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Abstract

Purpose Human papillomaviruses (HPV) have been
associated with placental inflammation resulting in high
risk preterm birth. The premise for this study was that
treatment with anti-inflammatory pentoxifylline would
inhibit HPV-mediated placental cell death. The objectives
were: (1) to study the effects of HPV-16 exposure on tro-
phoblast cells and (2) to evaluate pentoxifylline in pre-
venting the damaging effects of HPV-16.

Methods Mouse embryos (1-cell) were cultured (Glplus
medium, 72 h, 37 °C, 5 % CO2-in-air), divided into four
groups at blastocyst-stage and incubated to implantation
stage. Implanted trophoblasts were exposed to either HPV-
16 (group 1), concomitant HPV-16 and 3 mM pentoxifyl-
line (group 2), 3 mM pentoxifylline only (group 3) or
control medium (group 4) and further incubated for 24 h.
HPV-16 were from SiHa cell lysates. Trophoblast struc-
tural integrity was assessed by morphometric analysis
while apoptosis and necrosis were detected using dual-stain
fluorescence assay.

Results Trophoblast outgrowth was reduced by 90 %
(P <005 in HPV-16 presence (629 + 265 2,
mean + SEM)  when  compared  with  controls

(6,456 + 795 p?). Pentoxifylline attenuated the effects of
HPV-16 (4,308 4 362 uz). Nuclear size of HPV-16
infected trophoblasts was smallest among the groups
(P < 0.005). HPV-16 decreased cell viability and increased
necrosis but not apoptosis. Pentoxifylline prevented HPV-
16 associated necrosis in trophoblasts.
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Conclusions HPV-16 decreased nuclear size and tropho-
blast outgrowth but these effects were attenuated by the
phosphodiesterase inhibitor, pentoxifylline. The action of
HPV-16 on trophoblasts was increased cell necrosis sug-
gesting that HPV-16 pathogenesis involved either cAMP
inhibition and/or activated TNF pathways.
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Introduction

Human papillomaviruses (HPV) are classified Group 1
human carcinogens (IARC, International Agency for
Research on Cancer) extensively studied for their role in
cervical cancer. HPV are double-stranded DNA viruses
with a well-defined affinity for epithelial cells. The high
risk HPV serotypes are recognized as the causative agents
in nearly all cervical cancers. HPV types 16 and 18 are
responsible for 50-70 % of all cases [1]. In addition, the
viruses are extremely prevalent. It has been estimated that
women have up to a 79 % lifetime risk of becoming
infected with the virus [2]. The overall prevalence in the
United States was estimated to be 26.8 % in a study pub-
lished in 2007 [3]. This very common virus has been well
studied in its relationship to cervical cancer, but it is less
well known for its ability to infect placental tissue.

Weyn and colleagues [4] presented evidence of HPV-16
in transabdominally obtained placental cells, refuting the
idea that contamination occurs during passage via the
vaginal route. HPV has also been recovered more fre-
quently in placentas obtained from patients with sponta-
neous preterm labor and spontaneous abortions than from
term or elective abortions [5-9]. Gomez et al. [5] showed
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that HPV infection of trophoblasts induces cell death, and
reduces cell invasion, possibly placental invasion into the
uterine wall. They showed that infection by HPV induces
pathological sequelae that are associated with placental
dysfunction and spontaneous preterm delivery.

Preterm delivery is the major cause of neonatal mor-
bidity and mortality, with an estimate of 14.9 million
babies born preterm worldwide in 2010. Preterm birth is
the single largest direct cause of neonatal deaths, directly
resulting in 35 % of the world’s 3.1 million deaths a year
[10]. Intrauterine infection and inflammation are risk fac-
tors for adverse neurological outcome. Chronic amniotic
fluid inflammation may cause preterm labor. Bacteria has
been considered to be the main trigger, but viral infections
also appear to be involved [11]. Recently, HPV DNA
positive test results have been associated with abnormal
placental findings, premature rupture of membrane and
preterm birth [12-14]. However, more studies of HPV
pathogenesis specifically in the placenta are still warranted.

Pentoxifylline is a competitive non-selective phospho-
diesterase inhibitor that increases intracellular cyclic AMP
and has been routinely employed for circulatory diseases
for more than 20 years [15, 16]. We hypothesized that
treatment with anti-inflammatory pentoxifylline would
inhibit HPV-mediated cell necrosis. Recently, cultured
trophoblast cells were used as a model for HPV infectivity
studies [17]. In this study, the objectives were: (1) to
determine the effects of HPV-16 exposure on cultured
trophoblast cells and (2) to evaluate the role of pentoxif-
ylline in preventing the damaging effects of HPV-16 on the
trophoblasts.

