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Abstract

Introduction
Prostate cancer is a major cause of morbidity and the second
leading cause of cancer mortality among North American men (1).
Despite the effectiveness of surgery or radiation therapy for the
treatment of early-stage disease, there is currently no effective
strategy for late-stage disease. Manipulation of the immune system
to induce antitumor immunity has been extensively tested as an
alternative approach to specifically and effectively reduce the
growth of late-stage tumors. Indeed, immune-based therapies, such
as cytokine and vaccine approaches, have been used in clinical
trials to treat various types of cancer including melanoma, renal
cell carcinoma, and prostate cancer (2–6). One strategy that holds
great promise is the use of dendritic cells as a vector for presenting
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Increasing evidence suggests that altered immune function
accompanies, and indeed may facilitate, cancer progression.
In this study, we sought to determine the nature of, and
cellular mechanisms underlying, changes in immune status
during disease progression in a transgenic mouse model
of prostate dysplasia. Immune cells in the tumor microenvironment, as well as in the secondary lymphoid tissues,
displayed altered phenotypes. Although evidence of antitumor immunity was detected, there was a paradoxical
decrease in the ability of T cells to proliferate in vitro
at later stages of disease progression. Detailed analysis of
the draining lumbar lymph nodes revealed an increased
frequency and number of CD4++CD25++ T cells and an
enhanced production of inhibitory cytokines, which correlated with impaired T-cell function. Functional studies
confirmed a role for CD4++CD25++ regulatory T cells in
suppressing T-cell proliferation as well as regulating the
growth of transplanted prostate tumor cells. In addition,
our studies show for the first time that anti-CD25 antibody
treatment reduces, but does not prevent, tumor growth in
a transgenic mouse model of prostate dysplasia. Taken
together, this work provides compelling evidence that
prostate tumor progression is accompanied by altered
immune function and, moreover, that regulatory T cells play
an important role in this process. These studies thus provide
the impetus for development of specific and effective
strategies to deplete regulatory T cells, or suppress their
function, as an alternative or adjunct strategy for reducing
tumor growth. (Cancer Res 2005; 65(7): 2947-55)

tumor antigens and thus initiating antigen-specific antitumor
immune responses (7). The specificity of this approach ensures that
toxic side effects are minimal, a vast improvement over currently
existing treatments. However, the majority of cancer patients
enrolled in such trials showed only partial response without
complete eradication of tumors (3). One possible explanation is
that tumor progression has been linked to increasing immune
suppression in prostate cancer patients (1, 8). A clearer understanding of how immune function is modulated by tumor cells is
required to devise strategies to enhance the efficacy of such
therapeutic interventions.
There is evidence that tumor infiltration by dendritic cells, the
most efficient antigen-presenting cells in the immune system, is
decreased in patients with advanced prostate cancer, suggesting
one mechanism by which the tumor suppresses immunity (9). In
addition, recent studies have shown that human or murine prostate
tumor cells, or the soluble factors they secrete, alter the maturation
of bone marrow–derived or monocyte-derived dendritic cells,
inhibit their allostimulatory capacity, and induce apoptosis (10–12).
Owing to dendritic cells having essential roles in the generation of
T-cell–mediated immune responses and in the maintenance of
central and peripheral tolerance (13, 14), it is more likely that
altered immunity during tumor progression reflects changes in the
phenotype and/or function of dendritic cells. Recently, in vitro
studies have shown that repetitive stimulation of naı̈ve T cells with
immature dendritic cells results in the generation of regulatory
T-cell activity (15). Additional studies suggest that dendritic cell–
mediated peripheral tolerance may involve the induction and/or
expansion of regulatory T cells (16). It has been observed that the
frequency of CD4+CD25+ regulatory T cells is elevated in tumor
sites and/or the peripheral blood of patients with advanced tumors
(17–20). Further evidence to suggest a functional role for these cells
in tumor progression and immune suppression is the observation
that transient elimination of this suppressive cell population with
anti-CD25 monoclonal antibody (mAb) treatment results in
effective rejection of transplanted tumors derived from leukemia,
myeloma, sarcoma, and B16 melanoma (21–23).
These observations lead to the hypothesis that prostate tumor
cells progressively alter the phenotype and/or function of
dendritic cells, thus facilitating the accumulation of regulatory
T cells. These regulatory T cells play a critical role in suppressing
immune responsiveness and thus allow tumor growth to continue.
In this study, we tested these hypotheses by assessing immunologic status as a function of disease progression in the 12T-7s
LPB-Tag transgenic mouse model of prostate dysplasia. Although
adenocarcinoma and metastasis are rarely observed in this
model, these transgenic mice develop reproducible prostatespecific tumors that can progress to mouse prostatic intraepithelial neoplasia similar to human prostatic intraepithelial
neoplasia (24, 25). Our results show that prostate tumor cells alter
the phenotype and frequency of dendritic cells and CD4+CD25+
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regulatory T cells in the tumor microenvironment. Dendritic cells
and CD4+CD25+ regulatory T-cell populations also expand in the
lymph nodes draining the prostate. In vitro analyses revealed that
the proliferative capacity of T cells from the lymph nodes was
significantly reduced by the CD4+CD25+ regulatory T-cell population. As shown previously with other tumors, anti-CD25 mAb
treatment reduced the growth of transplanted prostate tumor
cells. More significantly, we provide the first experimental evidence
that such a therapeutic approach is also capable of reducing
tumor growth in the 12T-7s transgenic prostate tumor mouse
model. These studies suggest that understanding the mechanisms
by which regulatory T cells arise during tumor progression and
developing effective strategies to block their generation or
function may have important implications for overcoming the
limitations of existing immunotherapeutic approaches to prostate
cancer treatment.

