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Abstract

Cytochrome P450 1B1 (CYP1B1) is a major E, hydroxylase involved in the metabolism of
potential carcinogens. CYP1B1 expression has been reported to be higher in tumors com-
pared to normal tissues, especially in hormone-related cancers including breast, ovary, and
prostate tumors. To explore the role of CYP1B1 in cancer progression, we investigated the
action of CYP1B1 in cells with increased CYP1B1 via the inducer 7,12-dimethylbenz[a]
anthracene (DMBA) or an overexpression vector, in addition to decreased CYP1B1 via the
inhibitor tetramethoxystilbene (TMS) or siRNA knockdown. We observed that CYP1B1 pro-
moted cell proliferation, migration, and invasion in MCF-7 and MCF-10A cells. To under-
stand its molecular mechanism, we measured key oncogenic proteins including 3-catenin,
c-Myc, ZEB2, and matrix metalloproteinases following CYP1B1 modulation. CYP1B1
induced epithelial-mesenchymal transition (EMT) and activated Wnt/3-catenin signaling via
upregulation of CTNNB1, ZEB2, SNAI1, and TWIST1. Sp1, a transcription factor involved in
cell growth and metastasis, was positively regulated by CYP1B1, and suppression of Sp1
expression by siRNA or DNA binding activity using mithramycin A blocked oncogenic trans-
formation by CYP1B1. Therefore, we suggest that Sp1 acts as a key mediator for CYP1B1
action. Treatment with 4-hydroxyestradiol (4-OHE5), a major metabolite generated by
CYP1B1, showed similar effects as CYP1B1 overexpression, indicating that CYP1B1 activ-
ity mediated various oncogenic events in cells. In conclusion, our data suggests that
CYP1B1 promotes cell proliferation and metastasis by inducing EMT and Wnt/B-catenin sig-
naling via Sp1 induction.

Introduction

Cytochrome P450 1B1 (CYP1B1) belongs to the CYP1 family and shares enzymatic activities
with two other CYP1 family members, CYP1A1 and CYP1A2 [1]. It primarily acts as a
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hydroxylase for 17B-estradiol at positions C2 and C4, and the products from these enzymatic
reactions participate in metabolic processes that generate quinone metabolites involved in the
production of carcinogenic DNA adducts [2-4].

CYP1B1 is normally expressed in most tissues. However, its expression is elevated in tumors
compared to normal tissues [5-8], especially in hormone-related cancers including breast,
ovary, and prostate tumors [9-11] and the pre-disposing potential of CYP1B1 for various can-
cers also has been widely reported [12-14]. Recently, it has been suggested that CYP1B1
enhances cell proliferation by inducing cell cycle transition and inhibiting cellular apoptosis in
endometrial and breast cancer cells [15, 16]. Moreover, CYP1B1 polymorphisms have been
implicated as risk factors in various cancers, and CYP1B1-mediated carcinogenesis may
depend on CYP1B1 enzymatic activity [17-19]. Taken together, these findings suggest that
CYP1B1 might be a driver in cancer progression and, therefore, represent a significant cancer
biomarker and potential target for anticancer therapy. However, a detailed molecular mecha-
nism describing CYP1B1-mediated oncogenesis remains unknown.

B-catenin plays an important role as a key mediator in the Wnt/B-catenin signaling path-
way. Following activation by Wnt ligand-receptor binding, -catenin escapes proteosomal deg-
radation and translocates into the nucleus, where it binds its target genes and promotes
multiple pathways involved in carcinogenesis [20, 21].

