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Purpose: Prostate cancer (PCa) patients often have dendritic cell (DC) function defects, but
the mechanism is not clear. The aim of this study was to detect the effect of vascular endothelial
growth factor (VEGF) in mature DCs.

Patients and methods: In this study, we chose 30 PCa patients, 10 prostatic intraepithelial
neoplasia (PIN) patients and 30 benign prostatic hyperplasia (BPH) patients, and compared the
composition of peripheral blood T cells, the composition and function of local dendritic cells
in prostate tissue, and the density of local VEGF.

Results: The results showed that the numbers of total DCs, mature and functional DCs, and
CD4* T cells were inhibited in PCa, and the inhibitory effect was enhanced with increased
malignancy. In addition, the infiltration density of VEGF-positive cells was increased in PCa,
and this increase was associated with an increased malignant degree of PCa. The inhibition of
tumor immunity in patients with PCa is achieved by inhibiting the function of dendritic cells.
Conclusion: VEGF plays an important role in the inhibition of the maturation and function of
dendritic cells, and this inhibition is gradually increased with an increasing malignant degree
of PCa.

Keywords: prostate cancer, vascular endothelial growth factor, dendritic cell, immunology,
T cell

Introduction

Prostate cancer (PCa) is the most frequently diagnosed cancer and the second leading
cause of cancer death in males in the United States, accounting for 27% (233,000)
of total new cancer cases and 10% (29,480) of total cancer deaths in males in 2014.!
Beyond traditional surgery, radiotherapy and hormone deprivation methods, many
studies focus on dendritic cell-based immunotherapy since it is a novel treatment for
advanced PCa.? Dendritic cells (DCs) are the most important antigen-presenting cell
population for regulating innate and adaptive immune responses. They are required
to convert naive resting T cells into potent tumor-reactive cytotoxic CD8* and helper
CD4* T cells. The activation of DCs can effectively stimulate B lymphocytes to
produce a specific antibody — T cell transformation into cytotoxic T cells produces
an effective immune response,’ and plays an important role in tumor immunity. The
immune response of DCs is mainly mediated by CD8* and CD4* T cells. The secre-
tion of various cytokines produced by CD4" cells, and a part of them influence CD8*
cells differentiation development to CD8* cytotoxic T cells, and by CD8* cytotoxic
T cells, leads to the activation of the perforin/pathway and Fas/FasL pathways and
the killing of target cells. DCs also play a major role in the immune memory, which
can stimulate the formation of T cell differentiation and expansion to form antigen-
specific killer T cells.*
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Early theories did not consider the prostate to be an
organ monitored by the body’s immune system,’ but nearly
7 years of research has overthrown this viewpoint, suggesting
that the treatment of PCa may potentially work by activat-
ing the immune system.® Therefore, increasing attention to
the clinical treatment of PCa, especially in late androgen-
independent or distant metastasis, focuses on activating
the human immune system to treat PCa. Sipuleucel-T was
approved by the United States Food and Drug Administration
for PCa therapy in 2010.7

Previous studies have demonstrated that the quantity and
activity of DCs in PCa patients are significantly lower than
in healthy controls,® and in vitro experiments verified that
PCa cells induce apoptosis, as well as suppress the regenera-
tion and differentiation of DCs.? Studies also showed that
the numbers of DCs are reduced in PCa tissues compared
to prostatic hyperplasia (BPH) tissues, and the levels of
infiltrating DCs are further decreased with the advancement
of atypia.'® Current immunotherapies are confined to relieve
the symptoms in advanced PCa patients and cannot cure the
disease, and the immunosuppressive tumor microenviron-
ment may limit their effectiveness.!' Therefore, it is neces-
sary to determine the mechanism of immune inhibition to
overcome the immune restriction and improve the efficacy
of immunotherapy.

