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Abstract: The role of estrogens and estrogen receptors (ER) in cervical cancer (CC) is not well established. However,
epidemiological studies and abundant evidence from genetically engineered mouse models support such hypoth-
esis. In this study, we have addressed estrogen responsiveness in a human CC cell line xenograft mouse model. We
assessed the sensitivity of Ethynyl Estradiol (EE), SERMs (fulvestrant, MPP) and a non-SERM (EGCG) to competitively
modulate the growth of ERa+"* MS751 CC xenografts. We also checked the agonistic-antagonistic propensity of the
above treatments to alter the histology of ovariectomised mouse uterine cervix. Chronic EE treatment encouraged
the growth of ERa+*¢ MS751 CC xenografts, while SERMs and EGCG significantly decreased tumor formation. SERMs
were found to inhibit ERax expression, localized within cytoplasmic and membrane compartments. Conversely, ERx
was not inducible and EE administration suppressed the growth of ERa-** HeLa CC xenografts. SERMs competitively
induced atrophic features to uterine cervix, with MPP giving rise to mucinous metaplasia in the ectocervix. We have
demonstrated that, estrogen sensitivity mediated through ERa has promoted CC tumorigenesis. This in turn was
modulated by SERMs, predominantly through inhibition of extra-nuclear ERx expression. Though, induction of hyper-
estrogenic status in the ectocervix, might underrate the utility of SERMs in ERa+*¢ CC.

Keywords: SERMs, MPP, fulvestrant, anti-estrogen, estrogen, cervical cancer, xenografts, Cytoplasmic ERx, mem-
brane ERx

Introduction increase the risk of CC [5-7, 10-12]. These epi-
demiological observations raise the likelihood

In terms of incidence and mortality, cervical that hormones such as estrogen, in the pres-

cancer (CC) is ranked as the fourth most cancer
in women worldwide and second in India [1, 2].
It is known that, persistent Human papillomavi-
rus (HPV) infection is crucial for the develop-
ment of CC [2-7]. With the stringent presence of
HPV infection as a strongest factor, several
other important risk factors such as immuno-
suppression, smoking, parity and chronic oral
contraceptive usage were known to augment
the likelihood of developing CC [2]. Most cases
of CC rise in the transformation zone of cervix
that is very sensitive to estrogens [8, 9].

With reference to life style observations made
in HPV infected women, repeated parity and
usage of oral contraceptives have shown to

ence of HPV infection might affect the cancers
of the cervix [13]. Indeed, it has been shown by
several investigators that mere presence of
HPV infection is not a mandate to develop CC,
but may require additional synergistic factors
such as estrogens to induce the expression of
HPV oncogenes and subsequent loss of p53 [4,
13-16].

In vivo studies with transgenic mouse models
have consistently demonstrated the role of
estrogens in driving HPV+* CC. K14EG/E7
transgenic mouse, implanted with estrogen
pellets developed aggressive estrogen receptor
o (ERx) dependent CC [17]. Upon estrogen
withdrawal, this mouse model responded by
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generating less aggressive tumors [3]. CC
development in this mouse model was inhibit-
ed by selective estrogen receptor modulators
(SERMs) such as fulvestrant and raloxifene
[18]. K14E6/E7 (ERa-/-) knock out mouse
model failed to induce CC with estrogen treat-
ment [4]. K14E6/E7 mice with a knocked-in
mutant DNA-binding domain failed to bind to
estrogen responsive elements (EREs) and did
not respond to estrogens [19]. The data is con-
sistent with the findings from other CC mice
models [9, 20, 21]. Observations made from in
vivo models, allowed us to conclude that, ERx
is required for the development of atypical
squamous metaplasia (ASM). ASM is consid-
ered as the initial phase of cervical carcinogen-
esis, prior to the development of cervical
intraepithelial neoplasias (CINs). ERa in the
presence of active HPV oncogenes, leads the
process of carcinogenesis from ASM, progress
through CINs to CC [4, 13, 18].

However, studies with clinical CC specimens
have reported contradictory findings of claim-
ing both continuance [22-24] as well as loss of
ERa expression during CC progression [25-30].
In view of the inconsistencies between the pub-
lished reports, the continuity or loss of ERx
expression during the progression of CC is inde-
cisive [31].

While the role of estrogens and ER« in the
development of CC is not well established,
accumulating information in support of such an
association is clearly documented and the sig-
nificance of ERa in CC is gaining momentum. It
is important to understand whether, ER«x is a
druggable driver of CC, before it can even be
considered as a therapeutic target. Although it
is uncertain as of now, if ERa could be regarded
as a therapeutic target for CC, the suitability
and utility of SERMs has to be considered as a
natural choice of ERa antagonists. In this study,
we explored the sensitivity of two SERMs
[Methylpiperidino pyrazole (MPP), fulvestrant]
and a non-SERM [Epigallocatechin Gallate
(EGCQ)] to alter the histology of normal mouse
cervix and to bring down tumor burden in
ERa+* and -** human CC cell line xenograft
mouse model in a longitudinal treatment peri-
od. We also tested if the estrogen; Ethynyl
Estradiol (EE), could selectively encourage the
growth of ERa+'¢ CC xenografts.
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Materials and methods
Chemicals

MPP, EGCG and EE were purchased from
Cayman chemical company, USA. Fulvestrant
and APTES were purchased from Sigma, DMSO
from MP Biomedicals, California, USA, ket-
amine from Aneket, Neon Laboratories Limited,
Palghar (Thane), India and Xylazine from Indian
Immunologicals Limited, Hyderabad, India.

Cell lines

MS751 (ATCC, USA), HeLa and MCF-7 cell lines
(NCCS, India) were cultured in DMEM (Himedia,
India) supplemented with 10% FBS (Invitrogen,
USA), 100 pg/L penicillin and 100 ug/L strepto-
mycin. Cells were maintained at 37°C in a 5%
Co, incubator.