Mice. The 12T-7s LPB-Tag transgenic mouse model of prostate dysplasia
has been described previously (24, 25) and was kindly provided by Dr. Susan
Kasper and Dr. Robert J. Matusik. In these mice a large promoter fragment
of the probasin gene (LPB) is linked to the SV40 large T antigen (Tag)
deletion mutant to deliver consistently high levels of transgene expression
to the mouse prostate tissue. Tumor formation is observed in 100% of the
male transgenic offspring and the characteristics of tumor progression are
similar to that observed in humans. Transgenic mouse strains were
maintained by mating wild-type (WT) CD1 males with transgenic females
and the progeny were screened by PCR analysis of tail DNA. C57BL/6J
recipients of the transplanted prostate cancer cell line were purchased from
the in-house breeding program. All mice were bred and maintained at the
British Columbia Cancer Agency Animal Resource Centre with sterilized
food, water, and bedding. All protocols were conducted according to
guidelines set forth by the Canadian Council for Animal Care and approved
by the Animal Care Committee at the University of British Columbia.
Phenotype analysis by flow cytometry. Spleen and various lymph
nodes were collected from WT and transgenic mice of the indicated ages.
Single cell suspensions were prepared by incubating the tissues in PBS with
2% fetal bovine serum (StemCell Technologies, Inc., Vancouver, BC,
Canada), 5 mmol/L EDTA, and 100 Ag/mL hyaluronidase (Sigma, St. Louis,
MO) for 10 minutes at room temperature or by incubating tissue fragments
with collagenase (StemCell Technologies) for 30 minutes at room
temperature with the addition of 10 mmol/L EDTA for the final 5 minutes.
Prostate tissues collected from WT and transgenic mice were minced into
small pieces and treated with collagenase (StemCell Technologies) for 30
minutes at 37jC with the addition of 10 mmol/L EDTA for the final 5
minutes. Cells were then passed through 70 Am cell strainers. Single cell
suspensions were washed twice with PBS/2% fetal bovine serum and then
incubated on ice for 20 to 30 minutes with FITC-, phycoerythrin-, or
allophycocyanin-labelled mAb. The antibodies used for phenotype analysis
included: CD11c (HL3), CD4 (L3T4, RM4-5), CD8a (Ly-2, 53-6.7), CD25 (7D4,
PC61), CD69 (H1, 2F3), CD80 (16-10A1), CD86 (GL1), CD40 (HM40-3), and
Class II MHC IA/IE (2G9) (Becton Dickinson PharMingen, San Diego, CA).
Cells were then washed thrice with the addition of 1 Ag/mL propidium
iodide (Sigma) in the final wash. Cells were analyzed by flow cytometry
using a FACSCalibur flow cytometer and CELLQuest software (Becton
Dickinson).
Cell proliferation assay. Single cell suspensions of lumbar lymph nodes
or spleen were prepared as outlined above. Cells were cultured in triplicate
in round-bottomed 96-well plates at 1  105 cells per well (0.2 mL) in the
presence or absence of various concentrations (0.1-10 Ag/mL) of purified
anti-CD3 mAb (clone 145-2C11; Becton Dickinson). The culture medium
consisted of Iscove’s modified Dulbecco’s medium (StemCell Technologies)
supplemented with 10% fetal bovine serum, 100 units/mL penicillin, 100
mg/mL streptomycin, 2 mmol/L L-glutamine, and 115  10 6 mol/L
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Materials and Methods

monothioglycerol (Sigma). Proliferation was measured by scintillation
counting of each sample following addition of 1 ACi of [3H]thymidine
(Perkin-Elmer Life Science, Inc., Boston, MA) per well during the final 16 to
18 hours of a 72-hour culture period at 37jC in 5% CO2. Data were plotted
as either raw counts per minute (cpm) values or cpm ratio in which
antibody-induced cpm was divided by the unstimulated cpm levels to
control for differences in responder T-cell numbers arising from the altered
T-cell frequency in the starting populations.
Purification and functional assessment of dendritic cells and
CD4++CD25++ T cells. Splenic CD11c+ dendritic cells were purified from WT
or transgenic mice (>20 weeks of age) by positive selection (antiphycoerythrin-CD11c mAb) using EasySep (StemCell Technologies) and
activated with bacterial lipopolysaccharide (Sigma) for 18 hours. Various
numbers of activated dendritic cells were then cocultured with 1  105 T cells
isolated (using SpinSep; StemCell Technologies) from the spleen of C57BL/
6J mice. Incorporation of [3H]thymidine was assessed as indicated above.
For analysis of the CD4+CD25+ T-cell population, CD4+ T cells were first
isolated from lymph node cell suspensions of WT and transgenic mice (z20
weeks of age) by negative selection using the mouse CD4+ T-cell isolation
kit (MACS system; Miltenyi Biotec GmbH, Bergisch Gladbach, Germany).
Following isolation of CD4+ T cells, cells stained with phycoerythrin-CD25
mAb were purified using anti-phycoerythrin-coupled magnetic beads
(Miltenyi Biotec). CD4+CD25+ T cells were obtained with purity greater
than 90%. Alternatively, CD4+CD25+ T-cell depletion was achieved from
lumbar lymph node cell suspensions of WT and transgenic mice (z20 weeks
of age) by fluorescence-activated cell sorting (FACSVantage, Becton
Dickinson). Purity of the resultant cell population was >99%. In one series
of experiments, spleen cells (1  105 cells per well) were stimulated with
soluble anti-CD3 mAb (1 Ag/mL) in the presence of various numbers of
CD4+CD25+ T cells purified from either WT or transgenic lumbar lymph
nodes. In the second series of experiments, proliferation of the lymph node
cell population depleted of CD4+CD25+ T cells was assessed as described
above. [3H]thymidine incorporation was measured at 72 hours and results
were analyzed as described above.
Determination of cytokine release. For analysis of cytokine
production by CD4+ T-cell subpopulations, CD4+CD25 and CD4+CD25+
T cells were purified from z20-week-old transgenic mice using the MACS
system. Purified cells were cultured at 1  106 to 1.5  106 cells/mL with
plate-bound anti-CD3 mAb (2 Ag/mL) plus anti-CD28 mAb (1 Ag/mL)
and cross-linking immunoglobulin G (IgG) mAb (1 Ag/mL). Supernatant
samples were collected at 24 hours [for interleukin (IL)-2] and 72 hours
[IL-10 and interferon (IFN)-g]. Cytokine levels were analyzed by
cytometric bead array (Becton Dickinson PharMingen). Results are the
mean F SE for duplicate wells for four to six samples (each representing
cells pooled from three to four mice).
Cell lines and culture. The hybridoma secreting the anti-CD25 mAb
(clone PC61, rat IgG1) was purchased from the American Type Culture
Collection. The antibody was precipitated from the culture supernatant
using two rounds of 40% ammonium sulfate. IgG used for the control
injection was precipitated from the serum of normal rats. The murine
prostate cancer cell line transgenic adenocarcinoma of mouse prostate
(TRAMP)-C2 cell line (26), kindly provided by Dr. N.M. Greenberg, was
maintained in high-glucose DMEM (StemCell Technologies) with 5% NuSerum IV (Becton Dickinson), 5% fetal bovine serum, 5 Ag/mL insulin
(Sigma), 10 8 mol/L dihydrotestosterone (Sigma), 25 units/mL penicillin,
25 Ag/mL streptomycin, and 2 mmol/L L-glutamine. Cultured TRAMP-C2
cells were washed thrice with PBS and resuspended to the appropriate
dilution (5  106 cells in 0.2 mL PBS) for injection.
Tumor cell transplantation and anti-CD25 monoclonal antibody
treatment in vivo. C57BL/6J mice (f8 weeks of age) were inoculated
s.c. in the flank with 5  106 TRAMP-C2 tumor cells (0.2 mL in PBS).
Rat IgG or anti-CD25 mAb (PC61), prepared as outlined above, was
injected i.v. at a concentration of 1 mg per mouse in 0.25 mL PBS on
day 1 and day +3 with respect to the day of tumor transplant. Tumor
development was assessed twice to thrice weekly by palpation. 12T-7s
mice were treated with two doses of either control rat IgG or anti-CD25
mAb (0.65 or 1 mg/mouse; i.v. injection) at 8 or 12 weeks of age.

