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In the current study, we investigated whether anti-CD27 monoclonal antibody can

enhance the antitumor efficacy of a dendritic cell–based vaccine in prostate cancer–

bearing mice. The overall therapeutic effect of a dendritic cell–based vaccine for prostate

cancer remains moderate. A prostate cancer model was established by subcutaneous

injection of RM-1 tumor cells into male C57BL/6 mice on day 0. After 4 days, tumor-

bearing mice were treated with RM-1 tumor lysate–pulsed dendritic cells (i.e., dendritic

cell–based vaccine), anti-CD27 monoclonal antibody, or a combination of RM-1 tumor

lysate–pulsed dendritic cells with anti-CD27 monoclonal antibody. Mice were killed at

21 days after tumor cell implantation. Tumor size was measured for assessment of

antitumor effect. Spleens were collected for analysis of antitumor immune responses.

The antitumor immune responses were evaluated by measuring the proliferation and

activity of T cells, which have the ability to kill tumor cells. The combination therapy

with RM-1 tumor lysate–pulsed dendritic cells and anti-CD27 antibody significantly

enhanced T-cell proliferation and activity, and significantly reduced tumor growth,

compared with monotherapy with RM-1 tumor lysate–pulsed dendritic cells or anti-
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CD27 antibody. Our results suggest that combined treatment can strengthen antitumor

efficacy by improving T-cell proliferation and activity.

Key words: Anti-CD27 antibody – Dendritic cell vaccine – Prostate cancer – Mouse tumor
model

Prostate cancer is the most frequently diagnosed
cancer and the second leading cause of cancer-

related death among men in the United States.1 Up to
20% to 40% of patients with primarily localized
prostate cancer will experience disease recurrence
after radical prostatectomy or radiation therapy.2–4

Although disease recurrence can be temporarily
controlled with androgen deprivation therapy, recur-
rent prostate cancer inevitably progresses to meta-
static castration-resistant prostate cancer.5,6 Patients
with metastatic castration-resistant prostate cancer
have traditionally been treated with chemotherapeu-
tic agents. However, chemotherapy has a limited
impact on overall survival and is associated with
severe side effects.7 Therefore, novel therapeutic
strategies for the management of metastatic castra-
tion-resistant prostate cancer are urgently needed.

Prostate cancer is regularly infiltrated by dendritic
cells and T lymphocytes, and it is considered
susceptible to immunotherapy.8,9 The recent trend
in prostate cancer immunotherapy has been directed
toward dendritic cell–based vaccines. Dendritic cells,
the most potent antigen-presenting cells, have the
capability to process and present antigens derived
from tumor cells to CD4þ and CD8þ T cells.10 The
interaction between dendritic cells and Tcells leads to
expansion and activation of T cells.11 Activated CD8þ

T cells become cytotoxic T lymphocytes with the
ability to destroy tumor cells expressing the same
antigen on the cell surface.12 Activated CD4þ T cells
have been shown to provide help for CD8þ T-cell
activation by releasing cytokines, such as interferon-c
and interleukin-2.13 A total of 181 patients with
metastatic castration-resistant prostate cancer were
treated with dendritic cell–based vaccine in 17
clinical trials.9 Clinical responses to vaccine were
evaluated according to the World Health Organiza-
tion criteria: complete response was defined as
complete disappearance of tumor; partial response
was defined as �50% decrease in tumor size without
the appearance of new metastases; stable disease was
defined as ,25% increase or ,50% decrease in tumor
size; and progressive disease was defined as �25%
increase in tumor size or the appearance of a new
metastasis.14 Of the 181 patients treated, 97 (54%) had
a clinical response, with 1 complete response, 12

partial responses, 83 disease stabilizations, and 1
mixed response.9 The dendritic cell–based vaccine in
these clinical trials was in general well tolerated, with
minimal toxicity observed. Most adverse effects were
local reactions at the injection site, fever, and flulike
symptoms. Although dendritic cell–based vaccine
therapy in patients with metastatic castration-resis-
tant prostate cancer has encouraging results, the
overall clinical benefit of this vaccine remains
moderate. Methods to enhance the immune response
induced by dendritic cell–based vaccine will poten-
tially augment the therapeutic efficacy of this vaccine.

