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Trichomonas vaginalis: a possible foe to prostate cancer
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Abstract Prostate cancer (PCA) is the most common
malignancy in men in USA, and the role of Trichomonas
vaginalis (T. vag) in the development of PCA is still con-
troversial. Clonogenic assay, PCNA staining, TUNEL
staining and caspase-3 activity assay were used to inves-
tigate the in vitro role of 7. vag in human prostate cancer.
We further investigated the possible molecular mecha-
nisms using RT-PCR and immunohistochemical staining.
Culture supernatant of 7. vag inhibits growth of PC-3
prostate cancer cells, and this correlated with upregulation
of p21. Culture supernatant of 7. vag induced apoptosis of
PC-3 cells, and this correlated with downregulation of Bcl-
2. The growth inhibition effect of culture supernatant of T.
vag is also demonstrated in another prostate cancer cell line
DU145, suggesting that its effect is not specific to one
prostate cancer cell line. Culture supernatant of 7. vag
inhibits growth of prostate cancer by inhibition of prolif-
eration and promotion of apoptosis. Such a study might be
helpful to address the association between PCA and
infection of 7. vag.
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Introduction

The incidence of prostate cancer (PCA) differs worldwide
with the highest rate in USA and the lowest rate in China.
PCA is the most common malignancy in men in USA with
an estimated 220,800 new cases expected in 2015 [1]. It
accounts for 33 % of all newly diagnosed malignant
tumors in men in USA and contributes significantly to
disease burden due to cancer in USA [1, 2]. However, the
etiology and pathogenesis of PCA are still poorly under-
stood [2].

Trichomonas vaginalis (T. vag) is an extracellular flag-
ellated parasitic protozoan [3—6]. It is the most common
nonviral sexually transmitted pathogen worldwide, with an
annual incidence of over three million cases [3-6]. It is
estimated that about 50 % of infected women will be
symptomatic [3-6]. Although men are generally asymp-
tomatic and are thus regarded as carrier [3—6], it is known
that it can cause urethritis and prostatitis in some infected
men [7].

T. vag was first suspected to be associated with the
development of PCA in 1971 [7], and for decades, a couple
of clinical studies seem to support this suspect that 7. vag is
associated with the development of PCA [8-11]. A recent
study also indicated that 7. vag homolog of macrophage
migration inhibitory factor induced growth in both benign
prostatic hyperplasia epithelial cell line and PC-3 PCA cell
line [12]. However, increasing evidence seems to start to
challenge this and suggests that 7. vag might not be asso-
ciated with the development of PCA [13-15]. Interestingly,
some studies even further suggest that 7. vag might have
the ability to directly or indirectly damage normal uro-
genital epithelial cells including normal prostate epithelial
cells [16-20] and induce apoptosis of lung cancer or cer-
vical cancer [21, 22]. Obviously, the association between
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T. vag and PCA is not fully understood and further studies
are needed to clarify the relationship between 7. vag and
PCA. This study is designed and performed to investigate
the direct effect of T. vag on two classic PCA cell lines PC-
3 and DU145 by using the culture supernatant of 7. vag.

Materials and methods
T. vag cell culture

T. vag G3 (ATCC PRA-98) was obtained from the American
Type Culture Collection. Stock cultures were grown in a
trypticase-yeast-extract-maltose (TYM) medium, adapted
from that of Hollander and Beal, as described by Nielsen
et al. [23-25]. Media were sterilized by autoclave and then
frozen at —20 °C. Prior to use, media were completed by the
addition of horse serum (Lonza, Allendale, NJ; 10 % v/v
final concentration), which had been heat inactivated at
56 °C for 30 min, penicillin—streptomycin solution (50 U/ml
penicillin G and 50 pg/ml of streptomycin sulfate), ferrous
ammonium sulfate (0.01 mg/ml final concentration) and
vitamin B12 (cyanocobalamin, 8 pg/ml final concentration).
Routine culture was carried out at 35 °C in 25 cm? tissue
culture flasks containing 5-10 ml of complete TYM med-
ium. Cell growth and viability were determined by counting
the number of intact and motile trichomonads in an aliquot
using a Neubauer hemocytometer. All stock cultures were
inoculated at a density of 1.0 x 10° cells/ml and were pas-
saged every 48-72 h.