Immune Function in Prostate Dysplasia
TRAMP-C2 recipients were sacrificed for tumor weight analysis at 6
weeks posttransplant whereas 12T-7s mice were sacrificed for analysis at
20 weeks of age. There were at least six mice per group in two to three
independent experiments.

Results
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Figure 1. Immunophenotype of tumor-infiltrating dendritic cells and T cells
is altered at the late stage (>20 weeks of age) of tumor progression.
A, proportion of CD11c+ cells expressing the indicated cell surface molecules.
B, mean fluorescence intensity of various cell surface molecules on CD11c+
cells. C, proportion of CD8+ or CD4+ T cells expressing CD69 or CD25 and
the proportion of CD25+ cells within the CD4+CD69 cell population. D, mean
fluorescence intensity of various cell surface molecules on CD8+, CD4+, and
CD4+CD69 cells. Columns, mean (n > 5); bars, SD. Statistical analysis was
carried out using the Student’s t test. *, P < 0.05. c, P < 0.01. Open columns,
WT; closed columns, transgenic.

inguinal, mesenteric, and lumbar) from WT and transgenic mice
(data not shown). WT and transgenic mice also had similar
frequencies of CD11c+ dendritic cells, CD4+ T cells, and CD8+ T cells
in these tissues. In contrast, a modest elevation in total nucleated
cell numbers was observed in the spleen (10-50%; data not shown)
and various draining lymph nodes (Table 1) isolated from the
oldest transgenic mice (z20 weeks of age). This increase reached
significance in the lumbar lymph node which is adjacent to the
prostate gland. As indicated in Table 1, total nucleated cell
numbers in each lumbar lymph node increased as a function of
tumor progression (6- to 8-fold in transgenic mice z16 weeks of
age). These observations suggest that tumor progression in this
prostate tumor mouse model induces an in vivo expansion of
immune cells.
Next the cellular compositions of the lumbar lymph nodes
isolated from WT and transgenic mice (z20 weeks of age) were
compared to determine if there was a preferential expansion of
selected cell populations or if all immune cells expanded
similarly. Although the frequencies of CD11c+, CD4+, and CD8+
cells in the various lymph nodes and spleen did not differ
significantly between WT and transgenic at the late stages of
disease progression (data not shown), absolute numbers of all
cell types were significantly increased compared with WT in the
lumbar lymph nodes of transgenic mice (Table 1). CD11c+ cell
numbers increased 10-fold versus WT, whereas CD4+ and CD8+
T-cell numbers increased f3- to 5-fold versus WT. These data
indicate a preferential expansion of CD11c+ dendritic cells,
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Altered phenotype of dendritic cells and regulatory T cells in
the prostate tumor microenvironment. To facilitate development of effective immune-based therapies for prostate cancer, a
comprehensive understanding of immune function during tumor
progression must be achieved. The 12T-7s prostate tumor mouse
model mimics the earliest stages of human prostate cancer
progression with tumors progressing to mouse prostatic intraepithelial neoplasia. Thus, this model is suitable for examining
immune alterations caused by tumors that escape immune
surveillance during the earliest stages of tumor development.
Recent studies have shown that the tumor microenvironment
alters dendritic cell phenotype and function and contains
significant numbers of regulatory T cells (9, 20). We thus
investigated the immune cellular composition of the prostate
tumor microenvironment in the 12T-7s mice at a stage when the
tumor has progressed to high-grade dysplasia (24). The frequency of
CD11c+ dendritic cells (WT: 0.75 F 0.32% versus transgenic: 0.99 F
0.25%) and CD4+ T cells (WT: 0.33 F 0.13% versus transgenic: 0.49 F
0.17%) was increased slightly in the tumor sites, whereas the
frequency of CD8+ T cells was decreased (WT: 1.11 F 1.29% versus
transgenic: 0.67 F 0.46%).
We next evaluated the phenotype of the prostate-infiltrating
immune cells. The proportion of tumor-infiltrating CD11c+ cells
expressing the costimulatory molecule CD86 or MHC class II was
reduced significantly (29.1% and 32.2%, respectively) as indicated in
Fig. 1A. Expression of MHC class II was also significantly reduced
on a ‘‘per cell’’ basis (assessed by the mean fluorescence intensity),
whereas CD80 levels were significantly higher (Fig. 1B). In addition
to the phenotypic alterations observed on the tumor-infiltrating
dendritic cells, differences in the T-cell populations were also
detected. Intriguingly, the proportion of CD8+ or CD4+ T cells
expressing the activation marker CD69 was elevated in the
transgenic prostate tissue. Of further note was the observation
that the proportion of CD4+CD69 T cells expressing CD25 was
also significantly increased in the tumor microenvironment
(Fig. 1C). In all cases, there was a corresponding increase in the
mean fluorescence intensity (Fig. 1D). These results suggest that
the tumor microenvironment alters the phenotype of the tumorinfiltrating immune cells. Further study is clearly required to
determine the functional capacity of these tumor-infiltrating
lymphocytes.
Immune cell numbers expand in secondary lymphoid
tissues during prostate tumor progression. To determine if
alterations in immune cell phenotype extend beyond the tumor
microenvironment, we analyzed the phenotype of immune cells in
the secondary lymphoid tissues (i.e., spleen and lymph nodes) of
WT and transgenic mice. Tissues were isolated at various stages of
tumor progression, including 11 to 12 weeks of age when the entire
epithelium is in the process of becoming hyperplastic, 16 to 17
weeks of age when reactive stromal proliferation is observed, and
20 to 25 weeks of age when the tumor has progressed to high-grade
dysplasia (24). At the early stages of tumor development (11-12
weeks) no significant differences were observed in the cellularity of
the spleen or the various lymph nodes (i.e., submandibular,

