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Metformin (MET) is a clinically used anti-hyperglycemic agent that shows activities against chemically-
induced animal models of cancer. A study from our laboratory showed that MET protectes against 7, 12-
dimethylbenz[a]anthracene (DMBA)-induced carcinogenesis in vitro human non-cancerous epithelial
breast cells (MCF10A) via activation of the aryl hydrocarbon receptor (AhR). However, it is unclear
whether MET can prevent the initiation of breast carcinogenesis in an in vivo rat model of AhR-
induced breast carcinogenesis. Therefore, the main aims of this study are to examine the effect of MET
on protecting against rat breast carcinogenesis induced by DMBA and to explore whether this effect is
medicated through the AhR pathway. In this study, treatment of female rats with DMBA initiated breast
carcinogenesis though inhibiting apoptosis and tumor suppressor genes while inducing oxidative DNA
damage and cell cycle proliferative markers. This effect was associated with activation of AhR and its
downstream target genes; cytochrome P4501A1 (CYP1A1) and CYP1B1. Importantly, MET treatment pro-
tected against DMBA-induced breast carcinogenesis by restoring DMBA effects on apoptosis, tumor sup-
pressor genes, DNA damage, and cell proliferation. Mechanistically using in vitro human breast cancer
MCF-7 cells, MET inhibited breast cancer stem cells spheroids formation and development by DMBA,
which was accompanied by a proportional inhibition in CYP1A1 gene expression. In conclusion, the study
reports evidence that MET is an effective chemopreventive therapy for breast cancer by inhibiting the
activation of CYP1A1/CYP1B1 pathway in vivo rat model.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer is one of the most commonly present cancers in
females with approximately 2.09 million cases in 2018 (Bray
et al., 2018). Breast tumors are also the second most common
causes of death, where 626,679 women die due to cancer every
year (Papadakis et al., 2021). The high relapse rate and treatment
failure of breast cancer due to chemoresistance encourage
researchers to identify new natural and synthetic cancer chemo-
preventive agents. According to recent statistics about breast can-
cer, it was reported that 85% of cancer cases are be attributed
genetic mutations due to the aging process, lifestyle changes, and
environmental factors (White et al., 2018). Among these factors,
exposure to environmental pollutants such as 7,12-dimethylbenz
[a] anthracene (DMBA) and 2,3,7,8-tetrachlorodibenzo[p]dioxin
(TCDD), common polycyclic aromatic hydrocarbons (PAHs), induc-
ing a powerful organ-specific laboratory breast carcinogenesis
(Ferreira et al., 2013; Ip, 1996). It is well documented that the abil-
ity of DMBA and TCDD to induce organ carcinogenesis is mediated
through the activation of a cytosolic transcription factor, the aryl
hydrocarbon receptor (AhR) (Kerzee and Ramos, 2001; Whitelaw
et al., 1993).
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Upon binding to its ligands such as DMBA and TCDD, AhR enters
the nucleus to bind to its nuclear translocator (ARNT) (Pollenz,
2002). This dimer targets the xenobiotic responsive element
(XRE) on the enhancer region of several xenobiotic metabolizing
enzymes, including the cytochrome P450 1A1 (CYP1A1) and
CYP1B1 to initiate of transcription and translation process. Tran-
scriptional induction of these genes results in the bioactivation of
procarcinogens into their ultimate carcinogens through the forma-
tion of DNA adduct leading to cancer initiation (Whitlock, 1999).
The involvement of AhR/CYP1 pathway in cancer initiation and
organ carcinogenesis and tumorigenesis is evidenced by the find-
ings that AhR activation causes increases in the proliferation of
human breast cancer cells and their cancer stem cells (CSCs)
(Jung et al., 2011) via the suppression of apoptosis (Bekki et al.,
2015). However, the inactivation of AhR/CYP1 pathway blocks
breast carcinogenesis and DNA adduct formation in vitro human
epithelial breast MCF10A cells (Maayah et al., 2015). These results
were supported by the observations that cyp1a-null mice, but not
the wild type, were resistant to DMBA-induced breast carcinogen-
esis (Buters et al., 1999).

