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Abstract: Trichomonas vaginalis causes inflammation of the prostate and has been detected in tissues of prostate can-
cers (PCa), prostatitis and benign prostatic hyperplasia. Obesity is a risk factor for PCa and causes a chronic subclinical
inflammation. This chronic inflammation further exacerbates adipose tissue inflammation as results of migration and acti-
vation of macrophages. Macrophages are the most abundant immune cells in the PCa microenvironment. M2 macro-
phages, known as Tumor-Associated Macrophages, are involved in increasing cancer malignancy. In this study, condi-
tioned medium (TCM) of PCa cells infected with live trichomonads contained chemokines that stimulated migration of the
mouse preadipocytes (3T3-L1 cells). Conditioned medium of adipocytes incubated with TCM (ATCM) contained Th2 cy-
tokines (IL-4, IL-13). Macrophage migration was stimulated by ATCM. In macrophages treated with ATCM, expression of
M2 markers increased, while M1 markers decreased. Therefore, it is suggested that ATCM induces polarization of MO to
M2 macrophages. In addition, conditioned medium from the macrophages incubated with ATCM stimulates the prolifera-
tion and invasiveness of PCa. Our findings suggest that interaction between inflamed PCa treated with T. vaginalis and

adipocytes causes M2 macrophage polarization, so contributing to the progression of PCa.
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INTRODUCTION

Trichomonas vaginalis is a protozoan parasite that causes
trichomoniasis, a common sexually transmitted disease. The
WHO reports that approximately 143 million people world-
wide are infected with T. vaginalis, of which more than 52%
are male [1]. T. vaginalis has been detected in the urine of pa-
tients with chronic prostatitis and in tissues of patients with
benign prostate hyperplasia and prostate cancer [2,3]. We
showed previously that T. vaginalis infection caused an inflam-
matory response in prostate epithelial and stromal cells [4,5],
and that inflammatory mediators including IL-6 released from
prostate epithelial cells infected with T. vaginalis increased the
proliferation and invasiveness of prostate cancer cells [6].
However, it is not known whether T. vaginalis infection could
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cause progression of prostate cancer.

Prostate cancer (PCa) is the most common cancer of men in
the United States [7]. Various factors, such as age and diet, are
known to affect the occurrence of PCa [8]. Obesity and over-
weight account for about 20% of cancers [9], and obese per-
son have an increased risk of several types of cancer including
prostate and breast cancer [9], and a poorer prognosis [10].

Adipose tissue consists of adipocytes, fibroblasts and macro-
phages, and is an important endocrine organ that secretes cy-
tokines and adipokines [11]. The inflammatory response in-
duced by obesity is known to increase cytokine production,
and contributes to the development and aggravation of PCa in
a paracrine manner [12]. In particular, CCL2 secreted by adi-
pocytes induces macrophages to migrate into adipose tissues
and causes chronic inflammation [13], leading to cancer ma-
lignancy [14,15].

Macrophages that migrate towards regions of inflammation
differentiate into M1 or M2 macrophages depending on the
microenvironment, and the 2 types of macrophage have dif-
ferent roles. Within tumor microenvironments macrophages
primarily exhibit M2-type functional profiles, and this pre-
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ferred polarization is due to stimulation by Th2 cytokines [16].
Adipocytes produce 1L-4 and IL-13 cytokines, which promote
M2 polarization of macrophages around adipocytes. M2 mac-
rophages affect growth, invasion, and metastasis of cancer cells
[17]. They are also involved in the progression of PCa and an-
giogenesis. Although they aggravate prostate cancer [18], there
is no known effect of M2 macrophages on the malignancy of
prostate cancer cells infected with T. vaginalis. In this experi-
ment, we observed the immunologic function of adipocyte
and macrophage in the prostate cancer cells treated with T.
vaginalis. Therefore, in this study, we investigated whether adi-
pocytes reacted with the culture supernatant of prostate cancer
cells infected with T. vaginalis induced M2 polarization of MO
macrophages and whether this resulted in increased prolifera-
tion and invasiveness of the cancer cells. Our findings suggest
that inflamed prostate cancer cells infected with T. vaginalis in-
duce adipocyte migration and activation, and the stimulated
adipocytes produce adipokines such as IL-4, IL-13, CCL2, and
IL-6, leading to proliferation and increased invasiveness of the
prostate cancer cells as a result of the M2 macrophage polar-
ization.