Cancer Research

Table 1. Cellularity and cellular composition of various
draining lymph nodes during tumor progression
WT (106 )

Transgenic (106 )

Lymph nodes* Submandibular
7.3 F 3.5
8.7 F 3.6
Inguinal
5.4 F 2.3
10.0 F 2.3
Mesenteric
8.4 F 4.7
13.7 F 4.4
Lumbar
1.8 F 0.8
10.5 F 4.0c
Lumbar lymph 11-12 wk
1.9 F 0.4
3.2 F 0.6
nodes
16-17 wk
1.7 F 0.6
12.8 F 1.7c
20-25 wk
1.8 F 0.8
10.5 F 4.0c
Lumbar lymph CD11c z
0.0234 F 0.0067 0.234 F 0.085c
c
nodesb
CD4
0.926 F 0.368 4.56 F 0.71c
(20-25 wk) CD8
0.825 F 0.170 2.61 F 0.26
*Cell number is per lymph node isolated from mice z20 weeks of age.
cStatistically different (P V 0.01) versus WT as determined using the
Student’s t test.
bAbsolute numbers of cells expressing CD11c, CD4, and CD8 in each
lumbar lymph node were calculated by multiplying total lumbar
lymph node cellularity with the percentage of viable nucleated cells
expressing the indicated markers as determined by flow cytometry.
Each value represents the mean F SD (n z 3 individual experiments).
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T-cell proliferation regardless of the stage of tumor progression
(data not shown). In contrast, as shown in Fig. 3A to C, there
was a progressive age-related decrease in the ability of
transgenic lumbar lymph node T cells to proliferate in response
to anti-CD3 mAb stimulation. These lumbar lymph node T cells
also exhibited a significantly decreased ability to proliferate
when stimulated with allogeneic C57BL/6 bone marrow–derived
mature dendritic cells (data not shown). This reduced proliferation was not observed in transgenic T-cell populations
isolated from other lymph nodes regardless of the age of the
mice (data not shown).
To explore the possibility that the expanded CD4+CD25+ T-cell
population present in the spleen and lumbar lymph nodes might
be responsible for the reduced T-cell proliferation, the function of
this population was assessed. CD4+CD25+ T cells were purified
from the lumbar lymph nodes of WT or transgenic mice (z20
weeks of age) and their ability to inhibit T-cell proliferation was
analyzed. As illustrated in Fig. 3D, both the WT and transgenic
CD4+CD25+ T-cell populations inhibited the proliferative response
of naı̈ve T cells. Under these conditions, neither the WT nor the
transgenic CD4+CD25+ T-cell population was able to proliferate in
response to anti-CD3 mAb stimulation (data not shown). To
further confirm the suppressive capacity of the CD4+CD25+ T cells
in the WT or transgenic lumbar lymph nodes, the T-cell
population from the lumbar lymph nodes was depleted of
CD4+CD25+ T cells by fluorescence-activated cell sorting and cell
proliferation in response to antigenic stimulation was determined.
Following removal of the CD4+CD25+ T-cell population, transgenic
T-cell proliferation was restored to WT levels (Fig. 3E), indicating
that the elevated number of CD4+CD25+ T cells could play a
significant role in suppressing immune responsiveness in the
prostate tumor environment. T cells isolated from transgenic
spleens behaved similarly to those from transgenic lumbar lymph
nodes (data not shown).
To further evaluate the properties of the altered transgenic Tcell populations, we determined the levels of various cytokines
released following stimulation. This analysis revealed that the
transgenic CD4+CD25+ T-cell population secreted dramatically
elevated levels of IL-10 compared with the CD4+CD25 T cells
(CD4+CD25+: 8,805 F 3,212 pg/5  105 cells versus CD4+CD25 :
157 F 59 pg/5  105 cells; P < 0.05). In contrast, they produced
significantly lower levels of IL-2 (CD4+CD25+: 288 F 92 pg/5 
105 cells versus CD4+CD25 : 857 F 193 pg/5  105 cells; P <
0.05) and IFN-g (CD4+CD25+: 4,628 F 738 pg/5  105 cells
versus CD4+CD25 : 37,198 F 8,536 pg/5  105 cells; P < 0.005).
Surprisingly, WT and transgenic CD4+CD25+ T cells produced
equivalent levels of IL-10 (data not shown) consistent with the
similar levels of suppression induced by these two populations.
Taken together, these results suggest that regulatory T cells
present in the expanded CD4+CD25+ T-cell population may play
a critical role in immune suppression during prostate tumor
progression.
Anti-CD25 monoclonal antibody treatment suggests the
involvement of CD4++CD25++ regulatory T cells in prostate
tumor progression. Tumor transplantation studies have implicated CD4+CD25+ regulatory T cells in suppression of antitumor
immunity against a wide variety of tumors (21–23). However,
no study to date has examined if they also contribute to the
immune suppression in prostate cancer. To determine whether
CD4+CD25+ regulatory T cells influence the growth of prostate
cancer cells in vivo, administration of anti-CD25 mAb was carried
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whereas the numbers of CD4+ and CD8+ T cells increased
proportionally with the increased transgenic lumbar lymph node
cellularity.
Phenotypic analysis of these expanded cell populations revealed
that the proportion of CD11c+ cells expressing costimulatory
molecules (CD80, CD86, and CD40) or MHC class II was similar in
the lumbar lymph nodes, as well as in the spleen, of WT and
transgenic mice (data not shown). In addition, no significant
differences were detected between WT and transgenic CD11c+
dendritic cells in the expression level per cell (i.e., mean
fluorescence intensity) of any of these surface molecules. In
contrast to the apparently normal phenotype of the CD11c+
dendritic cells in the secondary lymphoid tissues of tumor-bearing
mice, analysis of the T-cell phenotype indicated that the
proportion of CD4+ or CD8+ T cells expressing the early activation
marker CD69 was modestly elevated in the lumbar lymph nodes of
z20-week-old transgenic mice (Fig. 2A). Additional evidence
suggesting T-cell activation was the observation that both the
proportion of CD4+ T cells expressing CD25 (Fig. 2A) and the
absolute numbers of CD4 + CD25 + T cells (Fig. 2B ) were
significantly elevated in the lumbar lymph nodes during tumor
development. Of interest, this increased frequency and number
of CD4+CD25+ T cells was not seen in other lymph nodes (i.e.,
submandibular, mesenteric, and inguinal lymph nodes; Fig. 2C and
data not shown), suggesting that expansion of this population
occurs in response to the nearby tumor.
T cells are altered during prostate tumor development.
Expansion of phenotypically defined cell populations within
the secondary lymphoid tissues does not necessarily reflect
enhanced, or even normal, function. Owing to the increased
number of activated T cells suggesting that an immune response
is initiated in the secondary lymphoid tissues during tumor
progression, we examined the function of selected immune cells
in the spleen or lumbar lymph nodes of tumor-bearing mice.
WT and transgenic lipopolysaccharide-activated splenic CD11c+
dendritic cells were equally capable of stimulating allogeneic