Vascular endothelial growth factor (VEGF), which
induces neoangiogenesis and the blockade of angiogenesis,
plays an important role in the development and metastasis
of solid tumors, and targeting VEGF has become a useful
approach in cancer therapy.'? The inhibition of VEGF in
a mouse model leads to increased antigen uptake and the
migration of tumor-associated DCs."* In the human tongue
carcinoma, cancer cells could be inhibited in proliferation and
be increased in apoptosis by knocking down the expression
of VEGF, and maturation of DCs also could be improved.'*
VEGF also influences the effect of DCs on therapy in the
model of colon cancer-induced malignant ascites."” VEGF
expression in the peripheral blood and neoplasm nest from
patients with oral squamous cell carcinoma (OSCC) was
positively correlated with the course of the disease, while an
inverse correlation between VEGF expression and DCs was
identified in the peripheral blood.'* Some clinical research
has been carried out that blocks VEGF to improve the antitu-
mor responses in treating PCa patients.'® PCa is divided into
three categories, which fit the following standard definitions:
low-risk PCa (biopsy Gleason grade < 7 or prostate-specific
antigen (PSA) < 10 ng/mL), intermediate-risk PCa (biopsy
Gleason score 7 or PSA 10-20 ng/mL), and high-risk PCa

(biopsy Gleason score > 7 or PSA > 20 ng/mL).'"?° Deter-
mining the status of DC and VEGF expression in different
degrees of PCa patients is needed.

In this study, we compared the composition and functional
status of DCs in prostate tissues of patients with BPH, pro-
static intraepithelial neoplasia (PIN) and PCa and compared
the expression of VEGF in these prostate tissues. We also
compared the changes of T-lymphocyte CD4* T cells, CD8*
T cells, and the CD4*/CD8" ratio in the BPH, PIN and PCa
groups. We examined the DCs in the PCa microenvironment,
the T lymphocytes in peripheral blood, and the association
of VEGF expression with Gleason scores and PSA levels in
PCa patients. In addition, we studied the correlation between
S100 expression, VEGF and CD208 in PCa patients.

Materials and methods

This study obtained permission from the ethics committee
of the Shanghai Jiao Tong University Affiliated 6th People’s
Hospital and the Shanghai Institute of Ultrasound in Medicine,
and written informed consent was obtained from each patient.
Mice blood was used in this research and permission was
also obtained from the ethics committee of the Shanghai
Jiao Tong University Affiliated 6th People’s Hospital and
the Shanghai Institute of Ultrasound in Medicine. All experi-
ments were performed following relevant Shanghai Jiao Tong
University Affiliated 6th People’s Hospital and national
guidelines and regulations.

Patients

An ultrasound-guided 10- to 12-core transrectal systematic
prostate biopsy was obtained from all patients based on the
European Association of Urology (EAU) guideline sugges-
tions. The patients had no history of blood transfusions, no
acute or chronic infectious diseases, and they did not use any
immunomodulatory drugs or treatment, receive radiation
therapy, or have autoimmune diseases. The peripheral blood
levels of PSA, CD4* T cells, and CD8" T cells, as well as the
CD4*/CDS8" ratio, were measured before the procedure.

Groups
The patients were divided into three groups according to their
pathological results: BPH, PIN and PCa. The PCa patients
were divided into three groups according to their PSA levels:
group A, PSA < 10 ng/mL; group B, PSA 10-20 ng/mL;
and group C, PSA > 20 ng/mL.

PCa patients were also stratified according to Gleason
score: group D, Gleason grade < 7; group E, Gleason grade 7;
and group F, Gleason grade > 7.
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Phenotypic analysis of CD4*, CD8",
and CD4/CD8 by flow cytometry

Fresh peripheral venous blood was collected from all patients
1 day before biopsy. Anticoagulant (100 uL) was added to
each of the two test tubes containing either 20 uL CD4-
FITC (BD, Franklin Lakes, NJ, USA) or 20 uL CD8-PE
(BD) and mixed evenly. Additionally, a test tube with blood
from Control mice and IgG1-FITC (BD) or IgG1-PE (BD)
monoclonal antibodies (20 uL) was also mixed. All test tubes
were incubated at room temperature after mixing for 20 min;
then, 2 mL of red cell lysate (BD Biosciences, San Jose,
CA, USA) was added. After incubation at room temperature
for 10 min, samples were centrifuged at 12,000 rpm for
5 min, the supernatant was discarded, and 2 mL of phosphate
buffer pH 7.4 (0.05% PBS) was added. The samples were
mixed well and washed 1-2 times. Cells were resuspended in
500 pL of PBS, and immediately tested by flow cytometry.
We gated for small lymphocytes (R1 gate) based on the for-
ward scatter and side scatter of the cells. Mouse 1gG1-FITC
and IgG1-PE monoclonal antibodies were used as isotype-
negative controls.