MATERIALS AND METHODS

Parasite and cell lines

Trichomonas vaginalis isolate T0O16 was grown in trypticase-
yeast extract-maltose medium (TYM) supplemented with 10%
heat-inactivated horse serum (Life Technologies, Carlsbad,
California, USA).

The mouse prostate cancer cells (TRAMP-C2) were a gift
from Prof. Jung Han Yoon Park (Hallym University, Chun-
cheon, Korea) and cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM;GE Healthcare Life Sciences, Logan, Utah,
USA) containing penicillin and streptomycin (WelGENE,
Gyeongsangbukdo, Korea) and supplemented with 10% fetal
bovine serum (FBS; GE Healthcare Life Sciences, Utah, USA)
in a 5% CO, humidified incubator at 37°C.

The mouse preadipocyte line cells (3T3-L1) were a gift from
Prof. Jae-woo Kim (Yonsei University, Seoul, Korea) and was
grown in DMEM containing 10% bovine calf serum (BCS;
Thermo Fisher Scientific, Massachusetts, USA) and penicillin-
streptomycin solution at 37°C in a 5% CO; incubator. Preadi-
pocytes were differentiated into adipocytes for the study. To in-
duce differentiation, 3T3-L1 preadipocytes (4x 10* cells/well)
were seeded in 24-well plates (Corning, New York, USA).

When they had grown to confluence, the DMEM medium
containing 10% BCS was removed and changed to adipocyte
differentiation medium containing 10% FBS, 0.5 mM 3-isobu-
tyl-1-methylxanthine, 1 pM dexamethasone and 10 pg/ml in-
sulin for 3 days. The cells were then cultured in DMEM con-
taining 10% FBS and insulin for another 2 days, followed by
adipocyte maintenance DMEM containing 10% FBS supple-
mented with penicillin-streptomycin solution, following a
standard protocol.

To identify lipid droplets accumulated in the cytoplasm of
mature adipocytes, Oil-Red O staining was performed as de-
scribed [19]. The 3T3-L1 cells were incubated and differentiat-
ed in sterile cover glasses (Paul Marienfeld GmbH & Co., KG,
Lauda-Konigshofen, Germany). Mature adipocytes were fixed
with 10% formalin for 10 min and dried completely. The fixed
cells were stained with Oil-Red O in 60% isopropyl alcohol
solution for 1 hr at room temperature, and the presence of lip-
id droplets was visualized under a light microscopy, and pho-
tomicrographs obtained.

The mouse macrophage cell line (RAW264.7) cells were
purchased from the Korean Cell Line Bank (KCLB, Seoul, Ko-
rea) and cultured in DMEM containing penicillin and strepto-
mycin plus 10% FBS. All mouse cell lines were maintained in
a 5% CO, humidified incubator at 37°C.

Preparation of conditioned media and treatments

For conditioned medium preparation, TRAMP-C2 prostate
cancer cells (5x10* cells/well) were seeded in 12-well plates
(Corning) for 24 hr. The medium was changed to serum-free
medium, and the cells were incubated with or without live T.
vaginalis in a ratio of 1:10 for 3 hr. Conditioned medium was
collected, filtered through a 0.2 pm filters (GVS Filter Technol-
ogy, Indianapolis, USA) to remove cell debris, and stored at
-20°C. Culture supernatants incubated with T. vaginalis were
named as trichomonad-conditioned medium (TCM) and
without T vaginalis as conditioned medium (CM).

Adipocyte-conditioned media (ATCM and ACM) were col-
lected from fully differentiated adipocytes, cultured with and
without TCM, respectively, for 6 hr. The supernatants were col-
lected, filtered through a 0.2 pum filter (GVS) and stored at
-20°C.

The RAW264.7 cells (5x 10* cells/well) were seeded in 12-
well plates (Corning) in DMEM medium for stabilization. Af-
ter 24 hr, they were incubated with 10% ATCM or 10% ACM
for 24 hr, and supernatants were collected and stored in the
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same way, yielding conditioned media M-ACM and M-ATCM,
respectively. For M2-type macrophage polarization, RAW264.7
cells were treated with 20 ng/ml IL-4 and 20 ng/ml IL-13
(PROSPEC, Ness-Ziona, Israel) for 24 hr. In contrast, to gener-
ate M1-type macrophages, RAW264.7 cells were treated with
20 ng/ml IFN-y (PROSPEC) and 100 ng/ml lipopolysaccha-
ride (LPS;Sigma-Aldrich, St. Louis, USA) for 24 hr. Final con-
centrations of the conditioned media used for proliferation
and invasion assays were adjusted to 10% with cell culture me-
dium. All cells were harvested for further analysis.