Cell line block preparation

Cell lines were treated with or without 10 nM EE
for 48 Hours or until 175 c¢cm? culture flasks
reach 80% confluence. Cells were harvested
and cell viability was verified with 0.4% trypan
blue (sigma) exclusion, which showed 95% live
cells. Cells were pelleted by centrifugation at
2000 rpm/10 minutes with 10 ml of 100% iso-
propanol. The resulting cell pellet was stained
with a drop of Eosin and fixed in 10% neutral
buffer formalin (NBF) overnight and further pro-
cessed into paraffin embedded cell blocks.

Experimental animals

Healthy adult female (nulliparous) swiss albino
mice of 4-6 weeks of age, were purchased from
King Institute of Preventive Medicine, Chennai,
India and housed at the departmental animal
facility in clean polypropylene cages.

Specific Pathogen Free female Ncr Nude
(NCRNU) mice (4-6 weeks age) were procured
from Vivo BioTech Ltd., Hyderabad, India, an
authorized Breeder & Distributor of Taconic
Biosciences, Inc. These mice were maintained
in Individually Ventilated Caging (IVC) system,
housed in clean room facility (Class 10,000).

Mice were fed ad-libitum with irradiated
Altromin 1324P (Phytoestrogen poor) diet and
maintained in autoclaved corn cob bedding.
Animal experiments were carried out with prior
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approval from the Institutional Animal Ethics
Committee of Cancer Institute (W.I.A), Adyar,
Chennai, India with project approval number (#
CIWIA122012, # CIWIA012015, # CIWIA
072016). Animal housing conditions were main-
tained as reported [32].

Study design

Acute (LD, ) and repeated dose toxicity: Swiss
albino mice were used in this study. Acute dose
toxicity was evaluated at a range of doses, as
per OECD No. 425 guidelines. Dosing recom-
mendations were calculated based on probit
analysis by OECD software program no. 425.
This method was adopted to minimize animal
usage and the requirement of the compound
under investigation. Initial dosing (i.p route -
100 ul volume) was done with a limit test of
2000 mg/kg (1 mouse) and mortality was
observed immediately at this dose range. Main
test was carried out as per the directions of
dose limits specified by the software as; with
doses of (1 mouse) 550, (3 mice) 175, (2 mice)
55 mg/kg body weight. Short and long-term
outcomes (in terms of animal death or survival
due to treatment, as end point) were plotted
based on observations within the initial 48
hours and after several days (14 days) after
treatment, respectively. The OECD software
calculated the i.p LD, of MPP as 175 mg/kg.

Based on LD, values, dose range for maximum
tolerated dose (MTD) experiment was calculat-
ed, taking 1/10 of LD, as a starting higher
dose with a default dose progression factor of
3.2 (which corresponds to a dose progression
of one half log unit). A range of doses were cho-
sen as; control (0), 17.5, 5.46, 1.70, 0.53 mg/
kg body weight, dosed through i.p route (100 ul
volume). Mice were randomized into various
experimental groups (n = 5 per group) based on
body weight. MPP was dissolved in 4% DMSO
diluted in sterile saline as vehicle, irrespective
of treatment routes. Various concentrations of
MPP were freshly prepared, immediately before
the treatment. Control group received mock
treatment with vehicle alone. The animals were
consecutively treated for a period of 14 days
and maintained for an additional 14 days of
treatment free observation period. Whole ani-
mal body weight was measured twice a week
throughout the experiment and the data is
expressed as % body weight change during
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treatment, in comparison to day 1 body weight
of the same animal, just before the initiation of
treatment.

At the end of the study, the animals were fasted
overnight and sacrificed by ketamine overdose.
Whole blood and serum were collected by car-
diac puncture for hematological and biochemi-
cal analysis, respectively. Immediately after
sacrifice, the animals underwent necropsy. A
gross anatomo-pathological investigation was
carried out before organ excision. The following
organs were sampled for histopathological
examination and fixed in 10% neutral buffered
formalin (NBF); liver, kidney, stomach, small
and large intestines, brain, spinal cord, spleen,
heart, thymus, lungs, trachea, uterus with ovary
and bone marrow. Fixed organs were paraffin
embedded, sectioned and stained with haema-
toxylin and eosin.

Uterotrophic assay

Swiss albino mice were ovariectomised at an
age of around 6 to 8 weeks, by the procedure
described in the OECD guidelines no. 440.
Animals were anaesthetized with Ketamine
(100 mg/kg/i.p) and Xylazine (10 mg/kg/i.p)
prior to surgery. Ovariectomised mice were
maintained for at least 21 days before the start
of the main experiments, to wash of endoge-
nous estrogens (Figure 1A) and randomized
based on body weight into the following groups:
(1). untreated control; (2). vehicle control; (3).
fulvestrant (400 ug/kg/day/s.c); (4). EE (0.6
Hg/kg/day/s.c); (5). EE (0.6 pg/kg/day/s.c) +
fulvestrant (400 ug/kg/day/s.c); (6). MPP (5.4
mg/kg/i.p); (7). MPP (5.4 mg/kg/i.p) + EE (0.6
pg/kg/day/s.c); (8). EGCG (67.8 mg/kg/i.p); (9).
EGCG (67.8 mg/kg/i.p) + EE (0.6 ug/kg/day/
s.c); (10). EGCG (21.1 mg/kg/i.p); (11). EGCG
(21.1 mg/kg/i.p) + EE (0.6 pug/kg/day/s.c). We
have chosen MPP dosage (MTD as 5.4 mg/kg/
day) from the present study and EGCG as 67.8
and 21.1 mg/kg, based on previous report
[32]. MPP and EGCG were dissolved and admin-
istered in 4% DMSO. Stock solution of fulves-
trant was prepared in 100% DMSO and diluted
to the required dose with 0.9% sterile saline
per se to a final concentration of 2% DMSO. The
treatments were carried out for a period of 7
days and the animals were immediately sacri-
ficed (by overdose of ketamine), 24 hours after
the last dose. In combination groups, fulves-
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Figure 1. A. Timeline of uterotrophic assay experimental design. B. Uterine wet weights during sacrifice, 24 hours
post 7 days consecutive administration of various treatments. Data represents Mean + SEM (n = 5) and * indicates
a significant difference between EE versus, fulvestrant + EE, MPP 5.4 mg/kg/day + EE as assessed by one-way
ANOVA plus Bonferroni post hoc test (***P < 0.001). C. Photomicrographs of haematoxilyn and eosin stained vagi-
nal smears obtained just prior to sacrifice, post 24 hours after the last dose of 7 days consecutive treatments (Mag-
nification 10x). D. Photomicrographs of uterus, endocervix, ectocervix and Squamocolumnar junction (SCJ) of ovari-
ectomised swiss albino mice, demonstrated competitive anti-estrogenic effects of SERMs (fulvestrant and MPP),
against EE induced uterotrophy, during a 7 day treatment period. Uterus; black arrows indicate endometrial lining,
endocervix; triangle indicate columnar cells, ectocervix; star indicate squamous cells, diamond indicate mucinous
metaplasia, SCJ; Junction between columnar and squamous cells indicated by white arrow marks (Magnification
40x). E. Representative images of ectocervix of ovariectomised swiss albino mice, obtained after treatment with
EE and SERMs (fulvestrant and MPP) during a 7 day treatment period. Arrows indicate mucin secreting squamous
cells (Magnification 40x).