The data were acquired using a FACScan flow cytometer
(BD) and analyzed with CellQuest software (BD).

PSA detection

Fasting venous blood (4 mL), which had been placed in
sterile centrifuge tubes, was centrifuged at 3,000 rpm for
15 min, and collected sera were placed in a sterile tube. PSA
detection was done using a Swiss Roche E601 automatic
electrochemical luminescence. Test results were automati-
cally determined based on the standard curve.

Immunohistochemistry

The composition and functional status of DCs and the expres-
sion of VEGF (Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) in prostate tissues of patients were detected by
immunohistochemistry. S100 (Santa Cruz Biotechnology,
Inc.) is a specific marker of DCs, and CD208 (Santa Cruz
Biotechnology, Inc.) is a specific marker for mature and func-
tional DCs.?'»* Routine formalin-fixed paraffin-embedded
3—4-um-thick sections from each patient were attached to
silanized slides, sequentially deparaffinized and rehydrated.
Access to tissue antigen sites for antibody attachment was
enhanced by microwaving slides, which were treated with
citrate buffer for 20 min. The primary antibody was diluted
1:100 in Tris buffered saline (TBS)/1% BSA/1% human
serum and incubated for 30 min. The EnVision technique
and development with the chromogen 3,3’-diaminobenzidine

tetrachloride was used for visualization. Sections were lightly
counterstained with hematoxylin.?* All slides were examined
by two trained pathologists. Negative staining slices also
were completed.

Brown granular staining in the cytoplasm or nucleus was
defined as S100- and CD208-positive results. VEGF-positive
cells showed brown granular staining in the cytoplasm.

Measurements of DC and VEGF-positive cell infiltration
density are expressed as the mean + standard deviation. The
saturation density of DCs/VEGF-positive cells = 10 X the
high power field of view of positive cells/2.5 mm?.

Statistical analysis

SPSS16.0 statistical software was used for statistical analy-
ses. The data were subjected to single factor variance analy-
sis. Further pairwise comparisons were conducted using the
Student-Newman-Keuls test, and the correlation between
VEGF and DCs was analyzed by correlation analysis.
P-values < 0.05 were considered statistically significant.

Results
Age and PSA levels of the three

groups (Table )
A total of 30 BPH patients, 10 PIN patients and 30 PCa
patients were included in this study.

The PSA levels in patients with PCa and PIN were sig-
nificantly different from those with BPH (P = 0.010). There
was no significant difference in PSA levels between BPH
and PIN patients or PCa and PIN patients (P > 0.05). No
significant differences in age were seen between the three
groups (P > 0.05).

Changes of peripheral blood CD4,
CD8 and CD4/CD8 levels in three
groups (Table 2)

The expression level of CD4 in each group reduced with
the malignant degree of disease, and there was a significant
difference in CD4 levels between BPH and PCa patients

Table | Age and PSA levels in patients with different pathological
types

Group Age (year) PSA (ng/mL)
BPH 67.47 £ 10.39 11.67 £12.70
PIN 69.50 £ 11.13 2242 +12.32
PCa 67.97 £ 11.91 25.07 £ 26.07*

Notes: *P = 0.010 vs BPH. Data are presented as mean * standard deviation.
Abbreviations: PSA, prostate-specific antigen; BPH, benign prostatic hyperplasia;
PIN, prostatic intraepithelial neoplasia; PCa, prostate cancer.
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Table 2 Changes of serum CD4, CD8 and CD4/CD8 levels in
patients with different pathological types

Group CD4 (%) CDS8 (%) CD4/CD8
BPH 37.14 + 5.44 26.67 £ 6.63 .51 +0.54
PIN 3448+ 9.46 2373+ 629 1.57 + 081
PCa 28.61 + 8.00° 2330+ 7.83 136 + 0.60

Notes: P =0.000 vs BPH; P = 0.030 vs PIN. Data are presented as mean + standard
deviation.

Abbreviations: BPH, benign prostatic hyperplasia; PIN, prostatic intraepithelial
neoplasia; PCa, prostate cancer.