Collection of T. vag-conditioned growth medium

Following 48 h of growth, cultures reached an average
density of 3.5 x 106 cells/ml. To collect conditioned
media, cultures were transferred to 15-mL polypropylene
centrifuge tube and cells pelleted using a tabletop cen-
trifuge (1500x g for 7 min at 4 °C). Post-centrifugation,
conditioned medium, free of cell debris, was collected,
immediately frozen using liquid nitrogen and stored at
—80 °C. Control media, which had not been inoculated
with T. vag, were processed in an identical manner.

Tumor cell lines

PC-3 and DU145 prostate cancer cell lines were provided
by Dr. Susan L. Deutscher’s group and Dr. Dannis B.
Lubahn’s group (University of Missouri, Columbia, MO).
Cancer cells were cultured in DMEM (Invitrogen, Carls-
bad, CA, USA), supplemented with 10 % FBS (heat
inactivated) and 1 % penicillin—streptomycin (Invitrogen,
Carlsbad, CA, USA). Tumor cells were incubated in a
humidified 5 % CO, incubator (Fisher Scientific,
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Pittsburgh, PA, USA) at 37 °C. Cells were grown until they
reached 70 % confluence, at which time they were ready to
experimental treatment.

Treatment of prostate cancer cell lines with T. vag-
conditioned growth medium

Human PC-3 and DUI145 cells (70 % confluent) were
treated for 3 days with 7. vag-conditioned growth medium
or medium alone. The dilution ratio for 7. vag-conditioned
growth medium used in this study is based on our pilot
experiments. The dilution of 1:10-1:20 was found to be the
optimal dilution for a 3-day treatment. Thus, the dilution of
1:15 for T. vag-conditioned growth medium was used in
this study.

Clonogenic survival assay

Three days after 7. vag-conditioned growth medium
treatment, cells were detached and counted. Clonogenic
survival assay was performed as described previously
[26-29]. The number of colonies was counted and
expressed as a percentage of total colonies in controls.

Immunohistochemistry (IHC)

IHC staining for important proteins such as PCNA, p21,
Bcl-2 was described previously [30, 31]. To quantify the
number of PCNA + cells, cancer cells from a couple of
randomly selected fields (high power) were counted with
the assistance by specific image analysis software Meta-
Morph (Molecular Devices Analytical Technologies, Sun-
nyvale, CA, USA). Average staining intensity for proteins
was measured, and the results are expressed as the average
integrated intensity of 3 slides = SEM relative to that in
control cells.

RT-PCR

RNA was extracted after homogenized in TRIzol (Invit-
rogen). RNA concentration was then determined by nan-
odrop. In this study, 1 pg RNA was reverse-transcribed as
previously described [30, 31]. GAPDH was used in this
study to verify whether the equal amount of RNA was
amplified. Primer sequences have been described previ-
ously [30, 31].

TUNEL staining

Apoptosis  was determined by TUNEL (terminal
deoxynucleotidyl transferase-mediated dUTP nick-end
labeling) assay using an Apoptag kit (Chemicon, El
Segundo, CA, USA) as previously described [26-29]. To
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quantify the number of apoptotic cells, cancer cells in a
couple of randomly selected fields (magnification x400)
were counted with the assistance of MetaMorph.
TUNEL + cells were expressed as a percentage of total
cells.

Measurement of caspase-3 activity

Cellular caspase-3 activity of DU145 and PC-3 cells tar-
geting the sequence DEVD (Asp-Glu-Val-Asp) was mea-
sured using a caspase-3/CPP32 colorimetric assay kit
(BioVision) as described before [26-29].

Statistics

All experiments were repeated two times. Statistical analysis
of data was performed using an unpaired two-tailed Stu-
dent’s t test. A p value < 0.05 was considered significant.

Results

Culture supernatant of 7. vag inhibits growth
of human prostate cancer cells

PC-3 prostate cancer cells were used to investigate the
direct effect of 7. vag on prostate cancer. Seventy per-
centage confluent cells were treated with 7. vag-condi-
tioned growth medium or medium alone for 3 days, and
cell survival was evaluated by clonogenic survival assay.
The percentage of colonies of PC-3 was significantly lower
after T. vag treatment compared with controls treated with
medium alone (Fig. la, p < 0.05). The anti-proliferative
effect of 7. vag on PC-3 cells was also supported with
staining for a marker for cell proliferation PCNA and its
mRNA (Fig. 1b—d). To exclude the possibility that this
effect is PC-3 cell line-specific, the effect of 7. vag on
another typical prostate cell line DU145 was also investi-
gated and similar results were obtained (Fig. le—h). These
results strongly indicate that 7. vag inhibits growth and
survival of prostate cancer.

