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Abstract: Our objective was to investigate whether inflammatory microenvironment induced by Trichomonas vaginalis in-
fection can stimulate proliferation of prostate cancer (PCa) cells in vitro and in vivo mouse experiments. The production of
CXCL1 and CCL2 increased when cells of the mouse PCa cells (TRAMP-C2 cell line) were infected with live T. vaginalis. T.
vaginalis-conditioned medium (TCM) prepared from co-culture of PCa cells and T. vaginalis increased PCa cells migration,
proliferation and invasion. The cytokine receptors (CXCR2, CCR2, gp130) were expressed higher on the PCa cells treated
with TCM. Pretreatment of PCa cells with antibodies to these cytokine receptors significantly reduced the proliferation,
mobility and invasiveness of PCa cells, indicating that TCM has its effect through cytokine-cytokine receptor signaling. In
C57BL/6 mice, the prostates injected with T. vaginalis mixed PCa cells were larger than those injected with PCa cells
alone after 4 weeks. Expression of epithelial-mesenchymal transition markers and cyclin D1 in the prostate tissue injected
with T. vaginalis mixed PCa cells increased than those of PCa cells alone. Collectively, it was suggested that inflammatory
reactions by T. vaginalis-stimulated PCa cells increase the proliferation and invasion of PCa cells through cytokine-cyto-

kine receptor signaling pathways.
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INTRODUCTION

Trichomoniasis is the most common curable sexually-trans-
mitted infection (STI). Each year the pathogen causes an esti-
mated 276.4 million new cases worldwide [1,2]. Trichomonas
vaginalis has been detected in the urine of patients with prosta-
titis, and in the prostate tissue of patients with benign prostatic
hyperplasia and prostate cancer [3-6]. Most T. vaginalis-infected
men are asymptomatic and can remain undiagnosed and un-
treated, and this has been thought to result in chronic persis-
tent prostatic infection [2,7]. To date, there are few studies in-
vestigating the association between T. vaginalis infection and
risk of prostate cancer [8-10]. Although conflicting results have
been obtained regarding T. vaginalis serostatus and prostate
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cancer, recent evidence does not support such an association.
However, the frequently chronic course of the infection in
men has been reported to make it possible for the parasite to
ascend to the prostate and establish a site of inflammation
that may lead to aggravation of prostate cancer [11]. In addi-
tion, chronic inflammation has been reported to be a caus-
ative factor in a variety of cancers, and chronic prostatitis is as-
sociated with prostate cancer [12,13].

Infection with the Gram-negative anaerobe Porphyromonas
gingivalis increases the invasiveness of oral cancer cells in vitro
[14], and inflammation of the prostate induced by urethral in-
stillation of bacteria (E. coli) accelerates prostate cancer pro-
gression in mice [15]. Mycoplasma hyorhinis promotes the mi-
gration and invasiveness of gastric cancer cells by activating the
NLRP3 inflammasome [16], and T. vaginalis macrophage mi-
gration inhibitory factor (T. vaginalis MIF) increases the in vitro
growth and invasiveness of benign and malignant prostate
cells |17]. However, it is not known whether the proliferation
of prostate cancer (PCa) cells is stimulated by infecting them
with live T. vaginalis. Cytokines and chemokines are of key im-
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portance involved in tumor growth and metastasis. Similarly
in prostate cancer, many cytokines including IL-6, C-C motif
chemokine ligand 2 (CCL2) and C-X-C motif chemokine
ligand 1 (CXCL1) exert modulatory roles in prostate cancer
metastasis [18].

The aim of this study was to investigate whether the inflam-
matory microenvironment including cytokines and chemo-
kines induced by infecting PCa cells with T. vaginalis affects
their multiplication in vitro, and in in vivo mouse experi-
ments. Our findings suggest that T. vaginalis stimulates the
growth of PCa cells by inducing an inflammatory response of
the PCa cells in vitro and in vivo mouse experiments.

MATERIALS AND METHODS

Ethics statement

All animal experimental protocols have been reviewed and
approved by the Institutional Animal Care and Use Commit-
tee of Hanyang University under protocol number (HY-IA-
CUC-2016-0159A). All animal experiments were handled in
accordance with Korean Food and Drug Administration guide-
lines.