CD27, a member of the tumor necrosis factor
receptor family, is expressed on most peripheral
blood T cells.15 Upon T-cell activation, CD27
expression is strongly enhanced.16 Ligation of
CD27 by anti-CD27 monoclonal antibody provides
a costimulatory signal to T cells and promotes T-cell
proliferation and activation.17 It has been reported
that anti-CD27 antibody can mediate antitumor
efficacy.18–21 We postulated that dendritic cell–based
vaccine and anti-CD27 antibody may act as thera-
peutically synergistic partners against prostate
cancer. The reason is as follows. Dendritic cell–
based vaccine activates T cells by presenting tumor
antigen to T cells. Activated T cells up-regulate CD27
expression. Subsequent addition of anti-CD27 anti-
body further enhances T-cell proliferation and
activation via ligation of CD27 on T cells, thereby
potentiating antitumor efficacy. To test this hypoth-
esis, we investigated the combined action of
dendritic cell–based vaccine with anti-CD27 anti-
body in mouse prostate cancer model.

Materials and Methods

Animals

Male C57BL/6 mice, ages 6 to 8 weeks, were
purchased from Shanghai Laboratory Animal Cen-
ter (Shanghai City, China). They were kept under
specific pathogen-free conditions. Sterilized food
and water were available ad libitum. All animal
experiments followed a protocol that was approved
by the ethics committee on animal research at our
college. We followed appropriate care and use
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guidelines for experimental animals as published by
the US National Institutes of Health.

Preparation of dendritic cell–based vaccine

Culture of dendritic cell–based vaccine was estab-
lished as described by Lim et al.22 In brief, bone
marrow single-cell suspensions of C57BL/6 mice
were prepared, the cells were washed, and the
washed cells were cultured in RPMI-1640 containing
10% heat-inactivated fetal bovine serum, 2 mmol/L
L-glutamine, 100 units/mL penicillin, 100 lg/mL
streptomycin (all from Life Technologies, Grand
Island, New York), 10 ng/mL recombinant mouse
granulocyte-macrophage colony–stimulating factor
(R&D Systems, Minneapolis, Minnesota), and 10
ng/mL recombinant mouse interleukin-4 (R&D
Systems). On day 2, suspended cells were discarded.
Fresh RPMI-1640 supplemented with 10% heat-
inactivated fetal bovine serum and cytokines was
added to the adherent cells. On days 4 and 6, half of
the culture medium was replaced with fresh RPMI-
1640 containing 10% heat-inactivated fetal bovine
serum and cytokines. On day 7, nonadherent and
loosely adherent cells (i.e., immature dendritic cells)
were collected. The mouse prostate cancer cell line
RM-1, syngeneic to C57BL/6 mice, was purchased
from Shanghai Cell Institute (Shanghai City, China).
For preparation of tumor cell lysate, RM-1 tumor cells
were suspended in phosphate-buffered saline and
subjected 4 times to rapid freeze-thaw exposures. In
order to induce dendritic cell maturation, immature
dendritic cells were incubated with RM-1 tumor cell
lysate at the ratio of 3 tumor cells lysate to 1 dendritic
cell in RPMI-1640. After incubation for 8 hours,
dendritic cells were further matured in the presence
of 10 ng/mL recombinant mouse tumor necrosis
factor-a (R&D Systems) and 10 ng/mL recombinant
mouse interferon-c (R&D Systems). After 16 hours of
incubation, RM-1 tumor lysate–pulsed dendritic cells
(i.e., mature dendritic cells) were harvested and used
as dendritic cell–based vaccine in our study. Den-
dritic cells were confirmed by phenotype analysis.

