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Abstract: Trichomonas vaginalis induces proinflammation in cervicovaginal mucosal epithelium. To investigate the signal-
ing pathways in TNF-a production in cervical mucosal epithelium after T. vaginalis infection, the phosphorylation of PI3K/
AKT and MAPK pathways were evaluated in T. vaginalis-infected SiHa cells in the presence and absence of specific in-
hibitors. T. vaginalis increased TNF-a production in SiHa cells, in a parasite burden-dependent and incubation time-de-
pendent manner. In T. vaginalis-infected SiHa cells, AKT, ERK1/2, p38 MAPK, and JNK were phosphorylated from 1 hr af-
ter infection; however, the phosphorylation patterns were different from each other. After pretreatment with inhibitors of
the PIBK/AKT and MAPK pathways, TNF-a production was significantly decreased compared to the control; however,
TNF-a reduction patterns were different depending on the type of PIBK/MAPK inhibitors. TNF-a production was reduced
in a dose-dependent manner by treatment with wortmannin and PD98059, whereas it was increased by SP600125.
These data suggested that PISK/AKT and MAPK signaling pathways are important in regulation of TNF-a production in
cervical mucosal epithelial SiHa cells. However, activation patterns of each pathway were different from the types of PI3K/

MAPK pathways.
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INTRODUCTION

Trichomonas vaginalis is a flagellated protozoan parasite that
infects the female reproductive tract and male urethra. It is one
of the most common causes of non-viral sexually transmitted
diseases in the world. Each year, about 160-180 million peo-
ple are infected with T. vaginalis worldwide [1-3]. Infection
with this parasite leads to vaginitis with burning, itching, and
inflammation of the vaginal epithelium. Associated morbidi-
ties include endometritis, preterm birth, and other viral infec-
tions [1,2]. In addition, T. vaginalis is linked to cervical cancer,
inflammatory diseases, and infertility [4]. Epidemiological
studies have also reported that T. vaginalis can act as a cofactor
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in transmitting the human immunodeficiency virus (HIV)
type-1, and infection of women with T. vaginalis notably in-
creases the risk of HIV infection [1,5].

In the female reproductive tract, the mucosal epithelial sys-
tem is the first line of defense against pathogenic organisms
[6-8]. Women with T. vaginalis infection in cervicovaginal mu-
cosa secrete higher levels of proinflammatory cytokines such
as IL-6, IL-1B, and tumor necrosis factor-ax (TNF-a) [9]. The
inflammatory response is regulated by various signaling path-
ways including mitogen-activated protein kinase (MAPK),
phosphoinositide 3-kinase (PI3K), toll-like receptor (TLR),
and nuclear factor-kB (NF-kB) during the early stage of infec-
tion in host cells [10-12]. The PI3K pathways are a family of
enzymes involved in cellular functions such as cell growth,
proliferation, differentiation, motility, survival, and intracellu-
lar trafficking. They have been linked to an extraordinarily di-
verse group of cellular functions, and both directly and indi-
rectly regulate the inflammatory pathway through the action
of a serine/threonine kinase known as protein kinase B (PKB)
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or AKT, which plays an important role in the regulation of in-
flammatory responses as well as the survival of cells [10]. How-
ever, there are no reports of the role of the PI3K/AKT pathway
in T vaginalis-infected cervicovaginal mucosal epithelium.

MAPK signaling pathways are involved in a wide variety of
cellular responses including inflammation, proliferation, dif-
ferentiation, and apoptosis in all eukaryotic organisms. The
MAPK forms a family of protein kinases that includes extracel-
lular signal-regulated kinase 1/2 (ERK1/2), p38 MAPK, and c-
Jun N-terminal kinase 1/2 (JNK1/2) [13]. There have been
some investigations of proinflammatory cytokine production
in various cells infected with T vaginalis [9,14-17]; however,
the roles of the PI3K/AKT and MAPK signaling pathways for
TNF-a production in T. vaginalis-infected cervical mucosal epi-
thelial cells remain to be elucidated.

