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Differential distribution of tumor-associated macrophages
and Treg/Th17 cells in the progression of malignant
and benign epithelial ovarian tumors
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Abstract. Epithelial ovarian cancer (EOC) is one of the
predominant causes of cancer-associated mortality in women
with gynecological oncology. Tumor-associated macrophages
(TAMs), regulatory T cells (Treg cells) and T helper cell 17
(Th17) cells have been hypothesized to be involved in the
progression of EOC. However, the association between TAMs
and T cells remains to be elucidated. The aim of the present
study was to investigate the differential distribution of TAMs,
Treg cells and Th17 cells in benign ovarian tumor tissues and in
tissues from patients with EOC, and to examine their associa-
tion with the clinical pathology of EOC. A total of 126 tissue
samples from patients with EOC and 26 tissue samples from
patients with benign ovarian tumors were analyzed, and it was
identified that the distribution of TAMs, Treg cells, Th17 cells
and the ratio of Treg/Th17 cells were higher in the patients with
EOC using triple color immunofluorescence confocal micros-
copy. The high frequency of TAMs and ratio of Treg/Th17 cells
in late tumor grades suggested that they may be significant
in tumor progression. The frequency of TAMs was different
between the histological types of EOC. Immunohistochem-
istry was used to investigate the microvessel density (MVD)
in the EOC and benign ovarian tumor tissues. A higher MVD
was observed in the EOC patient tissues, particularly, in the
late tumor grade tissues. The present study provided clinical
data demonstrating the high distribution of TAMs and T-cells
in EOC, which may contribute to tumor progression through
angiogenesis. The mechanisms by which TAMs are associated
with Treg cells and Th17 cells requires further investigation as
prognostic factors and therapeutic targets for EOC.
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Introduction

Ovarian cancer is the fourth leading cause of cancer-associated
mortality in women in western countries (1). The incidence of
epithelial ovarian cancer (EOC)-associated mortality in the
United States is estimated to be 15,280 cases per year, with
22,430 newly diagnosed cases of EOC (1). Surgical removal
and chemotherapy are the mainstays of treatment for ovarian
cancer. However, despite initial responses, the majority of
patients eventually develop relapsed disease (2). The patho-
genesis of ovarian cancer is a complex process, which involves
interactions among inflammatory cells, the environment and
hereditary factors. It is also clear that the body's immune
system is important in protecting the host from ovarian
cancer (3-7). The interaction between ovarian cancer and the
immune system is complex, including mechanisms of immune
suppression and immune activation (8).

Cancer-associated inflammation is associated with several
aspects of malignancy, including the survival and prolifera-
tion of malignant cells, tumor angiogenesis and metastasis (9).
In the tumor microenvironment, the most abundant immune
cell population is that of the tumor-associated macrophages
(TAMs) (10). TAMs are derived from monocytes circulating
in the blood, and can be recruited to the ovarian tumor site
by certain molecules, including transforming growth factor-f3,
vascular endothelial growth factor (VEGF) and C-C motif
chemokine ligand 5, (11). TAMs affect certain aspects of
tumor biology and resemble M2-polaized macrophages in the
tumor microenvironment. TAMs are known to have an immu-
nosuppressive role in ovarian cancer, which is associated with
poor outcomes (4).

TAMs comprise a large group of the immune cells in the
ovarian cancer microenvironment and are capable of regu-
lating T cell differentiation (12,13). However, the mechanisms
affecting TAMs and regulatory T cells (Treg cells) remain to
be elucidated in ovarian cancer. Treg cells are characterized
by a CD4*CD25* forkhead box P3 (Foxp3*) phenotype (14).
T helper cell 17 (Th17 cell) is a CD4* T helper lymphocyte,
which secretes interleukin (IL)-17 (15). Treg cells and Th17
cells share a relevant differentiation pathway from CD4*
precursors. The balance between Treg cells and Th17 cells is
important to the maintenance of immune homeostasis (16).
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Increased numbers of Treg cells have been reported in several
tumors, including those of colorectal cancer, gastric cancer,
pancreatic cancer, lung cancer and ovarian cancer (7,17,18).
Furthermore, it has been reported that depleting Treg cells can
result in antitumor immunity and reduce tumor growth (19).
Thus, Treg cells and Th17 cells may interact to shape the
immune environment in ovarian cancer.

The aim of the present study was to evaluate the distribu-
tion of TAMs, Treg cells and Th17 cells, the ratio of Treg/Th17
cells and the microvessel density (MVD) in tissues from
patients with benign ovarian tumors and EOC, and to deter-
mine their association with the clinical pathology of EOC.

