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Abstract

Cervical cancer (CC) is responsible for higher morbidity and mortality in the world. To
understand the pharmacologic drugs’ efficacy in CC therapy, we investigated the ability of
some widely used or potential anti-cancer drugs (alpha-naphthoflavone (ANF), beta-
naphthoflavone (BNF), clotrimazole (CLO), dimethoxybenzoquinone (DMB), paclitaxel
(PAC), rifampicin (RIF), and RU-486) to agonize or antagonize with nuclear receptors: aryl
hydrocarbon receptors (AhR) and pregnane X receptors (PXR). To achieve this goal, we
performed our study on positive transfected HelLa cell lines, a representative cell line model for
CC. In this paper, a study of the recent patents for the importance of these drugs as AhR or
PXR agonists or antagonists was evaluated. However, we demonstrated that ANF and PAC
were found to agonize the AhR-mediated transcription in a dose-dependent manner. We
reported also that PAC and RIF induced PXR, a strong agonist activity. Antagonistic activities
toward AhR and PXR were shown only in BNF. Because little is known about the implication
of AhR and PXR in cancer therapy, our results could be helpful for the design of future CC
therapeutics. Future studies could lead to a better understanding of AhR and PXR

transactivation/inhibition implication in CC; and lead to a better knowledge of CC therapy.

Key words: Cervical cancer; therapy; AhR; PXR; alpha-naphthoflavone; beta-
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1. INTRODUCTION

Cervical cancer (CC) is the most
devastating gynecologic malignancy in the
world [1]. Its screening becomes
compulsory to avoid invasion and
deleterious effects. This malignancy is
closely associated to viral infections
especially human papillomavirus (HPV),
as well as early age and frequent sexual
contact [1,2]. The standard cancer
therapies  available are  surgery,
radiotherapy (usually teletherapy
associated to  brachytherapy), and
chemotherapy. In  addition, several
prevention therapeutics are proposed for
CC including therapeutic vaccines,
chemo-preventive drugs, retinoids, indole
carbinol, and immune modulators agents
[1].

Radical  hysterectomy  (Meigs-
Wertheim hysterectomy) stills the most
traumatic therapy for women. For this
reason, the use of novel therapeutics is
preferred to favor good patients’ outcome
with limited surgery. For a long time, CC
has been considered as not cured only by
chemotherapy, however new clinical
studies are proving the improvement of

patients’ responses with the use of
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carboplatin, iphosphamide, 5-
fluorouracile, doxorubicin, methotrexate,
hexamethylmelamine, mitomycin-C,
vinblastine, bleomycin, paclitaxel,
topotecan, vinorelbine, and irinotecan [3].
The combination of drugs might be a
solution to delay possible recurrence and

change ideas about pharmacotherapy.

In this study, we compared the
response of aryl hydrocarbon receptors
(AhR) and pregnane X receptors (PXR) in
HeLa human CC cell line to some used
and potential anti-cancer drugs including
alpha- (ANF) and beta-naphthoflavone
(BNF), clotrimazole (CLO),
dimethoxybenzoquinone (DMB),
paclitaxel (PAC), rifampicin (RIF), and
RU-486 (Figure 1). We have tested
receptors transactivation level. We
classified anti-cancer drugs as AhR or
PXR agonists or antagonists (Table 1).
Our study could be helpful for the design
of new CC therapies. Further clinical
studies should concentrate on the effect of
these drugs combination during CC

therapy.
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2. MATERIALS AND METHODS
2.1. Materials

The cell culture medium and other
additives were obtained from Life
Technologies (Cergy-Pontoise, France).
Luciferin was from Promega (Saint-
Quentin-Fallavier, France). The RIF and
CLO were purchased from Sigma-Aldrich
(Saint-Quentin Fallavier, France). RU-486
was gifts from Aventis (Romainville,
France). The ANF, BNF, DMB, and PAC
were purchased from Sigma Chemical Co
(St. Louis, MO, USA). SR12813 was
purchased from NEN Life Science
Products (Paris, France). Dioxin was
obtained from Promochem (Molsheim,
France). For bioassays experiments, stock
solutions were prepared in dimethyl
sulfoxide (DMSO) at 10 mM and stored at
-20°C.

2.2. Generation of stable
transfected reporter cell lines and cell

culture conditions

The stable transfected luciferase
reporter cell lines were obtained as

previously described [4].

The HahLP cell line was obtained

by transfecting HelLa cells with the
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CYP1Al-Luc and pSG5-puro plasmids.
The selection of resistant clones was
performed using 0.5 ug/ml puromycin.
The strongest dioxin responsive clone was
named HAhLP 1.15 (named here AhRE
1.15) [5].

The HGPXR reporter cell line was
obtained by transfection of HelLa cells
with the (Gal4RE) 5-Bglob-Luc (HG5LN
cells) and Gal4 (DBD)-hPXR (LBD)
plasmids. Resistance of clones to
puromycin and geneticin were performed
at 0.5 pg/ml and 1 mg/ml, respectively.
The most responsive clone was isolated
and called HGPXR 4.3 (named here
PXR4.3) [6].