Several studies have suggested that Wnt/B-catenin signaling may be related to epithelial-
mesenchymal transition (EMT) because they both require B-catenin. In normal tissues, cells
establish tight junctions using cell membrane glycoproteins like E-cadherin [22, 23]. Adjacent
epithelial-like cells bind to one another via cell-surface E-cadherins, which are linked to the
actin cytoskeleton or cytoplasmic cell signaling components including a-, y-, and B-catenin
[24]. During carcinogenesis, E-cadherin repressors including SNAIL, ZEB1/2, and TWIST are
upregulated, which causes the loss of E-cadherin and subsequent induction of EMT [25, 26].
Following E-cadherin suppression, B-catenin is released from E-cadherin-catenin-actin com-
plexes and accumulates in the cytosol and nucleus, which allows it to act independently or
synergistically with the Wnt/B-catenin signaling pathway [27-29]. Therefore, EMT and Wnt/
B-catenin signaling may act synergistically during carcinogenesis.

In the present study, we explored the role of CYP1BI in carcinogenesis and cancer progres-
sion including the molecular mechanism that drives CYP1B1-mediated oncogenesis. To do so,
we measured multiple hallmarks of cancer progression including cell proliferation, invasion,
and migration following CYP1BI induction or inhibition. We further investigated the key fac-
tors driving cell proliferation and invasion following CYP1B1 modulation and found several
target proteins that are related to EMT and Wnt/B-catenin signaling. To the best of our knowl-
edge, these findings establish the molecular mechanisms driving CYP1B1-mediated oncogene-
sis for the first time.

Materials and Methods
Reagents

7,12-Dimethylbenz[ar]anthracene (DMBA), mitomycin C, mithramycin A, 4-hydroxyestradiol,
2-hydroxyestradiol, and charcoal-stripped FBS were purchased from Sigma (St. Louis, MO,
USA). 2,2',4,6'-Tetramethoxystilbene (TMS) was kindly provided by Dr. Sanghee Kim (Seoul
National University, Seoul, Korea). Rabbit polyclonal antibody for E-cadherin was purchased
from Millipore (Bedford, MA, USA). M-MLYV reverse transcriptase and RNase inhibitor were
purchased from Promega (Madison, WI, USA). Ex Taq Polymerase was obtained from TaKaRa
Bio (Shiga, Japan). SYBR green was purchased from QIAGEN (Hilden, Germany). Rabbit poly-
clonal antibodies for CYP1B1, Sp1, B-catenin, E-cadherin, cyclin D1, vimentin, SNAI1, and
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GAPDH; mouse monoclonal antibody for ZEB2 and c-Myc; Texas Red-conjugated goat anti-
rabbit IgG; and UltraCruz'™ Mounting Medium were purchased from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA). HRP-conjugated goat anti-rabbit IgG and DyLight™ 594-conju-
gated goat anti-mouse were obtained from Bethyl (Montgomery, TX, USA) and mouse
monoclonal antibody for PCNA was purchased from Cell Signaling Technology (Beverly, MA,
USA). Other chemicals and reagents were of the highest quality commercially available.

Cell culture

MCEF-7, MDA-MB-231, and HeLa cells were obtained from the Korean Society Cell Bank
(KCLB), and MCF-10A cells were kindly provided by Dr. Aree Moon (Duksung Women’s Uni-
versity, Seoul, Korea). Authentication of cells has been performed by KCLB based on DNA fin-
gerprinting analysis using short tandem repeat analysis. MCF-7 and MDA-MB-231 cells were
cultured in RPMI medium supplemented with 10% (v/v) heat-inactivated FBS, 100 U/ml peni-
cillin, and 100 ug/ml streptomycin. HeLa cells were cultured in MEM medium supplemented
with 10% (v/v) heat-inactivated FBS, 100 U/ml penicillin, and 100 pug/ml streptomycin. MCF-
10A cells were cultured in monolayer as described previously [30]. For treatment of MCF-7
cells with 4-OHE, or 2-OHE,, 1x10° cells were seeded in growth media as a monolayer onto
100-mm dish plates and maintained at 37°C in a humidified atmosphere with 5% CO,_After
24 h, the media was changed to phenol red-free RPMI (Thermo Scientific, IL, USA) with 10%
(v/v) charcoal-stripped FBS, 100 U/ml penicillin, and 100 pg/ml streptomycin. Cells were
maintained for 72 h and were subsequently provided fresh media containing designated con-
centrations of 4-OHE, or 2-OHE,. After 48 h, cells were harvested and processed for further
studies.