Measurement of cytokine levels

CXCLI and CCL2 chemokine levels produced by TRAMP-
C2 cells stimulated with live T. vaginalis were measured in cell
culture medium using the mouse CXCL1 ELISA DuoSet (R&D
System, Minneapolis, Minnesota, USA) and CCL2 ELISA set
(BD, Bioscience Pharmingen, San Diego, California, USA).
Concentrations of other adipokines were measured with a
mouse IL-4 ELISA kit (Enzo Life Science, Farmingdale, New
York, USA), mouse CCL2 ELISA set (BD) and mouse IL6 ELI-
SA DuoSet (R&D System). ELISA DuoSets (R&D System) for
mouse IL-10, IL1B, and IL6 were used to detect the respective
cytokines in RAW264.7 cell supernatants.

Cell migration assay

Migratory abilities of 3T3-L1 preadipocytes and RAW264.7
cells were determined using 24-well plates (Corning) with 8
and 5 pm polycarbonate pore membrane inserts (Corning),
respectively. For preadipocytes migration, the lower wells were
filled with 350 pl control (serum-free medium) or condi-
tioned media (TCM or CM). For RAW264.7 cell migration, the
lower wells were filled with 350 pl control (serum-free medi-
um) or conditioned media (ATCM, ACM, TCM or CM). Poly-
carbonate pore membrane inserts were placed over the lower
wells. To promote adhesion of the cells, the filters were pre-
treated with human plasma fibronectin (100 pg/pl, Sigma-
Aldrich) overnight at 4°C and air-dried for 30 min. The upper
wells were filled with 200 pl of cells (2x 10° cells/well) in se-
rum-free medium. The plates were incubated for 24 hr at 37°C.
After incubation, cells that did not migrate through the pores
were removed with a cotton swab. Cells that had migrated to
the underside of the membrane were fixed in methanol for 10
min, and stained with Giemsa stain solution for 20 min. Five
randomly-selected fields per membrane were counted under a
light microscope, and the chemotactic index was calculated

from the number of cells that migrated relative to the control.
The calculation formula is as follows; No. of migrated cells in
experimental group/No. of migrated cells in control group.

Western blot analysis

Binding of IL-4 or IL-13 to the IL-4 receptor of macrophages
results in M2 polarization of the macrophages |18]. Therefore,
we tested for expression of IL-4Ra on the macrophages. To
confirm IL-4Ra expression, RAW264.7 cells were seeded at
1% 10° cells/well in 12-well plates. After overnight incubation,
the cells cultured in 10% conditioned media (ATCM, ACM,
TCM or CM) for 3 hr, harvested and lysed in PRO-PREP pro-
tein extraction solution (iNtRON Biotechnology, Seongnam,
Korea), and protein concentrations were measured with the
Bradford assay. The membranes were blocked with 3% bovine
serum albumin and probed with anti-IL-4Ra polyclonal anti-
body (1:2,000; Abbkine, Wuhan, China) overnight at 4°C, fol-
lowed by goat anti-rabbit IgG polyclonal antibody (1:10,000;
ADISAB-300-J, Enzo Life Sciences) for 1 hr at room tempera-
ture. The blots were visualized with Chemiluminescent Sensi-
tive Plus HRP Microwell and/or Membrane Substrate (Sur-
Modics, Eden Prairie, Minnesota, USA), and signals were mea-
sured with a Chemi-Doc (Bio-Rad, California, California, USA).

Reverse transcription PCR (RT-PCR) and quantitative
real-time PCR (Q-PCR)