Several studies have indicated that T. vaginalis infection in-
creases proinflammatory responses in in vitro models [9,14-
17]. TNF-a is a multifunctional cytokine that transduces sig-
nals for survival, differentiation, and cell death in diverse cell
types and evokes diverse biological processes by inducing ex-
pression of various genes [18]. TNF-a plays an important role
in the inflammatory response to trichomoniasis [14-16].
However, there is little information about the signaling path-
ways of TNF-a production in T. vaginalis-infected cervical mu-
cosal epithelial cells. To elucidate the roles of the PI3SK/AKT
and MAPK pathways for TNF-a production in the cervical mu-
cosal epithelium after T. vaginalis infection, human cervical
mucosal epithelium SiHa cells were infected with T. vaginalis,
and TNF-a production and phosphorylation of PI3K/AKT and
MAPK pathways were evaluated in the presence and absence
of specific inhibitors using western blotting or ELISA.

MATERIALS AND METHODS

Antibodies and reagents

The rabbit monoclonal anti-phospho ERK1/2 (p-ERK1/2),
rabbit polyclonal anti-ERK1/2 (ERK1/2), rabbit monoclonal
anti-phospho p38 MAPK (p-p38 MAPK), rabbit polyclonal an-
ti-p38 MAPK (p38 MAPK), rabbit monoclonal anti-phospho
JNK1/2 (p-JNK1/2), rabbit polyclonal anti-JNK1/2 (JNK1/2),
rabbit polyclonal anti-phospho AKT (p-AKT), rabbit polyclonal
anti-AKT (AKT) (all from Cell Signaling Technology, Beverly,
Massachusetts, USA), mouse monoclonal anti-a tubulin (Santa
Cruz Biotechnology, Santa Cruz, California, USA) were pur-
chased from commercial companies. PI3K inhibitor wortman-

nin and horseradish peroxidase-conjugated anti-rabbit IgG
were purchased from Santa Cruz Biotechnology. PD98059
(2’-amino-3’-methoxyflavone; Calbiochem, San Diego, Califor-
nia, USA), which is a non-competitive inhibitor that is specific
for the ERK1/2 family, prevents MEK1/2 activation by Raf.
SB203580 [4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-
5-(4-pyridyl) 1 H-imidazole; Calbiochem] directly inhibits the
activation of p38 MAPK, and SP600125 (1,9-Pyrazoloan-
throne; Calbiochem) preferentially inhibits JNK1/2.

T. vaginalis culture

The T016 strain of T. vaginalis [19] was kindly provided by
Prof. Jae-Sook Ryu (Hanyang University College of Medicine,
Seoul, Korea), and cultured in a glass, screw-capped tube con-
taining Diamond’s trypticase-yeast extract-maltose (TYM) me-
dium (NAPCO, Winchester, Virginia, USA) supplemented
with 10% heat-inactivated horse serum (Sigma-Aldrich, St.
Louis, Missouri, USA) in 5% CO, at 37°C for 24 hr. Cultured
parasites were monitored for motility, and the viability of T.
vaginalis was determined before each experiment using trypan
blue staining (> 99%).

Culture of SiHa cells

The human cervical mucosal epithelial cancer cell line, SiHa,
was obtained from the American Type Culture Collection
(ATCC, Manassas, Virginia, USA) and maintained in Dulbec-
co’s Modified Eagle’s Medium (DMEM) supplemented with
10% heat-inactivated fetal bovine serum (FBS; Gibco BRL,
Grand Island, New York, USA) and antibiotic-antimycotic
(Gibco BRL) in a 5% CO, atmosphere at 37°C.