Culture supernatant of 7. vag increased expression
of anti-proliferative molecule p21 in PC-3 cells

Cell proliferation is well regulated, and the delicate balance
between pro- and anti-proliferative molecules orchestrates
this process [32-35]. On one hand, cyclin B, cyclin D,
cyclin E, cdk2 and cdk4 are traditionally regarded as major
pro-proliferative molecules. One the other hand, p18, p21,
p27 and p53 are traditionally regarded as major anti-pro-
liferative molecules [32-35]. To study the potential

molecular mechanisms where 7. vag inhibits growth of PC-
3 prostate cancer cells, mRNA expression of major pro-
proliferative molecules and anti-proliferative molecules
mentioned above was determined first by RT-PCR (Fig. 2).
mRNA expression of anti-proliferative molecules was all
comparable in both groups (p > 0.05) except that of p21 in
PC-3 cells whereby its mRNA expression level was sig-
nificantly higher in 7. vag group compared to the control
group (Fig. 2, p < 0.05). This suggests that p21 in PC-3
cells is upregulated by 7. vag-conditioned growth medium.
To further confirm this finding at protein level, IHC
staining for p21 was performed and the result echoed the
finding by RT-PCR (Fig. 3). These results suggest that
upregulation of p21, one of the most anti-proliferative
molecule, correlates with the inhibitory effect of 7. vag on
growth and survival of PC-3 prostate cancer cells. mRNA
expression of pro-proliferative molecules was all compa-
rable in both groups (p > 0.05) except that of cyclin E in
PC-3 cells. mRNA expression level of cyclin E was
unexpectedly higher in 7. vag group compared to the
control group (Fig. 2, p < 0.05).

Culture supernatant of 7. vag promotes apoptosis
of PC-3 cells

Cell growth is the net result of cellular proliferation and
cellular apoptosis [32—40]. The inhibitory effect of 7. vag on
growth of PC-3 cells might also attribute to increased
apoptosis of PC-3 prostate cancer cells. To address this, PC-3
cancer cells were treated with supernatant of 7. vag or
medium alone for 3 days and TUNEL staining method was
used to evaluate cellular apoptosis of PC-3 cancer cells
(Fig. 4). A higher number of TUNEL + cells were found
after 7. vag treatment, and the difference in TUNEL + cells
was significant compared to the control group (Fig. 4,
p < 0.05). Next, we used a caspase-3 activity kit to measure
the relative caspase-3 activity in PC-3 cells. As expected, the
relative caspase-3 activity is significantly higher in 7. vag
group when compared with control group (Fig. 4). These
results indicate that 7. vag promotes apoptosis of PC-3 cells
and this might be another contributing factor for the inhibi-
tory effect of 7. vag on growth of PC-3 cells.

Culture supernatant of 7. vag decreased expression
of anti-apoptotic molecule Bcl-2 in PC-3 cells

Cellular apoptosis is controlled by the fine balance between
pro- and anti-apoptotic molecules [36—40]. On one hand,
Fas, FasL, TRAIL-R1, TRAIL and Bax are traditionally
regarded as major pro-apoptotic molecules. On the other
hand, FLIP, Bcl-2 and survivin are the major anti-apoptotic
molecules. To investigate the possible molecular mecha-
nisms whereby 7. vag promotes apoptosis of PC-3 prostate
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Fig. 1 Culture supernatant of 7. vag inhibits proliferation of prostate
cancer cells. a Clonogenic survival assay of PC-3 cells treated with
supernatant of 7. vag (1:15 dilution) or medium alone (control). The
number of colonies was counted and expressed as a percentage of
total colonies in controls (medium alone). b and ¢ Representative IHC
results for PCNA of PC-3 cells treated with supernatant of 7. vag or
medium alone. PCNA + cells (red) in 5-6 randomly selected high-
power fields of three slides were counted using MetaMorph software
and summarized. d RT-PCR evaluation of PCNA mRNA expression