trant, MPP and EGCG were administered 30 slides were stained with 1% alcian blue solution
minutes prior to EE treatment. During sacrifice, in 3% acetic acid and counterstained with
the procedure described in the OECD guide- haematoxylin.

lines 440 was followed, to retain both uterine

horns and cervix. Vagina was removed from the Vaginal smears were taken before the start of
uterus just below the cervix, so that the cervix the study (to ascertain the success of ovariec-
remains with the uterine body. Blotted uterine tomy) and also before sacrifice. Vaginal cytolo-
weight was measured immediately after exci- gy was determined by flushing the vagina with
sion and rapidly fixed in 10% NBF. Fixed tiss- 70 ul of sterile saline and smeared into a micro-
ues were paraffin embedded, sectioned and scopic slide. The smear was air dried, fixed with
stained with haematoxylin and eosin. Whole isopropanol and stained with haematoxylin and
animal body weight was recorded at the time of eosin solution (each 30 seconds) and finally
sacrifice and normalized with uterine wet rinsed gently in running tap water and air dried.
weights and the data is expressed as relative Vaginal cytology (estrous phase) was observed
uterine weight ratio as Mean + SEM (n = 6). For under oil immersion with Leica DMRXA upright
mucin staining, deparaffinized uterus tissue microscope with 10x magnification.
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In vivo efficacy studies

In vivo EE treatment: We measured the average
water consumption of Ncr Nude (NCRNU) mice
for one week. Fresh water bottle changed and
consumption measured at 3.00 pm, daily. We
ensured no leakage of sipper bottle during the
measurement and also throughout the study. In
an average, a single mouse was found to con-
sume 3.6 mL of water during 24 hours period.
Accordingly, we calculated and administered
pharmacological EE exposure in an average
animal as 1 ug/kg/per day in drinking water. EE
stock solution was prepared in 100% ethanol
and diluted with drinking water to final dose of
exposure.

Generation of donar xenografts: 10 million
cells each of MS751 and Hela cells in FBS free
DMEM were re-suspended in 50% Matrigel
(Corning, India) and injected subcutaneously
into the flank of each animal (10 mice per cell
line). The donar animals were switched to EE
treatment in drinking water as described above
or with ad-libitum drinking water (5 mice per
treatment), one week before cell line implanta-
tion until sacrifice on day 91. The injected area
was monitored for tumor formation by physical
palpation. Throughout the study, changes in
tumor volume were measured with the aid of
vernier calipers and the tumor volume was cal-
culated using the formula: V (mm?3) =a x b%/2 (a
= largest diameter and b = smallest diameter).
Xenograft bearing mice (under EE treatment in
drinking water) were sacrificed as soon as the
tumor reached sufficient sizeable material for
implantation into the experimental set. On the
day of sacrifice, animals were euthanized;
donor tumors were aseptically retrieved, sliced
into 30 mm? pieces and re-implanted into the
experimental animals with the aid of a sterile
trochar (Innovative Research of America, USA).

Experimental group and drug treatments: We
employed only first passage xenografts, with a
notion that, tumors with a low passage will be
more identical to the original cancer cell line.
First passage tumors are typically believed to
have cells of human cellular origin, with less
murine components. Animals were monitored
for post-implantation illness and wound clo-
sure. Based on tumor volume and body weight
(BW), animals were randomized into the follow-
ing treatment groups with 5 animals per group:
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(1). Control; (2). Fulvestrant (1 mg/kg/day s.c.
route); (3). Cisplatin (2 mg/kg/i.p treated once
every three days); (4). MPP (5.4 mg/kg/i.p
daily); (5). MPP (5.4 mg/kg/i.p daily) + Cisplatin
(2 mg/kg/i.p treated once every three days);
(6). EGCG (21.1 mg/kg/i.p daily); (7). EGCG
(21.1 mg/kg/i.p daily) + Cisplatin (2 mg/kg/i.p
treated once every three days). All the animals
were switched to EE treatment in drinking water
1 week prior to donar xenograft implantation
and continued throughout the entire duration
of the study, irrespective of treatment groups.
MPP and EGCG were dissolved in 4% DMSO
diluted in sterile saline as vehicle. Cisplatin was
dissolved in sterile water for injection.

Drug treatments were initiated as soon as the
xenografts reach a tumor volume of 120 to 150
mm?3. During the study period, tumor volume
growth dynamics was measured twice a week.
Animal body weight loss/gain was also moni-
tored twice weekly. Mice were sacrificed on day
16 and the tumours were collected and imme-
diately fixed in 10% NBF. Further, whole animal
was subjected to necropsy and selected organs
such as liver, lung and uterus were excised for
10% NBF fixation.

Immunohistochemistry: For antigen retrieval,
10% NBF fixed paraffin embedded tissues were
sectioned in APTES coated slides and incubat-
ed in TE buffer pH 9 in a pressure cooker for 8
minutes. Sections were immune stained with
1:50 dilution of anti-ERa (s¢c-8002 or sc-8005)
from Santa Cruz Biotechnology, Inc and visual-
ized with Dako REAL™ EnVision™/HRP, Rabbit/
Mouse (ENV) reagent.