Transient transfection of plasmid DNA and siRNA

CYP1B1-specific siRNA (target sequence: CAGCATGATGCGCAACTTCTT, Qiagen) and the
overexpression vector pcDNA 3.1/Zeo containing the CYP1B1-encoding sequence were used
in transfections. Cells were transfected at room temperature with 37.5 nM siRNA or 8 ug plas-
mid with the Neon Transfection System (Invitrogen, Carlsbad, CA, USA) and cultured in
100-mm dishes in antibiotic-free RPMI with 10% FBS for 48 h.

Adenovirus infection

The infection of adenovirus carrying CYP1B1-ORF genes (ViGene Biosciences Inc., Rockville,
MD, USA) was performed in serum-free media at an m.o.i. of 750 vp (virus particles)/cell for
MCEF-7 cells. After 24 h, media change was carried out with serum-containing fresh media.
Cells were maintained at 37°C in a humidified atmosphere with 5% CO, for 24 h and harvested
or fixed for further studies. Under these circumstances, the transduction efficiency of the
CYPI1BI gene carrying adenovirus reached almost 100%.

Cell viability assay

CYP1B1-overexpressed cells (1x10* cells/well) were plated onto 96-well plates and incubated
in 37°C. After stabilization for 48 h, 10 ul EZ-CyTox (Daeil Lab Service, Seoul, Korea) was
added to each well and incubated for 2 h at 37°C. Formazan formation was quantified by spec-
trophotometry at 450 nm using a Sunrise™ microplate reader (Tecan, Minnedorf, Switzerland).
Each experiment was performed at least three times independently.
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Subcellular fractionation

Subcellular fractionation was performed using the NE-PER™ Nuclear and Cytoplasmic Extrac-
tion kit from Thermo Scientific. Western blot analyses were carried out using antibodies
against the following control marker proteins: B-actin for the cytosolic fraction and Hsp70 for
the nuclear fraction.

Invasion assay

Cell invasion was measured using the QCM™ 24-well Cell Invasion Assay Kit (Millipore),
according to the manufacturer’s instructions. Briefly, cells were seeded onto insert chambers
containing a collagen-coated polycarbonate membrane with 8-um pores. Cells that invaded the
ECM layer were stained with 4',6-diamidino-2-phenylindole (DAPI). Invading cells in five
fields per chamber were visualized and counted under the LSM700 Confocal Laser Scanning
Microscope (Carl Zeiss, Jena, Germany). Each experiment was performed three times
independently.

Wound healing assay

Cells (1x10° cells/well) were cultured in 6-well culture plates. After 24 h, cells with 90% conflu-
ence were washed with PBS and treated with mitomycin C (25 pg/ml) for 30 min. After wash-
ing, a single wound per monolayer was created using sterile pipette tips. Plates were
photographed after the indicated time. Each experiment was performed at least three times
independently.

Quantitative PCR (qPCR)

Total RNA was extracted using Ribospin™ (GeneALL, Seoul, Korea). Total RNA (500 ng) was
reverse transcribed at 37°C for 1 h in 20 pl total volume containing 5x RT buffer, 10 mM
dNTPs, 40 U RNase inhibitor, 200 U Moloney murine leukemia virus reverse transcriptase,
and 100 pmol oligo-dT primer. Quantitative PCR (qPCR) was performed using the Rotor-
Gene SYBR™ PCR Kit, as recommended by the manufacturer, and analyzed using QTAGEN
Rotor-Gene Q Series software. Each reaction contained 12.5 ul 2x SYBR™ Green PCR Master
Mix, 1 uM oligonucleotide primers, and 2 pul cDNA in a final volume of 25 pl. Amplification
was conducted as follows: one cycle at 95°C for 5 min, followed by 40 cycles of denaturation at
95°C for 5 seconds and annealing/extension at 60°C for 10 seconds. Primer sequences are listed
in S1 Table.