Cell culture

Trichomonas vaginalis (T. vaginalis, T016 isolate), TRAMP-C2
cell line (established from a prostate tumor of a TRAMP
mouse) were cultured as described in our previous study. All
the cells were incubated in 5% CO, at 37°C [19].

Preparation of conditioned media

To investigate the effect of the culture supernatant (condi-
tioned medium) of TRAMP-C2 cells infected with T. vaginalis
on the proliferation and invasiveness of PCa cells, conditioned
medium of TRAMP-C2 cells stimulated with T. vaginalis was
prepared [20]. TRAMP-C2 cells were seeded 2 x 10° cells/well
in DMEM medium in 24-well plates. After 24 hr, the cells were
changed to serum-free medium, cultured for another 24 hr for
stabilization, and incubated with or without live T. vaginalis in
aratio of 1: 1 for 6 hr. Thereafter the supernatants were collect-
ed and filtered through 0.2 um pore filters, and frozen in ali-
quots. Supernatants of TRAMP-C2 cells incubated with or
without T vaginalis were named T. vaginalis-conditioned medi-
um (TCM) and conditioned medium (CM), respectively. The
final concentrations of conditioned media used in various as-
says were adjusted to 10-50% with cell culture medium.

ELISA

TRAMP-C2 cells were seeded at 2 x 10° cells/well on 24-well
plates with or without trichomonads (2 x 10° cells/well). After
6 hr, the supernatant was collected and stored at -20°C. The cy-
tokines were measured with ELISA kits (BD Biosciences, San
Jose, California, USA) according to the manufacturer’s instruc-
tions.

Measurement of reactive oxygen species (ROS)

Intracellular ROS were measured by spectrofluorometer
us—ing 2’,7'-dichlorofluorescein diacetate (DCF-DA, Molecular
Probes, Eugene, Oregon, USA) [21]. Briefly, TRAMP-C2 cells
with or without diphenyleneiodonium (DPI, Sigma Aldrich,
Missouri, USA) pretreat-ment were co-cultured with Tricho-
monas vaginalis secretory product (TvSP).

To prepare TvSP, live trichomonads (1 x 107) on the logarith-
mic growth phase were washed once with Hank's balanced
salt solution (HBSS), resuspended in 1 ml HBSS, and incubat-
ed for 1 hr at 37°C. Culture supernatant was centrifuged for 10
min at 14,000 rpm and filtered through of filters with 0.22
pm pore size. The cells were washed and stained with 30 pm
DCEF-DA for 1 hr at 37°C. Intracellular ROS were determined
with a spectrofluorometer (VICTOR X, Perkin-Elmer, Waltham,
Massachusetts, USA) at excitation and emission wavelengths
of 485 and 530 nm, respectively.

Quantitative real-time PCR (Q-PCR)

Expression of inflammatory cytokine mRNA (CXCLI,
CCL2, IL-6) by TRAMP-C2 cells incubated with T. vaginalis was
measured by Q-PCR. The cells were seeded at 2 x 10° cells/well
on 24-well plates and coincubated with T. vaginalis for 30 min.
Following process was performed as previously described
[21,22]. Relative gene expression was assessed with the Light-
Cycler 480 Software (Roche, Mannheim, Germany) and pre-
sented as fold-difference. GAPDH was used as internal con-
trols.

The primers for mouse CXCL1 were; 5-CAC CCA AAC CGA
AGT CAT AG-3forward and 5-AAG CCA GCG TTC ACC AGA-
3'reverse, mouse CCL2; 5"-GCT ACA AGA GGA TCA CCA GC-
3’ forward and 5"-TGT CTG GAC CCA TTC CIT CTI-3' reverse,
mouse IL-6; 5-CCA CIT CAC AAG TCG GAG GCT TA-3’ for-
ward and 5-CCA CIT CAC AAG TCG GAG GCT TA-3' reverse,
mouse GAPDH; 5-AAT ACG GCT ACA GCA ACA GG-3’ for-
ward and 5-TTG GGA TAG GGC CIC TCT TG-3' reverse.
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Proliferation, wound healing, and invasion assays

To examine the effects of conditioned medium on the
growth of mouse prostate cancer cells, the CCK-8 assay for pro-
liferation measurement, and wound healing assay for migra-
tion were performed as previously described [20,22]. The sizes
of the wounded areas were calculated using Image] software.
The invasiveness of TRAMP-C2 cells treated with conditioned
medium was tested according to the protocol described in our
previous report [20].