The HahLP, and HGPXR cell lines
were grown in phenol red containing
Dulbecco’s Modified Eagle’s Medium
(DMEM), 149/l glucose supplemented
with 5% of fetal calf serum (FCS) and 1%
antibiotics under a humidified 5% CO,
atmosphere at 37°C. Taking estrogenic
activities of FCS and phenol red into
account, in vitro experiments were
achieved in DMEM, without phenol red
supplemented with 6% dextran-coated,
charcoal-treated FCS (DCC) and 1%

antibiotics (penicillin / streptomycin) (test
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culture medium).

2.3. Luciferase assay

5x10* cells per well were seeded in
96-well plates in 150 pl test culture
medium. Tested extracts were 4x
concentrated in the same medium. After
8 hr of cell seeding, 50 ul were added.
The cells were incubated with drugs
during 16 hr. All experiments were
performed in quadruplicates. At the end of
the incubation, the effector-containing
medium was removed and replaced by
3x10™ M luciferin containing test culture
medium. At this concentration, luciferin
diffuses into the cell and produces a
luminescent signal stable for 5 min and
measured for 2 seconds by a Microbeta

Wallac luminometer.

Drugs agonistic activities were
expressed as the percentage of the
maximal activity obtained with the
reference ligand at saturating
concentration: 10 nM for dioxin, and 1
uM for SR12813, in, HahLP, and HGPXR
cells, respectively. Tests were also
performed to detect antagonistic activities
of drugs. To achieve this goal, cells were
activated with the reference agonist at a

concentration yielding 80% of the
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maximal activity in the presence of

increasing concentrations of drugs.

3. RESULTS

To better define the affinity/activity
of some anti-cancer drugs to AhR or PXR,
we performed in vitro AhR and PXR
assays on AhR-positive cell line: AhRE
1.15, and on PXR-positive cell line: PXR
4.3 (Table 1). Both cell sensitivity and
reproducibility of the assay were assessed
after the measure of AhR or PXR
activators response (Figure 2).
Measurements were taken for each well
(triplicate wells for each dose) and the
values represented the meant S.D. of
three independent experiments. Results of
HAhLP and HGPXR bioassay were
expressed in luciferase  activity
percentage, with a 100% transactivation
value referring ligand at saturating

concentration.

We demonstrated that ANF and
PAC are high affinity agonists for AhR
with 100% of transactivation at <10°M.
However, BNF is a moderate affinity
agonist AhR with only 50% of effect at
>10°M, but in the same time a high
affinity antagonist for AhR (100% of
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effect at <10°M). Finally, DMB showed
low affinity for AhR with low effect at 10°
°M.

We reported also that PAC and RIF
strongly activate PXR in PXR 4.3 cell
lines. However, ANF, CLO and RU-486
are moderate PXR agonists. BNF and
DMB are low affinity PXR agonists. We
described in Table 1 also PXR
antagonists. In fact, BNF are capable to
strongly antagonize with PXR (100% of
effect at <10°M). However, ANF, as well
as DMB exhibit low antagonist effect on

PXR (low effect at 10°M).

4. DISCUSSION

Transactivation of AhR, a ligand-
activated transcription factor of the helix-
loop-helix/PAS family, is controversial in
cancer context [7,8]. Indeed, some authors
reported their implication in
carcinogenesis, whereas evidence for the
essential role of AhR as a key element for
anti-cancer pathway is more abundant [9].
Here, we demonstrated that ANF has the
same affinity as agonists to AhR as PAC.
Furthermore, we reported that BNF and

DMB could transactivate AhR. These

results clearly demonstrate the potential
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implication of these drugs in CC therapy.
Synergic studies about signal transduction
after AhR activation still needed to

confirm this therapeutic implication.

The role of PXR in cancer is
controversial too. More evidences point
towards the implication of PXR activation
in pro-carcinogenesis and cell growth
through multiple specific pathways [10-
13]. Conversely, few studies show the
implication of PXR activation in anti-
cancer [14]. Verma and collaborators
demonstrated that PXR activation could
induce apoptosis in breast cancer cells
upon NO-dependent up-regulation of p53
[15]. Considerable attention is being paid
to the development of PXR inhibitors.
PXR antagonists could be considered as
potential anti-cancer therapeutics. Here,
we demonstrated that BNF could strongly
antagonize with PXR. Knowing that PXR
activation in oncogenesis could implicate
several pathways including reactive
oxygene species system activation and the
modulation of pro-apoptotic gene levels
[12], makes from BNF a potential potent
anti-CC agent. Some studies consolidate
our speculations [16], because they proved

the power of BNF in lung tumor
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chemoprevention in mice [17], and in
suppression  of  induced mammary
carcinogenesis [18]. This approach to
block PXR activation appears to reduce

number of cancer types [19,20].