Phenotype analysis of dendritic cells

Immature and mature dendritic cells were harvest-
ed, stained with fluorescein isothiocyanate–labeled
anti-CD11c (dendritic cell marker) monoclonal
antibody (BD PharMingen, San Diego, California),
and phycoerythrin-labeled anti-CD83 (maturation
marker of dendritic cells) monoclonal antibody (BD
PharMingen), and then analyzed by flow cytometry

for expressions of CD11c and CD83 on the cell
surface.

Analysis of CD27 expression on T cells

C57BL/6 mice either were not treated or were
immunized subcutaneously with RM-1 tumor ly-
sate–pulsed dendritic cells (1 3 106). Some of the
mice were killed at 24-hour intervals and spleens
were harvested. T cells were separated from
splenocytes by using the T-cell isolation kit accord-
ing to the manufacturer’s protocol (Miltenyi Biotec,
Auburn, California). Purified T cells were stained
with fluorescein isothiocyanate–labeled anti-CD3 (T-
cell marker) monoclonal antibody (BD PharMingen)
and phycoerythrin-labeled anti-CD27 monoclonal
antibody (BD PharMingen), and then analyzed by
flow cytometry for CD27 expression.

Tumor challenge and treatment

C57BL/6 mice were injected subcutaneously in the
right flank with 2 3 105 RM-1 tumor cells on day 0.
After 4 days, tumor-bearing mice were randomly
divided into 4 groups. Control group received no
treatment. Mice in the dendritic cell–treated group
were immunized subcutaneously in the left flank with
RM-1 tumor lysate–pulsed dendritic cells (1 3106) on
days 4 and 11.23 In the antibody-treated group, anti-
CD27 monoclonal antibody (100 lg; BD PharMingen)
was given intraperitoneally on days 4 and 11. The
combination therapy group underwent both subcu-
taneous administration of RM-1 tumor lysate–pulsed
dendritic cells (1 3 106) on days 4 and 11, and
intraperitoneal injection of anti-CD27 monoclonal
antibody (100 lg) on days 7 and 14. The maximal
perpendicular diameters of tumor were measured in
a blind, randomly numbered fashion using a vernier
caliper twice a week, and tumor size was recorded as
tumor area (mm2). Mice were killed on day 21.

T-cell proliferation assay

Twenty-one days after tumor implantation, control or
differently treated mice were killed and spleens were
harvested. T cells were separated from splenocytes by
using a T-cell isolation kit (Miltenyi Biotec). Purified
T cells were plated at 1 3 105 cells per well in 96-well
round-bottom plates and stimulated with RM-1
tumor lysate–pulsed dendritic cells (1 3 104 per
well). After stimulation for 4 days, 1 lCi of
[3H]thymidine (PerkinElmer, Waltham, Massachu-
setts) was added to each well for an additional 16
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hours. Cells were harvested on glass microfiber filters
using a cell harvester. T-cell proliferation was
assessed by measuring incorporated [3H]thymidine
with a liquid scintillation counter. Results were
expressed as counts per minute.

Cytotoxicity assay

CD8þ T-cell–mediated cytotoxicity was determined
using a standard 51Cr-release assay. In brief, RM-1
tumor cells were used as target cells. In order to label
the target cell with 51Cr, RM-1 tumor cells were
incubated with Na2