Recent studies have demonstrated that metformin (MET), an
oral anti-hyperglycemic drug, exhibits anti-cancer activity against
animal models of chemical carcinogenesis and cell lines of different
types of cancer (Evans et al., 2005). A population-based retrospec-
tive cohort study showed that MET-treated patients with diabetes
had a lower cancer-associated mortality rate than diabetics treated
with either sulfonylurea or insulin (Bowker et al., 2006). A previous
work from our laboratory and others has shown that MET inhibited
the activity and expression of AhR/CYP1A1 pathway, which pro-
tected the human epithelial breast MCF10A cells against DMBA-
initiated breast carcinogenesis (Do et al., 2014; Maayah et al.,
2015). Although most of the studies on the chemotherapeutic
effect of MET were conducted using in vitro cell lines (Falah
et al., 2017; Thompson et al., 2015), there is still a gap in the
knowledge of the chemopreventive effect of MET on AhR-induced
breast carcinogenesis in vivo rat animal model. Thus, the main
aims of this study were to explore the potential chemopreventive
effect of MET against DMBA-induced breast cancer initiation
in vivo rat model and the role of AhR/CYP1 pathway.
2. Materials and methods

2.1. Materials

Metformin, DMBA and TCDD were obtained from Toronto
Research Chemicals (Toronto, ON, Canada). TRIzol, cDNA Reverse
Transcription kit, SYBR Green, and all RT-PCR reagents were
obtained from ThermoScientific (Foster City, CA, USA). Western
blot reagents, detection kits, and acrylamide/bisacrylamide were
purchased from Bio-Rad Laboratories (Hercules, CA, USA). Primary
and secondary antibodies were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). All other chemicals were
purchased from Fisher Scientific Co. (Toronto, ON, Canada).
2.2. Animal experimental design and treatment protocol

Forty female Wistar albino (WA) rats provided by the King Saud
University (KSU) Animal Care Center were housed in hygienic
cages at 25 �C and with a 12-h light /12-h dark cycle. The rats were
randomly distributed into four groups of 10 rats each. Group I was
labeled as untreated control. Rats in group II (DMBA group)
received a single dose of DMBA 25 mg/kg BW S.C. in 0.1–0.2 mL
sesame oil injected into the mammary glands (Al-Dhfyan et al.,
2017; Chidambaram and Baradarajan, 1996). Rats in groups III
(DMBA+MET) received an oral dose of MET 500 mg/kg/day
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(Alhaider et al., 2011), one week prior to exposure to a single dose
of DMBA and continued for additional three weeks. Rats in group V
received TCDD (10 lg/kg) for three weeks, as a positive control and
labeled as the TCDD group. On the 28th day, rats were anesthetized
and mammary tissues were immediately extracted and then
divided into two segments for RNA and protein expression studies.
The animals were handled in accordance with guide for the Care
and Use of Laboratory (NIH, 2011) and the study protocol was
approved by the KSU Research Ethics Committee, Saudi Arabia.

2.3. Real-Time polymerase chain reaction (RT-PCR)

Total RNA from rat breast tissues and human breast cancer
MCF-7 cells was extracted using the TRIzol reagent (Korashy
et al., 2016a). The isolated RNA was then checked for quantity
and quality using a NanoDrop� 8000 (Thermo Scientific) with an
optical density 260/280 nm ratio of approximately ~ 2.0. The
RNA was then reverse transcribed to its cDNA and then amplified
using specific forward and reverse primers (Table 1). The mRNA
expression of target genes of CYP1A1, CYP1B1, caspase-3, BAX,
Forkhead box class O 3a (FoxO3a), Cyclin D1, Apurinic/apyrimi-
dinic endonuclease 1 (APE1), and 8-Oxoguanine DNA Glycosylase
(OGG1), normalized to b-actin, were quantified by RT-PCR (Applied
Biosystems�) using SYBR Green Master mix. The fold change in the
level of target mRNAs was calculated using DDCT method (Livak
and Schmittgen, 2001).

2.4. Western blot analysis

Total protein from rat breast tissue homogenates was isolated
as reported previously (Abrams et al., 2003) and quantified using
Direct Detect� infrared spectrophotometer (Millipore, MA, USA).
Western blot analysis was conducted as reported before (Al-
Dhfyan et al., 2017). About 30 lg of proteins from all animal groups
were separated on 10–12% sodium dodecyl sulphate–polyacry-
lamide gel electrophoresis (SDS-PAGE) and then electrophoreti-
cally transferred to PVDF membrane. The membranes were
incubated for 1 h in blocking solution followed by overnight incu-
bation at 4 �C with specific primary antibodies against target pro-
teins and then secondary antibodies at room temperature. The
bands of the target proteins were visualized by C-DiGit� Blot Scan-
ner (LI-COR Biosciences, USA) and then semi-quantified by ImageJ
(Rueden et al., 2017).