Statistics

Statistical analysis (explained in figure legends)
was performed using GraphPad Prism version
5.01 for Windows, GraphPad Software (San
Diego, California, USA). The same was used to
generate figures and graphics. Data expressed
as mean * standard error mean (SEM).

Results
Estimation of i.p LD,, and MTD for MPP

To our knowledge, there is no data regarding
acute toxicity and MTD of MPP through i.p
route. We wanted to determine the maximum
dose tolerable to the animals, in order to reduce
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Table 1. Percentage change of body weight in comparison with day 1, observed during 14 days
consecutive treatment of MPP, followed by 14 days observation period. Doses used are control (0),

17.5, 5.4, 1.7 and 0.5 mg/kg/i.p. Data expressed as Mean + SEM (n = 5) and " indicates a significant
difference from control, as assessed by two-way ANOVA plus Bonferroni post hoc test Control Vs treat-

ment/time (*P < 0.05; **P < 0.01)

Treatment Control 17.5 mg/kg/i.p 5.4 mg/kg/i.p 1.7 mg/kg/i.p 0.5 mg/kg/i.p
day 1 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
day 4 0.51+0.5 0.0+0.0 -0.4+1.6 0.7+0.7 0.0+0.0
day 8 1.9+0.8 0.6+1.3 -0.6+0.6 1.5+£1.8 2.4+1.2
day 11 3.7£2.5 -5.2+2.6* -0.7£0.7 -1.5+0.9 1.8+2.8
day 15 4.7+3.4 -1.41+2.4%%* -1.2+2.1 -0.7£0.7 -0.0£2.1
day 18 5.3+2.9 -5.0+£2.6** 0.7£1.7 -0.7£0.7 0.6+2.6
day 22 9.245.2 -1.142.8%* 49+1.7 2.1+1.4 4.316.2
day 25 6.8+3.9 1.3+3.4 5.6+1.7 2.1+1.4 4.843.2
day 29 9.6+3.4 2.7+2.9 4.1+1.9 2.1+1.4 6.7£5.0

animal mortality during the course of longitudi-
nal studies. In the acute study, we considered
death as end point, after single dose adminis-
tration of MPP. We observed immediate animal
mortality within 48 hours at (1 mouse) 2000, (1
mouse) 550, (2 mice) 175 mg/kg. There were
no signs of toxicity or any other abnormalities
with (1 mouse) 175 and (2 mice) 55 mg/kg,
even after 14 days of observation period. The
OECD no. 425 software calculated i.p LD, as
175 mg/kg.

Next, we estimated the i.p MTD with a range of
MPP doses as: control (0), 17.5, 5.46, 1.70,
0.53 mg/kg body weight. The animals were
consecutively treated for 14 days, followed by
14 days observation period without treatment,
to check for long-term adverse effects. MPP
was well tolerated and no abnormalities or mor-
tality were observed during the treatment peri-
od. There was a trend of decrease in body
weight from day 11 to day 22, with a maximum
decrease in body weight (around 7%) observed
with the highest dose (17.5 mg/kg) around day
15 post treatment versus 10% limit (IUPAC
[International Union of Pure and Applied
Chemistry] definition) (Table 1). However, we
did not observe any significant decrease in
body weight in 5.4, 1.7 and 0.5 mg/kg/day
treatment groups. None of the treatments
exhibited any signs of toxicity and there is no
significant change in biochemical, hematologi-
cal parameters and histo-pathological scores
(data not shown). Due to significant decrease in
whole animal body weight, 17.5 mg/kg dose
was discarded and a MTD dose of 5.4 mg/kg/
bw was carried forward for future studies.
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Uterus is responsive to EE and SERMs

Uterotrophic assay is a classical, gold standard
method to assess ERa activity. We carried out
uterotrophic assay to determine the extent to
which, the chosen compounds could inhibit
ERa before treating them in CC xenografts.
Animals were ovariectomised to prevent the
interference of endogenous estrogens and fed
with phytoestrogen-poor feed, to get rid of
dietary estrogens. Animals were randomized
into various treatment groups, as described in
the materials and methods section. Mea-
surement of uterine wet weights showed that, 7
days consecutive treatment with Fulvestrant
and MPP treatments did not induce any signs
of uterotrophy. There is also no difference in
the uterine wet weights, between vehicle treat-
ed and untreated controls. As expected, EE sig-
nificantly increased the uterine wet weight.
Treatment with fulvestrant and MPP significant-
ly reduced EE induced uterotrophy to 70.63%
(p value < 0.001) and 69.51% (p value < 0.001),
respectively (Figure 1B). The success of uterine
inhibition was further verified by vaginal cytolo-
gy. Exfoliated cells from the vaginal cavity con-
firmed the success of ovariectomy, with literally
no cells in field and arrested at the diestrous
phase. All the treatments exhibited good inhibi-
tion and competitively neutralized (Fulvestrant
or MPP + EE) the cellular morphology observed
in the EE treatment group. Vehicle treated and
untreated controls, fulvestrant and MPP treat-
ments did not exhibit any changes in vaginal
cytology (Figure 1C).

Am J Cancer Res 2021;11(6):3335-3353
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Figure 2. A. Uterine wet weights during sacrifice, 24 hours post 7 days con-
secutive administration of various treatments. Data represents Mean +

1D). Alcian blue staining con-
firmed the presence of muci-
nous metaplasia, particularly
in the ectocervix of MPP treat-
ment, irrespective of EE co-
treatment (Figure 1E).

SEM (n = 5) and * indicates a significant difference between EE versus,

fulvestrant + EE, EGCG 21.1 mg/kg/day + EE, EGCG 67.8 mg/kg/day + EE
as assessed by one-way ANOVA plus Bonferroni post hoc test ("P < 0.05,

EGCQG is non-responsive to
uterotrophic assay

P <0.01, ***P < 0.001). B. Photomicrographs of haematoxilyn and eosin

stained vaginal smears obtained just prior to sacrifice, post 24 hours after
the last dose of 7 days consecutive treatments (Magnification 10x).

