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Predominance of M2-polarized macrophages in bladder
cancer affects angiogenesis, tumor grade and invasiveness
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Abstract. Tumor-associated macrophages (TAMs) often
assume an immunoregulatory M2 phenotype. Thus, the aim of
the present study was to clarify the correlation of vascularity
and TAMs, in particular the M2 phenotype in the stroma
and tumor areas, with the clinical and pathological outcomes
of patients with bladder cancer. The TAM counts and
microvessel counts (MVCs) were determined immunohisto-
chemically in 21 patients with bladder cancer. The number of
infiltrating TAMSs was measured using immunohistochemistry
with anti-cluster of differentiation (CD)68 and anti-CD163
antibodies, to identify a macrophage lineage marker and an
M2-polarized-specific cell surface receptor, respectively.
CD68* and CD163* macrophages were evaluated in the stroma
and tumor areas, and areas with a high density of infiltrating
cell spots were counted. MVCs were determined using immu-
nohistochemistry with anti-CD34 antibodies. The results
revealed that the higher ratio of CD163*/CD68* macrophages in
the stroma, tumor and total tumor tissues were correlated with
a higher stage and grade (P<0.05). In addition, the low ratio
of CD68*/CD34* microvessels was correlated with a higher
stage (P<0.05). There was also a positive correlation between
TAMs and MVC (r?=0.25; P<0.05). These results suggest
that the TAM polarized M2 phenotype affects microvessels,
pathological outcome, tumor grade and invasiveness.

Introduction

Bladder cancer is the fourth most common malignancy in males
and the ninth most common in females in the United States.
In total, 74,690 cases were diagnosed in 2014 (1). Although
the cancer can be treated effectively using transurethral resec-
tion (TUR), patients are at risk of recurrence or progression to
muscle-invasive disease or metastasis (2,3).
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Tumor biology and progression, and the therapeutic
response are affected by the tumor microenvironment (4,5),
including stromal cells, infiltrating leukocytes and blood
vessels, which all contribute to the tumor stroma (5).
Tumor-associated macrophages (TAMs) are one of the main
components of this tumor stroma, and contribute to the
progression of a number of cancer types (5,6). The induction of
angiogenesis was initially hypothesized to be via tumor cells
themselves. However, certain stromal components are likely to
be involved in regulating the behavior of tumors also (7,8). For
example, macrophages play a significant role in tumor angio-
genesis and inflammatory reactions (9,10). Taken together,
these observations suggest that TAMs are important for tumor
angiogenesis and invasion, and that they affect the prognosis.

Macrophages can alter their phenotype depending on
environmental signals (11), and can be divided into classi-
cally-activated macrophages (M1) and alternatively-activated
macrophages (M2) (12). M1-macrophages are pro-inflam-
matory and tumoricidal, whereas M2-macrophages release
anti-inflammatory molecules, regulate tissue remodeling and
reduce inflammation (13). In the tumor microenvironment,
the majority of TAMs exhibit an M2-like phenotype (6), exert
anti-inflammatory and protumor effects, and facilitate tumor
growth, angiogenesis, immunosuppression and matrix remod-
eling (14). As such, a detailed assessment of macrophage
phenotypes in the tumor, stroma and microenvironment is
required in order to fully comprehend the manner in which M2
macrophages affect tumor behavior. Nevertheless, previous
reports have been based solely on the expression of cluster of
differentiation (CD)68, a macrophage lineage marker that does
not discriminate between the M1 and M2 phenotypes, thereby
generating bias with regard to resultant observations (15,16).

The current study evaluated the overall TAM population
(CD68; M1 and M2 macrophages) and the M2 phenotype
(based on CDI163 expression) in the stroma and tumor tissue
of bladder cancer patients. The objective of the study was to
determine the association among TAMs (including CD163
expression), microvessel counts (MVCs), pathological
outcome, tumor grade and invasiveness.

Materials and methods
Tissue samples. Surgical specimens were obtained from

21 patients (19 males and 2 females; mean age, 74.0 years;
range, 50-89 years) with bladder cancer, including
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17 non-muscle invasive cancers (Ta and T1) and 4 invasive
bladder cancers (T2), who underwent transurethral resection
at the Department of Urology, Tokyo Metropolitan Hiroo
Hospital (Tokyo, Japan). Written informed consent was
obtained from all the patients and all procedures used in the
present study were approved by the Ethical Committee of
Tokyo Metropolitan Hiroo Hospital. All tumors were tran-
sitional cell carcinomas. None of the patients had received
chemotherapy, radiotherapy or any medication that may have
otherwise affected the macrophage count prior to surgery.
The profiles of the patients from whom tumor samples were
obtained are summarized in Table I. Solitary tumors were
present in 12 individuals and multiple tumors in 9 subjects.
Primary and recurrent tumors were exhibited in 12 and
9 individuals, respectively. The cancer stage was determined
on the basis of the tumor-node-metastasis classification system
[International Union Against Cancer (17)]: 11 cases were Ta,
6 were T1 and 4 were T2. The tumor was grade I in 2 patients,
grade II in 11 subjects and grade III in 8 individuals. A
pathologist evaluated the tissue samples pathologically (stage
and grade). Tumor recurrence was examined using computed
tomography scans, cystoscopy, urinary cytology and intrave-
nous pyelography. The mean follow-up period in the present
study was 6.5 months (range, 1-42 months).