Materials and methods

Patients and tissue specimens. The present study included
tissue specimens from 126 patients with EOC (mean age,
51.40 years) and tissue specimens from 26 patients with
benign ovarian tumors (mean age, 52.15 years). Formalin-fixed
and frozen sections of tissue specimens of all cases were
obtained from Shanghai First Maternity and Infant Hospital,
Tongji University (Shanghai, China). The tissue samples were
obtained during surgical resection from January 2009 to
December 2014. The major clinical and pathological charac-
teristics of the 152 patients are listed in Table I. Only tissue
samples of the central areas of EOC were used, and metastases
were excluded. The present study was approved by the Institu-
tional Review Board of the First Maternity and Infant Hospital
Affiliated to Tongji University. Written informed consent was
obtained from all patients.

Immunofluorescence confocal microscopy. The tissue
samples were obtained during surgical resection, approved
by the Shanghai First Maternity and Infant Hospital. The
frequency of TAMs was evaluated using the F4/80 marker.
The frequency of Treg cells was evaluated using CD4 and
Foxp3 markers, and the frequency of Th17 cells was evaluated
using CD4 and IL-17 markers. The frequencies of TAMs, Treg
cells, Th17 cells were calculated, and the ratio of Treg/Th17
was determined in five randomly selected high power fields
per tumor tissue (original magnification, x400). The tissue
samples were embedded in O.C.T, and 10 ym sections were
prepared. The slides were fixed with 4% paraformaldehyde
and treated with 0.2% Triton X-100 (Shenggong Biotech,
Shanghai, China) for 5 min at room temperature. The slides
were blocked with 10% goat serum (Amresco, LLC, Solon,
OH, USA) and then incubated with the following antibodies:
Rat anti-human F4/80 (1:50; Abcam, Cambridge, MA, USA),
mouse anti-human CD4 (1:200; EMD Millipore, Billerica,
MA, USA), rat anti-human Foxp3 (1:100; Abcam) and rabbit
anti-human IL-17A (1:500; Abcam), followed by incubation
with Cy3-conjugated goat anti-rat IgG for F4/80 and Foxp3
detection (1:250; Jackson ImmunoResearch Laboratories,
Inc., West Grove, PA, USA), Alexa Flour 488-conjugated
goat anti-mouse IgG for the detection of CD4 (1:250;
Jackson, ImmunoResearch Laboratories, Inc), and Alexa
Flour 647-conjugated goat anti-rabbit IgG for the detection
of IL-17A (1:250; Jackson ImmunoResearch Laboratories,
Inc.). For the primary antibodies, the tissues were incubated
in PBS overnight at 4°C. For the secondary antibodies,
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Table I. Clinical and pathological characteristics of the
152 patients.

Characteristic N %
Diagnosis
Benign tumor 26 17.11
Invasive carcinoma 126 82.89

Tumor grade

I 12 9.52
1I 37 29.37
111 77 61.11
Clinical stage
I 34 26.98
1I 30 23.81
111 61 48 41
v 1 0.79
Histological type
Serous 81 64.29
Mucinous 14 11.11
Endometrioid 11 8.73
Clear cell 20 15.87

the tissues were incubated in PBS for 60 min at 37°C. The
cell nuclei were stained with DAPI (Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany) for 10 min at 37°C. Images
were captured with a ZEISS LSM 510 scanning confocal
microscope (Zeiss AG, Oberkochen, Germany).

Analysis of MVD via immunohistochemical staining for
CD31. For immunohistochemical analysis of the tumor
samples from patients with benign ovarian tumors and
EOC, samples were collected and embedded in O.C.T for
frozen section analysis. Sections of 10 ym were prepared,
and stained with hematoxylin and eosin. The detection of
MVD was performed using mouse anti-human monoclonal
CD31 (1:100; Abcam). The tumors tissues were fixed with
4% paraformaldehyde. Sections of 10 ym were prepared, and
the slides were fixed in cold acetone for 20 min. Following
PBS washes, endogenous peroxide was blocked with 3%
H,O, for 10 min at room temperature. The slides were
blocked with 10% normal goat serum for 90 min at room
temperature, followed by incubation with mouse anti-human
monoclonal CD31 (1:100; Abcam) in PBS overnight at 4°C.
Biotin-SP-conjugated affinipure goat anti-mouse IgG (1:600;
Jackson ImmunoResearch Laboratories, Inc.) was added for
30 min at 37°C, and horseradish peroxidase (1:800; Jackson
ImmunoResearch Laboratories) was added for 45 min
at 37°C. Subsequently, the samples were detected using
3,3'-diaminobenzidine (Sigma-Aldrich; Merck Millipore)
as a substrate for 3 min, followed by counterstaining with
hematoxylin (Sigma-Aldrich; Merck Millipore). The MVD
was calculated in five randomly selected high power fields per
tumor tissue (original magnification, x200). Vessels with a
linear vessel shape or well-defined lumen were considered to
be a blood microvessel. A negative control was also included



