alone tended to increase the frequency of Tregs
in naive mice (data not shown).

760 1400 0 960
IFN-v (pg/ml)

1800

the level of IFN-y in the supernatant was determined using ELISA.
Each data point represents three wells. Similar results were obtained
in three independent experiments. *P < 0.05; **P < 0.01. Ad adju-
vant, ND not detected

To directly explore the effect of combination therapy on
Tregs in vivo, we examined Tregs in the draining LNs
using immunohistochemical staining. While administration
of either L.E.M. extract or peptide vaccine alone had no
impact on the melanoma-induced increase in the number of
Treg cells in the draining LNs, the combination therapy
successfully diminished the number of these cells in the
draining LNs (Fig. 5a). Representative photos are shown in
Fig. 5b.

L.E.M. extract prolongs the peptide vaccine-induced
increase of specific T cells while attenuating
the increase in Tregs in combined therapy

To elucidate the mechanism behind the efficacy of the
combination therapy, we examined the kinetics of TRP2
peptide-specific T cells and Tregs in the draining LNs and
spleen of melanoma-bearing mice. The peptide vaccine
increased peptide-specific T cells in the draining LNs on
day 7, but this increase was transient and did not last until
day 14 (Fig. 6a). Ingestion of L.E.M. extract increased
peptide-specific T cells in the draining LNs for up to
2 weeks, but the increase was relatively small. In contrast,
the combination therapy significantly increased TRP2
peptide-reactive and IFN-y-producing T cells in draining
LN cells and maintained them at a high level even 21 days
after melanoma inoculation. Although a similar trend was
observed in the spleen, the increase was not as prominent
as in the draining LNs. With respect to the frequency of
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Fig. 3 Reactivity of draining LNs and spleen to B16 melanoma and
its sublines. B16 melanoma-bearing mice were treated as described in
Fig. 1. On day 21, the draining LNs and spleen were harvested and
stimulated in vitro with each of the indicated cell lines in the presence
of 20 U/ml IL-2, and the level of IFN-y in the supernatant was

Tregs, the combination therapy significantly attenuated the
Treg increase in both the draining LNs and spleen
(Fig. 6b).

Discussion

Treg-mediated immunosuppression significantly dimin-
ishes the efficacy of vaccine-induced anticancer therapies
in cancer-bearing hosts [10, 11]. We recently reported that
oral ingestion of L.E.M. extract mitigates Treg-mediated
immunosuppression in B16 melanoma-bearing mice, and
this effect is accompanied by efficient induction of mela-
noma-reactive T cells [18]. In this study, we determined
whether oral ingestion of L.E.M. extract can enhance anti-
tumor activity in B16 melanoma-bearing mice vaccinated
with a TRP2 peptide that induces H-2K"-restricted and
melanoma-reactive CTLs.

We attempted to elucidate the mechanism underlying
the significantly greater suppression of tumor growth by the
combination therapy relative to the use of L.E.M. extract
and the peptide vaccine alone. First, we focused on the
reactivity of the spleen and draining LNs against a TRP2
peptide and examined the level of IFN-y 21 days after
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Similar results were obtained in three independent experiments.
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melanoma inoculation. The draining LNs and spleen of
melanoma-bearing mice treated with the combination
therapy had higher levels of IFN-y than mice treated with
either the peptide vaccine or L.E.M. extract alone (Fig. 2).
Similar results were obtained when reactivity to B16
melanoma and its sublines was examined (Fig.3). In
addition, we showed that depletion of CD8™ T cells abol-
ishes the combination therapy-induced anti-tumor effect,
indicating an essential role for CD8" T cells in this
experimental system. Together, these results indicate that
the combination therapy effectively increases the ampli-
tude of the reactivity of CTLs toward melanoma cells.
We then examined the kinetics of the reactivity of the
draining LNs and spleen to the TRP2 peptide and the
percentage of Tregs in these tissues (Fig. 6). Notably,
combination therapy significantly prolonged the duration
of the anti-tumor responses of the draining LNs and spleen
in melanoma-bearing mice. The prolongation was more
prominent in the draining LNs than in the spleen. Intrigu-
ingly, the lasting increase in the reactivity of T cells in the
draining LNs and spleen contrasted with the lowered per-
centage of Tregs in melanoma-bearing mice treated with
the combination therapy. These findings led us to conclude
that combining the peptide vaccine with oral ingestion of
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Fig. 6 Kinetic analyses of draining LNs and spleen cells of
melanoma-bearing mice. B16 melanoma-bearing mice were treated
as described in Fig. 1. a On days 0, 7, 14, and 21, the draining LNs
and spleen were harvested and stimulated in vitro with each of the
indicated peptides in the presence of 20 U/ml IL-2 and the level of
IFN-y in the supernatant was determined using ELISA. The

L.E.M. extract elicits anti-tumor activity in melanoma-
bearing mice through an enhancement of anti-melanoma T
cell responses at the levels of ‘amplitude’ and ‘duration’,
while attenuating the increase in the percentage of Tregs.