Immune Function in Prostate Dysplasia

Discussion
+

+

Figure 2. The frequency and number of CD4 CD25 T cells increases
in the lumbar lymph nodes of transgenic mice during tumor progression. A,
lumbar lymph nodes were isolated from WT (open columns ) and transgenic
(closed columns ) mice (z20 weeks of age) and the frequency of CD4+ and
CD8+ cells was determined by flow cytometry. The proportion of CD4+ or CD8+ T
cells expressing CD25 or CD69 was calculated by dividing the percentage
of the population positive for the indicated marker by the percentage of the total
CD4+ or CD8+ T-cell population. B, absolute numbers of CD4+CD25+ T cells
in the lumbar lymph nodes at the indicated stages of tumor development
were calculated by multiplying nucleated lymph node cell numbers with the
frequency of double positive cells in the nucleated and viable cell gate.
C, proportion of CD4+ T cells expressing CD25 in various lymph nodes from
WT and transgenic mice (z20 weeks of age). Columns, mean (n z 3); bars, SD.
Statistical analysis was carried out using the Student’s t test. *, P V 0.01.

out in mice inoculated with TRAMP-C2 prostate cancer cells.
Both the control (rat IgG) and antibody-treated groups developed
palpable tumors at f3 weeks posttransplant, which grew
progressively until the mice were sacrificed at 6 weeks posttransplant. No metastases were observed in the recipient mice, and
thus tumor weight was used as the primary assessment of tumor
growth. In this model, anti-CD25 antibody treatment reduced
tumor weight by f28.5% (0.85 F 0.53 g in the control IgGtreated group versus 0.61 F 0.43 g in the anti-CD25 mAb-treated
group; P = 0.094; Fig. 4A , left pair). Interestingly, anti-CD25
antibody treatment was significantly more effective on tumors
weighing less than 1 g than on those weighing more than 1 g
(Fig. 4A, right and middle pairs, respectively). To determine if the
reduction in tumor growth was accompanied by an altered
infiltration of immune cells into the tumor, one to two sections
were sliced at random from each tumor and the number of
immune cells within a designated field was estimated microscopically. As shown in Fig. 4B and C, there is an increase in the
frequency of tumor-infiltrating immune cells in the anti-CD25
antibody–treated group.
Despite the successes using anti-CD25 mAb treatment to reduce
the growth of transplanted tumors in this and previous reports,
prior studies have not yet shown that inhibition of the regulatory
T-cell population has efficacy against spontaneously developing
tumors. We therefore assessed the ability of anti-CD25 mAb
treatment to reduce or prevent tumor growth in the 12T-7s mouse
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Altered immune function has been reported in patients with
various types of cancer. However, the exact nature and level of the
impairment, as well as its clinical and biological significance, have
not been accurately assessed (12). To date, no comprehensive
analyses of immune cell phenotype and function have been carried
out in prostate cancer patients or in mouse models of this disease.
Such information is of critical importance for designing effective
immune therapeutic strategies for both early- and late-stage
disease. In this study, we thus attempted to determine if immune
function is altered with disease progression in a prostate tumor
mouse model and, if so, to define the nature of the changes that
accompany, and are ultimately responsible for, the development of
impaired immunity.
Previous studies have shown that patients with early-stage non–
small lung cancer and late-stage ovarian cancer have tumorassociated T cells with an activated phenotype at initial diagnosis
(17). This observation suggests that at least during the early stages
of tumor development an active antitumor immune response is
initiated. Our analyses of the 12T-7s prostate tumor mouse model
support this possibility. Phenotypically normal dendritic cells and
activated CD4+ T cells expanded in the transgenic lumbar lymph
nodes. Similarly, activated T cells were also detected in the tumor.
Despite these indications of antitumor immunity, there was
a progressive decline in immune responsiveness during the course
of tumor development (Fig. 3). In addition, although the frequency
of tumor-infiltrating dendritic cells was increased slightly in the
12T-7s prostate tumor mouse model, these cells exhibited an
immature phenotype as evidenced by reduced expression of CD86
and MHC class II. Previous studies by Troy et al. (9) indicated that
minimally activated tumor-infiltrating dendritic cells infiltrate the
tumor mass of prostate cancer patients. In contrast, our studies
and those of Ciavarra et al. (27, 28) suggest that the tumorinfiltrating dendritic cells have an immature phenotype. These
conflicting observations may be due to analysis at different stages
of tumor progression in the prostate cancer patients versus the
mouse models. Of interest, it has been shown that the tumorinfiltrating dendritic cells induce a partial state of T-cell tolerance
to the tumor cells, suggesting that alterations in dendritic cells