Materials and methods
SiHa cell lysate procedure

The preparation of SiHa cell lysates was as previously
reported [17]. SiHa cells (ATCC, American Type Culture
Collection, Manassa, VA) derived from human cervical
cell carcinoma contained 1-2 copies of HPV-16 located on
chromosome 13 [18]. The SiHa cells were cultured in
Eagle Minimal Essential Medium (MEM, Invitrogen,
Carlsbad, CA), supplemented with 10 % fetal bovine
serum (Invitrogen), 100 U/mL penicillin, 0.1 mg/mL
streptomycin and 0.25 pg/mL. amphotericin B (Sigma
Chemical Co). The cells were passaged and processed after
reaching 80 % confluence [19]. The SiHa cells were placed
in 15 mL centrifuged tubes and centrifuged at 300x g for
10 min. The supernatants were decanted and the pellets of
cells combined in a microfuge tube containing 0.4 mL of
G-2 plus version 5 medium (G-2 v5, VitroLife, Engles-
wood, CO). The cells were lysed by using a sterile glass

@ Springer

rod as a pestle to crush the cells and release the HPV-16
gene fragments. The resultant cell extract was placed in
cryovials and stored frozen at —23 °C. The lysates were
warmed to 37 °C prior to their use in the mouse embryo
experiments. The lysates were previously shown to have
transformative properties [17].

Culture of pronuclear stage mouse embryo
to the implantation stage

Cryopreserved 1-cell mouse fertilized oocytes in cryo
straws were obtained from a commercial supplier (Em-
bryotech Laboratories Inc., Haverhill, MA) and stored in
liquid nitrogen until use. The straws were thawed as rec-
ommended by the supplier and the contents expelled into a
droplet of G-1 v5 medium (G-1 v5, VitroLife, Engleswood,
CO) in a petri dish. The 1-cell embryos were washed by
passage through two additional droplets of G-1 v5 medium.
The washed embryos were pooled together at the center
well of a double-well culture dish (Falcon 3037, Becton—
Dickinson, Franklin Lakes, NJ) containing 1 mL of G-1 v5
medium. Water was placed on the outer moat for humidity.
The cell culture dish was placed in an incubator and
incubated at 37 °C, 5 % CO2 in air mixture. After 3 days
of incubation, the embryos were randomly divided into 4
groups and placed into four culture dishes containing G-2
v5 medium. The G-2 v5 medium has more nutrients to
support blastocyst growth in vitro. Embryos that had not
developed to the early blastocyst stage were not used. The
embryos were further incubated (an additional 2 days) until
they reached the implanted stage.

The implanted embryos in each dish were exposed to
either thawed SiHa cell lysate (10 pL) containing HPV-16
(Group 1), concomitant SiHa lysate and 3 mM pentoxif-
ylline (group 2), 3 mM pentoxifylline only (group 3) or
control medium (group 4) and further incubated for 24 h.
Trophoblast nuclear size and cell area were assessed by
morphometric analyses as described below.

Dual fluorescence stain analysis

The dual fluorescence stain method [20] was used to dis-
tinguish viable, apoptotic or necrotic trophoblast cells in
each implanted embryo. One drop of bisbenzimide (5 pL
of 10 uM, Hoechst 33342, Sigma Chemical Co., St. Louis,
MO) was added into each culture dish containing the
implanted embryos incubated in 1 mL culture medium.
After 1 min, 5 pL of propidium iodide (32 pM, Sigma
Chemical Co., St. Louis, MO dissolved in saline) was
added to the same culture dish. After 1 min, the culture
medium with the stains was discarded and pre-warmed
culture medium (0.5 mL) was added to each dish. The
culture dish was placed on the stage of an epifluorescence
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UV-microscope set at magnification of 500x (Nikon Op-
tiphot, Nikon Instruments, Melville, NY) and images of the
fluorescent colored cells in each embryo captured on a
digital camera. The percentages of viable, apoptotic and
necrotic trophoblast cells were determined for each
embryo. In this study, a viable cell was defined as the
capacity of the cell to exclude the fluorescent dyes and
possessed a clear coloration. In contrast, an apoptotic
(completely blue color) or necrotic (pink-red color) cell
was identified by the cell capacity to absorb bisbenzimide
or propidium iodide stain respectively.