ONCOLOGY LETTERS 13: 159-166, 2017 161

A
@
=
0
2
[
o
=
@
(11]
B
4]
=
0
2
-
[}
=
)
i
=
C
80
p < 0.001
=
< 60
k]
)
s 40+
3
o
o
° 20-
P—
"
0 - ! :

Figure 1. Expression of tumor-associated macrophages using immunofluorescence staining. (A) TAMs were stained by DAPI (Blue; nuclei) and F4/80 (Red)
in benign tumor tissues. (B) TAMs were stained by DAPI (Blue; nuclei) and F4/80 (Red) in EOC tissues. The yellow arrows indicate TAMs. (C) Frequency of
TAMs was significantly higher in EOC tissues, compared with benign tumor tissues. Scale bar=50 ym. EOC, epithelial ovarian cancer; TAM, tumor-associated

macrophage.

by replacing CD31 with PBS. The same conditions were used
as those used for the mouse anti-human monoclonal CD31
antibody.

Statistical analysis. Statistical analysis was performed using
SPSS software (version 22.0; IBM SPSS, Armonk, NY, USA).
The data obtained from the patients with EOC were compared
with data from the patients with benign ovarian tumors. P<0.05
was considered to indicate a statistically significant difference
using the Mann-Whitney nonparametric test. The frequency of
TAMs, ratio of Treg/Thl17 cells and MVD in the EOC tissues
of different tumor grades and histological types were also
calculated using the Mann-Whitney U test. Data are expressed
as the mean + standard deviation. Graphs were prepared using
GraphPad Prism 6 (GraphPad, Software Inc., La Jolla, CA,
USA) and continuous variables in figures are expressed as the
mean =+ standard error of the mean.

Results

Frequency of TAMs is high in patients with EOC. To confirm
the frequency of TAMs, tissue samples from 126 patients with
malignant EOC and 26 patients with benign tumors were
analyzed using triple color immunofluorescence confocal
microscopy (Fig. 1A and B). Compared with the benign tumor
tissues (2.05+4.12), the frequency of TAMs, which were
defined as F4/807 cells, was significantly higher in the EOC
tissues (8.48+10.81), as determined using a Mann-Whitney U
test (P<0.001; Fig. 1C). This result showed that TAMs may be
significant in the progression of EOC.

Frequencies of Treg cells and Thl7 cells, and the ratio of
Treg/Thli7 cells are high in patients with EOC. Tissue samples
from the 126 patients with malignant EOC and 26 patients
with benign tumors were also used to confirm the frequencies
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Figure 2. Expression of Treg cells and Th17 cells using immunofluorescence staining. (A) Treg cells or Th17 cells were stained by DAPI (Blue), CD4 (Green)
and Foxp3 (Red; IL-17 for Th17 cells) in benign tumor tissues. (B) Treg cells or Th17 cells were stained by DAPI (Blue), CD4 (Green) and Foxp3 (Red; IL-17
for Th17 cells) in EOC tissues. The yellow arrows indicate TAMs. The frequency of (C) Treg cells, frequency of (D) Th17 cells and (E) ratio of Treg/Th17 cells
were significantly higher in EOC tissues, compared with the benign tumor tissues. Scale bar=50 ym. EOC, epithelial ovarian cancer; TAM, tumor-associated
macrophage; Treg, regulatory T cell; Th17, T helper cell 17; IL-17: interleukin 17.

of Treg cells and Th17 cells. The frequency of Treg cells was  markers (Fig. 2A and B). Compared with the benign tumor
evaluated using CD4 and Foxp3 markers (Fig. 2A and B), and  tissues (0.82+1.21), the frequency of Treg cells was signifi-
the frequency of Th17 cells was evaluated using CD4 and IL-17  cantly higher in the EOC tissues (3.23+2.02), as determined
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Figure 3. Distribution of TAMs and ratio of Treg/Th17 cells in EOC tumors
of different grades. (A) Frequency of TAMs in different EOC tumor grades.
(B) Ratio of Treg/Th17 cells in different EOC tumor grades. EOC, epithelial
ovarian cancer; TAM, tumor-associated macrophage; Treg, regulatory T cell;
Th17, T helper cell 17.