Western blot

Whole cells were harvested by scraping and lysed in 50 mM Tris-HCI (pH 8.0) containing

150 mM NaCl, 1% nonidet P-40, 1 mM PMSF, 1 pug/ml aprotinin, and 1 pg/ml leupeptin for
30 min followed by centrifugation at 22000xg for 15 min at 4°C. Protein concentrations were
measured using BCA Protein Assay Reagents (Thermo). Extracted proteins (20 pug) were sepa-
rated by SDS-PAGE on 10%-12% polyacrylamide gels and electrophoretically transferred onto
PVDF membranes. Membranes were blocked with 5% nonfat milk in Tris-buffered saline con-
taining 0.1% Tween-20 for 1 h at 4°C, and then incubated overnight with specific antibodies.
After incubating with secondary antibodies for 2 h, proteins were visualized using enhanced
chemiluminescence reagents (Thermo). Quantitative data were obtained using Quantity One
software (Bio-Rad, Hercules, CA, USA).

PLOS ONE | DOI:10.1371/journal.pone.0151598 March 16,2016 4/21



@’PLOS ‘ ONE

CYP1B1 Induces EMT and Wnt/B3-Cat Signaling via Sp1

Dual luciferase reporter assay

Cells (2x10* cells/well) were co-transfected with 200 ng of pcDNA 3.1/Zeo CYP1B1, CYP1B1
1432V, CYP1B1 N203S overexpression plasmid and TOP/FOP, ZEB1, TWIST1 or E-cadherin
reporter plasmids, according to the manufacturer’s protocol, using Neon™ transfection sys-
tem (Invitrogen). pRL-renilla (Promega) was co-transfected as control. After 24 h, cells were
lysed using passive lysis buffer and luciferase activities were measured with FilterMax F3
(Molecular Devices, LLC, USA) using the Dual Luciferase Assay System (Promega).

Immunofluorescence

Cells grown on coverslips were treated with the indicated reagent concentrations, rapidly
washed with PBS, and fixed with 3.7% (w/v) paraformaldehyde for 30 min at room tempera-
ture. After washing with PBS, the cells were blocked for 30 min in PBS containing 5% goat
serum and 0.2% Triton X-100, and then incubated with specific primary antibodies overnight.
Next, the cells were washed extensively and stained with Texas Red-conjugated goat anti-rabbit
IgG or DyLight™ 594-conjugated goat anti-mouse IgG (1:500) for 2 h. After additional washes,
the coverslips were mounted onto glass slides using UltraCruz™ Mounting Medium containing
DAPI. Fluorescence signals were analyzed using an LSM700 Confocal Laser Scanning Micro-
scope (Carl Zeiss).

7-Ethoxyresorufin-O-Deethylation (EROD) assay

Cells (5x10°) were plated in 2 ml of culture medium and incubated for 48 h. After incubation,
the cells were harvested by scrapping in ice-cold 0.1 M potassium phosphate buffer (pH 7.4).
Cells were centrifuged at 1000xg for 5 min at 4°C and the pellets were resuspended in the same
buffer. The cells were sonicated for 30 seconds at 4°C. The reaction mixture contained 0.1 M
potassium phosphate buffer (pH 7.4), 2 mg/ml bovine serum albumin, 50 pM rabbit
NAPDH-P450 reductase, 2 pM ethoxyresorufin, and cellular sonicates. The reaction mixtures
were pre-incubated at 37°C for 3 min and the reaction was initiated by addition of 120 uM
NADPH. After 20 min of incubation at 37°C in a shaking water bath, the reaction was termi-
nated by addition of 1 ml of ice-cold methanol. The formation of resorufin was determined
fluorometrically with FlexiStation 3 (Molecular Devices), with excitation and emission wave-
lengths of 544 nm and 590 nm, respectively. Protein concentrations were estimated using the
BCA Protein Assay Reagents (Thermo) according to the supplier's recommendations.