Trophoblast morphology stain procedure

Trophoblast cells and inner cell mass nuclei and cytoplasm
were stained using a sequential Fast Green FCF and Rose
Bengal (Spermac Stain Enterprises Inc., Republic of South
Africa) staining procedure [21]. Basically, the procedure
involved rinsing the culture dishes with the implanted
embryos in culture medium followed by fixation in 4 %
formalin (5 min). The fixative was rinsed off with water
and Spermac stain A (Rose Bengal mixture) was pipetted
into each culture dish to permit staining for 2 min. Stain A
was rinsed off and stain B (Pyronin Y mixture) pipetted
into the dishes for 1 min staining. This was followed by
rinsing and staining with the final stain C (Fast Green
FCF—Janus Green mixture) for 1 min. The culture dishes
were rinsed in water, air-dried and stored in a dark drawer
until the time of analyses.

Spectrophotodensitometry

Cell dimensions were measured using a spectro-
photodensitometric method which facilitated the determi-
nation of embryo growth and migration. The Spermac-
stained inner cell mass and trophoblast cells were located
on each slide using the Nikon Diaphot inverted microscope
(400x magnification) and the images digitized and recor-
ded. The pre-analytical phase included using Adobe
Photoshop software to standardize each image. The image
outline of each nucleus or the entire trophoblast cell was
traced onscreen and measurements determined using the
Adobe Photoshop histogram function. The recorded data
was entered into Microsoft Excel spreadsheets and
analyzed.

Statistical analysis

Data from the morphometric analyses of cell dimensions
were presented as mean =+ standard error of the mean
(SEM). For each treatment group, the mean dimension of
the trophoblast nucleus or cell area was calculated and
tested using ANOVA and significance of means compared

using the two-tailed Student’s ¢ test. The numbers of viable,
apoptotic or necrotic trophoblast cells for each treatment
group were tested using the two-tailed Mantel-Haenszel
Chi-square test statistics (OpenEpi.com, Open Source
Epidemiologic Statistics for Public Health, Atlanta, GA). A
value of P < 0.05 was considered significant.

Results

The trophoblast cells of implanted embryos exposed to
HPV-16 demonstrated cell shrinkage (Fig. 1) and were
90 % smaller in size (629 + 265 p?, mean = SEM) when
compared with control trophoblasts (6,456 + 795 p?).
Pentoxifylline attenuated the cell shrinkage effects of
HPV16 (4,308 + 362 uz) (Table 1). Trophoblast cell
shrinkage has been reported to be associated with F-actin
cytoskeleton disruption while cell expansion correlated
with migratory or invasive activity [22]. When the anti-
oxidant pentoxifylline was present during HPV-16 expo-
sure, the trophoblasts remained significantly larger than the
trophoblasts in the HPV-16 exposed group.

Similarly, the nuclear size of HPV-16 exposed tropho-
blasts were 13-fold smaller (56.5 + 38.4 uz) than control
trophoblasts (800.91 + 120.5 p?). The addition of pen-
toxifylline attenuated the dramatic nuclear shrinkage in the
HPV-16 exposed trophoblasts (430.9 & 29.8 u?). A large
nuclear size in the trophoblast cell was indicative of
endoreduplication required for rapid differentiation and
intensive growth [23]. Pentoxifylline treatment by itself
resulted in a lesser twofold reduction in nuclear dimension.
Overall, the nuclear size of an HPV16-infected trophoblast
was the smallest among all the treated trophoblast cells
(P < 0.005).

The presence of HPV-16 decreased cell viability
through cellular necrosis (Table 2). When pentoxifylline
was present in the HPV-16 treated trophoblasts, cell via-
bility was comparable to the control trophoblasts and cel-
lular necrosis was negligible. The pentoxifylline treatment
did not affect trophoblast viability as shown in the pen-
toxifylline only group. In addition, cellular apoptosis but
not necrosis was detected in the pentoxifylline only group.
There were no differences in the percentages of apoptotic
trophoblast cells in the four treatment groups after 24 h of
culture (Table 2).

Discussion
Human papillomavirus (HPV) are classified Group 1
human carcinogens implicated in some miscarriages [5—8].

HPV expressed oncogenes induce placental inflammation
resulting in high risk preterm birth. HPV infection rates in
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Fig. 1 Implanted mouse trophoblasts cells after 24 h exposure (at 37 °C, 5 % CO, in air) to either: / control medium, 2 HPV16 SiHa lysate, 3
HPV16 SiHa lysate and 3 mM pentoxifylline (PTX) or 4 3 mM pentoxifylline (PTX) only

Table 1 Comparison of the area (mean = SEM) of each trophoblast nucleus or each trophoblast size after 24 h exposure (at 37 °C, 5 % CO, in
air) to either: (1) control medium, (2) HPV16 SiHa lysate, (3) HPV16 SiHa lysate and 3 mM pentoxifylline or (4) 3 mM pentoxifylline only

Treatment group

Number of cells (n)