using a Mann-Whitney U test (P<0.001; Fig. 2C). In addition,
the frequency of Thl7 cells was significantly higher in the
EOC tissues (2.15+1.74), compared with the benign tumor
tissues (0.82+0.61; Mann-Whitney U test; P<0.001; Fig. 2D).
Similarly, the ratio of Treg/Th17 cells was higher in the EOC
tissues (1.95+1.43), compared with the benign tumor tissues
(1.04+£1.29; Mann-Whitney U Test; P<0.001; Fig. 2E). There-
fore, the results showed that the distribution of Treg cells and
Th17 cells, and the ratio of Treg/Th17 cells were increased
in the EOC microenvironment, compared with benign tumor
microenvironment.

Distribution of TAMs and ratio of Treg/Thl7 cells differ
between EOC tumor grades. As mentioned above, the
frequencies of TAMs, Treg cells and Thl7 cells, and the
ratio of Treg/Th17 cells in benign tumor tissues and EOC
tissues were evaluated using immunofluorescence. The
frequency of TAMs was significantly higher in tissues
of grade III (11.29+12.75; n=77) tumors, compared with
those of grade II (4.95+3.92; n=37) and grade I (1.33+1.06;
n=12) tumors, determined using a Mann-Whitney U test
(P<0.001 for grades I and II; P<0.001 for grades I and III;
P=0.001 for grades II and III; Fig. 3A). Furthermore, the
ratio of Treg/Thl17 cells was also higher in grade III tumor
tissues (1.81+1.43), compared with that in grade II tumor
tissues (2.24+1.51), determined using the Mann-Whitney U
test (P=0.025; Fig. 3B). However, no significant difference
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Figure 4. Distribution of TAMs in different histological types of EOC. The
frequency of TAMs was distributed differently between histological types of
EOC. EOC, epithelial ovarian cancer; TAM, tumor-associated macrophage.

was found in the ratio of Treg/Th17 cells between grade I
(1.98+1.11) and grade I EOC tissues (P>0.05). These results
suggested that their expression correlated with ovarian carci-
noma formation.

Frequency of TAMs between histological types of EOC.
In the EOC tissues, the frequency of TAMs was higher in
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Figure 5. Expression of MVD in benign tumor and EOC tissues. (A) MVDs were identified using immunohistochemistry in benign tumor tissues and (B) EOC
tissues. Scale bar=50 ym. (C) MVD was significantly higher in EOC tissues, compared with benign tumor tissues. (D) MVD was higher in grade III tumor
tissue, compared with in grade I tumor tissues. EOC, epithelial ovarian cancer; MVD, microvascular density; G, tumor grade.

clear cell ovarian cancer (12.17+10.75; n=20), compared
with that in endometrimoid ovarian cancer (5.13+5.68; n=11;
Mann-Whitney U test, P=0.012). The frequency of TAMs
was also higher in clear cell ovarian cancer, compared with
mucinous ovarian cancer (3.47+2.73; n=14; Mann-Whitney U
test, P=0.001). The frequency of TAMs was higher in serous
ovarian cancer (8.89+11.85; n=81; Mann-Whitney U test,
P=0.014) compared with that in mucinous ovarian cancer
(Fig. 4). However, no significant differences in the frequency
of Treg cells, Th17 cells or ratio of Treg/Th17 were found
among these subtypes. In addition, no significant differences
(P>0.05) were found in the frequency of TAMs or ratio of
Treg/Th17 cells between early stages [International Federation
of Gynecology and Obstetrics (FIGO)] I and II] and late stages
(FIGO IIT and IV) (20). These results demonstrated that TAMs
may have a substantial effect on the grade of EOC.

MVD in benign tumor and EOC tissues. To investigate the
angiogenesis in benign tumor tissues and EOC tissues, the
MVDs were evaluated using immunohistochemistry (Fig. SA
and B). The MVD in the EOC patient tissues (6.06+5.06) was
significantly higher, compared with that in the benign tumor
patient tissues (3.08+2.85; Mann-Whitney U test, P<0.001;
Fig. 5C). In addition, the MVDs were higher in grade III
(6.74+5.65; n=77) tumors, compared with grade I (3.77+2.94,

n=12) tumors (Mann-Whitney U test, P=0.033; Fig. 5D).
However, no significant difference in MVDs were found
between grade II (5.39+3.93; n=37) and grade III EOC patient
tissues (P>0.05). Thus, it was hypothesized that TAMs may
promote the progression of ovarian tumor through angiogen-
esis.