2.5. In vitro cell culture and treatment

Estrogen receptor expressing human breast cancer cell line
(MCF-7) was obtained from the American Type Culture Collection
(Rockville, MD, USA). The cells were cultured and maintained in
Gibco� DMEM 4.5 g/l glucose + Glutamax, provided with 10% fetal
bovine serum (FBS) and 1� antibiotic/antimycotic. The cells were
grown in 75 cm2 cell culture flasks in humidified incubator at
37 �C and 5% CO2. The cells were then plated in 6-well cell culture
plates for subsequent studies; RT-PCR and mammospheres forma-
tion assays.

2.6. Mammospheres formation assay

One of the methods to isolate and enrich breast CSCs is to grow
cells in non-adherent, non-differentiating media which results in
spherical colonies of cells that are termed as ‘‘mammospheres”
(Al-Dhfyan et al., 2017). MCF-7 cells were incubated with either
0.1% DMSO control media or media containing DMBA (5 lM) in
the presence and absence of MET (4 mM) for three days. The cells
were then cultured in Nunclon Sphera T75 cell culture flask in the
presence of StemFlex basal medium, provided with 10X StemFlex



Table 1
Rat and human primer sequences used for teal-time polymerase chain (RT-PCR) reactions.

Gene 50?30 Forward primer 50?30 Reverse primer References

rCASPASE-3 GAGTGCTCGCAGCTCATACCT CCTCACGGCCTGGGATTT (Korashy et al., 2016b)
rCYP1A1 CCAAACGAGTTCCGGCCT TGCCCAAACCAAAGAGAATGA (Korashy et al., 2016a)
rCYP1B1 GCTTTACTGTGCAAGGGAGACA GGAAGGAGGATTCAAGTCAGGA (Korashy et al., 2016a)
rCYCLIN D1 GCGAGCCATGCTTAAGACTGA CTCCCTCTGCACGCACTTG (Weroha et al., 2006)
rFOXO3a CTATCTGGGCTGGGCAA CTGGCTCAAGCACAACTTGG (Alhoshani et al., 2020)
rBAX CCCACCAGCTCTGAACAGTTC GTGTCTCCCCAGCCATCCT (Alhoshani et al., 2020)
rAPE1 CCCGCTCTAAGAATGTTGGTTG CAGTGCTAGGTAAAGGGTGATGG (Zhang et al., 2016)
rOGG1 GACTCAGACCGAGGATCAGCTC GCTATAGAGCTGAGTCAGGCTGAC (Zhang et al., 2010)
rb-ACTIN CCAGATCATGTTTGAGACCTTCAA GTGGTACGACCAGAGGCATACA (Korashy et al., 2016a)
hCYP1A1 CTATCTGGGCTGTGGGCAA CTGGCTCAAGCACAACTTGG (Maayah et al., 2015)
hb-ACTIN CCAGATCATGTTTGAGACCTTCAA GTGGTACGACCAGAGGCATACA (Alhoshani et al., 2020)
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supplement and 1� antibiotic/antimycotic, at 37 �C in humidified
incubator containing 5% CO2 as described before (Dontu et al.,
2003; Wang et al., 2014). The mammosphere numbers and size
were measured on Evos� inverted light microscope.
2.7. Statistical analysis

The significance of the statistical difference (P < 0.05) between
control and treatment groups (mean ± SEM) were analyzed by
One-Way Analysis of Variance followed by Student-Newman-
Keul’s test using Sigma Plot, Systat Software Inc, USA.
3. Results

3.1. Effect of MET on the expression of AhR and its regulated genes in
response to DMBA in rat breast tissues

To examine the effect of MET on the expression of AhR, CYP1A1
and CYP1B1 in breast tissues isolated from rats treated with DMBA,
we quantified the mRNA and protein expression of the target genes
using RT-PCR and Western blot analyses, respectively. Treatment
of rats with either DMBA (25 mg/kg) or TCDD (10 lg/kg) induced
AhR mRNA levels by 6- and 12-fold (P < 0.05), respectively
(Fig. 1A). The induction of AhR caused a proportional increase in
the mRNA (Fig. 1B) and protein (Fig. 1C) levels of both CYP1A1
and CYP1B1. Importantly, pretreatment of rats with MET (500
mg/kg) significantly decreased the mRNA and protein expression
levels of AhR, CYP1A1, and CYP1B1 to approximately their control
levels.
3.2. Effect of MET on the apoptotic pathway in response to DMBA in rat
breast tissues