2951

Cancer Res 2005; 65: (7). April 1, 2005

Downloaded from http://aacrjournals.org/cancerres/article-pdf/65/7/2947/2541348/2947-2955.pdf by guest on 25 June 2022

model. On day 3 following antibody treatment, f60% to 80% of
the CD4+CD25+ T cells were depleted from the spleen and lymph
nodes of anti-CD25 mAb-treated mice, although only 15%
depletion was achieved in the tumor mass (data not shown). As
indicated in Fig. 5, mice treated at 8 weeks of age had similar
tumor weights at 20 weeks regardless of the treatment given (IgG:
8.88 F 3.48 g versus anti-CD25 mAb: 9.42 F 3.90 g). The average
tumor weights from either group were not significantly different
from those of mice without any treatment (8.23 F 3.29 g). In
contrast, analysis of tumors from mice treated at 12 weeks of
age and examined 8 weeks postinjection revealed a 23.4%
reduction in tumor weight (7.12 F 2.10 g for IgG versus 5.45 F
1.41 g for anti-CD25 mAb; P = 0.025). Again, the average tumor
weights of the control IgG-treated group were similar to those of
untreated mice (8.23 F 3.29 g). These observations suggest that
anti-CD25 mAb treatment may reduce tumor growth if administered at the appropriate time during tumor development.
Furthermore, these data confirm the involvement of CD4+CD25+
regulatory T cells in the immune suppression observed during
spontaneous prostate tumor progression.
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survival or maturation prevent them from activating antigenspecific T cells (29). The decreased levels of MHC class II observed
in this study may also play a role in tolerance induction.
In addition to the altered dendritic cells population, there was an
increased frequency of tumor infiltrating CD4+CD69 CD25+ T cells,

in the 12T-7s prostate tumor mass. We hypothesize that these cells
are regulatory T cells that contribute to the immune suppression in
the tumor environment. Recent studies have shown that the
frequency of CD4+CD25+ regulatory T cells is increased in the
peripheral blood and tumor microenvironment of patients with

Figure 4. Anti-CD25 mAb treatment reduces the growth
of transplanted prostate tumor cells. A, C57BL/6J mice
treated with either rat IgG or anti-CD25 mAb were
transplanted with TRAMP-C2 tumor cells and tumor weight
was determined for individual mice in each group at 6
weeks posttransplant. Dots, tumors isolated from
individual mice. Horizontal bars, average tumor weight in
each treatment group. Statistical analysis was carried out
using the Student’s t test. B and C, lymphocytic infiltration
into the tumor is increased by anti-CD25 mAb treatment.
Tumors recovered from mice treated with either rat IgG or
anti-CD25 mAb were fixed, sectioned, and stained as
indicated in Materials and Methods. Arrows, areas of
lymphocytic infiltration. Final magnification, 200.
Experiments included one to two sections per tumor
(14-15 mice per group over 3 independent experiments).
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Figure 3. The suppressive activity of CD4+CD25+ T cells
contributes to decreased antigen responsiveness of
transgenic T cells during tumor development. Lumbar lymph
node cells isolated from WT (solid lines ) and transgenic
(dashed lines) mice at 12 weeks (A), 16 weeks (B ), and over
20 weeks (C ) of age were stimulated with the indicated
concentrations of anti-CD3 antibody and proliferation was
determined as outlined in Materials and Methods. D,
syngeneic T-cell proliferation was measured following
addition of CD4+CD25+ T cells isolated from WT (solid line )
or transgenic (dashed line ) lumbar lymph nodes. Horizontal
dashed line, responder T-cell proliferation in the absence
of CD4+CD25+ T cells. E, proliferation of WT (solid line ) and
transgenic (dashed line ) lumbar lymph node cells depleted
of CD4+CD25+ T cells was assessed as outlined in Materials
and Methods. Representative experiments (n z 3). Points,
mean of triplicate determinations; bars, SD.
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Figure 5. Anti-CD25 mAb treatment reduces the growth of spontaneous
prostate tumors. 12T-7s mice were treated with either rat IgG or anti-CD25
mAb at 8 or 12 weeks of age and tumor weight was determined at 20 weeks
of age. Similarly, the tumor weight in untreated mice was also determined.
Dots, tumors isolated from individual mice. Horizontal bars, average tumor
weight in each treatment group. Statistical analysis was carried out using the
Student’s t test.