(P =0.000) and PCa and PIN patients (P = 0.030). There
were no significant differences in the levels of CD8 and CD4/
CDS8 between groups (P > 0.05).

Differences in S100, CD208 and VEGF
expression in biopsy tissues of each
group (Table 3 and Figure 1)

The expression level of S100 in each group decreased
gradually with the increase of the degree of malignancy.
PCa patients showed significantly lower expression of S100
than the other two groups (P = 0.000). The expression level
of CD208 in each group also decreased gradually with the
progression of the disease. The expression of CD208 in PCa
patients was the lowest of the three groups, and the difference
was statistically significant between PCa and BPH patients
(P=0.000). The difference in CD208 expression in PIN and
BPH patients was also statistically significant (P = 0.045).
The expression level of VEGF in each group increased gradu-
ally with the increase of the malignant degree of the disease
statistical significance, P = 0.000.

Differences in CD4, CD8 and CD4/CD8
levels in 30 patients with PCa based on
PSA levels and Gleason score (Table 4)

With the increase in PSA, the expression of peripheral blood
CD4 in patients with PCa was gradually reduced. The dif-
ference was statistically significant between the two groups
(P=0.000). The expression level of CD8 in group B was sig-
nificantly lower than that in group A (P=0.025). No significant

Table 3 Expression density changes of S100, CD208 and VEGF
of three groups patients with local tissue biopsy

Group Si100 CD208 VEGF

BPH 26.97 + 4.35 2.23 £ 0.68 60.21 £7.22
PIN 21.70 +2.38¢ 1.60 £0.37¢ 71.75 £ 437"
PCa 13.20 £ 5.08*° 1.12 £0.58¢ 83.77 + 5.48'¢

Notes: *P = 0.000 vs BPH; °P = 0.000 vs PIN; P = 0.015 vs BPH; ?P = 0.000 vs BPH;
P =0.045 vs BPH; 'P = 0.000 vs BPH; P = 0.000 vs PIN; "P = 0.000 vs BPH. Data are
presented as mean * standard deviation.

Abbreviations: VEGF, vascular endothelial growth factor; BPH, benign prostatic
hyperplasia; PIN, prostatic intraepithelial neoplasia; PCa, prostate cancer.

differences in expression levels of CD8 were seen between
group C and group A or group B (> 0.05). The ratio of CD4/
CD8 decreased with the increase of PSA, and the differences
between group C and group B and between group C and group B
were statistically significant (P < 0.05). There was no sig-
nificant difference between group B and group C (P > 0.05).

The expression of CD4 in PCa patients decreased with
the increase in Gleason score, and the difference was statis-
tically significant between the two groups (P = 0.000). The
expression level of CD8 in PCa patients was not statistically
significant between groups, (P > 0.05), and there was no
significant difference in the CD4/CDS ratio between the two
groups (P > 0.05).

Differences in S100, CD208 and VEGF
expression in PCa patients based on PSA

levels and Gleason score (Table 5)

With increased PSA levels, the expression of S100 in PCa
patients decreased significantly. The differences in S100
expression was significant between all groups (P < 0.05). The
expression of CD208 decreased with increased PSA levels
in PCa patients, and the differences between group B and
group A and between group C and group A were statistically
significant (P = 0.000). However, there was no significant
difference in the expression of CD208 between group C and
group B (P > 0.05). The expression level of VEGF increased
gradually with the increase of PSA, and this difference
was statistically significant in both groups (P < 0.05).

The expression of S100 in PCa patients decreased sig-
nificantly with the increase in Gleason score (P < 0.05).
In addition, the expression level of CD208 in patients with
PCa decreased significantly with the increase in Gleason
score (P < 0.05). The expression level of VEGF in patients
with PCa increased with the increase in Gleason score, and
the difference was statistically significant between the two
groups (P < 0.05).

Correlation between expression of VEGF
and S100 and CD208 expression levels in
PCa patients

There was no correlation between VEGF and S100 expres-
sion levels (P = 0.839) (Figure 2A). However, there was a
negative correlation between VEGF and CD208 expression
levels (P =0.001) (Figure 2B).