Statistical analysis

Statistical analyses were performed using one-way analysis of variance and Dunnett’s Multiple
Comparison ¢-test on Graph-Pad Prism Software (GraphPad Software Inc., San Diego, CA).
The difference was considered statistically significant when p < 0.05.

Results
CYP1B1 induces cell proliferation and metastasis

To explore the role of CYP1B1 in cancer progression, its effects on cell proliferation, migration,
and invasion were investigated. CYP1B1 overexpression significantly increased cell prolifera-
tion in MCF-7 cells (Fig 1A).

PCNA (Proliferating cell nuclear antigen) has been widely used as a marker for cell prolifer-
ation [31]. Accordingly, PCNA protein was upregulated by CYP1B1 overexpression (Fig 1B),
while CYP1B1 knockdown had the opposite effect (Fig 1C). Confocal microscopic analysis
likewise indicated that DMBA, a CYP1B1 inducer, increased PCNA expression while TMS, a
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Fig 1. CYP1B1 enhances cell proliferation. (A) Relative cell viability determined by CCK assay subsequent to induction of CYP1B1 in MCF-7 cells
following CYP1B1 overexpression. Data are representative of experiments in triplicate. (*p<0.05) (B-D) PCNA was measured by western blot and confocal
microscopy following (B) CYP1B1 overexpression, and (C) CYP1B1 knockdown. (D) Confocal microscopic analysis of MCF-7 cells treated with 5 yM DMBA
and 10 uM TMS for 48 h. Cells were pre-treated with TMS for 1 h prior to DMBA.

doi:10.1371/journal.pone.0151598.g001

CYP1BI-specific inhibitor, decreased PCNA levels (Fig 1D). These data suggest that CYP1B1
enhances cell proliferation through PCNA expression.

To identify whether CYP1B1 induces EMT-related cell morphology, we observed morpho-
logical changes in MCF-10A cells subsequent to CYP1B1 overexpression. In the models of
CYP1BI1 upregulation, cells acquired mesenchymal morphologies (Fig 2A). To investigate
whether CYP1BI also induces cell migration and invasion, we performed wound healing and
transwell invasion assays. In wound healing assays, DMBA-treated MCF-10A cells demon-
strated 1.7-fold higher migration rates compared to controls; however, this effect was abrogated
when cells were co-treated with DMBA and TMS (Fig 2B). Cell invasion by DMBA -treated
MCEF-10A cells increased 1.4-fold and DMBA-treated MCF-7 cells increased 1.7-fold com-
pared to controls, but again, this effect was negated in cells treated with both DMBA and TMS
(Fig 2C).

Matrix metalloproteinases (MMPs) are established markers of cellular invasion. Therefore,
we measured MMPI1, MMP9, MMP13, and MMP14 levels following CYP1B1 modulation and
found that CYP1B1 upregulated these MMP transcripts (Fig 2D).
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doi:10.1371/journal.pone.0151598.9002