Size of nucleus (p?) Size of trophoblast (1)

Control 17
HPV16 SiHa lysate 38
HPV16 SiHa lysate and 3 mM pentoxifylline 81
3 mM pentoxifylline only 73

800.91 + 120.5
56.5 + 38.4%
430.9 + 29.8% °
4964 + 11.3*°

6,456.6 & 795.5
629.3 + 265.9*
4,308.1 &+ 362.0* °
3,876 + 86.9* °

“ Different from the control group (P < 0.05)
° Different from the HPV16 SiHa lysate group (P < 0.05)

Table 2 Comparison of the percentages of live, apoptotic and
necrotic trophoblast cells after exposure to either: (1) control medium,
(2) HPV16 SiHa lysate, (3) HPV16 SiHa lysate and 3 mM pentox-
ifylline or (4) 3 mM pentoxifylline only

Treatment group Total # Viable # # Necrotic
cells  cells (%) Apoptotic  cells (%)
(n) cells (%)
(1) Control group 114 80 (70.2) 26 (22.8) 8 (7.0)
(2) HPV16 SiHa 86 37 (43.0)* 18 (20.9) 31 (36.0)"
lysate
(3) HPV16 SiHa 62 42 (67.7)° 19 (30.6) 1 (1.6)°
lysate and 3 mM
pentoxifylline
(4) 3 mM 170 131 (77.1)° 39 (22.9) 0 (0.0)°
pentoxifylline

Bisbenzimide and propidium iodide dual-stain epifluorescence anal-
yses were performed on the cells in each group. Incubation was at
37 °C, 5 % CO, in air for 24 h

# Different from the control group (P < 0.05)
° Different from the HPV16 SiHa lysate group (P < 0.05)

spontaneous abortions of the first and second trimesters
have been reported to be in the 50-70 % range [5, 6].
When the placentas from the spontaneous abortions and
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preterm deliveries cases were compared with those from
elective abortions and term births, a higher percentage of
HPV infection was detected [5]. The origin of the HPV
found in the placental cells was postulated to be circulating
cell-free HPV DNA in the blood. Indeed, using the sensi-
tive QIAamp circulating nucleic acid kit procedure and
TagMan technology, Mazurek and colleagues provided
evidence of the circulating cell-free HPV-16 DNA in blood
plasma [24]. The findings suggested that HPV was
involved in the early termination of pregnancy but the
mechanism of action remained elusive. Recent evidence
suggested that the compromised placenta characterized by
impaired trophoblast cell adhesion and trophoblast cellular
necrosis [8, 9, 17, 25] resulting from HPV-associated
inflammatory response as one of the etiologies of preterm
delivery or pregnancy loss.

Trophoblast cells are placental cells that participate in
embryonic implantation and form critical cellular layers to
facilitate fetal and maternal blood interactions in the
pregnant uterus. Impaired cellular functions in trophoblasts
or in BeWo (‘trophoblastic-like cells’) choriocarcinoma
cell lines have been linked to HPV-16 expressed onco-
proteins E5, E6 and E7 [26-29]. Imprinting studies [30, 31]
showed that the HPV oncoproteins caused pathogenesis
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through hypermethylation of the SOX2 gene leading to
gestational trophoblastic diseases such as hyatidiform mole
and choriocarcinoma [32].

In the present study, HPV-16 exposure significantly
reduced trophoblastic outgrowth and cell size. Trophoblast
cell shrinkage has been reported to be associated with
F-actin cytoskeleton disruption [22]. Furthermore, HPV-16
exposure caused nuclear shrinkage suggesting disruption of
trophoblast endoreduplication and differentiation [23].
Dual-stain fluorescence analyses indicated that the dam-
aging effects were due to HPV-associated cellular necrosis.
However, when pentoxifylline was administered to the
HPV-exposed trophoblasts, the negative effects of HPV-16
were reversed and the trophoblasts remained viable even in
the presence of the virus. Given that pentoxifylline func-
tioned as a phosphodiesterase inhibitor that increased
cyclic AMP and inhibited tumor necrosis factor (TNF or
TNF-a), the results here suggested that the necrosis of
trophoblast cells by HPV involved inhibition of cyclic
AMP and activation of the TNF pathway [33, 34]. A recent
study provided support for this premise [35, 36]. It is
recognized that the HPV oncogenes also affect other
pathways involving p53 and Rb genes and these have been
reviewed [37]. Nevertheless, the end result of HPV expo-
sure was the demise of the placental trophoblast cells
which were essential for the continuance of pregnancy.
Further studies are needed to corroborate the present
findings of pentoxifylline treatment to abrogate HPV-
related pathogenesis in the placenta.
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