MPP induced hyper-estrogenic status in the
ectocervix

Next, we set to compare the histological chang-
es observed in uterine cervix in various treat-
ment groups. Control (vehicle treated and
untreated) groups showed normal endometri-
um, myometrium, endometrial glands, epitheli-
al lining of uterus, single columnar and cuboidal
lining of the endo and ectocervix, respectively.
The positive control, EE exhibited endometrial
glandular hyperplasia, increase in the secretory
endometrium, uterine cavity, number of glands
to stroma ratio, glandular epithelial lining and
papillary formation of epithelium. EE treatment
also showed multilayering of endo cervix and
thickened squamous epithelium with matura-
tion effects in the ectocervix. Fulvestrant group
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We assessed the ability of
EGCG, a non-SERM to competi-
tively modulate uterine wei-
ghts. EGCG at 21.1 (26.59% with p value <
0.05) and 67.8 (34.50% with p value < 0.001)
mg/kg/bw inhibited EE induced uterotrophy
versus EE treatment. The percentage inhibition
is less compared to fulvestrant (69.76%) (Figure
2A). This indicates that EGCG is not as potent
as fulvestrant. EGCG at two different doses
(21.1 and 67.8 mg/kg/bw) did not exhibited
any agonistic or antagonistic activity. Moreover,
vaginal smear analysis indicated that, EGCG at
two different doses were unable to completely
neutralize EE induced uterotrophic effects
(Figure 2B). In addition, observation of the his-
tological architecture led us to conclude that,
there are no differences between EGCG + EE
and EE treatment groups. No atrophic changes
were noted in any of the EGCG with or without
EE, treatment groups. In uterus and cervix,
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Figure 3. Effect of EE (1 ug/kg body weight/day) on the growth dynamics of donor MS751 ERa+ and HeLa ERa-*¢
CC xenografts during 91 days exposure period. Data expressed as Mean + SEM (n = 5). The data was analyzed by
two-way ANOVA and Bonferroni test. 2P < 0.05, °P < 0.01, °P < 0.001 control versus treatment and time. A. MS751
EE in drinking water versus plain drinking water, showed significance on day 78 (°), day 82, 85, 89 and 91 (°). B.
Hela EE in drinking water versus plain drinking water, showed significance on day 89 and 91 (?).

EGCG at an increased dose (67.8 mg/kg/bw),
was not capable of reversing EE induced histo-
logical changes (data not shown).

EE treatment increases the growth of ERa+"®
and suppresses the growth of ERa-"¢ CC xeno-
grafts

Two HPV-18+'¢ cell lines were chosen; MS751 is
ERa+' [28, 33] and Hela is ERa-*¢ [34-36]. We
have chosen EE for our study due to the reason
that, EE is the predominant estrogenic compo-
nent of combined oral contraceptives. Both
MS751 and Hela cell line xenografts under EE
treatment appeared to grow around starting
from the second week of post-cell line injection.
We found that chronic EE treatment in drinking
water significantly (from day 78 till day 91)
enhanced the growth pattern of MS751 xeno-
grafts (with a fold change of 2.43 on day 91),
compared to MS751 xenografts consuming
plain drinking water (Figure 3A). Surprisingly,
we observed significant inhibition (from day 89
till day 91), in the growth pattern of HeLa xeno-
grafts consuming EE in drinking water (with a
fold change of 3.20 on day 91) (Figure 3B). This
contradictory pattern allowed us to conclude
that, estrogen sensitivity mediated through
ER« positivity, could increase the growth of CC
xenografts.

SERMs and EGCG inhibited the growth of
ERa+' CC xenografts

All the drug treatments showed significant inhi-
bition of MS751 xenografts, starting from day 7
of treatments versus vehicle treated controls.
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Fulvestrant treatment showed significant tumor
inhibition on day 13 (P < 0.05), day 16 (P <
0.001) versus vehicle treated controls with a
fold change of 0.80 on day 16. The positive
control, cisplatin showed significance on day 7
(P < 0.05), day 10 (P < 0.05), day 13 and 16 (P
< 0.001) with a fold change of 1.72 on day 16
versus vehicle treated controls. MPP, showed
significance on day 7 (P < 0.05), day 10 (P <
0.01), day 13 and 16 (P < 0.001) (1.30 fold
change on day 16) and MPP + Cisplatin, showed
significance on day 7 (P < 0.05), day 10, 13 and
16 (P < 0.001) (2.71 fold change on day 16) ver-
sus vehicle treated controls. EGCG treated
groups showed significance on day 13 (P <
0.05), day 16 (P < 0.001) and EGCG + Cisplatin,
showed significance on day 10 (P < 0.05), day
13 and 16 (P < 0.001), with a fold change of
1.16 and 1.41, respectively versus vehicle
treated controls (Figure 4A and 4B). The study
was terminated on day 16, due to around 10%
loss of whole animal body weight in MPP +
Cisplatin and EGCG + Cisplatin groups (Table
2). Animals were sacrificed (by over dose of
Ketamine) as per CPCSEA guidelines. MS751
xenografts, liver, lung and uterus were immedi-
ately removed for 10% NBF fixation.
Histopathological analysis of MS751 xeno-
grafts indicated the presence of poorly differ-
entiated epidermoid carcinoma. With fulves-
trant and MPP treatment, a significant inhibi-
tion of tumour growth was observed in combi-
nation with cisplatin versus cisplatin treatment
group alone. Both fulvestrant and MPP treated
tumors, showed the presence of viable tumour
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Figure 4. Effect of SERMs (Fulvestrant and MPP) and non-SERM (EGCG) to inhibit EE induced growth of MS751
ERa+¥¢ CC xenografts during 16 days treatment period. Values represent, Mean + SEM (n = 5). The data was ana-
lyzed by two-way ANOVA and Bonferroni test. ®P < 0.05, °P < 0.01, °P < 0.001 control versus treatment and time.
Control versus fulvestrant, showed significance on day 13 (¢), day 16 (). Control versus Cisplatin, showed signifi-
cance on day 7 (%), day 10 (?), day 13 and 16 (°). Control versus MPP, showed significance on day 7 (?), day 10 (°),
day 13 and 16 (°). Control versus MPP + Cisplatin, showed significance on day 7 (¢), day 10, 13 and 16 (°). Control
versus EGCG, showed significance on day 13 (?), day 16 (°). Control versus EGCG + Cisplatin, showed significance on
day 10 (?), day 13 and 16 (°). Control, fulvestrant, and cisplatin groups are the same in left (A) and right (B) panel.