51CrO4 (PerkinElmer) for 60
minutes at 378C and washed 3 times prior to use.
Twenty-one days after tumor challenge, spleens were
harvested from control or differently treated mice.
CD8þTcells were separated from splenocytes by using
the CD8þT-cell isolation kit (Miltenyi Biotec) and were
stimulated in vitro with RM-1 tumor lysate–pulsed
dendritic cells at a 10:1 ratio. After 5 days, the primed
CD8þ T cells (effector cells) were harvested, washed
twice, and cocultured in 96-well round-bottom plates
with 51Cr-labeled RM-1 tumor cells (target cells) at an
effector-to-target cell ratio of 100:1. After a 4-hour
incubation at 378C, supernatants were harvested and
51Cr release was assessed using a gamma counter. The
percentage of target cell–specific lysis was determined
as: [(experimental 51Cr release – spontaneous 51Cr
release) / (maximal 51Cr release – spontaneous 51Cr
release)] 3 100.24 The amount of spontaneous 51Cr
release was obtained by incubating target cells in

medium alone. The amount of maximal 51Cr release
was determined by incubation of target cells in 1%
Triton X-100 (Sigma-Aldrich, St Louis, Missouri).

Assessment of interferon-c production

Spleens were collected from control or differently
treated mice 21 days after tumor challenge. CD4þ T
cells were separated from splenocytes by using a
CD4þ T-cell isolation kit (Miltenyi Biotec) and were
cocultured with RM-1 tumor lysate–pulsed dendrit-
ic cells at a 10:1 ratio for 24 hours. Supernatants
were harvested, and interferon-c level was mea-
sured by an enzyme-linked immunosorbent assay
kit (BD PharMingen).

Statistical analysis

Data were expressed as mean 6 SD. Data among
groups were compared by one-way analysis of
variance, followed by the Student-Newman-Keuls
test. P , 0.05 was considered statistically significant.
GraphPad Prism software (GraphPad Software Inc,
San Diego, California) was used for data analysis.

Results

Evaluation of dendritic cell surface marker expression

As shown in Fig. 1, cultured cells highly expressed
CD11c (dendritic cell marker), suggesting that these
cells were dendritic cells. RM-1 tumor lysate–pulsed
dendritic cells (i.e., mature dendritic cells) expressed

Fig. 1 Flow cytometric analysis of

immature and mature dendritic cells.

The dendritic cells were cultured as

described in ‘‘Materials and Methods.’’

Immature and mature dendritic cells

were harvested, stained with fluorescein

isothiocyanate–labeled anti-CD11c

(dendritic cell marker) monoclonal

antibody and phycoerythrin-labeled

anti-CD83 (maturation marker of

dendritic cells) monoclonal antibody,

and then analyzed by flow cytometry.

Expression rates of CD11c and CD83 in

unpulsed dendritic cells (i.e., immature

dendritic cells) and RM-1 tumor lysate–

pulsed dendritic cells (i.e., mature

dendritic cells) were, respectively, 83.2%

(i.e., 3.4% þ 79.8%) and 3.4% for CD11c,

and 84.1% (i.e., 66.7% þ 17.4%) and

66.7% for CD83, respectively.
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higher levels of CD83 (maturation marker of
dendritic cells) in comparison with unpulsed den-
dritic cells (i.e., immature dendritic cells).

Tumor lysate–pulsed dendritic cell vaccination up-
regulates CD27 expression on T cells

As shown in Fig. 2, Tcells in untreated mice displayed
low expression of CD27. However, after mice were
immunized with RM-1 tumor lysate–pulsed dendritic
cells, T cells increased the expression of CD27.

Combination therapy augments the antitumor efficacy

As shown in Fig. 3, mice treated with tumor lysate–
pulsed dendritic cells or anti-CD27 antibody alone
had significantly reduced tumor size compared with
control (untreated) mice (P , 0.05). However, the

combination of tumor lysate–pulsed dendritic cells
with anti-CD27 antibody resulted in the greatest
reduction of tumor size (P , 0.05), showing a
synergistic anticancer effect of the combined therapy.

Combination therapy enhances T-cell proliferation

As shown in Fig. 4, therapy with tumor lysate–
pulsed dendritic cells or anti-CD27 antibody signif-
icantly increased T-cell proliferation (P , 0.05), with
the highest increase in the combination treatment (P
, 0.05).