Discussion
As important antigen-presenting cells (APCs), DCs function
at the interface of the innate and adaptive immune systems.
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$100

Figure | Immunohistochemistry results of S100, CD208 and VEGF expression in biopsy tissues of each group (x200 original magnification).
Abbreviations: PCa, prostate cancer; BPH, benign prostatic hyperplasia; PIN, prostatic intraepithelial neoplasia; VEGF, vascular endothelial growth factor.

In their role as master APCs, DCs induce adaptive responses
by processing and presenting antigens on major histocom-
patibility complex (MHC) molecules to naive T lymphocytes
in lymphoid organs.? DCs are the most important APC popu-
lation for regulating innate and adaptive immune responses.
They are required for converting naive resting T cells into
potent tumor-reactive cytotoxic helper CD4* T cells.? In
this study, we showed that S100, which is expressed by all
DCs, and CD208, which is expressed by mature and func-
tional DCs, were lower than in PCa patients than in BPH

Table 4 Differences in CD4, CD8 and CD4/CD8 levels in 30 PCa
patients based on PSA levels and different Gleason score

Group (N) CD4 (%) CD8 (%) CD4/CD8
A (10) 38.03+4.10 27.75+7.11 1.58 +0.45
B (10) 27.72 £2.53¢ 19.90 + 5.95¢ 1.56 +0.73
C(10) 20.09 £ 1.60* 23.84+£7.83 0.97 + 0.35¢f
D (8) 38.74 £ 4.60 2747 £5.51 1.50 +0.24
E(9) 3042 £2.44 20.68 * 6.45 1.58 +0.52
F(13) 21.12 £2.57¢" 22.46 884 .16 £0.72

Notes: Group A, PSA < 10 ng/mL; group B, PSA 10-20 ng/mL; group C,
PSA > 20 ng/mL; group D, Gleason grade < 7; group E, Gleason grade 7;
group F, Gleason grade > 7. *P = 0.000 vs group A; *P = 0.000 vs group B; <P = 0.000
vs group A; P = 0.025 vs group A; P =0.016 vs group A; P =0.019 vs group B; tP =
0.000 vs group D; "P = 0.000 vs group E; P = 0.000 vs group D. N is the numbers of
the cases. Data are presented as mean + standard deviation.

Abbreviations: PCa, prostate cancer; PSA, prostate-specific antigen.

and PIN patients. The infiltration density level of total DCs
and mature and functional DCs decreased with the increase
of PSA level and Gleason score. Prostate tumor cells cannot
only induce the apoptosis of mature DCs but also inhibit the
differentiation and maturation of immature DCs, thereby
reducing the number of DCs and inhibiting their function. DC
deficiency and dysfunction are immune escape mechanisms
of PCa.?”” We also found that CD4* T cells in PCa patients

Table 5 Differences in S100, CD208 and VEGF expression in
PCa patients based on PSA levels and different Gleason score

Group  S100 (N) CD208 (N) VEGF (N)

A 1877+ 4.10(6)  1.90 +0.37 (6) 76.60 +3.98 (7)

B 1257+ 191 (7)° 097 +031 (7)° 8327 £324 (9)
C 9.06+243 (9  0.68+0.10(8)°  88.38+3.62 (9)'¢
D 1856+3.81 (5)  1.84+0.57 (5) 76.60 + 4.16 (6)

E 1416+ 450 (8)  1.13+£042 (8)  82.40 +4.26 (8)°

F 9334265 (9"  0.68+0.10 (8)"  87.78+3.56 (I1)°*

Notes: Group A, PSA < 10 ng/mL; group B, PSA 10-20 ng/mL; group C,
PSA > 20 ng/mL; group D, Gleason grade < 7; group E, Gleason grade 7; group F,
Gleason grade > 7. P =0.000 vs group A; ®P =0.024 vs group B; P =0.001 vs group A;
4P = 0.000 vs group A; P = 0.000 vs group A; P = 0.000 vs group A; &P = 0.006 vs
group B; "P=0.001 vs group A; P =0.000 vs group D; iP = 0.014 vs group E; ‘P = 0.049
vs group D; 'P = 0.000 vs group D; ™P = 0.029 vs group E; "P = 0.004 vs group D; °P =
0.000 vs group D; PP =0.007 vs group E; P =0.012 vs group D. N is the numbers of the
cases. Data are presented as mean = standard deviation.