It remains unknown how oral ingestion of L.E.M.
extract enhances induction of melanoma-reactive T cells in
tumor-bearing mice. We previously reported that oral
ingestion of L.E.M. extract can decrease the number of
Tregs in B16 melanoma-bearing mice [18]. In the present
study, we showed that adoptive transfer of Tregs can
reverse the L.E.M. extract-induced anti-tumor effect as
demonstrated by evaluation of tumor weight (Fig. 1d).
These lines of evidence indicate that oral ingestion of
L.E.M. extract inhibits B16 melanoma growth via mitiga-
tion of Treg-mediated immunosuppression. In this regard,
we tested the possibility that L.E.M. extract can directly
inhibit the induction of Tregs in an in vitro culture system,
whereas the addition of a high dose of L.E.M. extract (e.g.,
200 pg/ml) failed to inhibit Treg induction (Suppl. Fig. 1).
On the other hand, it has been reported that L.E.M. extract
contains f(1,3)(1,6)p-glucan [20], which potentially pro-
vides signaling through a Dectin-1 receptor [22]. Signaling
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via this receptor can elicit a Thl-type response without
inducing Tregs [23]. This information suggests that Dectin-
I-mediated signaling was involved in enhancing induction
of melanoma-reactive T cells in melanoma-bearing mice
treated with the combination therapy in this study. In
addition, a recent report revealed that vaccination with an
MHC class I-binding tumor-antigen-derived peptide along
with IFA results in enhanced tumor growth in association
with apoptosis of CD8" T cells, and that the additional use
of toll-like receptor (TLR) 9 ligand rescues these T cells
from apoptosis [24]. Furthermore, lentinan and the protein-
bound polysaccharide PSK reportedly contain ligands for
TLR2 or TLR4 [25, 26]. Signaling though TLR2 can
induce production of cytokines and chemokines synergis-
tically and in a MyD88-dependent manner when combined
with stimulation of TLR4 and TLR9 [27]. Although we
have not determined whether L.E.M. extract contains
candidate TLR ligands, we observed that TNF-« produc-
tion by human monocytes in the presence of L.E.M. extract
is inhibited by the addition of anti-TLR4 antibody
(unpublished observation). These lines of evidence suggest
that L.E.M. extract can provide TLR-mediated signaling
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that results in optimal activation of professional antigen-
presenting cells and avoids apoptosis of T cells induced by
MHC class I-binding peptide vaccines. We are currently
undertaking experiments to test these possibilities.

We also examined the percentage of Tregs in the
draining LNs and spleen of melanoma-bearing mice treated
with the peptide vaccine and/or L.E.M. extract and found
that the percentage of Foxp3™ cells among CD4" T cells
decreased to the same level as in naive mice (Fig. 4). This
observation was also confirmed by immunohistochemical
staining experiments (Fig. 5). On the other hand, no
decrease in the percentage of Tregs was observed in mel-
anoma-bearing mice that were fed L.E.M. extract and
injected with CFA/IFA without a TRP2 peptide. Although
this result seemed to contradict our previous report that oral
ingestion of L.E.M. extract decreases the percentage of
Tregs in melanoma-bearing mice [18], we suppose that the
discrepancy might have been due to the use of CFA, which
contains mycobacterial antigens that strongly induce
inflammation in vivo. The observation that injection of
adjuvant alone tended to increase the frequency of Tregs in
naive mice supports this explanation. Concurrent injection
of CFA might prevent L.E.M. extract from decreasing the
percentage of Tregs in melanoma-bearing mice. Alterna-
tively, it is significant that no decrease in the percentage of
Tregs was observed when naive mice were fed L.E.M.
extract, excluding the possibility of L.E.M. extract-induced
autoimmune disease.

In conclusion, we demonstrated that anti-tumor activity
induced by peptide vaccines can be effectively enhanced by
combining the vaccine with oral ingestion of L.E.M. extract.
This enhancement presumably occurs through an increase in
the amplitude and duration of the heightened response of
melanoma-reactive T cells in tumor-bearing hosts. An
advantage of L.E.M. extract is that it can be administered
orally on an outpatient basis [28, 29]. We hope that this type
of immunomodulating drug will be reevaluated and even-
tually used together with current anticancer immunothera-
pies, including peptide-based anticancer vaccines.
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