Immunofluorescence localization of cell surface cytokine
receptors

To observe expression of CXCR2, CCR2, and GP130 on the
cell surface of TRAMP-C2 cells treated with DMEM, CM, or
TCM (10%), immunofluorescence was used as previously
described [20,22]. Fluorescence was measured with a confocal
microscope (Las software, Leica, Wetzlar, Germany).

Effect of anti-CXCR2, CCR2, GP130 antibodies on
proliferation, migration and invasion

To investigate the effects of CXCL1, CCL2, IL-6 on the pro-
liferation, migration and invasion of mouse prostate cancer
cells, anti-CXCR2 antibody for the CXCL1 receptor, or anti-
CCR2 antibody for the CCL2 receptor and anti-GP130 anti-
body for the IL-6 receptor were added to the cells before add-
ing the conditioned media, and the plates were incubated for
48 hr (proliferation) or 24 hr (migration & invasiveness)
[20,22]. After incubation, cell proliferation, migration and in-
vasiveness were analyzed by CCK, wound healing, and inva-
sion assays, respectively.

Growth of prostate tumors in C57BL/6 mice

To test whether inflammatory microenvironment induced
by T. vaginalis infection can stimulate proliferation of PCa cells
in vivo experiments, TRAMP-C2 cells and T. vaginalis injection
into the mouse prostate was performed as previously de-
scribed [23]. 17 weeks male C57BL/6 mice were maintained
under semi specific pathogen free condition. TRAMP-C2 cells
(2% 10° cells suspended in 100 pl matrigel/PBS) with or with-
out T. vaginalis (4x 10° cells suspended in 100 pl TRAMP-C2
cell with matrigel/PBS) were injected into prostate of the
mouse by 30-gauge needle. After 4 weeks, all animals were
killed by CO, exposure (at 21 weeks old). The tumors were
removed en bloc with the seminal vesicles, weighed, and pho-
tographed. They were then fixed in 4% paraformaldehyde and

embedded. All the mice work was performed by a urologist.

Immunohistochemistry assay

Immunohistochemistry assay were performed as previously
described [24]. Primary antibodies were anti-cyclin D1 (phos-
pho $90) antibody (1:500; Abcam, Cambridge, Massachusetts,
USA), anti-E-cadherin antibody (1:250, mouse monoclonal,
Cell signaling Technology, Danvers, Massachusetts, USA) and
anti-N-cadherin antibody (1:500, rabbit polyclonal, Abcam).
3,3'-Diaminobenzidine tetrahydrochloride was used as chro-
mogen, and sections were counterstained with hematoxylin.
Digital microscope images were obtained by capturing the
most representative sections using a camera linked to an
Olympus light microscope. The immunostaining was reviewed
by the 2 pathologists blinded to the study design. Staining was
quantified by estimating staining intensity and the percentage
of stained tumor cells. Staining intensity was scored according
to the following scale: 0 (negative), 1 (weak), 2 (intermediate),
and 3 (strong). Immunoreactivity for cyclin D1 was evaluated
as the percentage of positive tumor cells with discrete nuclear
staining. E-cadherin and N-cadherin immunoreactivity was
observed in the cytoplasm of tumor cells and quantified with
the following formula (H-score). H-score=1x (% of 1 +cells) +
2% (% of 2 +cells) + 3 x (% of 3 +cells).

Statistical analysis

Statistical analyses were performed using SPSS Statistics, ver-
sion 21 (IBM, Chicago, Illinois, USA). The Mann-Whitney U
test was used to assess the significance of differences, and P-
values < 0.05 were considered statistically significant. The data
are expressed as means+SDs of 3 to 4 independent experi-
ments.

RESULTS

Inflammatory response of TRAMP cells stimulated with
T. vaginalis

TRAMP-C2 cells stimulated with T. vaginalis (1:1) produced
CXCL1 and CCL2 within 6 hr, and CXCL1, CCL2 and IL-6
mRNA levels increased 2-3-fold within 1 hr (Fig. 1A, B).
Although IL-6 production was not measured by ELISA, 1L-6
mRNA was measured by Q-PCR. Then, to see whether TCM
was more effective than T. vaginalis, TRAMP cells were incubat-
ed with T. vaginalis, CM or TCM for 6 hr. TRAMP cells stimu-
lated with TCM produced more CXCL1, CCL2, and IL-6 than
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those treated with CM or T. vaginalis (P < 0.05), as well as high-
er levels of the transcripts for these cytokines (P<0.05; Fig. 1D,
E).