Combination therapy potentiates cytotoxic T-lymphocyte
activity

As shown in Fig. 5, tumor lysate–pulsed dendritic
cells or anti-CD27 antibody treatment significantly

Fig. 2 Up-regulation of CD27

expression on T cells induced by RM-1

tumor lysate–pulsed dendritic cells.

C57BL/6 mice either were not treated or

were immunized subcutaneously with

RM-1 tumor lysate–pulsed dendritic

cells. Some mice were killed at 24-hour

intervals and spleens were harvested. T

cells were isolated from splenocytes and

stained with fluorescein isothiocyanate–

labeled anti-CD3 (T-cell marker)

monoclonal antibody and

phycoerythrin-labeled anti-CD27

monoclonal antibody. CD27 expression

on T cells was analyzed by flow

cytometry. (A) CD27 expression on T

cells 3 days after immunization or no

treatment. Approximately 7.2% of T cells

expressed CD27 in untreated mice.

However, 47.5% of T cells expressed

CD27 3 days after immunization of mice

with RM-1 tumor lysate–pulsed

dendritic cells. Data were representative

of three independent experiments. (B)

Kinetics of CD27 expression on T cells.

CD27 expression reached peak level on

T cells 3 days after immunization of mice

with RM-1 tumor lysate–pulsed

dendritic cells.
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improved CD8þ T-cell activity compared with the

control (untreated) group (P , 0.05). However, the

combination-treated mice exhibited a much stronger

CD8þ T-cell activity than the tumor lysate–pulsed

dendritic cell mice or the anti-CD27 antibody–only

mice (P , 0.05).

Combination therapy improves interferon-c level

The interferon-c level in tumor lysate–pulsed

dendritic cell mice or anti-CD27 antibody–only mice

was significantly increased in comparison with

control (untreated) mice (P , 0.05; Fig. 6). The

combination treatment with tumor lysate–pulsed

dendritic cells and anti-CD27 antibody caused a

much higher interferon-c level than either mono-

therapy (P , 0.05; Fig. 6).

Discussion

Dendritic cell–based vaccine has been applied
clinically for the treatment of metastatic castration-
resistant prostate cancer.9 However, the overall
clinical benefit of this vaccine remains moderate. A
resting T cell expresses a small amount of CD27,
which can be greatly enhanced upon T-cell activa-
tion.16 Ligation of CD27 by anti-CD27 monoclonal
antibody provides costimulatory signals for T-cell
proliferation and activation.17 It further enhances T-
cell survival and effector function.17 Previous
studies have demonstrated that anti-CD27 antibody
can exert a potent antitumor effect.18–21 For the
reason mentioned in the introduction, we hypothe-
sized that anti-CD27 antibody may enhance the
antitumor effect mediated by dendritic cell–based
vaccine. Our study showed that CD27 expression on
T cells was up-regulated after mice were immunized
with tumor lysate–pulsed dendritic cells (i.e., den-
dritic cell–based vaccine; Fig. 2), suggesting that
tumor lysate–pulsed dendritic cells activated T cells
and induced up-regulation of CD27 expression on T
cells. The result provided a scientific rationale for

Fig. 3 Antitumor effect of tumor lysate–pulsed dendritic cells

and anti-CD27 antibody. C57BL/6 mice were inoculated

subcutaneously with 2 3 105 RM-1 tumor cells. Four days later,

tumor-bearing mice were randomly divided into 4 groups. Each

group contained 10 mice. Control group received no treatment.

Mice in the dendritic cell–treated group were immunized

subcutaneously with tumor lysate–pulsed dendritic cells on days

4 and 11. In the antibody-treated group, anti-CD27 antibody was

given intraperitoneally on days 4 and 11. Combination therapy

group underwent both subcutaneous administration of tumor

lysate–pulsed dendritic cells on days 4 and 11, and intraperitoneal

injection of anti-CD27 antibody on days 7 and 14. The maximal

perpendicular diameters of tumors were measured twice a week,

and tumor size was recorded as tumor area (mm2). Mice were

killed 21 days after tumor cell implantation. *P , 0.05 compared

with control group; **P , 0.05 compared with all other groups.