Elsewhere, PAC is currently used as
chemotherapeutic drug in CC in
combination therapy either with cisplatin
and ifosfamide or only with cisplatin
[21,22]. In this study, we have
demonstrated that ANF, the estrogen
metabolic  inhibitor,  shares  some
homologies with PAC. Indeed, ANF
transactivate with the same affinity AhR.
Conversely, ANF does not transactivate
PXR in PXR 4.3 cell lines with the same
affinity. The above mechanisms of AhR
or PXR activation represent opportunities
for therapeutic intervention. Indeed, the
use of PAC in CC therapy could be
replaced (in patients with enhanced
adverse events of paclitaxel including
bone marrow suppression, cardiovascular
effects, hypersensitivity and neuropathy
[23]) or sustained by other efficient drugs
like ANF because they transactivate
identically AhR receptors. In addition,
drug doses could be modulated to insure

lower toxicities with higher efficiency of
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cancer treatment. Recent studies support
our speculation for ANF use in cancer

therapy [24].

Based on the homology of PAC
properties here studied, PAC could be
replaced by RIF, or either could be
associated to CLO or RU-486, especially
because of their showed anti-cancer
properties. Indeed, CLO that is clinically
used as anti-fungal azole derivative has
been associated with promising anti-
cancer effect [25-28]. Identically, the anti-
progestin, RU-486 has demonstrated
powerful properties as anti-cancer drug
[29-32]. Hopefully, this approach might
give benefit in the future especially after

further cell signaling studies.

Because PXR transactivation has
been implicated in adverse drug-drug
interactions [12, 33], we propose BNF as
new potential therapeutic drug for CC.
Indeed, this agent could efficiently
activate AhR and efficiently antagonizes
with PXR. This agent might be useful for
postoperative chemotherapy and could
reduce powerfully postoperative
complications. Certainly, having

demonstrated the behavior of some

potential anti-cancer drugs in HelLa
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transfected cell line, as agonists or
antagonists of AhR or PXR, does not
confirm their use in CC therapy. However,
our study has initiated and guided
therapeutic strategies to shed light on
some particular drugs. The particular
homology of AhR or PXR receptors
activation or antagonism by these drugs,
here demonstrated, could be the first step

for the incoming studies.

AhR and PXR represent potential
target tools for cancer therapy. This study
may help in the design and the
development of potential AhR agonists
and PXR antagonists candidates offering
improved avenues in CC therapy. In a
continuation of this study, we sought to
identify transduction signals after AhR or
PXR transactivation to explain the

importance of drugs here studied.

5. PERSPECTIVES

Although, AhR and PXR have been
widely studied, few studies have evaluated
their implication in cancer therapy. It is
important to take into account the
possibility of implication of such
receptors as first elements in anti-cancer

signaling pathways. Further studies should
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concentrate on the implication of AhR and
PXR transactivation or antagonism during

CC therapy.

ACKNOWLEDGMENTS

This study was co-funded by the
Tunisian Ministry of Higher Education
and Scientific Research and by the
Embassy of France in Tunisia. Dr.
Wissem Mnif dedicates this work to the
soul of his dear brother, the architect
“Mohamed Soufiene Mnif” born 29 April
1985 and died 11 July 2016.

Mohamed Soufiene Mnif

CONFLICT OF INTEREST

The authors declare no conflict of

interest.

Page |8



Medical Research Archives, Vol. 4, Issue 8, December 2016
Potential anti-cervical carcinoma drugs with agonist and antagonist AhR/PXR activities

ABBREVIATIONS

AhR = aryl hydrocarbon receptors
ANF = alpha-naphthoflavone
BNF = beta-naphthoflavone

CC = cervical cancer

CLO = clotrimazole

DMB = dimethoxybenzoquinone
PAC = paclitaxel

PXR = pregnane X receptors

RIF = rifampicin
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Table 1. Effect of anti-cancer drugs on AHR- or PXR-positive HeLa cell lines

Expressed receptor AHR PXR
Cell line AHRE 1.15 PXR 4.3
Agonist Antagonist Agonist Antagonist
Anti-Cancer drugs
Benzoflavones
alpha-naphtoflavone +++ NT ++ -
beta-naphtoflavone ++ +++ - 4
Clotrimazole NT NT ++ NT
Dimethoxybenzoquinone + NT - -
Paclitaxel +++ NT +++ NT
Rifampicin NT NT +++ NT
RU-486 NT NT ++ NT

Abbreviations: -, no effect; +, low effect at 10°M; ++, 50% of effect at >10°M; +++, 100% of effect at <10™M ;

NT, Not tested.
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Fig. (1). Chemical structure of used anti-cancer drugs. Clotrimazole (A), Rifampicin (B),
RU-486 (C), Paclitaxel (D), alpha-naphthoflavone (E), beta-naphthoflavone (F), and
Dimethoxybenzoquinone (G).
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Fig. (2). Dose-response curves of the AhRE 1.15 cells and PXR 4.3 cells to human anti-
cancer drugs. PXR transactivation in AhRE 1.15 cells by Clotrimazole (A), Rifampicin (B),
and RU-486 (C). AhR transactivation in PXR 4.3 cells by Paclitaxel (D). After the cells
incubation during 24h, percentage of luciferase activity is measured in each well. Triplicate

wells were performed for each drug. Values represent means +S.D. of the activity of three

independent experiments.
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