later. Thus, treating the mice too early (i.e., at 8 weeks of age) did
not eliminate CD4+CD25+ regulatory T cells. Instead, it was most
likely that activated T cells were depleted, thus accounting for
the slight increase in tumor weight in the anti-CD25 antibody–
treated mice. In contrast to untreated control mice, or those
receiving rat serum IgG, the reduction in tumor weight induced
following anti-CD25 antibody treatment at 12 weeks of age is
likely due specifically to CD4+CD25+ T-cell elimination. Because
of only modest depletion of the regulatory T-cell population
being achieved within the tumor, it is not surprising that
complete tumor elimination was not achieved. Moreover, based
on previous work in other tumor models (21, 22, 38), regulatory
T-cell frequency in either lymph nodes or peripheral blood
returns to pretreatment levels f1 to 3 weeks following
treatment. Obviously improved strategies for complete and
sustained removal of the tumor antigen-specific regulatory T
cells from the tumor environment, as well as secondary lymphoid
tissues, must be developed to improve the efficacy of this
treatment strategy.
It has been shown that reduction of tumor mass by anti-CD25
antibody treatment involves CD4+, CD8+ T cells, or natural killer
cells in different types of tumors and the immune response
mediated by these cells may be affected by the immunogenicity
of various tumors (21–23, 36–38). In our studies, we observed
increased tumor-infiltrating immune cells in the TRAMP-C2
recipients treated with anti-CD25 antibody. We have not yet
determined whether this immune response is tumor antigen
specific or nonspecific (i.e., resulting from enhanced release of
inflammatory cytokines induced by the cell death resulting from
anti-CD25 antibody treatment). Regardless, in the anti-CD25
antibody–treated 12T-7s mice we have detected a slightly
elevated frequency of CD8+ T cells infiltrating the tumors (data
not shown). It will be important to determine the antigen
specificity of these cells and further elucidate their role in
reducing tumor growth. Further studies are obviously required to
understand the mechanisms by which anti-CD25 antibody
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pancreas, breast, non–small cell lung, colorectal, and ovarian
carcinomas (17–19), contributing to immune tolerance to the
tumor. It has been shown that CD80 and CD86 differentially
modulate the suppressive activity of human CD4+CD25+ regulatory
T cells (30). Interestingly, we observed that the expression of CD80
was increased significantly on the tumor-infiltrating dendritic cells
suggesting that the dendritic cells phenotypically altered within the
tumor environment may enhance the suppressive activity of
the regulatory T cells found within the tumor.
These observations raise an interesting question regarding the
mechanism(s) by which CD4+CD25+ regulatory T cells increase in
the tumor environment, both within the tumor site as well as in the
draining (lumbar) lymph nodes. Several studies have shown a role
for dendritic cells in the generation and expansion of regulatory
T cells. For example, it has been shown that human CD4+ T cells
stimulated repetitively with immature dendritic cells differentiate
into IL-10–producing cells with suppressive activity (15), whereas
antigen-loaded dendritic cells can expand CD4+CD25+ regulatory
T cells directly (31). Owing to dendritic cells incubated with
prostate cancer cells or tumor culture supernatant exhibiting an
immature phenotype (refs. 32–34 and our unpublished data), it is
tempting to speculate that in the 12T-7s prostate tumor mouse
model the phenotypically immature dendritic cells detected in the
tumor mass behave as tolerogenic dendritic cells that induce
regulatory T cells and thus increase the frequency of regulatory
T cells within the tumor microenvironment. Alternatively, in
ovarian carcinoma it has been shown that tumor cells and
tumor-infiltrating macrophages secrete CCL22, a chemokine that
attracts regulatory T cells to the tumor microenvironment (20).
Thus, CCL22 expression by the prostate tumor may recruit and
retain regulatory T cells to suppress any ongoing immune response
(35). Further investigation is clearly required to determine how the
complex interaction among dendritic cells, T cells, and tumor cells
results in immune suppression.
Regardless of the mechanisms by which regulatory T cells
expand in the tumor environment, it has been shown that
depletion of CD4+CD25+ regulatory T cells using anti-CD25 mAb
can abrogate immunologic unresponsiveness to syngeneic
implanted leukemia, lymphoma, sarcoma, and B16 melanoma
cell lines in vivo, resulting in endogenous antitumor immunity
(21–23). The response is mediated by tumor antigen-specific
CD8+ CTL and tumor antigen-nonspecific CD4 CD8 cytotoxic
cells akin to natural killer cells (36, 37). In the B16 melanoma
model there is an enhancement of the IFNa-induced, CD8+ Tcell–dependent immune response following elimination of
CD4+CD25+ regulatory T cells in vivo (23). It has also been
shown that treatment with anti-CD25 mAb facilitates long-term
CD4+ T-cell–mediated tumor immunity (38). This evidence
suggests that regulatory T cells play an important role in
immune suppression in at least some tumors.
Our research is the first to show that blockade of CD4+CD25+
regulatory T cells using anti-CD25 mAb reduces prostate cancer
cell growth both in a prostate tumor transplant model (TRAMPC2) and in a spontaneous prostate tumor mouse model (12T-7s
mice). Moreover, we have shown that the timing of anti-CD25
antibody treatment, as well as unidentified factors regulating
tumor growth, is likely to be important in the efficacy of this
treatment in reducing tumor growth. In the 12-7s mouse model,
the expansion of regulatory T cells in the draining lymph nodes
or tumor mass likely does not occur until 12 weeks of age or

Cancer Research

References
1. Abate-Shen C, Shen MM. Molecular genetics of
prostate cancer. Genes Dev 2000;14:2410–34.
2. McNeel DG, Malkovsky M. Immune-based therapies
for prostate cancer. Immunol Lett 2005;96:3–9.
3. Ridgway D. The first 1000 dendritic cell vaccines.
Cancer Invest 2003;21:873–86.
4. Banchereau J, Palucka AK, Dhodapkar M, et al.
Immune and clinical responses in patients with
metastatic melanoma to CD34(+) progenitor-derived
dendritic cell vaccine. Cancer Res 2001;61:6451–8.
5. Kugler A, Stuhler G, Walden P, et al. Regression of
human metastatic renal cell carcinoma after vaccination with tumor cell-dendritic cell hybrids. Nat Med
2000;6:332–6.
6. Fong L, Brockstedt D, Benike C, et al. Dendritic cellbased xenoantigen vaccination for prostate cancer
immunotherapy. J Immunol 2001;167:7150–6.
7. Fong L, Engleman EG. Dendritic cells in cancer
immunotherapy. Annu Rev Immunol 2000;18:45–73.
8. Carducci MA, DeWeese TL, Nelson WG, et al. Prostate
cancer treatment strategies based on tumor-specific
biological principles: future directions. Semin Oncol
1996;23:56–62.
9. Troy A, Davidson P, Atkinson C, Hart D. Phenotypic
characterisation of the dendritic cell infiltrate in
prostate cancer. J Urol 1998;160:214–9.
10. Kiertscher SM, Luo J, Dubinett SM, Roth MD. Tumors
promote altered maturation and early apoptosis of
monocyte-derived dendritic cells. J Immunol 2000;164:
1269–76.
11. Pirtskhalaishvili G, Shurin GV, Gambotto A, et al.
Transduction of dendritic cells with Bcl-xL increases
their resistance to prostate cancer-induced apoptosis
and antitumor effect in mice. J Immunol 2000;
165:1956–64.
12. Pirtskhalaishvili G, Shurin GV, Esche C, et al.
Cytokine-mediated protection of human dendritic cells
from prostate cancer-induced apoptosis is regulated
by the Bcl-2 family of proteins. Br J Cancer 2000;
83:506–13.

Cancer Res 2005; 65: (7). April 1, 2005

contribute to the development of a progressively immune suppressed environment. Although antitumor immune responses seem
to be initiated, our data suggest that the balance between immune
activation and suppression (tolerance) is altered during tumor
growth, ultimately allowing the tumor to escape immune
destruction. Taken together, our studies have important implications for designing effective antitumor immune therapy strategies
that involve manipulation of both dendritic cells and regulatory
T cells. It is anticipated that these and other such studies will pave
the way to development of more effective therapeutic strategies
to induce endogenous antitumor immunity.

Acknowledgments
Received 9/9/2004; revised 1/2/2005; accepted 1/14/2005.
Grant support: Operating grants from the Prostate Cancer Research Foundation of
Canada and the Department of Defense Prostate Cancer Research Program (DAMD1702-1-0225), an Establishment grant from the Michael Smith Foundation for Health
Research, and Salary Support Awards from the Michael Smith Foundation for Health
Research and the Canadian Institutes of Health Research (C.D. Helgason).
The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.
We thank Krista Joris and Louis Huang for genotype analysis of the mice; Gina
Eom for her assistance with the ELISA assays; Leanne Neill, Kaz Bremner, and Dr. Jose
Rey-Ladino for assistance with phenotype analysis; Dr. Susan Kasper and Dr. Robert
Matusik (Vanderbilt University Medical Center, Nashville, TN) for providing the LPBTag mice; Dr. Norman Greenberg (Fred Hutchinson Cancer Research Center, Seattle,
WA) for the TRAMP-C2 cell line; and the staff of the Animal Resource Centre at the
British Columbia Cancer Agency for maintaining the breeding colony. Dr. Megan K.
Levings is acknowledged for her many helpful discussions and valuable input.