CYP1B1 activates Wnt/3-catenin signaling pathway

To identify whether CYP1B1 influences Wnt/B-catenin signaling, we measured B-catenin
expression after CYP1B1 induction and inhibition. Subsequent to CYP1B1 induction by
CYP1B1 overexpression, B-catenin mRNA and protein levels were upregulated while CYP1B1
inhibition accordingly decreased B-catenin expression in MCF-7, MCF-10A, MDA-MB-231,
and HeLa cells (Fig 3A-3J; S1 Fig). Confocal microscopic and subcellular fractionation analyses
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Fig 3. CYP1B1 activates Wnt/B-catenin signaling by inducing B-catenin expression and nuclear localization. (A-B) mRNA expression of 3-catenin
and Wnt/B-catenin signaling target genes in MCF-7 cells following CYP1B1 overexpression was determined by (A) RT-PCR, (B) gPCR, and (C-D) mRNA
expression of B-catenin and Wnt/B-catenin signaling target genes in MCF-7 cells following CYP1B1 knockdown was determined by (C) RT-PCR, and (D)
gPCR. (E) mRNA expression of 3-catenin and Wnt/B-catenin signaling target genes in MCF-10A cells following CYP1B1 knockdown was determined by
gPCR. (F) B-catenin/TCF/LEF promoter activity was determined using dual-luciferase assay following CYP1B1 overexpression in MCF-7 cells. Data are
representative of experiments in triplicate. (*p<0.05) Wnt/B-catenin signaling proteins were measured following (G) CYP1B1 overexpression in MCF-7 and
MCF-10A cells, (H) adenoviral CYP1B1 overexpression in MCF-7 cells, (I) CYP1B1 knockdown in MCF-7 cells, and (J) treatment with TMS (0, 1, 5, and

10 uM) for 48 h in MCF-7 and MCF-10A cells. (K) Confocal microscopic analyses of B-catenin following treatment with 5 yM DMBA in the presence of 10 uM
TMS for 48 h in MCF-7 cells and (L) CYP1B1 overexpression in MCF-10A cells. (M-N) Confocal microscopic analyses in adenoviral CYP1B1 overexpressed
MCF-7 cells for (M) CYP1B1, and (N) B-catenin. (O) B-catenin proteins in nucleus or cytosol were measured following treatment with 5 yM DMBA in the
presence of 10 uyM TMS for 48 h in MCF-7 cells.

doi:10.1371/journal.pone.0151598.9003

demonstrated that DMBA treatment and CYP1B1 overexpression caused B-catenin to localize
to the nucleus, while co-treatment with both DMBA and TMS failed to induce this effect (Fig
3K-30). CYP1BI increased mRNA and protein levels of c-Myc and cyclin D1, widely known
Wnt/B-catenin target proteins (Fig 3). Furthermore, CYP1B1 enhanced the promoter activity
of B-catenin/TCF/LEF (Fig 3F). These results suggest that CYP1B1 promotes cell proliferation
via Wnt/B-catenin signaling activation following B-catenin upregulation and nuclear
localization.

CYP1B1 enhances cell invasion through EMT induction

We observed mesenchymal characteristics in MCF-10A cells with increased CYP1BI expres-
sion (Fig 2A). Generally, the loss of E-cadherin expression during EMT allows cells to break
tight junctions and become motile, thus permitting metastasis [32]. To elucidate whether
CYP1BI induces mesenchymal-like phenotypes by initiating EMT, we measured the expres-
sion of multiple EMT-related factors in MCF-7 and MCEF-10A cells. CYP1BI induction by
overexpression increased mRNA expression of mesenchymal markers including N-cadherin,
0-SMA, vimentin, fibronectin, and integrin 5. Transcriptional suppressors of E-cadherin
including ZEB1/2, SNAII, and TWIST1 were also induced by CYP1B1. However, CYP1B1
decreased the expression of epithelial markers such as E-cadherin and a-catenin (Fig 4A).
These effects were reversed when we decreased CYP1B1 levels by treating cells with TMS or
CYP1BI-specific siRNA (Fig 4B and 4C).

ZEBI promoter activity was increased in CYP1B1-overexpressing cells and was inhibited in
cells following CYP1B1 knockdown, while CDH1 promoter activity showed the opposite effect
(Fig 4D and 4E). We further measured multiple EMT-related factors by western blot, which
consistently demonstrated that CYP1B1 induces EMT (Fig 4F-4I). Confocal microscopic anal-
yses of ZEB2, SNAI1, and vimentin also confirmed that CYP1B1 promotes EMT, while these
effects were inhibited by TMS (Fig 4]-4N). Furthermore, we found that CYP1B1 considerably
decreased E-cadherin expression (Fig 40).