TAM count. Sections of the surgical specimens were stained
with hematoxylin and eosin for histomorphological evaluation.
In the bladder cancer samples, TAM and M2 macrophages
were assessed using monoclonal mouse anti-human CD68
(catalog no., M0876; clone, PG-M1; Dako, Glostrup, Denmark)
and monoclonal mouse anti-human CD163 (catalog no.,
CD163-L-CE; clone, 10D6; Novocastra™; Leica Biosystems,
Nusslock, Germany) antibodies at a dilution of 1:100 in phos-
phate-buffered saline. Tissue sections were deparaffinized in
xylene and then rehydrated using graded alcohol solutions.
Endogenous peroxidase activity was blocked by immersing
the slides in 3% H,0, for 10 min. Next, the tissues were
incubated in 0.125% trypsin at 37°C for 20 min, followed by
incubation with the primary CD68 and CD163 antibodies for
60 min at room temperature. The tissues were then incubated
with horseradish peroxidase-conjugated secondary antibodies
(Histofine® Simple Stain Mouse MAX PO; Nichirei Biosci-
ences Inc., Tokyo, Japan) for 30 min at room temperature.
After color development with diaminobenzidine, the slides
were counterstained with hematoxylin and mounted using
aqueous mounting media. The immunoglobulin fraction of
normal mouse serum was used as a negative control. For TAM
counts, three areas with the highest density of macrophages
were analyzed at low magnification; macrophages were then
counted at x200 magnification (20X objective and 10X ocular
pieces) (Fig. 1A).

MVCs. Tumor-associated angiogenesis was determined using
MVCs according to the method described by Weidner et al,
with slight modifications (18). Anti-CD34 antibodies (mono-
clonal mouse anti-human CD34; clone QB end 10; Dako) were
specifically used rather than anti-factor VIII antibodies to
detect endothelial cells in the bladder tumors. Vessels were
counted in three areas of maximal neovascularization (hot
spots) in which the highest number of discrete microvessels
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Table I. Clinical and pathological features of the 21 patients
with bladder cancer.

Characteristics Value
Median age (range), years 74 (50-89)
Gender (male:female), n 19:2
Pathological T stage, n (%)

pTa 11 (52.4)

pT1 6 (28.6)

pT2 4(19.0)
Tumor grade, n (%)

I 2(9.5)

I 11 (52.4)

1T 8 (38.1)
No. of tumors (%)

1 12 (57.1)

>1 9(42.9)
Recurrence status, n (%)

Primary 12 (57.1)

Recurrent 9(42.9)
CIS presence, n (%)

None 16 (76.2)

Presence 5(23.8)
Recurrent after TUR, n (%)

None 12 (57.1)

Recurrence 9(42.9)
Treatment after TUR, n (%)

None 11 (52.4)

BCG 5(23.8)

2nd TUR 1(4.8)

Total cystectomy 4(19.0)

TUR, transurethral resection; BCG, bacillus calmette-guérin; CIS,
carcinoma in situ; T stage, tumor stage.

was stained within the tumor and the stroma at x100 magnifi-
cation (Fig. 1B).

Statistical analysis. All statistical analyses were performed
using StatView (ver. 5.0; SAS Institute Inc., Cary, NC, USA).
Mann-Whitney U tests and Student's t-tests were used to evaluate
the correlations among TAM, MVCs and clinicopathological
features, including age, recurrence status, carcinoma in situ
(CIS) presence, recurrent after TUR and treatment after TUR.
The correlations among angiogenic factors, MVCs and TAMs
were determined by Spearman's rank correlation tests. P<0.05
was considered to indicate a statistically significant difference.

Results

Patterns of macrophage infiltration and MVC. The present
study first evaluated the localization of macrophages within
the tumor specimens. The patterns of macrophage infiltration
and MVCs according to TAM and CD34 counts and ratios
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Table II. Pattern of macrophage infiltration and MVCs according to TAM (CD68 and CD163) and CD34 counts and ratios.