Levels of mRNA in TRAMP-C2 cells (5x 10* cells/well) and
3T3-L1 cells (4 x10* cells/well) were measured by RT-PCR.
Levels of CXCL1 and CCL2 mRNAs in TRAMP-C2 cells were
measured after incubation with live T. vaginalis for 3 hr, and IL-
4, 1L-13, CCL2, and IL-6 mRNAs in mature adipocytes were
measured after incubation in 100% conditioned media (CM
or TCM) for 6 hr. M1 and M2 marker mRNAs were measured
in macrophage after incubation in 10% conditioned media
(ATCM, ACM, TCM or CM) for 1 hr. Total RNA was extracted
from cells using Trizol reagent (Favorgen Biotech Corp, Kaoh-
siung, Taiwan) and the cDNA was used as template for subse-
quent PCR amplification using following gene-specific prim-
ers. CXCL1; 5'-CAC CCA AAC CGA AGT CAT AG-3', 5-AAG
CCA GCG TTC ACC AGA-3’, CCL2; 5'-GCT ACA AGA GGA
TCA CCA GC-3', 5“TGT CIG GAC CCATIC CIT CI-3, IL4; 5’
-AGA ATG AAA GGC CCC AAA GT-3', 5'-CAT GGC TTG GGT
ACA GGT CI-3', IL-6; 5"-CCA CIT CAC AAG TCG GAG GCT
TA-3, 5-CCA CIT CAC AAG TCG GAG GCT TA-3', IL-13; 5
-TGG CTG TTG GCT TCT TTT CT-3’, 5"-TGG CTG TTG GCT
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TCT TIT CI-3’, Arginasel; 5-AAG CTG GTC TGC TGG AAA
AA-3', 5"-TCT TCA GCG TGG ATC TGT TG-3', CD206; 5-AGG
TCT TGT GGG TCA CIT GG-3', 5"-GGA TCT GGA AGG GAC
TCT CC-3', IL-10; 5"-TCA GAG CIC CIG GAA CIG GI-3, 5’
-CAC CTG TGT CAA CCC TTC CT-3’, TNF-a; 5-TGG GAC
AGT GAC CTG GAC TGT-3’, 5"-TTC GGA AAG CCC ATT TGA
GT-3', iNOS; 5'-CCC CAC AGA GIG GIG TIC TT-3/, 5'-CCC
TGG CTA GTG CIT CAG AC-3’, CXCL10; 5'-TCC TTG TCC
TCC CTA GCT CA-3’, 5"-ATA ACC CCT TGG GAA GAT GG-3',
GAPDH; 5'-AAT ACG GCT ACA GCA ACA GG-3', 5"-TTG GGA
TAG GGC CICTCTTG-3".

For quantitative real-time PCR in macrophages, target
mRNAs were amplified using LightCycler 480 SYBR Green I
Master (Roche Life Science, Mannheim, Germany) and ana-
lyzed with LightCycler 480 Software (Roche Life Science). PCR
conditions were: 45 cycles at 95°C for 5 min, 95°C for 10 sec,
60°C for 10 sec and 72°C for 10 sec.

Proliferation assay

To examine the effect of conditioned media on the prolifera-
tion of prostate cancer cells, TRAMP-C2 cells (3 x 10° cells/well)
were seeded in 96-well plates and cultured in DMEM with 10%
FBS. After 24 hr, they were transferred to 10% conditioned me-
dia (M-ATCM, M-ACM, ATCM or TCM) or control medium
(DMEM) and incubated for 24 hr. After incubation, cell growth
was analyzed with the CCK-8 assay: CCK-8 reagent (Enzo Life
Sciences) was added to each well for an additional 2 hr before
obtaining spectrophotometric readings. The CCK-8 reagent is
reduced by dehydrogenases to yield a water-soluble formazan
dye, and the amount of the dye generated is directly propor-
tional to the number of living cells. When the O.D. value by
the control cells was set to 100, the degree of proliferation of
the experimental group was relatively calculated.

Invasiveness assay

Invasion of prostate cancer cells (TRAMP-C2) was investi-
gated using 24-well plates (Corning) with 8 pm pore polycar-
bonate membrane inserts (Corning pre-coated with Matrigel
(200-300 pg/ml, SigmaAldrich) for 2 hr at 37°C; the matrigel
matrix layer was not allowed to dry out before use. Condi-
tioned media (350 pl; M-ATCM, M-ACM, ATCM or TCM) were
used as chemoattractants in the lower chamber while TRAMP-
C2 cells (2% 10° cells/well) were seeded in the upper chamber.
The plates were incubated overnight at 37°C for 24 hr. After
that, the invaded cells were fixed in methanol for 10 min and

stained with Giemsa stain solution for 20 min. Five randomly
selected fields per membrane were counted under a light mi-
croscope. Invasiveness was calculated from the number of cells
that had migrated relative to the control group with DMEM.
Invasiveness was expressed as a ratio: number of the invaded
cells in the experimental group divided with number of cells
invaded in the control group.