For ROS measurement, we used TvSP because live T. vagina-
lis might interfere with the detection of fluorescence. When
TRAMP-C2 cells were incubated with TvSP, ROS production
increased in a time-dependent manner, and pretreatment with
DPI, an NADPH oxidase inhibitor, significantly reduced the
production of ROS, suggesting that the ROS were generated by
NADPH oxidase. We conclude that T. vaginalis infection induc-
es TRAMP cells to produce cytokines and ROS (Fig. 1C).
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Proliferation, migration and invasiveness of PCa cells
stimulated with TCM

We investigated whether the interaction between prostate
cancer cells and T. vaginalis affected the proliferation of the
cancer cells. TRAMP-C2 cells proliferation was indeed stimu-
lated by TCM, and to a lesser extent by CM (Fig. 2A). Migra-
tion of the prostate cancer cells was measured by the wound-
healing assay. As shown in Fig. 2B, TRAMP-C2 cells treated
with TCM migrated more rapidly than cells treated with CM,
and even more rapidly than control cells, and similar results
were obtained in the invasiveness assay (Fig. 2C).
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Fig. 1. Expression of cytokines and their mRNA by TRAMP-C2 cells stimulated with T. vaginalis, CM and TCM. (A, B) TRAMP-C2 cells
were incubated with live T. vaginalis for 6 hrs. (C) ROS production by TRAMP-C2 cells incubated with T. vaginalis secretory products
(TVSP). (D, E) Production of CXCL1, CCL2 & IL-6 by TRAMP-C2 cells stimulated with T. vaginalis, CM or TCM was measured by ELISAs
and real-time PCR, respectively. Control, DMEM medium. *P<0.05 versus control, 1P<0.05 versus TCM or versus TvSP in Fig. 1C.
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Effect of anti-cytokine receptor antibody on the
proliferation, migration and invasiveness by PCa cells
treated with TCM

In order to confirm that CM and TCM induce the expression

bated in CM or TCM for 6 hr and cytokine receptor expres-
sions were measured. TCM, and to a lesser extent, CM, in-
creased the expression of CXCR2 (for CXCL1), CCR2(CCL2)
and GP130 (IL-6), as observed by fluorescence microscopy

of cytokine receptors in prostate cancer cells, PCa were incu-  (Fig. 3A). To see whether the cytokine receptors were implicat-
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Fig. 2. Proliferation, migration, and invasiveness of prostate cancer cells stimulated with TCM. (A) Proliferation, (B) migration and (C) inva-

siveness were examined by the CCK8 assay, wound healing assay and matrigel invasiveness assay, respectively. Control, DMEM medi-
um. *P<0.05 versus control, TP <0.05 versus CM.
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Fig. 3. Expression of cytokine receptors in TRAMP-C2 cells stimulated with TCM, and effect of cytokine receptor Ab on proliferation, mi-
gration and invasiveness of TRAMP-C2 cell treated with TCM. (A) Cytokine receptor expression. Cell nuclei in blue and cytokine recep-
tors in red. Control, DMEM medium. (B) Proliferation, (C) migration and (D) invasiveness of TRAMP-C2 cells pretreated with anti-cytokine

receptor Ab were measured by CCK8 assay, wound healing and matrigel invasiveness assays, respectively. *P<0.05 versus untreated
TCM.



552

A
TRAMP - -~
— —
5mm 5mm
TRAMP+Tv - = ﬁ,
5mm 5mm
B
1,000 -
—~ 800 | [
S
E 600 |
(0]
5 400 |-
o
= 200 | E
0 1
TRAMP  TRAMP+Tv

Korean J Parasitol Vol. 59, No. 6: 547-556, December 2021

— —
5mm 5mm
5mm 5mm
C
08
06 | .
B I
5 04t
2 —
02 | E—1
0 1 1
TRAMP TRAMP+Tv

Fig. 4. Trichomonas vaginalis promotes prostate tumor growth in the mice injected with TRAMP-C2 cells after 4 weeks. (A) Prostates of
the mice. (B) Volumes and (C) weights of the prostates of mice. *P<0.05 versus TRAMP alone. Bar=5 mm.
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Fig. 5. Expression of cyclin D1 and epithelial-mesenchymal transition markers in the TRAMP cells co-injected with T. vaginalis. (A) Cyclin