CYP1B1-mediated Wnt/B-catenin activation and EMT are regulated by
Sp1

To identify the key regulator of CYP1B1-mediated EMT and Wnt/B-catenin signaling activa-
tion, we considered Sp1, because it is widely known as a transcription factor involved in cell
proliferation and metastasis. Moreover, Sp1 was recently implicated in ZEB2-induced EMT
[33, 34]. Therefore, we investigated whether CYP1B1 regulates Sp1 expression by measuring its
expression subsequent to CYP1B1 induction or inhibition in MCF-7, MCF-10A, and
MDA-MB-231 cells. Sp1l mRNA and protein was upregulated in CYP1B1-overexpressing cells
(Fig 5A, 5B, 5E and 5F). This effect was reversed when CYP1B1 expression was suppressed by
TMS or siRNA (Fig 5C, 5D, 5G and 5H; S2 Fig). Confocal microscopic analysis confirmed that
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Fig 4. CYP1B1 induces EMT by regulating of EMT-related factors. (A) mRNA expression of EMT-related factors were measured in MCF-7 cells using
RT-PCR or gPCR following CYP1B1 overexpression, (B) CYP1B1 knockdown, and (C) TMS treatment (0, 1, 5, and 10 uM) for 48 h. (D-E) ZEB1 and E-
cadherin promoter activities in MCF-7 cells were determined by luciferase assay following (D) CYP1B1 overexpression and (E) CYP1B1 knockdown. Data
are representative of experiments in triplicate. (*p<0.05) (F-1) EMT-related factors were measured in MCF-7 and MCF-10A cells using western blot following
(F) CYP1B1 overexpression, (G) adenoviral CYP1B1 overexpression, (H) CYP1B1 knockdown, and (1) treatment with TMS (0, 1, 5, and 10 uM) for 48 h.
(J-O) The protein levels of EMT-related factors were measured in MCF-7 and MCF-10A cells using confocal microscopy. ZEB2 expression level in (J) 5 yM
DMBA and 10 yM TMS treated MCF-7 cells, (K) 5 uM DMBA and 10 yM TMS treated MCF-10A cells, and (L) adenoviral CYP1B1 overexpressed MCF-7
cells. (M) SNAI1, (N) vimentin, and (O) E-cadherin expression in 5 yM DMBA and 10 uM TMS treated MCF-7 cells. As before, cells were pre-treated with

TMS for 1 h prior to DMBA.
doi:10.1371/journal.pone.0151598.g004

CYP1B1 overexpression and DMBA increased Sp1 expression while TMS treatment blocked
this effect (Fig 5I-5k). These data indicate that CYP1BI positively regulates Sp1 expression.

Next, we investigated whether Sp1 modulates the key regulators involved in EMT and Wnt/
B-catenin signaling and found that Sp1 upregulates these pathways (Fig 6A-6F). Specifically,
CDH1 promoter activity in Spl-overexpressing cells was 40% as active compared to control
cells (Fig 6B). To ascertain whether Sp1 is required for CYP1B1-mediated effects, we measured
the expression of -catenin, c-Myc, cyclin D1, ZEB2, SNAI1, and vimentin in cells with
CYBI1BI overexpression and Spl knockdown. Sp1 knockdown prevented CYP1B1-mediated
Wnt/B-catenin activation (Fig 6G; S3A Fig). Moreover, ZEB2, SNAI1, and vimentin levels nor-
mally induced by CYP1B1 were markedly suppressed in Sp1 knockdown cells (Fig 6H; S3B
Fig).

To clarify whether Spl DNA-binding plays a role in CYP1B1-mediated transcriptional reg-
ulation, we co-treated cells with DMBA and mithramycin A, an inhibitor of Sp1 DNA-binding,
and measured the expression of multiple key protei