In a preliminary experiment to determine the adequate T.
vaginalis/SiHa cell ratio that induces TNF-a production, SiHa
cell monolayers (1 x 10°) were washed with PBS (pH 7.4), and
live T. vaginalis trophozoites were incubated in mixed-medium
(DMEM/TYM =2:1) at multiplicities of infection (MOIs) of
0.5, 1, 2, and 5 for 2 hr or T. vaginalis MOI 2 for 0.5, 1, 2, 4,
and 8 hr. From these preliminary tests, MOI 2 of live T. vagina-
lis and 2 hr incubation were selected as the adequate parasite
number and incubation time, respectively, of live T. vaginalis to
produce TNF-a in SiHa cells.

Study design

SiHa cells were seeded on 24-well plates (for ELISA assay) or
100 mm culture dishes (for western blotting) at various densi-
ties, and grown to confluence at 37°C in 5% CO,. The profiles
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of TNF-a production and phosphorylation of PI3K/AKT and
MAPK pathways in T. vaginalis-infected SiHa cells were evaluat-
ed by ELISA and western blot according to parasite incubation
time, respectively. Before T. vaginalis infection to SiHa cells,
cells were rested with FBS for 6 hr. To investigate the effects of
PI3K/AKT and MAPK signaling pathways for production of
TNF-a, T. vaginalis-infected SiHa cells were pretreated with
PI3K or MAPK inhibitors and evaluated TNF-a production in
the culture supernatants later. The control was SiHa cells that
were not infected with T. vaginalis. Each experiment was per-
formed at least in triplicate.

Cell viability by MTT

SiHa cell viability after treatment with inhibitors was deter-
mined using MTT assay. Briefly, cells were seeded at a density
of 5x10° cells/well in 96-well plates. The plates were incubat-
ed at 37°C for 24 hr for adhesion of SiHa cells to the bottom
of the well. Different concentrations of inhibitors were added
to each well of 96-well plates for 24 hr. Then, 10 pl of MTT so-
lution (5 mg/ml) was added, and cells were further incubated
at 37°C for 4 hr. Following the removal of MTT solution, water-
insoluble formazan was dissolved by adding 100 pl dimethyl
sulfoxide (DMSO) to each well. Finally, optical density (OD)
was measured at 570 nm using microplate reader (Sunnyvale,
California, USA). Data are shown as the absorbance of the un-
treated control.

Western blotting

SiHa cells were treated as indicated conditions and cells
were washed in PBS, suspended in 5x SDS sample buffer and
then heated at 98°C for 5 min. The detergent-insoluble materi-
al was pelleted by centrifugation at 15,000 rpm for 5 min at
4°C. The supernatants containing protein cell lysate were used
for western blotting assays. Briefly, equal amounts of protein
from each sample were separated by SDS-PAGE and trans-
ferred to a polyvinylidene difluoride membrane. The mem-
branes were blocked in Tris-buffered saline (20 mM Tris, 137
mM NaCl, pH 7.6) containing 0.1% Tween-20 (TBST) and 5%
skim milk. After a wash in TBST, membranes were incubated
overnight at 4°C with the primary antibodies diluted in TBST
supplemented with 5% BSA. The antibodies used were: anti-p-
AKT, anti-AKT, anti-p-ERK1/2, anti-ERK1/2, anti-p-p38 MAPK,
anti-p38 MAPK, anti-p-JNK1/2, anti-JNK1/2, and anti-a tubu-
lin. Following 3 consecutive washes in TBST, membranes were
incubated for 90 min with horseradish peroxidase-conjugated

anti-mouse or anti-rabbit IgG (Santa Cruz Biotechnology) di-
luted 1:10,000 with incubation buffer, as described above. Af-
ter extensive washing, bound secondary antibodies were visu-
alized using an enhanced ECL chemiluminescence detection
kit (GE Healthcare, Little Chalfont, UK).