D1. (B) E-cadherin. (C) N-cadherin. *P<0.05 versus TRAMP alone.

ed in the increased proliferation, migration and invasiveness
of PCa cells, the effects of anti-cytokine receptor antibodies
(anti-CXCR2, -CCR2, -GP130 antibody) were examined. These
antibodies reduced the effects of the TCM in proliferation, mi-
gration and invasiveness of PCa cells (Fig. 3B-D). Therefore,
cytokine-cytokine receptor signaling pathways were found in-
volved in the proliferation, migration and invasiveness of
TRAMP-C2 cell.

T. vaginalis promotes prostate cancer growth in vivo

The PCa cells mixed with T. vaginalis formed substantially
larger prostate cancers compared with those injected without T.
vaginalis after 4 weeks (Fig. 4). Cyclin D1, a regulator of cell cy-

cle progression, was higher in the cancer structures formed af-
ter co-injection of T. vaginalis (P <0.05; Fig. 5A). EMT known
to contribute to the growth of cancers was more extensive
when T. vaginalis was injected along with the TRAMP-C2 cells,
by demonstrating decreased expression of E-cadherin (an epi-
thelial cell marker) and increased expression of N-cadherin (a
mesenchy-mal cell marker) in the tumors formed by those
cells (Fig. 5B, C).

DISCUSSION

Infection is recognized as a major cause of cancer worldwide.
About 2 million of the 12.7 million new cancer cases that oc-
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curred in 2008, were attributable to infections. For example,
Helicobacter pylori, hepatitis B and C viruses, and human papil-
loma viruses were responsible for 1.9 million cases, mainly
gastric, liver, and cervical cancers [25]. About 20% of cancer
deaths worldwide are attributable to chronic infection and/or
inflammation [26]. Shacter and Weitzman [12] have argued
that chronic inflammation is a causative factor in a number of
cancers. Acute inflammation evokes host defense against infec-
tion, whereas chronic inflammation can predispose the host
to a variety of chronic illnesses, including cancer [26].

Hanahan and Weinberg [27] proposed a model to define
the 6 properties that a cancer acquires; They include sustaining
proliferative signaling, evading growth suppressors, resisting
cell death, enabling replicative immortality, inducing angio-
genesis, and activating invasion and metastasis. Mantovani
[28] and Mantovani et al. [29] added an additional hallmark,
the inflammatory microenvironment, to these 6 properties
and suggests that cancer-related inflammation promotes ge-
netic instability.

It was reported that more than 2/3 of men had histological
evidence of chronic prostate inflammation [30], despite of the
fact that less than 10% of these men reported symptoms of
prostatitis. In the same context, most of T. vaginalis- infected
men are asymptomatic and can remain undiagnosed and un-
treated. This has been hypothesized to result in chronic persis-
tent prostatic infections [2,7]. Inflammation is expected to al-
ter the prostatic microenvironment in multiple ways that may
facilitate cancer initiation or progression [31]. However, there
is no investigation on the aggressiveness of prostate cancers
formed by PCa cells infected with T. vaginalis. In the current
study, we have shown for the first time that the inflammatory
response by PCa cells stimulated with T. vaginalis increases the
proliferation and invasiveness of these cells.

An advantage of this study is that we also showed that live T.
vaginalis stimulated the multiplication of the prostate cancer
cells when they were injected into mice and also increased the
expression of cyclin D1and the EMT marker.

Chemokines and their receptors play many roles in cancer
development although their primary role is controlling the
trafficking of leukocytes during inflammatory responses. In
the present study we showed that chemokines (CXCL1, CCL2)
contained in TCM stimulated the proliferation and invasive-
ness of TRAMP cells by binding to their receptors (CXCR2,
CCR2) since pretreatment with anti-CXCR2 & anti-CCR2 anti-
bodies significantly reduced the effects of TCM.