Apoptosis is an important pathway that protects the cells from
cancer initiation. To explore the protective effect of MET on cell
apoptotic pathway, we measured the mRNA and protein expres-
sion levels of two pro-apoptotic markers, caspase-3 and BAX.
Fig. 2A demonstrates that treatment of rats with DMBA and TCDD
inhibited the cell apoptotic pathway by reducing the mRNA levels
of caspase-3 and BAX by approximately 90% (P < 0.05), whereas
significantly inhibited only BAX at the protein level (Fig. 2B).
Importantly, MET 500 mg/kg pretreatment not only restored the
inhibitory effect of DMBA but also induced apoptosis as evidenced
by the upregulation of caspase-3 and BAXmRNA and protein levels
(Fig. 2A and B).

FoxO3a is a driving force for apoptosis, however it is not clear
yet whether MET-induced apoptosis is mediated through the mod-
ulation of FoxO3a. To examine this possibility, we investigated the
effect of MET on FoxO3a expression. Fig. 2C shows that treatment
with either DMBA or TCDD causes dramatic inhibition of FoxO3a
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mRNA to <25%, whereas MET pretreatment restored the inhibition
by DMBA and further induced FoxO3a mRNA level by 7-fold.

3.3. Effect of MET on the oxidative DNA damage and cell cycle
deregulation in response to DMBA in rat breast tissues

DNA damage in response to chemical carcinogens is the first
step toward cancer initiation. Thus, we tested the changes in the
mRNA levels of base excision repair genes (APE1 and OGG1), mark-
ers of oxidative DNA damage, in response to DMBA and the protec-
tive effect of MET. Treatment with DMBA or TCDD significantly
induced the mRNA levels of APE1 and OGG1 to about 2-fold by
DMBA and more than 4-fold by TCDD, respectively (Fig. 3A). In
the presence of MET, induction of APE1 was completely reversed
to control levels, whereas no changes were observed on OGG1
level.

To further investigate the effect on cell cycle proliferation, we
examined the expression of cyclin D1, a cell cycle proliferative
gene, in response to DMBA and MET. Fig. 3B shows that treatment
with DMBA or TCDD significantly increased the cell cycle prolifer-
ation by about 2- and 3-fold, respectively. However, pretreatment
with MET caused cell cycle arrest as evidenced by complete inhibi-
tion (90%) of cyclin D1 mRNA levels.

3.4. Effect of MET on mammospheres formation in in vitro MCF-7 cells

In a previous study, we have shown DMBA-induced AhR activa-
tion enhanced CSCs development in MCF-7 cell line (Al-Dhfyan
et al., 2017). Thus, in the present study we tested whether MET
could block the DMBA-induced mammospheres formation in
MCF-7 cells, a well-known marker for cancer stem cells. Fig. 4
demonstrates that induction of CYP1A1 mRNA levels in response
to DMBA and TCDD was markedly induced by approximately 7-
and 12-fold, respectively, which was accompanied with a propor-
tional increase in the number of mammosphere formation by
1.5- and 2-fold, respectively. Interestingly, MET pretreatment sig-
nificantly blocked the induction of CYP1A1 and mammospheres
formation by DMBA to control levels.

4. Discussion

Carcinogenicity of AhR inducers indicates a role for the AhR/
CYP1A1 pathway in cancer initiation, based on the fact that DMBA
fails to induce cancer in cyp1 knockout mice (Shimada and Fujii-
Kuriyama, 2004). Previous studies from our laboratory and others
show a strong role for the activation of AhR/CYP1A1 pathways in
breast carcinogenesis in several breast cancer cells (Al-Dhfyan
et al., 2017; Do et al., 2014; Rodriguez and Potter, 2013; Maayah
et al., 2015). Thus, attenuation of the AhR/CYP1A1 pathway could
be a novel chemoprevention strategy to protect human tissues
from the environmental carcinogenic compounds. Although sev-