Detection of TNF-a production by ELISA

SiHa cells (1 x 10°) were cultured in standard 12-well plates
and then treated with medium or T. vaginalis MOI 2 for 1, 2,
and 3 hr in the presence or absence of PI3K inhibitor wort-
mannin (2, 20, or 200 nM), ERK1/2 inhibitor PD98059 (2,
10, or 50 pM), p38 MAPK inhibitor SB203580 (1, 5, or 25
M) or JNK1/2 inhibitor SP600125 (2, 10, or 50 uM). Culture
supernatants were collected and stored at -70°C. TNF-a pro-
duction from T. vaginalis-infected SiHa cells were analyzed
with ELISA kits purchased from R&D Systems (Minneapolis,
Minneapolis, USA). All assays were performed in accordance
with manufacturer’s specifications.

Statistical analysis

The data are presented as means+ SD. Statistical significance
was determined by ANOVA (StatView; Abacus Concepts Inc.,,
Berkeley, California, USA). All experiments were performed in
at least triplicate on separate days. Differences were considered
significant at P-values <0.05.

RESULTS

T. vaginalis induced secretion of TNF-a in SiHa cells

Proinflammatory cytokines were reported to be induced in
various cell lines, including HelLa cells and macrophages, by T.
vaginalis infection [15-17]. To investigate whether T. vaginalis
infection induced TNF-a production in cervical mucosal epi-
thelium, TNF-a levels in T. vaginalis-infected SiHa cells were
measured from culture supernatants by ELISA according to
parasite load and incubation time.

TNF-a production was significantly increased from MOI 0.5
of T. vaginalis and peaked at MOI 1 or 2 of T. vaginalis. Howev-
er, T vaginalis MOI 10-infected SiHa cells showed the basal lev-
els of TNF-a (Fig. 1A). Thus, T vaginalis MOI 2 was selected as
a suitable parasite burden to induce TNF-a from SiHa cells.
TNEF-a production was also evaluated according to incubation
times at T. vaginalis MOI 2. The amount of TNF-a production
was significantly increased from 30 min post-infection (P<0.01),
and peaked at 4 hr after infection (P<0.001); thereafter, TNF-a
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Fig. 1. T vaginalis increased the secretion of the proinflammatory cytokine TNF-a. in SiHa cells. SiHa cells were infected with T. vaginalis
at a multiplicity of infection (MOI) 0.5, 1, 2, 5, and 10 for 2 hr (A) and infected with T. vaginalis MOI 2 for 0.5, 1, 2, 4, 8, and 16 hr (B), and
then the levels of TNF-a (pg/ml) were analyzed in the culture supernatants by ELISA. The experiment was repeated 3 times with similar
results. Data are presented as the means+ SD. **P<0.05 compared to the control (Ctl).
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Fig. 2. T. vaginalis infection phosphorylated PI3BK/AKT and MAPK pathways in SiHa cells. SiHa cells were treated with live T. vaginalis at
MOI 2, and incubated at 37°C, 5% CO: for 0.5, 1, 2, and 4 hr. The cell pellets were harvested and analyzed by western blotting using
antibodies to p-AKT, p-ERK1/2, p-p38 MAPK, p-JNK1/2, AKT, ERK1/2, p38 MAPK, JNK1/2, and a-tubulin. Similar results were ob-

tained in 3 independent experiments.
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levels decreased (Fig. 1B). Thus, T. vaginalis MOI 2 for 2 hr was
selected as an adequate condition for the production of TNF-a
in SiHa cells. The levels of TNF-a production at T. vaginalis MOI
2 for 2 hr were 11-fold higher than that of the control (610+55
pg/ml at4 hrvs. 52+ 8 pg/ml at control; P<0.001)

T. vaginalis infection induced activation of AKT, ERK1/2,
p38 MAPK, and JNK1/2 in SiHa cells

We investigated whether live T vaginalis induced phosphory-
lation of AKT (Ser473) and MAPK signaling pathways in SiHa
cells by western blot analysis. The phosphorylation of AKT was

A 10
80|
60

40

Cell viability (relative %)