Abbreviations: PCa, prostate cancer; VEGF, vascular endothelial growth factor;
PSA, prostate-specific antigen.
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Figure 2 (A) VEGF and S100 in PCa infiltration density scatter diagram. (B) VEGF and CD208 in PCa infiltration density scatter diagram.

Abbreviations: PCa, prostate cancer; VEGF, vascular endothelial growth factor.

were more suppressed than in BPH and PIN patients. The
decrease of CD4* cells was enhanced with increasing PSA
levels and Gleason scores. This indicates that PCa patients
have abnormal immune functions and that DC activation and
function were inhibited by the cancer cells. Furthermore,
cancer cell-induced suppression of CD4" T-cell numbers
leads to the inhibition of immune system functions. This
effect was achieved by inhibiting DCs. The number of tumor-
infiltrating DCs in tumor patients was reduced and cells had
functional defects. Compared with the normal DC phase,
tumor-infiltrating DC deficiency stimulates the proliferation
of T cells and the ability to produce cytokines. This is one of
the mechanisms of tumor immune escape.® CD4/CD8 ratio is
a key marker for clinical outcome and immune dysfunction,
and in the results of this study, the ratio of CD4/CD8 in PCa
was lower than in BPH, but this difference was not statisti-
cally significant. We also got the same result between group F
and group D. We thought that the possible reason was that
the number of cases was small. Thus, we hope to increase
the number of cases in future studies. Furthermore, we did
not observe any difference in CD8" T cell levels with the
progression of PCa. Although a lot of research has shown
that the CD8* T cell is one of the important immune T cells
involved in tumor immunity, it could inhibit the process of
cancer, but some other results have shown that the CD8"
T-cell subpopulation also has potent suppressive activity in
prostate cancer, and it could inhibit tumor immunity.?$%
VEGF was initially identified due to its capacity to
enhance vascular permeability and endothelial cell growth.
It is now recognized as the key inducer of angiogenesis

in tumors. VEGF is secreted by most tumors and myeloid
infiltrates.*® A high level of VEGF in the serum of cancer
patients is correlated with increased metastasis, tumor
aggressiveness, and poor prognosis. VEGF suppresses the
maturation capacity and the differentiation of DCs and other
immune cells from hematopoietic lineages.’! DCs which have
been damaged cannot effectively present tumor antigen to
the body’s immune system. In the past study, we inhibited
VEGF expression and found that it can improve DC and
T cells proliferation and also promote activation of anti-tumor
immunocytes in the VEGF-inhibited microenvironment.*? In
this study, we found that VEGF levels were higher in PCa
patients than in PIN and BPH patients. The infiltration den-
sity level of VEGF-positive cells increased with increased
PSA level and Gleason score. The infiltration density of
VEGF-positive cells was negatively correlated with the
maturation and function of DCs. VEGF inhibited the number
of mature and functional DCs, thereby inhibiting the func-
tion of DCs and further inhibiting tumor immunity. VEGF
expression had a relationship with the degree of malignancy
of prostate cancer.** With the progress of prostate cancer, DC
maturation was inhibited, tumor immunity was inhibited too.
VEGF might have an influence on the biophysical properties
of DC, including electrophoretic mobility, osmotic fragility,
viscoelasticity, and transmigration,** so the total number
of DCs was reduced in prostate cancer, and the number of
total DCs reduced with the progress of prostate cancer.
VEGF also acts, through the induction of programmed death
ligand 1(PDL1 or B7-H1) on myeloid DCs,* to inhibit the
immunity of cancer, but the real mechanism of how VEGF
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inhibits mature DCs still needs to be studied in the future.
The therapeutic efficacies may be improved by blocking the
signaling pathway of VEGF in an appropriate manner.

Conclusion

The numbers of total DCs, mature and functional DCs, and
CD4" T cells were inhibited in PCa, and the inhibitory effect
was enhanced with increased malignancy. In addition, the
infiltration density of VEGF-positive cells was increased
in PCa, and this increase was associated with an increased
malignant degree of PCa. The inhibition of tumor immunity
in patients with PCa is achieved by inhibiting the function of
DCs. VEGF plays an important role in the inhibition of the
maturation and function of DCs, and this inhibition is gradu-
ally increased with an increasing malignant degree of PCa.
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