Table 2. Percentage change in body weight in comparison with day O, observed during 16 days of
longitudinal treatment period. Data represents Mean + SEM (n = 5) and * indicates a significant
difference from control, as assessed by two-way ANOVA plus Bonferroni post hoc test Control versus
treatment/time (*P < 0.05; **P < 0.01; ***P < 0.001). Doses were the following: Fulvestrant; 1
mg/kg/day/s.c, Cisplatin; 2 mg/kg/i.p once every 3 days, MPP; 5.4 mg/kg/i.p/day, EGCG; 21.1 mg/

kg/i.p/day

Treatment?® Control®  Fulvestrant® Cisplatin®  MPP?2  MPP? + Cisplatin® EGCG? EGCG? + Cisplatin®
day O 0.0£0.0 0.0+£0.0 0.0£0.0 0.0%£0.0 0.0+0.0 0.0+£0.0 0.0£0.0

day 1 1.5+1.6 0.8+0.8 2.2+0.9 1.2+1.2 2.0+1.1 1.5+0.9 1.9+1.1

day 4 3.1+1.4 1.6+0.9 0.7£0.7 2.4+1.2 5.0+3.5 0.1+1.3 2.8+1.8

day 7 1.5+2.0 1.6+0.9 0.7+1.4 0.0+0.0 3.0+1.9 1.1+2.2 1.8+1.0

day 10 0.0+1.2 0.1+1.9 1.5+0.9 0.0+2.0 -3.844.3 3.4+2.4 2.1+2.4

day 13 0.7£1.9 -0.6+2.1 -2.3+2.0 -1.1+1.1 -8.7+4.3*% -2.1+2.1 -1.5+1.7*%*
day 16 0.7+£3.2 -2.2+1.4 -3.1+1.5 -2.4+1.2 -10.7+£3.3*%** -2.3+1.5 -7.5+1.7*

aTreatments were administered on a daily basis. *Cisplatin-administered once every 3 days.

cells with less necrosis (10 to 30%). Cisplatin,
EGCG and EGCG + Cisplatin groups exhibited
extensive areas of necrosis exhibiting features
of cytotoxicity (Figure 5). Liver tissue did not
indicate any signs of drug induced toxicity or
metastasis. We observed mucinous metapla-
sia in the ectocervix of MPP alone and MPP +
EE treatment groups.

Next, donar HelLa xenografts consuming plain
drinking water, with features of poorly differen-
tiated carcinoma, were subsequently reim-
planted into experimental animals (under EE
treatment in drinking water primed one week
before implantation). These xenograft implants

3344

failed to grow, reconfirming the earlier trend
with donar HelLa xenografts (data not shown).
We did not obtained sufficient tumor material
(for subsequent implantation into the experi-
mental groups), from donar HelLa xenografts
that consumed EE in drinking water. Hence, we
are unable to perform MPP, fulvestrant,
Cisplatin and EGCG treatments with Hela
xenografts.

SERMs inhibits ERa expression predominantly
localized in plasma membrane and cytoplasm

Control MS751 tumors showed strong to mod-
erate cytoplasmic and membrane ER« staining,
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Figure 5. Representatlve photomicrographs of MS751 ERa+' xenografts
show sheets of large round to polygonal cells with moderate cytoplasm,
vesicular nuclei and prominent nucleoli and increased mitosis (poorly dif-
ferentiated epidermoid carcinomas) in the control (A), residual tumours
in the Fulvestrant (B) and MPP treatment (D) groups. Cisplatin group (C)
showed extensive areas of necrosis and foamy histiocytes. MPP + Cisplatin
group (E) exhibited areas of 80 to 90% viable tumour and 10 to 20% necro-
sis. EGCG (F) and EGCG + Cisplatin (G) groups showed extensive areas of
necrosis and collection of foamy histiocytes and inflammation debri. Black
arrows indicate foamy histiocytes and triangle indicate necrosis (Magnifi-

with mild to moderate nuclear staining in con-
fined areas and large regions of nuclear nega-
tive areas. Extensive necrosis was observed in
the center of tumour sections, followed by via-
ble tumour cells in the periphery, per se indi-
cated the aggressiveness of developed
tumours. MS751 tumours treated with fulves-
trant and MPP showed less mitosis and the
tumour cells were found to be negative for ERa.
MPP + Cisplatin group was also found to be
negative for ERa with extensive necrosis. As
expected, Cisplatin, EGCG and EGCG + Cisplatin
treatments exhibited large areas of necrosis,
with non-specific background staining. The
positive control, MCF-7 showed strong expres-
sion of nuclear ERa. ERa expression was unde-
tectable in EE treated Hela. Conversely, EE
treated MS751 cells showed ERa expression in
the cell membrane and cytoplasm. Nuclear
ERa was completely absent in MS751 (Mag-
nification 40x) (Figure 6).

Discussion

In this study, we employed a simple human CC
cell line xenograft mouse model to investigate
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cation 40x).

the association between estrogens and ER«
in HPV+*¢ CC. Our findings have reconfirmed
such association that has been extensively
demonstrated with epidemiological studies
[5-7, 10-12] and genetically engineered mouse
models [3, 4, 9, 17-21, 37, 38].