20|

C s Medium e PD98059 10 pM
200 mmm PD98059 2 tM PD98059 50 uM
T 600
)
N>
g
‘5 400
3
E 200
0
Hour
E s Medium e SP600125 10 uM

s SP600125 2 M
800

SP600125 50 uM

600

400

200

TNF-a secretion (pg/mL)

enhanced from 1 hr after T. vaginalis infection (MOI 2) com-
pared to the untreated control cells, peaked at 2 hr and then
decreased. However, there were no significant differences in the
levels of unphosphorylated AKT compared to the control group
(Fig. 2). The levels of p-ERK1/2, p-p38 MAPK, and p-JNK1/2 in
T. vaginalis-infected SiHa cells were increased from 1 hr after the
infection, even though their activation kinetics were different
each other. The phosphorylation levels of ERK1/2 were peaked
at 1-2 hr after infection, and p-p38 MAPK levels were similar
during 2-12 hr. However, p-JNK1/2 levels kept enhanced in the
presence of the parasites until 12 hr. The protein levels of un-
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Fig. 3. Effects of PIBK and MAPK inhibitors at TNF-a production
in T. vaginalis-infected SiHa cells. (A) Viability of SiHa cells after
treatment with inhibitors of PI3K and MAPK pathways. (B-E) SiHa
cells were pretreated with 2, 20, and 200 nM of PI3K inhibitor
wortmannin (B), 2, 10, and 50 pM of ERK1/2 inhibitor PD98059
(@), 1,5, and 25 uM of p38 MAPK inhibitor SB203580 (D), and 2,
10, and 50 pM of JNK1/2 inhibitor SP600125 (E) for 1 hr, and
treated with live T. vaginalis MOI 2 for 1, 2, and 4 hr. The levels of
TNF-a (pg/ml) in the culture supernatants were analyzed by ELI-
SA. Data are presented as the means+SD. *Statistically signifi-
cant difference between 2 groups. P <0.05 compared to the
medium-treated control. The experiment was repeated 3 times
with similar results.
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phosphorylated AKT, ERK1/2, p38 MAPK, and JNK1/2 levels in
the cells were similar to the control group (Fig. 2).

TNF-a production in T. vaginalis-infected SiHa cells was
significantly inhibited after treatment with inhibitors of
PIBK/MAPK pathways

To investigate whether the PI3K/AKT and MAPK pathways
are involved in the TNF-a secretion from T. vaginalis-infected-
SiHa cells, the levels of TNF-a production were evaluated in
SiHa cells pretreated with various types of specific inhibitors.
The cytotoxic effects of these inhibitors against SiHa cells were
evaluated by MTT assay. There was no significant cellular toxic-
ity even in the pretreatment of 200 pM wortmannin, 50 pM
PD98059, 25 pM SB203580, or 50 uM SP600125 (Fig. 3A).

TNF-a production was gradually increased until 4 hr in T.
vaginalis-infected SiHa cells in a time-dependent manner (Fig.
1B). After pretreatment with the PI3K or MAPKs inhibitors,
TNF-a production significantly decreased in comparison to
medium-treated control group at each time point (P<0.001);
however, the inhibitory pattern of each inhibitor was different
each other (Fig. 3B-E). In detail description of the kinetics of
TNF-a reduction, TNF-a productions were decreased in a dose-
dependent manner at each time point after pretreatment with
PI3K inhibitor wortmannin (P<0.05, Fig. 3B), ERK1/2 inhibi-
tor PD98059 (P<0.05, Fig. 3C), and p38 MAPK inhibitor
SB203580 (P>0.05, Fig. 3D). In contrast, pretreatment of
JNK1/2 inhibitor SP600125 increased the TNF-a production
with increment of inhibitor (P>0.05, Fig. 3E). These data sug-
gest that the PI3K/AKT and MAPK pathways are involved in
the TNF-a secretion from T. vaginalis-infected SiHa cells; how-
ever, their activation kinetics were different from each pathway.