Discussion

Ovarian cancer is one of the leading causes of cancer-asso-
ciated mortality in women with gynecological oncology.
Although surgery and chemotherapy are the mainstays of
treatment for ovarian cancer, the five-year-survival rate of
patients with ovarian cancer is ~40% (21). Therefore, novel
targets require improvement for the treatment of ovarian
cancer. The tumor microenvironment in ovarian cancer may
be a potential therapeutic target and contains several types
of immune cell, which result in tumor progression. TAMs
are the most abundant type of immune cell in the tumor
microenvironment. A study by Colvin (2014) reported that
TAMS can create an immunosuppressive microenvironment
and lead to tumor cells evading immune detection (22).
However, which cells TAMs interact with and the mecha-
nism by which TAMs promote ovarian cancer remain to be
elucidated
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Treg cells, which were evaluated using the CD4*Foxp3*
marker in the present study, are a specific population of T cells,
which mediate homeostatic peripheral tolerance (23,24) and
function as suppressors of autoimmune reactions (25,26). Treg
cells can infiltrate into ovarian cancer cells and suppress the
tumor specific T cell immune response, which may result in
tumor growth. There is evidence that TAMs and Treg cells
mediate the invasiveness of several types of cancer, including
endometrial cancer, breast cancer, prostate cancer and
colorectal cancer (18,27,28). In addition, studies have reported
that TAMs and T cells may be important in the progression of
EOC (28-30). The present study provided a clinical data that
high frequencies of TAMs, Treg cells, Th17 cells and ratio of
Treg/Th17 were infiltrated into EOC tissues, compared with
benign tumor tissues. These results indicated potential asso-
ciations among TAMs, Treg cells, Th17 cells and the ratio of
Treg/Th17 cells with the progression of EOC. Consistent with
these findings, previous studies have reported similar results,
reporting an increased number of TAMs in ovarian cancer,
compared with benign tumors (12,31,32), and others have
reported that Treg cells can be a predictive factor for prolonged
survival rates, with a marked reduction in the mortality rates
of patients with ovarian carcinoma (30).

TAMs and Treg cells have synergistic effects in promoting
ovarian cancer proliferation, tumor angiogenesis and metas-
tasis (33,34). Therefore, TAMs and Treg cells may be potential
targets for the immunotherapy of EOC. On consideration of the
association between TAMs and Treg cells, the present study
hypothesized that TAMs may be correlated with Treg cells or
the ratio of Treg/Th17 cells in EOC. However, no significant
correlation was found among TAMs, Treg cells, Th17 cells or
the ratio of Treg/Th17 cells in EOC. Therefore, further exami-
nation of the mechanism underlying their function in EOC is
required, which was a limitation of the present study. Further-
more, the frequency of TAMs and the ratio of Treg/Th17 cells
in grade III tumor tissues were higher, compared with those
in low grade EOC tissues. In accordance, a previous study
reported that Treg cells exhibited increased expression in high
grade EOC, compared with low grade EOC (35).

Previous studies have also reported a correlation between
TAMs and MVD in malignant human tumors (36-39). There-
fore, the present study investigated the trend towards a higher
MVD in EOC tissues, compared with benign tumor tissues.
Similar to the result described above revealing the high expres-
sion of TAMs in the EOC tissues, it was demonstrated and
that TAMs contributed to oncogenesis and neoplasm growth
through tumor angiogenesis. Previous studies have also
reported that Treg and Th17 cells may lead to tumor angio-
genesis, by Th17 cells secreting IL-17 and Treg cells affecting
the expression of VEGF (40,41). Thus, the present study also
analyzed the association between the ratio of Treg/Th17 and
MVD. No significant association was found between the ratio
of Treg/Th17 and MVD. This result may be due to differences
in sample size between the EOC and benign ovarian tumors,
and requires further investigation.

Taken together, the present study showed that the immune
system was involved in the progression of ovarian cancer.
Higher frequencies of TAMs, Treg cells, Th17 cells, ratio of
Treg/Th17 cells and MVDs in malignant tissues may be signif-
icant in tumor growth. Further experiments on TAMs, Treg
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cells and Thl17 cells are required in the future for revealing
their potential as immune therapeutic targets in ovarian carci-
noma.
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