Uterine cervix is sensitive to anti-estrogens

Estrogens are necessary for the normal physi-
ological differentiation and maturation of uter-
ine cervix. In fertile women, ER and progester-
one receptor (PR) are highly expressed in the
normal epithelium of the transformation zone,
compared to the ectocervical epithelium [8].
ERa expression in the squamous epithelium of
uterine ectocervix changed dynamically with
respect to different phases of menstrual cycle
[39]. In this study, we wanted to understand the
responsiveness of normal uterine cervix to
selected SERMs (Fulvestrant and MPP) and
non-SERMs (EGCQG) that were otherwise, effica-
cious in suppressing CC tumour growth. We
found that fulvestrant can exert direct inhibito-
ry effects on the cervix. On the other hand, MPP
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Figure 6. Representative photomicrographs from immunohistochemical
staining of ERa expression in MS751 ERa+ tumor xenografts shows pre-
dominant cytoplasmic and membrane ERa expression with limited nuclear
ERa staining in confined areas of control tumours (A). Treatment with MPP,
MPP + Cisplatin and fulvestrant showed loss of ER« in all the extra-nuclear
compartments (B-D). Extensive necrosis of EGCG, EGCG + Cisplatin, Cispla-
tin showed widespread background staining with few viable areas of tumor
cells (E-G). ERa was readily detectable in the nucleus of MCF-7 (H), cell
membrane and cytoplasm of EE treated MS751 cells (I) and undetectable
in EE treated Hela cells (J) (Magnification 40x).

induced mucinous metaplasia
only in the ectocervix, the most
prominent site of initiation of
cervical carcinogenesis. On
the other hand, we did not
observe the same with the
other SERM, fulvestrant. Mu-
cinous metaplasia of ectocer-
vix is an uncommon finding
due to estrogen sensitiveness
of the squamous cells, owing
to hyperestrogenic states and
otherwise, physiologically fo-
und in the endocervix [40]. It's
worth to note that 75 to 90% of
CC are squamous cell carcino-
mas [41]. This shows the differ-
ence that exists in the tissue
selective actions between SE-
RMs and questions the ability
of SERMs to qualify as a thera-
peutic component for CC. The
fact that EGCG was unable to
induce any signs of agonism or
antagonism in cervix, allowed
us to conclude that, EGCG
could be a non-specific inhibi-
tor, despite EGCG is known to
inhibit ERa expression [42].

Endogenous ERa positivity de-
termines the responsiveness
of CC tumours to estrogens

In the present study, we have
generated a xenograft mouse
model with two human CC cell
lines, MS751 and Hela, known
to harbor HPV18 integrated
DNA. Both the xenografts
formed tumors with features of
poorly differentiated carcino-
ma. MS751 is known to ex-
press basal ERa at the protein
level [28, 33] and form xeno-
grafts without any hormone
stimulation [43]. In the present
study, mere EE treatment has
accelerated the growth of
MS751 xenografts in Ncr Nude
mice, much earlier compared
to small size of tumours, after
two months in SCID mice with-
out any estrogen treatment
[43]. The observation that,
SERMs were able to antago-
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nize the growth of MS751 ERa+'¢ CC xenografts
driven by EE, allowed us to speculate that, mere
presence of endogenous ERa is the factor
responsible for driving CC carcinogenesis. On
the other hand, it was observed that, HeLa ER«
-'¢ CC xenografts treated with EE in drinking
water failed to develop tumours. This is in line
with the observation from other reports. Li et al
demonstrated that HelLa cells upon in vitro E2
(17-B Estradiol) treatment in doses ranging
from O to 10 uM concentrations showed a dose
and time dependant increase in cell death [44].
In another study, E2 treatment ranging from O
to 100 nM concentrations did not show any
change in cell survival, neither an increase in
ERa mRNA expression. This could be ascribed
due to fundamental differences in E2 as a func-
tion of dose. High concentrations of E2 may
lead to apoptosis in ERx-* HelLa cells [44, 45].
Bulzomi has shown that E2 at 10 nM concen-
tration reduced cell numbers of mock vector
transfected Hela cells suggesting an ERx-
independent cytotoxic effect of E2 [46]. Hence,
the pattern of growth inhibition observed with
Hela xenografts might be a result of apoptosis
due to consecutive treatment with a strong
estrogen, EE. On the other hand, Kozasa and
co-workers have shown that administration of
E2 or impregnation led to tremendous increase
in growth of HeLa tumour xenografts. But, we
observed an entirely opposite trend in the pres-
ent study. We believe that, this difference can
be ascribed due to fundamental pharmacologi-
cal differences between EE and E2. EE is 100
fold much potent compared to E2 [47], which
might have contributed to cellular growth sup-
pression. Next, the timing of hormone treat-
ment could influence on the degree of sensiti-
zation of cells. In the present study, the animals
were primed with EE in drinking water one week
before the first implantation of HeLa cells. We
can only assume that, HelLa cells might have
faced the cellular inhibitory effects of EE,
before these cells try to establish themselves
to survive the challenging in vivo pressure.
Nevertheless, our results are supported by a
21 day study, which administered FSH to Hela
xenografts, which resulted in growth suppres-
sion [48]. Indeed, it was demonstrated that
FSH treatment, before the initiation of Hela
xenografts showed better tumour suppression,
rather than post- tumour initiation. E2 treat-
ment was found to inhibit exogenously express-
ing ERa transfected MDA-MB-231 in vitro and
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also prevented metastasis when implanted in
nude mice [49]. Hence, endogenous ERa can
be regarded as a determinant of tumorigene-
sis. In our study, ERa was not exogenously
expressed, but EE treatment inhibited Hela
tumour growth. This indicates that estrogen
might have inhibited through ERa-independent
pathway [50]. Secondly, HeLa cells are found to
be sensitive to E2 induced cellular inhibition
with or without the presence of exogenous ERx
expression. Indeed, it is important to underline
the role of cellular factors to choose on estro-
gen responsiveness and cell fate [36, 46,
51-56].

ERa encourages CC tumorigenesis predomi-
nantly from the extra nuclear compartment

Classically, nuclear ERx was considered to be
an indicator of ER positivity and the role of
extra- nuclear ERa (membrane, cytoplasm and
stroma) especially in the context of cancer as a
transformed cell, is underemphasized [57, 58].
It is now evident that palmitoylation process
allows ERa to be localized to the membrane, in
association with caveolin-1. Upon estrogen
stimulation, ERa undergoes de-palmitoylation,
de-associate with caveolin-1 and therefore
allow the activation of rapid signals relevant for
cellular proliferation [59, 60]. The activated
steroid-receptor responses in turn activate a
number of cascading signaling pathways within
the cytoplasm/membrane and thus are respon-
sible for the biological responses such as cell
growth and survival [61, 62]. In breast cancer,
ERa localized to cytoplasm and plasma mem-
brane was shown to up-regulate proliferation
and tumorigenic signals [63, 64]. With a similar
trend, we could only speculate that, SERMs as
a mimic of estrogens, could exert antitumor
activity in CC by inhibiting extra-nuclear ERx
localization possibly by interfering the palmi-
toylation and de-palmitoylation signals.