DISCUSSION

T vaginalis evokes inflammatory responses during epithelial
cell infection [7,14], and TNF-a plays an important role in the
inflammatory response to trichomoniasis [9,14-17]. In this
study, TNF-a production increased in SiHa cells infected with T.
vaginalis in a parasite dose- and incubation time-dependent
manner. Interestingly, TNF-a production significantly increased
30 min after T vaginalis infection in SiHa cells, peaked 4 hr
postinfection, decreased thereafter, and virtually returned to its
basal at 16 hr. These results were similar to previous reports
that TNF-a production significantly increased from 1 hrin T
vaginalis-infected macrophages and dramatically decreased at 8

hr due to inhibition of nuclear translocation of NF-«B [16]. In
addition, TNF-a levels were almost at basal levels in T. vaginalis
MOTI 10 after 2 hr incubation. These data meant that a high
number of parasites may produce higher levels of proteinases
and induce intensive cell death [19,20].

The PI3K/AKT and MAPK signaling pathways are mediated
by several groups of sequentially activated protein kinases [10].
In this study, T. vaginalis infection induced the phosphoryla-
tion of p-AKT, p-ERK1/2, p-p38 MAPK, and p-JNK1/2 from 1
hr after infection in SiHa cells. These results were partly consis-
tent with Ryang et al. [21], who showed that T. vaginalis-infect-
ed macrophages induced the phosphorylation of ERK1/2, p38
MAPK, and JNK1/2 at 40 min after infection. Interestingly, the
activation kinetics of phosphorylated AKT, ERK1/2, p38
MAPK, and JNK1/2 were different from each other. The levels
of p-AKT and p-ERK1/2 were peaked within 2 hr after T vagi-
nalis infection and then decreased; however, p-JNK1/2 levels
were peaked at 12 hr postinfection. These data suggest that T.
vaginalis infection induced the activation of PI3K and MAPK
pathways in SiHa cells; however, the activation patterns were
different from the types of PI3K/MAPK pathways.

Next, we evaluated the roles of PI3K/AKT and MAPK path-
ways in TNF-a production using specific inhibitors. Our data
showed that TNF-a productions were significantly decreased
after pretreatment with inhibitors of PI3K and MAPK path-
ways in T. vaginalis-infected SiHa cells compared to the control
group. These data demonstrated that TNF-a production was
regulated by PI3K/AKT and MAPK pathways in cervical muco-
sal epithelium after T. vaginalis infection. Similar results were
also indicated by some authors that TNF-a production was
caused by activation of PI3K/AKT and MAPK pathways
[15,16,21,22]. However, the detailed patterns of TNF-a reduc-
tion at each time point were different from inhibitors of the
PI3K/AKT and MAPK pathways. These data suggested that
PI3K/AKT and MAPK pathways are important in TNF-a pro-
duction in T. vaginalis-infected cervical mucosal epithelial SiHa
cells, although the action mode of each pathway was different.
Although PI3K/AKT and MAPK pathways are important in
TNF-a production, TNF-a production was positively regulated
by the PI3K/AKT, ERK/12, and p38 MAPK pathways in T. vagi-
nalis-infected SiHa cells, whereas JNK1/2 pathway regulated
TNEF-a production negatively. Similar results were presented at
the previous reports that ERK, p38 MAPK, and NF-xB path-
ways play important roles in the inflammatory responses at T.
vaginalis-infected HeLa cells [15], and T. vaginalis-induced regu-



Yang et al.: TNF-a signaling pathway in T. vaginalis-infected SiHa cells

lation of TNF-a gene expression is at least partially dependent
on p38 MAPK in Hela cells [16]. It was also reported that neg-
ative regulation of JNK activation may play a critical role in cell
survival in response to TNF-a in human breast carcinoma
MCE-7 and mouse fibroblast LM cells [23].

Collectively, our data suggested that PI3K/AKT and MAPK
signaling pathways are important in regulation of TNF-a pro-
duction in cervical mucosal epithelial SiHa cells, although the
activation pattern of each pathway was different from the types
of PI3K/MAPK pathways.
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