13. Steinman RM, Hawiger D, Nussenzweig MC.
Tolerogenic dendritic cells. Annu Rev Immunol 2003;
21:685–711.
14. Morelli AE, Thomson AW. Dendritic cells: regulators
of alloimmunity and opportunities for tolerance induction. Immunol Rev 2003;196:125–46.
15. Jonuleit H, Schmitt E, Schuler G, Knop J, Enk
AH. Induction of interleukin 10–producing, nonproliferating CD4(+) T cells with regulatory properties by repetitive stimulation with allogeneic
immature human dendritic cells. J Exp Med 2000;
192:1213–22.
16. Oldenhove G, de Heusch M, Urbain-Vansanten G,
et al. CD4+ CD25+ regulatory T cells control T helper
cell type 1 responses to foreign antigens induced by
mature dendritic cells in vivo. J Exp Med 2003;198:259–66.
17. Woo EY, Chu CS, Goletz TJ, et al. Regulatory
CD4(+)CD25(+) T cells in tumors from patients with
early-stage non–small cell lung cancer and late-stage
ovarian cancer. Cancer Res 2001;61:4766–72.
18. Liyanage UK, Moore TT, Joo HG, et al. Prevalence
of regulatory T cells is increased in peripheral blood
and tumor microenvironment of patients with
pancreas or breast adenocarcinoma. J Immunol
2002;169:2756–61.
19. Wolf AM, Wolf D, Steurer M, et al. Increase of
regulatory T cells in the peripheral blood of cancer
patients. Clin Cancer Res 2003;9:606–12.
20. Curiel TJ, Coukos G, Zou L, et al. Specific recruitment
of regulatory T cells in ovarian carcinoma fosters
immune privilege and predicts reduced survival. Nat
Med 2004;10:942–9.
21. Tanaka H, Tanaka J, Kjaergaard J, Shu S. Depletion of
CD4+ CD25+ regulatory cells augments the generation
of specific immune T cells in tumor-draining lymph
nodes. J Immunother 2002;25:207–17.
22. Onizuka S, Tawara I, Shimizu J, et al. Tumor rejection
by in vivo administration of anti-CD25 (interleukin-2
receptor a) monoclonal antibody. Cancer Res 1999;59:
3128–33.
23. Steitz J, Bruck J, Lenz J, Knop J, Tuting T. Depletion of
CD25(+) CD4(+) T cells and treatment with tyrosinase-

2954

related protein 2–transduced dendritic cells enhance
the interferon a-induced, CD8(+) T-cell–dependent
immune defense of B16 melanoma. Cancer Res 2001;
61:8643–6.
24. Kasper S, Sheppard PC, Yan Y, et al. Development, progression, and androgen dependence of
prostate tumors in probasin-large T antigen transgenic mice: a model for prostate cancer. Lab Invest
1998;78:319–33.
25. Masumori N, Thomas TZ, Chaurand P, et al. A
probasin-large T antigen transgenic mouse line develops prostate adenocarcinoma and neuroendocrine
carcinoma with metastatic potential. Cancer Res 2001;
61:2239–49.
26. Foster BA, Gingrich JR, Kwon ED, Madias C,
Greenberg NM. Characterization of prostatic epithelial
cell lines derived from transgenic adenocarcinoma of
the mouse prostate (TRAMP) model. Cancer Res 1997;
57:3325–30.
27. Ciavarra RP, Brown RR, Holterman DA, et al. Impact
of the tumor microenvironment on host infiltrating
cells and the efficacy of flt3-ligand combination
immunotherapy evaluated in a treatment model of
mouse prostate cancer. Cancer Immunol Immunother
2003;52:535–45.
28. Ciavarra RP, Holterman DA, Brown RR, et al. Prostate
tumor microenvironment alters immune cells and
prevents long-term survival in an orthotopic mouse
model following flt3-ligand/CD40-ligand immunotherapy. J Immunother 2004;27:13–26.
29. Chaux P, Favre N, Martin M, Martin F. Tumorinfiltrating dendritic cells are defective in their antigenpresenting function and inducible B7 expression in rats.
Int J Cancer 1997;72:619–24.
30. Zheng Y, Manzotti CN, Liu M, et al. CD86 and
CD80 differentially modulate the suppressive function
of human regulatory T cells. J Immunol 2004;172:
2778–84.
31. Yamazaki S, Iyoda T, Tarbell K, et al. Direct
expansion of functional CD25+ CD4+ regulatory T cells
by antigen-processing dendritic cells. J Exp Med 2003;
198:235–47.

www.aacrjournals.org

Downloaded from http://aacrjournals.org/cancerres/article-pdf/65/7/2947/2541348/2947-2955.pdf by guest on 25 June 2022

treatment reduces the growth of transplanted and spontaneous
prostate tumors.
In the long term, elimination of the regulatory T-cell
population using antibody therapy may favor the generation
and/or expansion of activated T cells capable of reducing tumor
growth. Validation of this hypothesis will require a detailed
analysis of immune function following antibody therapy at
various times during tumor progression. Although these results
are encouraging, our studies and others suggest that simply
blocking or even eliminating CD4+CD25+ regulatory T-cell
function in vivo using anti-CD25 mAb might not be adequate
to overcome immune suppression and eradicate the tumor (refs.
21, 39 and our data). A major concern is that CD25 is also
transiently expressed on activated T cells, and thus use of antiCD25 mAb in vivo could potentially eliminate recently activated
tumor-specific T cells. A second concern is that this antibody
treatment likely results in only temporary blockade of regulatory
T-cell expansion or function. Determination of appropriate doses,
administration routes, and time schedules may circumvent these
concerns. It is also possible that a combination of dendritic cell–
or T-cell–mediated immune therapy to initiate an antitumor
response and anti-CD25 mAb (or equivalent) treatment to reduce
the level of active immune suppression may result in the
generation of an effective, long-lasting antitumor immune
response.
In summary, these studies show for the first time in a prostate
dysplasia mouse model that CD4+CD25+ regulatory T cells
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