Fig. 1. Effect of MET on AhR, CYP1A1 and CYP1B1 expressions in rat breast tissues. WA rats were treated with TCDD (10 lg/kg) or DMBA (25 mg/kg) and in combination
with MET (500 mg/kg). (A and B) The RT-PCR relative mRNA levels of AhR, CYP1A1 and CYP1B1 (mean ± SEM, n = 6 in triplicate). (C) The Western blot analysis of CYP1A1 and
CYP1B1 proteins (mean ± SEM, n = 3 in triplicate). + P < 0.05 compared with control; *P < 0.05 compared with DMBA treatment.
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eral chemopreventive agents are available and clinically used,
identifying more safer drugs with less serious adverse effects are
needed. Among these promising chemopreventive agents, MET is
clinically used oral anti-hyperglycemic agent, relatively inexpen-
sive with high safety margin and less side effects. Epidemiological
studies on MET and cancer have shown an association between
MET treatment and decrease the incidence of breast cancer in dia-
betic patients (Aljada and Mousa, 2012; Franciosi et al., 2013). Pre-
clinical in vitro study has reported that MET can protect against
breast carcinogenesis in MCF10A cells through AhR/CYP1A1-
mediated mechanism (Maayah et al., 2015). However, the chemo-
preventive effects of MET against in vivo rat model of AhR-induced
breast carcinogenesis were not investigated thoroughly. Therefore,
to test the hypothesis that MET protects against AhR-induced ani-
mal breast carcinogenesis, Wister albino rats treated with DMBA in
the presence and absence of MET were utilized as a study model.
Similarly TCDD was also utilized as a positive control since it is
the most potent and well-known AhR activator.
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In the current study, induction of breast cancer initiation with
DNA damage was achieved via treatment of the rats with single
dose of DMBA or TCDD for only 4 weeks which resulted in a) acti-
vation of AhR and induction of CYP1A, well-known mediators of
cancer initiation (Al-Dhfyan et al., 2017), b) downregulation of
apoptotic markers caspase-3 and BAX and the tumor suppressor
gene, FoxO3a, c) activation of oxidative DNA damage genes OGG1
and APE1 and cell cycle proliferative marker cyclin D1. However,
the chemoprotective effects of MET against DMBA-induced rat
breast carcinogenesis were evidenced by the ability of MET to
restore DMBA effects through a) induction of pro-apoptosis, b)
downregulation of cell cycle proliferation, and c) inhibition of
oxidative DNA damage. However, these effects were more pro-
nounced by TCDD than DMBA.

Apoptosis is one of the mechanisms by which the cell protects
itself from cancer initiation and DNA adduct formation. Thus,
apoptotic markers are targeted by carcinogens as well as by anti-
cancer agents. In this regard, we reported here that MET induced



Fig. 2. Effect of MET on caspase-3, BAX, and FoxO3a expressions in rat breast tissues.WA rats were treated with TCDD (10 lg/kg) or DMBA (25 mg/kg) and in combination
with MET (500 mg/kg). (A and C) The RT-PCR relative mRNA levels of Caspase-3, BAX and FoxO3a (mean ± SEM, n = 6 in triplicate). (B) The Western blot analysis of Caspase-3
and BAX protein (mean ± SEM, n = 3 in triplicate). + P < 0.05 compared with control; *P < 0.05 compared with DMBA treatment.
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cell apoptosis through inhibition of the AhR/CYP1A1 activation and
induction of FoxO3a. This is supported by the connection between
AhR/CYP1A1 activation and apoptosis (Huang et al., 2018) and the
ability of MET to decrease the induction of AhR pathway. The link
between MET inhibitory effect on the AhR/CYP1A1 pathway in
breast cancer cell lines (Do et al., 2014; Maayah et al., 2015) and
AhR-mediated apoptosis suggest the possible pro-apoptotic prop-
erty of MET (Gao et al., 2016; Ma et al., 2019). In addition, induc-
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tion of Foxo3a gene, which act as a tumor suppressor in cancer,
is another postulated mechanism of induction of apoptosis by
MET. This is also supported by first; overexpression of FoxO3a inhi-
bits cancer initiation and progression (Liu et al., 2018) and second;
several chemotherapeutic agents exhibit their effects through acti-
vating FoxO3a pathway (Korashy et al., 2016b; Sun et al., 2018).
Although the ability of MET to induce FoxO3a was reported before
in in vitro human breast cancer cells (Queiroz et al., 2014), the cur-



Fig. 3. Effect of MET on APE1, OGG1, and Cyclin D1 expressions in rat breast tissues. WA rats were treated with TCDD (10 lg/kg) or DMBA (25 mg/kg) and in combination
with MET (500 mg/kg). The relative mRNA levels of APPE OGG1 (A) and cyclin D1 (B) were quantified by RT-PCR, (mean ± SEM, n = 6 in triplicate). + P < 0.05 compared with
control; *P < 0.05 compared with DMBA treatment.