In Fig. 1D and E, the conditional medium increased cyto-
kine production more than the T. vaginalis. The conditioned
medium of TRAMP cells includes secretory factors derived
from cancer cells. Alkaline phosphatase, MMP-3 and epider-
mal growth factor receptor were reported as secretory factors
derived from cancer cells in PCa [32-34]. Therefore, it is in-
ferred that various inflammatory factors secreted from TRAMP
cells increased cytokine production by stimulating cancer cells

CXCL1 (also known as growth-regulated oncogene-alpha) is
a secreted growth factor that interacts with the G-protein-cou-
pled receptor CXCR2 and plays a key role in inflammation,
and as a chemoattractant for neutrophils. CXCL1 and its re-
ceptor CXCR2 are linked to metastatic potential [35]. CXCL1
is overexpressed in gastric, colon and skin cancers [36,37]. The
level of CXCL1 is higher in prostate cancers than in benign
control tissue, and tumors with higher Gleason scores have
higher CXCL1 levels [38]. These findings support a role for
CXCL1 in prostate tumor initiation and progression.

In the present study, when TRAMP-C2 cells were infected
with live T. vaginalis, the production of CXCL1 and CCL2 by
the PCa cells increased. In addition, CCL2 is reported to acts
as a paracrine and autocrine factor for prostate cancer growth
and invasiveness, and CCR2 expression correlated with Glea-
son score and clinical pathologic stages. Also, activation of the
CCL2/CCR2 axis promoted PCa growth in bone [39,40]. In
this context, our data suggest that CCL2 stimulates PCa cells
growth by binding to the CCR2 receptor.

Since I1-6 serum levels are elevated in patients with untreat-
ed metastatic or castration-resistant prostate cancers, it is
thought to be a key mediator in several steps of prostate cancer
development: initiation of prostate tumorigenesis, stimulation
of tumor growth, induction of aggressive growth, promotion
of tumor metastasis and resistance to chemotherapy [41]. Also,
IL-6/IL-6R is believed to be key signaling elements in prostate
cancer development [42]. In line with the above reports, in
our study TRAMP cells grew faster when incubated with TCM
and produced elevated levels of IL-6 & IL-6R (gp130), while
anti-gp130 Ab reduced the growth and invasiveness of the
TRAMP cells.

It is well known that an impaired “oxidant-anti-oxidant”
balance causes DNA damage and may result in cell death and/
or in the generation of mutations leading to increased expres-
sion of oncogenes and inactivation of tumor-suppressor genes
[43]. Reactive oxygen and nitrogen species are reported to be
involved in the development and progression of several hu-
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man cancers such as breast, prostate, colorectal, and gastric
cancers [44]. In this connection we showed that TRAMP-C2
cells produced higher levels of ROS when treated with TvSP,
and the ROS appeared to be produced by NADPH oxidase.
The increased ROS may contribute to growth of the PCa cells.

Cyclin D1 is the regulatory subunit of the cyclin-dependent
kinases Cdk4/6, which are positive regulators of cell prolifera-
tion [45,46]. Cyclin D1 has been linked to tumor invasiveness
and metastasis in clinical studies. Overexpression of cyclin D1
is associated with metastasis of prostate cancer to bone [47].
Recently cytoplasmic cyclin was found mainly associated with
the invasive capability of tumor cells [45]. We noted that injec-
tion with T. vaginalis along with TRAMP cells led to increased
expression of cyclin D1 in prostate cancer tissue.

Initiation of EMT is considered the first step leading to can-
cer metastasis, and contributing to the poor prognosis of can-
cer patient. EMT occurs by breakdown of cell-to-cell or cell-to-
extracellular matrix (ECM) adhesion in the polarized lining of
epithelia, and the loss of E-cadherin of is responsible for the
collapse of intercellular mechanical communication. In con-
trast, key mesenchymal markers become highly enriched dur-
ing EMT [48], and in our study prostate tissue injected with
TRAMP cells mixed with T. vaginalis contained reduced epithe-
lial marker (E-cadherin) and increased mesenchymal marker
(N-cadherin).

In conclusion, this study showed that inflammatory reac-
tions by T. vaginalis-stimulated PCa cells increased the prolifer-
ation and invasion of these cells through cytokine-cytokine re-
ceptor signals. Our findings suggest that T. vaginalis stimulates
the growth of PCa cells by inducing an inflammatory response
of the PCa cells in vitro and in vivo mouse model.
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