Statistical analyses

Statistical analyses were performed using SPSS Statistical
Software, version 24 (IBM, Chicago, Illinois, USA). The Mann-
Whitney U test was used for comparisons, and 2-tailed P-val-
ues<0.05 were considered statistically significant. Values are
presented as means + SEMs of 3-4 independent experiments.

RESULTS

Chemokine production by TRAMP-C2 cells incubated
with live T. vaginalis

We first examined chemokines produced by TRAMP-C2
cells treated with T vaginalis (1:10) for 3 hr. The TRAMP-C2
cells released CXCL1 (95.9 pg/ml) and CCL2 (195.9 pg/ml),
and chemokine production was significantly increased in
comparison with cells incubated without T. vaginalis (P <0.05;
Fig. 1A). When TRAMP-C2 cells were stimulated with live T.
vaginalis (1:10) for 30 min, levels of the chemokine mRNAs
were also significantly upregulated in comparison to the con-
trol. (Fig. 1B). The culture supernatants of the TRAMP-C2 cells
incubated with and without T. vaginalis were named TCM (T.
vaginalis-conditioned medium) and CM (conditioned medi-
um), respectively.

Preadipocyte migration by conditioned medium from
trichomonad-stimulated TRAMP-C2 cells

To determine whether conditioned medium from tricho-
monad-stimulated TRAMP-C2 cells could induce migration of
preadipocytes, 3T3-L1 cells were incubated with CM or TCM
for 24 hr. The migration of cells was assessed by counting the
number of cells that migrated through a membrane to the
lower well after contact with conditioned medium. Chemo-
taxis of 3T3-L1 cells induced by TCM was significantly greater
than that induced by CM or DMEM. These results suggest that
TCM from inflamed TRAMP-C2 cells infected with T. vaginalis
containing CXCL1 and CCL2 has a role in the recruitment of
3T3-L1 cells (P<0.05; Fig. 1C).
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Fig. 1. Migration of preadipocytes (3T3-L1) into the inflammatory response (TCM) of prostate cancer cells infected with Trichomonas
vaginalis. To examine chemokine production by prostate cancer cells (TRAMP-C2 cell line), TRAMP-C2 cells were incubated with in-
creasing numbers of live T. vaginalis (Tv). (A) Production of cytokine CXCL1 and CCL2 was measured by ELISA and (B) their mRNA was
confirmed by RT-PCR. (C) To examine preadipocytes migration induced by TCM, chemotaxis assay was done. This graph shows the
relative movement by CM and TCM when the migration by DMEM is 1. C: control (DMEM). CM: culture supernatant of prostate cancer
cells. TCM: culture supernatant of prostate cancer cells co-cultured with T. vaginalis. Cl: chemotactic index. *P<0.05 vs 1:10 (TRAMP-

C2: T. vaginalis). *P<0.05 (C).

Adipokine production by adipocytes stimulated with
TCM

We examined whether adipocytes could manifest an inflam-
matory response to TCM. 3T3-L1 preadipocytes were matured
in adipocyte differentiation medium, and the formation of
mature adipocytes was confirmed by lipid staining using Oil-
Red O (Fig. 2A). When the adipocytes were stimulated with
TCM, they released adipokines including IL-4, CCL2 and IL-6,
and IL-4, IL-13, CCL2, and IL-6 mRNAs increased (P<0.05;
Fig. 2B, C). Since IL-4, IL-13, and IL-6 are well- known M2
macrophage inducers, this result confirmed that adipokine
production, especially of M2 macrophage inducers, increased
in inflamed adipocytes induced by TCM. Mature adipocytes
incubated with CM or TCM yielded conditioned media ACM
and ATCM, respectively.

Migration of macrophages toward ATCM

As shown in (Fig. 2D), ATCM induced migration of RAW264.7
macrophages more effectively than ACM, TCM, CM, and
DMEM. These results suggest that ATCM, resulting from cross-
talk between adipocytes and TRAMP-C2 cells treated with T.
vaginalis, stimulates the migration of macrophages more
strongly than TCM (P <0.05; Fig. 2D).