cancer cells, mRNA expression of pro- and anti-apoptotic
molecules in PC-3 cells was determined by RT-PCR.
mRNA expression of these molecules was all comparable
in both groups (p > 0.05) except that of Bcl-2, one of the
critical anti-apoptotic molecules. mRNA expression level
of Bcl-2 was significantly lower in 7. vag group compared
to the control group (Fig. 5, p < 0.05). To further confirm
this finding at protein level, IHC staining for Bcl-2 was
performed and the result echoed the finding by RT-PCR
(Fig. 6). These results strongly indicate that
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in cells treated with supernatant of 7. vag or medium alone. e—
h Clonogenic survival assay, representative IHC results for PCNA
and RT-PCR evaluation of PCNA mRNA expression in cells treated
with supernatant of 7. vag or medium alone in DU145 cells. Results
are expressed as the mean OD + SEM in each group and are
representative of two independent experiments. A significant differ-
ence in the percentage of colonies, PCNA + cells or mRNA
expression level, is indicated by the asterisk (T. vag group vs. control
group, p < 0.05). Original magnification in b and f: x400

downregulation of anti-apoptotic molecule Bcl-2 correlates
with the increased apoptosis in PC-3 cells induced by T.
vag.

Discussion
In this study, we asked whether culture supernatant of T.

vag has any effect on growth of human prostate cancer
cells. We found that culture supernatant of 7. vag inhibits
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Fig. 2 Effect of culture 100 1
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growth of PC-3 prostate cancer cells and this correlated
with upregulation of p21. We further found that culture
supernatant of 7. vag induced apoptosis of PC-3 cells and
this correlated with downregulation of Bcl-2. The growth
inhibition effect of culture supernatant of 7. vag is also
demonstrated in another prostate cancer cell line DU145,
suggesting that its effect is not specific to one prostate
cancer cell line. To the best of our knowledge, our study is
the first to directly demonstrate that there is a negative
association between PCA and infection of T. vag.

T. vag, a common extracellular protozoan transmitted
sexually, has been suspected to be associated with the
development of PCA in 1971 by Dr. Wynder [7]. The
reasons for this suspect are the following two facts: (1) its
ability to induce prostatitis and (2) its common occurrence.
This suspect was further supported by Dr. Gardner’s study
which showed that atypical hyperplasia of prostate
epithelial cells was observed in area near 7. vag [10, 11]. In
the following years, a couple of clinical studies seem to
support this suspect that 7. vag is associated with the
development of PCA [8-11]. More interestingly, a recent
study is also in line with this by showing that 7. vag
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homolog of macrophage migration inhibitory factor
induced growth in both benign prostatic hyperplasia
epithelial cell line and PC-3 PCA cell line [12]. However,
our study is not in consistent with this suspect that there is a
positive association between T. vag and PCA. Our study is
consistent with the increasing evidence from clinical
studies suggesting that 7. vag is not associated with the
development of PCA [13-15]. Our study is also consistent
with some studies suggesting that 7. vag might induce
apoptosis of lung cancer or cervical cancer [21, 22]. More
interestingly, our study might even suggest that 7. vag
infection might be potentially beneficial to patients in an
early neoplastic state.