Count/ratio in the tumor,

Count/ratio in the stroma, Total count/ratio,

Factor mean (range) mean (range) mean (range)
CD68 83.6 (3-272) 110.0 (23-482) 193.6 (53-547)
CD163 48.1 (1-167) 85.0 (3-407) 133.1 (28-445)
CD163*/68* 0.49 (0.10-0.89) 0.72 (0.37-1.00) 0.66 (0.25-0.95)
CD34 36.0 (8-87)
CD68*/34* 7.13 (1.01-20.00)
CD163%/34* 4.57 (0.93-13.13)

TAM, tumor-activated macrophage; MVC, microvessel count; CD, cluster of differentiation.

A-
C-

'-
D-

Figure 1. Immunohistochemical staining for TAMs and MVCs in bladder cancers. Representative distribution patterns of TAMs and MVCs in bladder cancers
are shown. (A) Hematoxylin and eosin staining was used to perform a histomorphological evaluation, while TAM and M2 macrophages were stained using
(B) anti-CD68 and (C) anti-CD163 monoclonal antibodies in the bladder cancer specimens (original magnification, x200). (D) Microvessels stained for
invasive bladder cancer using anti-CD34 monoclonal antibodies (original magnification, x100). TAM, tumor-activated macrophage; MVC, microvessel count;

CD, cluster of differentiation.

are shown in Table II. CD68* and CD163* macrophages were
present in both the tumor stroma and tumor islets. The tumor
stroma included the papillary axis, lymphoid aggregates and
the stroma. The mean count of CD68* macrophages was
110.0 in the stroma, 83.6 in the tumor and 193.7 in total,
whereas the mean number of CD163* macrophages was 85.0 in
the stroma, 48.1 in the tumor and 133.1 in total. The mean ratio
of CD163*/CD68* macrophages was 0.49 in the tumor, 0.72 in
the associated stroma and 0.66 in total. Next, the microvessel
density (MVD) within the tumor specimens was examined by
staining with anti-CD34 antibodies. CD34 was present in the
total tumor and its associated stroma; the mean CD34 count
was 36. The mean CD68*/CD34* and CD163*/CD34* ratios in
the tumor were 7.13 and 4.57.

Correlation among clinicopathological characteristics
and TAMs and MVCs in bladder cancer. Next, the correla-
tion among the clinicopathological characteristics and the
CD68* and CD163* macrophages, and CD34* microvessels,
was assessed. The correlations between clinical vari-
ables and macrophage counts are presented in Fig. 2. The
mean CD163*/CD68" ratio in the stage T2 bladder tumors
(0.68) was significantly higher than that in the stage Ta
tumors (0.39) (Fig. 2Aa; P=0.0384). The mean ratio of
CD163*/CD68* was significantly higher in the total tumor
tissues of the stage T2 bladder cancers (0.71) compared with
that in the stage Ta cancers (0.56) (Fig. 2Ab; P=0.0474).
The mean CD163*/CD68" ratio was significantly higher in
the grade III bladder tumors (0.69) than in the grade I (0.43)
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Figure 2. Comparison of TAM count and MVC in bladder cancers according to pathological tumor stage and grade. (Aa) The mean ratio of CD163*/CD68*
was significantly higher in stage T2 bladder tumors than in stage Ta tumors. (Ab) The mean CD163*/CD68* ratio was significantly higher in the total tumors
of stage T2 bladder tumors than stage Ta tumors. (Ac) The mean CD163*/CD68* ratio was significantly higher in grade III bladder tumors compared with
grade I and II tumors. (Ad) The mean CD163*/CD68* ratio was significantly lower in the stroma of grade I bladder cancers compared with grade II and
111 tumors. (B) The mean CD68*/CD34* ratio was significantly higher in the total tumors of grade I bladder cancers compared with grade I1. “P<0.05. TAM,
tumor-activated macrophage; MVC, microvessel count; CD, cluster of differentiation.

and II tumors (0.37) (Fig. 2Ac; P=0.0320). The mean ratio
of CD163*/CD68* within the tumor stroma of grade I (0.39)
bladder cancers was significantly lower compared with that in
the grade I1 (0.75) and 111 (0.76) tumors (Fig. 2Ad; P=0.0451).
The mean CD68*/CD34* ratio was significantly higher in
the total tumors of the grade I bladder cancers (13.2) than
in the grade II (5.8) specimens (Fig. 2B; P=0.0492). These
results suggested that the higher ratios of CD163*/CD68*
macrophages within the stroma, tumor and total tissues were
correlated with a higher tumor stage and grade. In addition,
the low CD68*/CD34* microvessel ratio was correlated with
a higher tumor stage. Conversely, no correlations were found
between age, multifocality, recurrence status, CIS presence,
recurrence after TUR and treatment after TUR (data not
shown).