Fig. 4 Evaluation of T-cell proliferation in tumor lysate–pulsed

dendritic cells þ anti-CD27 antibody–treated mice. RM-1 tumor–

bearing mice (10 per group) were not treated or were treated with

tumor lysate–pulsed dendritic cells, anti-CD27 antibody, or tumor

lysate–pulsed dendritic cells plus anti-CD27 antibody. T cells

separated from the splenocytes of untreated or differently treated

mice were stimulated in vitro with RM-1 tumor lysate–pulsed

dendritic cells for 4 days. These cells were pulsed with

[3H]thymidine for an additional 16 hours. T-cell proliferation was

assessed by measuring incorporated [3H]thymidine. Results were

expressed as counts per minute. *P , 0.05 compared with control

group; **P , 0.05 compared with all other groups.
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subsequent administration of anti-CD27 antibody. In
addition, the present study found that the combined
treatment with tumor lysate–pulsed dendritic cells
and anti-CD27 antibody significantly reduced tumor
growth compared with monotherapy with tumor
lysate–pulsed dendritic cells or anti-CD27 antibody
(Fig. 3). These data demonstrate that administration
of anti-CD27 antibody augments the antitumor
effect of tumor lysate–pulsed dendritic cells.

The antitumor immunologic responses can be
monitored by different approaches, such as T-cell
proliferation assay, cytotoxicity test, and enzyme-
linked immunosorbent assay.25 In our study, a
stronger T-cell proliferation was observed in mice
that received combination therapy with tumor
lysate-pulsed dendritic cells and anti-CD27 anti-
body than those treated with tumor lysate–pulsed
dendritic cells or anti-CD27 antibody alone (Fig. 4).
These results suggest that combined therapy
enhances T-cell proliferation. Moreover, mice un-
dergoing combination therapy showed a higher

cytotoxic T-lymphocyte activity compared with
mice immunized with tumor lysate-pulsed den-
dritic cells or anti-CD27 antibody alone (Fig. 5),
implying that combination therapy improves CD8þ

T-cell activity to destroy tumor cells. Cytokine
levels were determined by an enzyme-linked
immunosorbent assay. The cytokine interferon-c
levels were higher in mice receiving combination
treatment than in mice treated with tumor lysate-
pulsed dendritic cells or anti-CD27 antibody alone
(Fig. 6), suggesting that combination treatment
increases CD4þ T cell activity to release interferon-
c. The interferon-c can provide help for CD8þ T cell
activation.13 After considering all these results, we
think that combined treatment strengthens antitu-
mor efficacy by improving T-cell proliferation and
activity.

It is well known that tumor cells can produce
various immunosuppressive factors, including vas-
cular endothelial growth factor, transforming
growth factor-b, and interleukin-10.26 These immu-
nosuppressive factors can suppress the maturation
of dendritic cells in vivo as well as their ability to
present tumor antigens and to activate T cells,
thereby diminishing antitumor immunity.27 These

Fig. 5 Enhancement of cytotoxic T-lymphocyte activity by

treatment with tumor lysate–pulsed dendritic cells and anti-CD27

antibody. CD8þ T cells separated from the splenocytes of RM-1

tumor–bearing mice (10 per group)—which either were not

treated or were treated with tumor lysate–pulsed dendritic cells,

anti-CD27 antibody, or a combination of tumor lysate–pulsed

dendritic cells with anti-CD27 antibody—were stimulated in vitro

with RM-1 tumor lysate–pulsed dendritic cells for 5 days. The

primed CD8þ T cells (effector cells) were harvested and

cocultured with 51Cr-labeled RM-1 tumor cells (target cells) at an

effector-to-target cell ratio of 100:1 for 4 hours. Cytotoxic T-

lymphocyte activity against RM-1 tumor cells was determined by

the 51Cr release assay. Results were shown as the percentage of

target cell lysis. *P , 0.05 compared with control group; **P ,

0.05 compared with all other groups.