Control

DMBA
DMBA+MET

TCDD

Fo
ld

 c
ha

ng
e

0
2
4
6
8

10
12
14

Mammosphere 
CYP1A1 mRNA

+

+

*
+

+

*

Treatment
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rent study is the first to report the induction of FoxO3a gene by
MET in in vivo rat breast tissues.

FoxO3a is a cellular mediator of cancer cells in response to
oxidative stress by converging oxidative stress signaling to cell
cycle arrest and DNA damage. Alteration of the expression and
activity of DNA repair genes and cell cycle proliferative markers
are considered as markers for cancer initiation (Broustas and
Lieberman, 2014). Previous in vitro studies showed that DMBA-
induced cancer initiation and adduct formation is associated with
induction of cell proliferative and DNA repair genes (Braithwaite
et al., 1998; Sahin et al., 2011). The hypotheses that MET slow-
downs cell proliferation and reduces DNA oxidative damage have
been proved in this study, in which MET treatment specifically
inhibited the oxidative DNA damage gene, APE1, and induced cell
cycle arrest through downregulation of cyclin D1 (Gwak et al.,
2017; Zhuang and Miskimins, 2008). Our in vivo results are sup-
ported by previous studies showed that MET inhibited APE1 DNA
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repair genes in human breast epithelia MCF10A cells treated with
DMBA (Maayah et al., 2015). The inhibitory effect of MET on cell
cycle genes has been reported in several in vitro models of breast
(Zhuang and Miskimins, 2008), ovarian (Gwak et al., 2017), and
prostate (Ben Sahra et al., 2008) cancer, however, to the best of
our knowledge, this is first to report the cell cycle arrest effect of
MET in in vivo rat model of breast cancer.

Activation of AhR/CYP1A1 pathway mediates cancer initiation
through enhancing the proliferation and self-renewal of breast
CSCs (Al-Dhfyan et al., 2017; Stanford et al., 2016). In this context,
we showed that knockdown of AhR or CYP1A1 resulted in inhibi-
tion of breast CSCs formation (Al-Dhfyan et al., 2017). These stud-
ies and the inhibitory effect of MET on AhR/CYP1A1 raised the
question of whether MET is able to reduce breast CSCs formation.
We addressed this question using in vitro human breast cancer
MCF-7 cells model, where MET treatment significantly reduced
DMBA-induced mammospheres formation, a well-known breast
CSCs marker, which was accompanied by a proportional decrease
in CYP1A1 expression. Although the effect of MET on mammo-
spheres formation was reported before (Hirsch et al., 2009), this
is the first to report a link between MET effect on mammospheres
formation and CYP1A1 expression. The molecular mechanisms
through which MET inhibits AhR/CYP1A1 pathway was compre-
hensively explored by our group (Maayah et al., 2015). In which,
we have shown that MET inhibits DMBA-induced XRE luciferase
reporter gene expression in murine hepatoma Hepa1c1c7 cells,
that is only mediated through AhR, through a transcriptional
mechanism. However, using Competitive ligand binding assay in
guinea pig cytosol, MET was not able to directly bind to AhR sug-
gesting a ligand-independent inhibitory mechanism (Maayah
et al., 2015). This could be postulated that MET could bind to a sec-
ond binding site on the AhR rather than DMBA binding site.

In conclusion, the present study provides the mechanistic evi-
dence that MET exhibits chemopreventive activity in vivo rat
model of breast carcinogenesis through inhibition of the AhR/
CYP1A1-induced breast carcinogenesis and inhibition of CSCs for-
mation. However, the main limitation of the study is that most of
the work was conducted at the mRNA and protein levels only,
whereas no activities studies were performed. Thus, studies mea-
suring the enzymatic activities of the target proteins are required
to further confirm the results obtained in the study.
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