Correlation between TAM counts and MVCs in bladder
cancer. Finally, the correlation between TAM counts and
MVCs was examined using Spearman's correlation test.

Y =58.293X-2.772=0.25
P<0.05

CD34 (/hpf)

02 03 04 05 06 07 08 09 1
CD163/68

Figure 3. Correlation between tumor-associated macrophage (CD163/68) and
microvessel (CD34) counts. CD, cluster of differentiation; hpf, high-power field.

There was a positive correlation (r*=0.25; P=0.0209) between
TAM counts (CD163*/CD68* ratio) and MVCs (CD34 count)
in bladder cancer, suggesting that TAM may be involved in
tumor angiogenesis in bladder cancers (Fig. 3; P=0.0209).



Discussion

The present study examined the correlations between TAM
and the predominance of M2-polarized macrophages in
bladder cancer, angiogenesis and clinicopathological features.
It was demonstrated that the density of M2-polarized macro-
phages was significantly higher in invasive bladder cancers
than in non-muscle invasive cancers. In addition, the MVC
distribution was higher in higher grade bladder cancers, and
the predominance of M2-polarized macrophages correlated
positively with MVCs in bladder cancer.

TAMs are a major component of tumor immune infil-
trates (18). A previous study reported that there were more
TAMs in invasive bladder cancers than in non-muscle invasive
cancers (19), and that there was a positive correlation between
TAMs and MVD. These findings suggest that TAMs with an
angiogenic or infiltrating phenotype are differentially expressed
in invasive or non-muscle invasive bladder cancers. However,
the process by which TAMs become angiogenic or infiltrating
is unclear. Hypoxia, a common process in tumor tissues, may
be one of the mechanisms that is involved in the activation of
TAMs. The migration of angiogenic factor-secreting TAMs
may be partially aided by reduced oxygen tension in tumor
tissues, which subsequently promotes tumor angiogenesis
and invasion. It is also possible that invasive bladder cancers
stimulate the deep migration of TAMs into tumors and the
secretion of a number of angiogenic factors.

However, previous findings have been based on the
analysis of CD68. TAMs assume an M2-like phenotype,
which is associated with tumor promotion (18,20). Extensive
TAM infiltration is typically associated with angiogenesis
and a poor prognosis in a variety of human cancers (21-24).
However, macrophages polarization results in two distinct
functional forms: M1 and M2 (5,6,25). Type 1 helper cells
(Thl) are activated by classical or M1 macrophages, and
exhibit the ability to kill pathogens and create interleukin
(IL)-2, IL-12 and pro-inflammatory cytokines for the promo-
tion of responses such as cytotoxic T-cell activation (25). By
contrast, low levels of IL-12 and high levels of IL-4 and IL-10
are expressed by alternatively-activated M2 macrophages,
promoting Th2 cytokines and inhibiting Thl responses (7).
However, multiple subtypes of M2-polarized macrophages are
associated with tumors, which may contribute to immunosup-
pression, angiogenesis, cell invasion and metastasis depending
on the microenvironment (5,26). The identification of CD163*
macrophages has also been shown to be associated with a poor
prognosis in several types of cancer (27,28). However, the
current study is the first to suggest that the M2 subtype may be
a characteristic of bladder tumors that are invasive, with a high
tumor grade and microvessels.

The current study also revealed a positive correlation
between TAM count and MVCs. This finding suggests that
TAMs have direct relevance to tumor angiogenesis through the
secretion of angiogenic factors in bladder cancer, although other
angiogenic factors from the tumor and stromal components
may exhibit a primary role in angiogenesis. It was previously
reported that tumor angiogenesis, determined according to
MVD, was a significant and independent prognostic indicator
in patients with breast and prostate cancer (29,30). In addi-
tion, tumor angiogenesis (as determined using MVCs) was
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an independent prognostic indicator in patients with invasive
bladder cancer (31). These findings support the current conclu-
sions, whereby TAM may be of value as a prognostic factor in
bladder cancer.

The limitations of the present study include the small
sample size and the fact that the study was retrospective and
observational, using only existing materials. Therefore the
present study did contain a comparison between healthy and
cancerous tissues. Accordingly, an interventional study should
be performed, using normal bladder tissue from patients as
control samples, in order to confirm the present findings.

The current study demonstrated an association between
the polarized M2 TAM phenotype and MVCs, and the
pathological outcome, tumor grade and invasiveness. There-
fore, more aggressive therapeutic strategies than TUR may
be recommended in patients who have a high M2 count and
MVC. However, prior to clinical use of this strategy, further
studies with large population sizes and healthy control groups
are required in order to determine the optimal treatment for
such patients.
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