Polarization of M2 macrophages induced by ATCM

IL-4 or IL-13 have been reported to be involved in the polar-
ization of M2 macrophages [18]. Since the results in (Fig. 2)
showed that IL-4 and IL-13 were present in ATCM, we asked
whether ATCM caused polarization of macrophages. We treat-
ed RAW264.7 cells with 10% CM, TCM, ACM or ATCM, and
as controls for M2 and M1 macrophage polarization, we used
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Fig. 2. Adipokines secreted by adipocyte stimulated with TCM in-
0 creased the migration of macrophage (RAW264.7). Spindle shape of
CM TCM preadipocyte (left), and mature adipocytes (center) were stained with
25 % Oil-Red O solution (right). (A) Lipid accumulation of the adipocytes was
— observed in red. (B) Expression of cytokines and (C) mRNA by adipo-
20r cytes stimulated with TCM was measured by ELISA and RT-PCR, re-
g 5 spectively. To investigate RAW264.7 macrophages migration caused
S i by ATCM, chemotaxis assay was done. (D) The graph shows relative
© 10l migration of macrophage in compared with DMEM. C: control
= (DMEM). CM: culture supernatant from prostate cancer cells. TCM:
5L culture supernatant from prostate cancer cells stimulated with T. vagi-
nalis. ACM: culture supernatant from adipocytes stimulated with CM.
0 ATCM: culture supernatant from adipocytes stimulated with TCM. Cl:
C CM TCM chemotactic index. *P<0.05.

IL-4 and IL-13 for M2 macrophages, and IFN-y and LPS for
M1 macrophages (Fig. 3A). In RAW264.7 cells exposed to
ATCM, levels of the M2 macrophage markers arginasel,
CD206, CXCL1, and IL-10 were higher than in cells exposed to
ACM, TCM, CM or medium. In contrast, ATCM induced lower
levels of M1 markers including TNF-a, CXCL10, iNOS mRNAs,
and IL-1p and IL-6 (P<0.05; Fig. 3B). This suggested that
ATCM, which contains IL-4 and IL-13, induces M2 polariza-
tion of macrophages. Next, we investigated whether IL-4Rq,

the receptor for IL-4 and IL-13, is involved in the M2 polariza-
tion induced by ATCM. When RAW264.7 cells were incubated
in 10% ATCM for 3 hr, expression of IL-4Ra was higher than
incubation with CM, TCM, or ACM, and its level was similar
to that obtained in the positive control with recombinant I1-4
and IL-13 (Fig. 3C). Therefore, it is likely that the IL-4 or IL-13
contained in ATCM induces M2 polarization by binding to IL-
4Ra on the macrophages. RAW264.7 macrophages incubated
with ACM and ATCM yielded conditioned media M-ACM and
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Fig. 3. ATCM polarized MO macrophages to M2 macrophages and induced the expression of IL-4Ra in macrophages. In order to inves-
tigate whether ATCM induces polarization of MO macrophage into M2 macrophages, RAW264.7 cells were stimulated with 10% ATCM
for 1 hr (A&B; mRNA), 24 hr (A&B; protein) or 3 hr (C). The expression of M2-associated genes (Arginase1, CD206, CXCL1 and IL-10)
and the M1-associated gene (TNF-a, CXCL10 and iNOS) were measured by real-time PCR. Production of M2-associated cytokine IL-
10, and the M1-associated cytokines, including IL-1f and IL-6 was measured by ELISA. (A) When macrophages were treated with M2
activator, an increase in the expression of the M2 macrophage phenotype was observed. (B) M1 activator-—treated macrophages were
observed to have increased M1 marker expression. (C) IL-4Ra protein level in macrophages treated with 10% ATCM was confirmed by
Western blotting. Equal protein loading was confirm using -actin. C: control (DMEM). CM: culture supernatant from prostate cancer
cells. TCM: culture supernatant from prostate cancer cells stimulated with T vaginalis. ACM: culture supernatant from adipocytes stimu-
lated with CM. ATCM: culture supernatant from adipocytes stimulated with TCM. *P < 0.05.
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Fig. 4. M-ATCM increased proliferation and invasiveness of prostate cancer cells (TRAMP-C2). (A) To investigate proliferation and inva-
siveness induced by M-ATCM, prostate cancer cells (TRAMP-C2) were incubated with conditioned media (TCM, ATCM, M-ACM or M-
ATCM) for 24 hr. (B) TRAMP-C2 cells were invaded to M-ATCM more than the other conditioned media (TCM, ATCM or M-ACM). C:
control (DMEM). CM: culture supernatant from prostate cancer cells. TCM: culture supernatant from prostate cancer cells stimulated
with T. vaginalis. ACM: culture supernatant from adipocytes stimulated with CM. ATCM: culture supernatant from adipocytes stimulated
with TCM. M-ACM: culture supernatant of RAW264.7 cells stimulated with ACM. M-ATCM: culture supernatant of RAW264.7 stimulat-

ed cells with ATCM. *P<0.05.