Fig. 6 Effect of tumor lysate–pulsed dendritic cells and anti-

CD27 antibody on interferon-c production. RM-1 tumor–bearing

mice (10 per group) either were not treated or were treated with

tumor lysate–pulsed dendritic cells, anti-CD27 antibody, or tumor

lysate–pulsed dendritic cells plus anti-CD27 antibody. CD4þ T

cells separated from the splenocytes of untreated or differently

treated mice were stimulated in vitro with RM-1 tumor lysate–

pulsed dendritic cells for 24 hours. Supernatants were harvested,

and interferon-c level was measured by enzyme-linked

immunosorbent assay kit. *P , 0.05 compared with control

group; *P , 0.05 compared with all other groups.
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findings provide the rationale for the use of in
vitro–generated dendritic cells. A population of
immature dendritic cells can be generated in vitro
by differentiation of bone marrow cells by the
addition of granulocyte-macrophage colony–stim-
ulating factor and interleukin-4 for 5 to 7 days.28

The immature dendritic cells can be pulsed with
tumor antigen and further differentiated into
mature dendritic cells by the addition of matura-
tion stimulus, such as tumor necrosis factor-a,
interferon-c, prostaglandin E2, or lipopolysaccha-
ride.28 In the present study, generated cells ex-
pressed high levels of CD11c, which is a
characteristic of dendritic cells (Fig. 1). The result
suggests that the generated cells are dendritic cells.
In most clinical studies, immature or mature
dendritic cells have been used. However, studies
comparing the immunogenic potential of immature
versus mature dendritic cells show that maturation
is essential for the induction of full antitumor
immunity.14 Furthermore, recent studies have
reported that the use of mature dendritic cells can
produce a better clinical outcome.9 Therefore,
mature dendritic cells (i.e., RM-1 tumor lysate–
pulsed dendritic cells) were used in our study. The
mature dendritic cells express high levels of CD83
(maturation marker of dendritic cells; Fig. 1).

Results from numerous studies have indicated
that dendritic cells pulsed with tumor antigens,
such as tumor lysate, defined tumor-associated
peptides, apoptotic or necrotic tumor cells, or
tumor RNA, are capable of eliciting specific
antitumor T-cell responses.29 In the current exper-
iment, tumor lysate was used as tumor antigen.
The use of tumor lysate has two important
advantages. Tumor lysate contains the entire
repertoire of tumor-associated antigens. It provides
the ability to sensitize T cells to the entire spectrum
of tumor-associated antigens, thereby reducing the
possibility of tumor escape from immune recogni-
tion. Furthermore, the use of tumor lysate circum-
vents the need for the identification of tumor-
associated antigens.

Our data showed that CD27 expression on T cells
increased after mice were immunized with tumor
lysate–pulsed dendritic cells, and it generally
peaked on day 3 (Fig. 2B). Subsequently, a gradual
overall reduction in CD27 expression was observed
(Fig. 2B). For this reason, in the combined treatment
group anti-CD27 antibody was injected 3 days after
therapy along with tumor lysate–pulsed dendritic
cells. Some reports have indicated that anti-CD27
antibody at a dose of 100 lg is effective in the

treatment of mouse tumors, such as lymphoma and
melanoma.17,18 Therefore, this dose was chosen in
our mouse prostate cancer model.

Conclusions

The findings of our study present the first evidence
that a dendritic cell–based vaccine in combination
with anti-CD27 antibody can strengthen antitumor
efficacy in prostate cancer–bearing mice by improv-
ing T-cell proliferation and activity. Therefore, it is
reasonable to suggest that combined treatment may
have clinical applicability in patients with prostate
cancer. For this purpose, further clinical studies will
be required.
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