Very limited studies reported the involvement
of cytoplasm and membrane ERa in CC. Darne
and co-workers observed 54% of 131 squa-
mous cell carcinoma biopsies with cytoplasmic
ER positivity [65]. Sun and co-workers have
shown that ERx36, a truncated variant isoform
of ERa was found to be localized in the plasma
membrane and cytoplasm, in both CC tissues
and cell lines. ERa36 was shown to regulate
migration, invasion and proliferation of CC cells
[66].
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In CC, estrogens exert their action through
receptors such as ERa, ERB, Prolactin Receptor
and G-protein coupled ER which are located
both in the nucleus and cytoplasm in contrast-
ing proportions. It has been proposed that the
early oncogenes of HPV with respect to HPV
subtypes play a role in shifting the location of
these receptors during CC progression [67-69].
Indeed, it has been shown that HPV oncogenes
independently and synergistically with estro-
gen, reprogrammed the gene expression pro-
files of the tumor microenvironment in K14E6/
E7 transgenic mouse model [70].

In our study, we found that ERa is predominant-
ly expressed in the cytoplasm and membrane
compartments of ERa+"* MS751 CC xenografts.
We also found mild to moderate ERa staining
localized to the nuclear compartment in con-
fined areas. On the other hand, we observed
ERa expression within the cytoplasm and mem-
brane compartments of MS751 cell line block
without any traces of nuclear staining. We could
only speculate that such a difference in expres-
sion pattern might be a result of prolonged
stimulation due to incessant EE treatment with
an exchange of ERa localization between nucle-
ar, cytoplasmic and membrane compartments.
ERa expression was absent in nucleus as well
as cytoplasm and membrane of Hela cells.
ERa expression was completely absent in
groups treated with fulvestrant and MPP, in
addition to tumour growth suppression. This
allowed us to conclude that, cytoplasmic and
membrane ER«x positivity would be the respon-
sible factor in driving the growth of MS751
xenografts. We are unable to recognize the ERa
expression status of EGCG and cisplatin treat-
ed groups, owing to a heavy non-specific back-
ground staining due to necrosis.

Efficacy of SERMs in CC

We observed a trend of significant growth inhi-
bition of MS751 xenografts due to SERMs
treatment (fulvestrant and MPP). This is in line
with the findings from other CC mouse models
[18, 37]. We have demonstrated that MPP has
antagonistic effect in uterus and an agonistic
effect in the uterine cervix in the form of muci-
nous metaplasia. MPP is an ERa selective
antagonist [71, 72]. MPP belongs to a class of
triarylpyrazole with 1000 fold higher selectivity
to ERa compared to other non-selective SERMs
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such astamoxifen or raloxifene [72]. Fulvestrant
is considered to be a pure ER antagonist [73],
but do not discriminate between ERa and ER(,
and thus, the individual ER effects cannot be
distinguished [71]. EGCG failed to elicit strong
inhibition in the uterotrophic assay, which indi-
cated its non-selectiveness to ERa. On the
other hand, EGCG has proven anti-tumour activ-
ity by interacting with multitude of signaling
pathways in a variety of cancers including CC
[74-78] and is also capable of down regulating
ERa [42, 79]. This explains the narrow differ-
ences in the efficacies observed between cis-
platin, fulvestrant, MPP and EGCG.

To our knowledge, a xenograft model with
human CC cell line was not tested for anti-can-
cer activity against ER« inhibited by SERMs.
The lack of appropriate model to represent a
ERa+* CC model [13] and the hypothetical
question of translatability of SERMs towards
clinical application in CC was strongly perceived
[80]. This model would be very relevant as a
direct measure of treatment response, in view
of human-like cellular machinery. We thought
this would be much more pragmatic due to the
fact that SERMs exert tissue specific ERa ago-
nistic/antagonistic actions based on the cellu-
lar co-activator/co-repressor complexes [72,
81]. In our study, continuous EE was adminis-
tered in drinking water that probably triggered
the membrane and cytoplasmic ER to encour-
age the growth of CC xenografts. As expected
selective ERa inhibitors (fulvestrant and MPP)
superiorly inhibited the growth of ERoa+*®
MS751 xenografts. Hence, SERMS needs to be
tailored to suit the tissue specific machinery
present in ERa expressing CC. Alternatively,
inhibitors targeted to antagonize specific co
activator complex can also be designed. This
indirect approach may also help to bring down
ERa dependent CC. MPP was found to sup-
press the growth of CC xenografts. Instead,
MPP stimulated mucinous metaplasia of ecto-
cervix, reflecting hyperestrogenic status.
Mucinous metaplasia might be an early indica-
tion of carcinogenesis event. It is known that
SERMS could exert contrasting effects in differ-
ent tissue targets [72, 81, 82]. Hence, the utili-
ty of SERMS in CC is still a benefit of doubt and
the present study does not warrant considering
the utility of SERMs as a therapeutic option.
SERMs demonstrated both promising [83, 84]
and inconclusive results [13, 85, 86], that limit
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their use, due to lack of evidence from con-
trolled clinical trials. In this study, we explored
the capacity of SERMs to attenuate the growth
of CC only in the perspective of antagonizing
ERa positivity, but we failed to investigate if the
chosen SERMS might have inhibited the prolif-
eration of CC through other pathways. SERMs
have also been demonstrated to bring down
tumour burden independent of ER pathways
[87, 88].

In conclusion, we have demonstrated that ERx
positivity determines the sensitivity of CC xeno-
grafts to both exogenous estrogens and anti-
estrogens, with ERa expression predominantly
localized to the cell membrane and cytoplasm.
SERMs could exert non-specific activities in
uterine cervix, which calls for caution to utilize
these SERMs in the treatment of CC.
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