M-ATCM, respectively.

Proliferation and invasiveness of prostate cancer cells
induced by M-ATCM

We investigated whether M-ATCM stimulated the prolifera-
tion of prostate cancer cells using the CCK-8 assay, and found
that after 24 hr of stimulation, TRAMP-C2 cell numbers were
higher with M-ATCM than with M-ACM, ATCM or TCM. Thus,
M-ATCM does stimulate the proliferation of prostate cancer
cells (P<0.05; Fig. 4A).

To test whether M-ATCM also affected prostate cancer cell
invasiveness, we conducted a Matrigel invasion assay using
TRAMP-C2 cells (see Methods). As shown in (Fig. 4B), M-
ATCM stimulated the invasiveness of TRAMP-C2 cells more
than DMEM, TCM, ATCM, or M-ACM (P <0.05). Therefore,
M-ATCM could cause progression of prostate cancers by induc-
ing the proliferation and invasiveness of prostate cancer cells.

DISCUSSION

T vaginalis is generally known as a surface-dwelling parasite.
However, it has been detected in endo-epithelial cells and sub-
epithelial tissue, which suggests that it is invasive. In our previ-
ous study, we confirmed by intraurethral injection [20], that T.
vaginalis causes prostatitis in the rat, and proliferation of pros-

tate epithelial and stromal cells. The proliferation of prostate
stromal cells induced by inflammatory prostate epithelial cells
infected with T. vaginalis occurred as a result of interaction
with mast cells [21]. In turn, IL-6 released by proliferating stro-
mal cells caused the proliferation of prostate epithelial cells by
stromal-epithelial interaction [22]. In this study, PCa cells in-
fected with T. vaginalis showed inflammatory reaction by pro-
duction of CXCL1 and CCL2 (Fig. 1).

Adipose tissue is the largest endocrine organ, and it affects
systemic metabolism by secreting adipokines. Adipocytes are
the most vital cells in adipose tissue. When prostate cancer
cells were cultured in the presence of adipocytes, their growth
rate increased, and cytokines such as VEGF were produced
[23]. Therefore, factors derived from adipocytes are thought to
have an effect on the progression of prostate cancer. Finley et
al. suggested that the production of inflammatory cytokines
by the adipose tissues around the prostate increases and that
these inflammatory mediators aggravate the prostate cancer
[24]. Also Xie et al. found that the pre-adipocytes could be re-
cruited more easily to PCa than its surrounding normal pros-
tate tissue [25]. The result was line with the present study that
migration of pre-adipocyte was increased by CM and TCM
than the control medium. Interestingly, TCM from T. vaginalis
infected PCa caused significantly increased migration of adi-
pocyte than CM. This means inflammatory response by T. vag-
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inalis infection may play a role on chemotaxis of adipocytes
(Fig. 1C).

Recent studies suggest that obesity may represent a state of
chronic, low-grade inflammation [10]. This chronic inflamma-
tion is known to increase the inflammation of adipose tissues
through infiltration and accumulation of inflammatory cells.
Hence inflammation may be expected to contribute to the de-
velopment and progression of certain cancers [26]. Macro-
phages are the most abundant immune cells in the microenvi-
ronment of prostate cancers [27]. The number of macrophages
in the adipose tissues of the obese mouse model increased,
and the movement of macrophages toward adipocytes in-
creased with the degree of obesity [28].

In this study, we asked if inflammatory mediators from
prostate cancer cells infected with T. vaginalis in obese condi-
tions could cause migration of macrophages. We found that
when adipocytes were activated in response to TCM (culture
supernatant of prostate cancer cells infected with live T. vagina-
lis), macrophage migration was more extensive than in re-
sponse to CM or TCM alone. This shows that adipocytes may
be involved in the migration of macrophages, in line with the
evidence that macrophages migrate and infiltrate into in-
flamed adipose tissue [29]. In addition, the fact that ATCM
stimulated migration of macrophages more than ACM (Fig. 2)
implies that the inflammatory response to T. vaginalis infection
increased macrophage migration.