Cell proliferation is a series of tightly regulated events,
and pro- and anti-proliferative molecules are critical in cell
proliferation [32-35]. On one hand, cyclin B, D, E and
cyclin-dependent kinase 2 and 4 (cdk2 and cdk4) promote
cell proliferation, and thus, they are regarded as pro-pro-
liferative molecules. On the other hand, p18, p21, p27 and
p53 inhibit cell proliferation, and accordingly, they are
regarded as anti-proliferative molecules [32-35]. In this
study, we found that the anti-proliferative effect of cultured
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Fig. 3 Effect of culture supernatant of 7. vag on expression of p21 in
PC-3 cells evaluated by IHC. Shown are representative pictures of
IHC. The relative staining intensity in 3-5 randomly selected high-
power fields of three slides from each group was analyzed by
MetaMorph software. Results are expressed as the average integrated
staining intensity of three slides + SEM relative to that in control
cells. A significant difference in staining intensity between cells
treated with culture supernatant of 7. vag and those in controls is
indicated by the asterisk (p < 0.05). Shown is representative of two
independent experiments. Original magnification x400
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Fig. 4 Culture supernatant of 7. vag promotes apoptosis of PC-3
cells. a Representative of TUNEL staining. b TUNEL + cells in 3-5
randomly selected high-power fields of three slides were counted.
¢ Cellular caspase-3 activity was measured as described in methods.
Results are expressed as mean activity relative to controls + SEM.
Assays were done in triplicate. A significant difference in the
percentage of TUNEL 4 cells or relative caspase-3 activity cells
treated with culture supernatant of 7. vag and those in controls is
indicated by the asterisk (p < 0.05). Shown is representative of two
independent experiments. Original magnification a x400
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Fig. 5 Effect of culture supernatant of 7. vag on expression of pro-
and anti-apoptotic molecules in PC-3 cells evaluated by RT-PCR
mRNA was extracted as described in the methods. Experiments are
done in triplicate, and results are expressed as the mean ratio of pro-
and anti-apoptotic molecule densitometric units/§GAPDH + SEM
(x100) and are representative of two independent experiments. A
significant difference in mRNA expression between cells treated with
culture supernatant of 7. vag and those in controls is indicated by the
asterisk (p < 0.05)

supernatant of 7. vag correlated with increased expression
of p21. Thus, our study indicated cultured supernatant of 7.
vag disrupted the balance between pro- and anti-
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Fig. 6 Effect of culture supernatant of 7. vag on expression of Bcl-2
in PC-3 cells evaluated by IHC Shown are representative pictures of
IHC. The relative staining intensity in 3-5 randomly selected high-
power fields of three slides from each group was analyzed by
MetaMorph software. Results are expressed as the average integrated
staining intensity of three slides + SEM relative to that in control
cells. A significant difference in staining intensity between cells
treated with culture supernatant of 7. vag and those in controls is
indicated by the asterisk (p < 0.05). Shown is representative of two
independent experiments. Original magnification x400

proliferative molecules by upregulation of anti-prolifera-
tive molecule p21 in PC-3 to inhibit cell proliferation in
PCA cells. Upregulation of expression of p21 is also one of
the mechanisms by which IL-9 inhibits growth of mela-
noma cells [36].

Apoptosis is also called programmed cell death. It is
mediated by sequential activations of caspases [37, 38].
Pro- and anti-proliferative molecules are pivotal in cell
apoptosis. On one hand, Fas, FasL, TRAIL-R1, TRAIL and
Bax promote cell apoptosis, and thus, they are regarded as
pro-apoptotic molecules. On the other hand, FLIP, Bcl-2
and survivin inhibit apoptosis, and accordingly, they are
regarded as anti-apoptotic molecules [39]. In this study, we
found that the pro-apoptotic effect of cultured supernatant
of T. vag correlated with decreased expression of anti-
apoptotic molecule Bcl-2. Thus, our study indicated cul-
tured supernatant of 7. vag disrupted the balance between
pro- and anti-apoptotic molecules by downregulation of
anti-apoptotic molecule Bcl-2 in PC-3 to induce apoptosis
in PCA cells. Bcl-2 seems to be a critical anti-apoptotic
molecule since its upregulation is one of the mechanisms
by which IL-35 inhibits apoptosis in pancreatic cancer cells
[40].

It might be necessary to point out that the expression of
cyclin E was unexpectedly found to be increased in the
group of cultured supernatant of 7. vag. The detailed

possible mechanisms are still under investigation. One
possible explanation for this might be due to an adaptive
response to cell injury to prevent cells from further dam-
age. It might be also important to point out the fact that not
all pro- and anti-proliferative as well as pro- and anti-
apoptotic molecules were investigated in this study. It will
not be a surprise for us at all that some other unexamined
molecule might also contribute significantly to inhibition of
proliferation and promotion of apoptosis in PC-3 prostate
cancer cells treated with culture supernatant of 7. vag.
Nevertheless, our study might highlight that a seemly
unwelcomed 7. vag might be potentially beneficial to
patients in an early neoplastic state.

In summary, culture supernatant of 7. vag inhibits
growth of prostate cancer by altering its balance between
proliferation and apoptosis. Further study is warranted to
elucidate the true role of T. vag in the pathogenesis of PCA.
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