Macrophages are recruited into tumors by inflammatory cy-
tokines and chemokines. CCL2 is one of the key chemokines
involved in attracting monocytes and macrophages, and it has
been found to circulate at higher levels in obesity. Moreover,
adipose cells are major contributors to CCL2 levels [30,31],
and expression of CCL2 along with numbers of macrophages
increases in the prostate cancer tissue of obese mice [32]. In
this study, CCL2 produced from adipocyte activated by TCM
attracted macrophages more strongly than ACM, which con-
tained less CCL2 (Fig. 2C). This confirms that adipocytes pro-
ducing CCL2 can induce macrophage migration.

Macrophages can be polarized in response to signals in cer-
tain microenvironments and show distinct heterogeneity of
function [33]. Polarization is generally classified as M1 and
M2 type. M1, or classically activated macrophages, are induced
by the proinflammatory mediators (LPS and IFN-y). M1-type
macrophages have anti-tumor properties and produce high
levels of TNF-q, IL-1pB, and IL-6. On the other hand, M2, or al-
ternatively activated macrophages, are induced by IL-4 or IL-

13. M2-type macrophages have tumor growth-promoting
properties and produce higher levels of immune-suppressive
cytokines such as transforming growth factor-beta [34-36]. In
addition, M2 macrophages are known to promote cancer cell
invasion. Lewis et al. have reported that the macrophages mi-
grating toward cancer cells are similar to M2 macrophages,
and M2 macrophages promote prostate cancer progression
and metastasis [37,38].

The following line of argument suggests that the macro-
phages that were seen to migrate in the present study were M2
macrophages. Adipocytes can produce Th1 and Th2 cytokines,
depending on the environment, and the balance of these cyto-
kines determines macrophage polarization [39]. M2 polariza-
tion of macrophages around adipocytes can be provoked by
Th2 cytokines such as IL-4 and IL-13 [40]. Hao et al. [41] have
reported that M2 macrophages were produced by culturing
RAW264.7 cells in a medium containing 1L-4. IL-13 is pro-
duced in the adipose tissue of obese person and in the adipo-
cytes of mice fed a high-fat diet. Moreover, macrophages were
polarized into M2 macrophages by IL-13 contained in the
conditioned medium of adipocytes [39]. In the present study,
when RAW264.7 macrophages were treated with ATCM, which
contains IL-4 and IL-13, expression of M2 macrophage mark-
ers such as arginasel, CD206, CXCL1, and IL-10 increased,
and that of M1 markers such as TNF-a, CXCL10, iNOS, IL-1p,
and IL-6 declined, thus showing that ATCM polarized MO
macrophages to M2 macrophages.

We also analyzed IL-4Ra expression in macrophages in re-
sponse to ATCM. IL-4Ra is essential for signal transduction
upon binding of either IL-4 or IL-13 [18]. We found that IL-
4Ra protein significantly increased in macrophages treated
with ATCM compared with those treated with ACM or TCM.
Since the M2 macrophages seen in obesity are characterized by
enhanced IL-4Ra expression [18], the increased IL-4Ra expres-
sion seen in this study suggests that the macrophages induced
by ATCM were of M2 phenotype. Furthermore, IL-6 is linked
to obesity [42] and primes macrophages for IL-4-dependent
M2 polarization by inducing IL-4Ra expression in inflamma-
tory conditions such as obesity [42]. In our study, when the
adipocytes were treated with TCM, IL-6 production increased,
suggesting that IL-6 promotes expression of IL-4Ra, but confir-
mation of this is needed.

Prostate cancers have a poor prognosis when they contain a
large number of CD163-positive M2 macrophages [43,44].
M2 macrophages also promote the migration and invasion of
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cancer cells including PC3 prostate cancer cells by secreting
growth factors and cytokines [45]. In the present study, M-
ATCM increased the proliferation and invasiveness of prostate
cancer cells, indicating that M2 macrophages can aggravate
prostate cancers, which is consistent with the above reports
[43-45].

In conclusion, the current study shows that the inflammato-
1y reactions of prostate cancer cells treated with T. vaginalis in-
crease the migratory ability and activation of adipocytes, and
that factors secreted by the activated adipocytes stimulate mac-
rophage migration and M2 polarization, and result in prolifer-
ation, and invasion of the prostate cancer cells. We propose
that T. vaginalis infection contributes to the aggressiveness of
prostate cancer in obese conditions by promoting the M2 po-
larization of macrophages.
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