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» -HCB stimulates the angiogenic switch, increasitgf3F expression in a xenograft
model.» -HCB enhances VEGFR2 expression, and activate®wusistream pathways in
HMEC-1. » -HCB induces COX-2 and VEGF expression proteielen AhR-dependent
manner in HMEC-1» -HCB increases HMEC-1 migration and neovasculogisne
involving AhR, COX-2 and VEGFR2»

é?(s;g\;'are to environmental pollutants may alter pgi@genic ability and promotes tumor
growth. Hexachlorobenzene (HCB) is an organochéopesticide found in maternal milk
and in lipid foods, and a weak ligand of the argditocarbon receptor (AhR). HCB induces
migration and invasion in human breast cancer celts well as tumor growth and
metastasisn vivo. In this study, we examined HCB action on angi@$ein mammary
carcinogenesis. HCB stimulates angiogenesis anedases vascular endothelial growth
factor (VEGF) expression in a xenograft model witle human breast cancer cell line
MDA-MB-231. Human microvascular endothelial cell&BC-1 exposed to HCB (0.005,
0.05, 0.5 and M) showed an increase in cyclooxygenase-2 (COXr2) AEGF protein
expression involving AhR. In addition, we found tth4CB enhances VEGF-Receptor 2
(VEGFR2) expression, and activates its downstreathvways p38 and ERK1/2. HCB
induces cell migration and neovasculogenesis in oge-diependent manner. Cells
pretreatment with AhR, COX-2 and VEGFR2 selectiMaibitors, suppressed these effects.
In conclusion, our results show that HCB promotegi@genesisn vivo andin vitro. HCB-
induced cell migration and tubulogenesis are medidty AhR, COX-2 and VEGFR2 in
HMEC-1. These findings may help to understand th&oeiation among HCB exposure,

angiogenesis and mammary carcinogenesis.

Keywords: Hexachlorobenzene, breast cancer, angiogenesis, GAMells, vascular
endothelial growth factor, aryl hydrocarbon recepto
Abbreviations:

HCB: Hexachlorobenzene

AhR: Aryl hydrocarbon receptor

VEGF: Vascular endothelial growth factor

COX-2: Cyclooxygenase-2

VEGFR2: Vascular endothelial growth factor Receftor



HMEC-1: human microvascular endothelial cells -1
HER-1: Epidermal growth factor receptor

1.Introduction

Epidemiological data show increases in incidencg @arevalence of diseases associated
with endocrine-disrupting chemicals, such as braastprostate cancer, diabetes, obesity,
and decreased fertility over the last 50 years (I9ster et al., 2012Hexachlorobenzene
(HCB) is an organochlorine pesticide well knowraasidespread environmental pollutant.
Despite a long-term ban on its use as a fungi¢iB is a by-product in several processes,
such as production of chlorinated solvents (Polderal., 2009). Regional studies
demonstrated the presence of this pollutant in mubraast milk (Der Parsehian, 2008).
Animal exposure to HCB elicits a number of effestich as thyroid disruption (Chiappini
et al.,, 2009), immunological disorders (ATSDR, 2pG#hd co-carcinogenesis in rat
mammary tumors (Pefa et al., 2012). We have alporterd that HCB induces cell
migration and activates c-Src/HER1/STAT5b and HEHRK1/2 signaling pathways in the
human breast cancer cell line MDA-MB-231 (Pontdébal., 2011). In addition, we have
also observed that the pesticide increased MDA-N3B-2ell invasion and metastasis in

different breast cancer experimental models in r{fRamtillo et al., 2013).

HCB is a dioxin-like compound and a weak ligandhef aryl hydrocarbon receptor (AhR)
(Hahn et al., 1989), which is a ligand-dependeandcription factor that modulates
processes such as angiogenesis (Roman et al.,, 2008jeration and migration (Dietrich
and Kaina, 2010). Upon dioxin binding, AhR can #lanate to the nucleus where it
regulates transcription of several genes includipgooxygenase-2 (COX-2) (Degner et
al., 2007). On the other hand, AhR-dioxin may reéea-Src from its cytosolic complex,
which can stimulate growth factor receptors, like tvascular endothelial growth factor
receptor 2 (VEGFR2) (Garcia-Martin et al., 2013).

Angiogenesis, the formation of new blood vessetsmfrpreexisting vasculatures, is
necessary for many physiologic functions, while @bmal angiogenesis is usually

considered as a sign of several diseases includinger Healthy vessels are arranged in a



hierarchical manner, whereas the tumor vasculatudisorganized and morphologically
abnormal. Tumors vessels are leaky, in part dubdgadeficient perivascular support, but
also due to abundant expression of the vasculaoteekibl growth factor A (VEGFA)
(Fukumura and Jain2007). VEGFA acts on tumor endothelial cells tor@ase their
proliferation, survival, migration and permeabilitgnd by inhibiting vessel maturation
(Greenberg et al., 2008). VEGF which is secreteegithelial and endothelial cells, exerts
its effects through binding to the receptor tyreskinases vascular endothelial growth
factor —receptor 1 (VEGFR1) and VEGFR2, of whichGHR?2 is believed to be the main
signal transducer in endothelial cells (Koch et2011). VEGFR2 mediates the full range
of VEGF responses in endothelial cells, like petition, migration and formation of the
vascular tube. These physiological responses aetiawnstream mediators, including
ERK1/2, c-Src, Akt, endothelial nitric oxide and®BIAPK (Koch et al., 2011). Enhanced
COX-2-induced synthesis of prostaglandin E2 (PG&@)ulates cancer cell proliferation,
promotes angiogenesis (Gately, 2000) and increastastatic potential (Kakiuchi et al.,
2002). Increase in COX-2 mRNA and protein levels &nown to be associated with
esophageal, head and neck, breast, lung, prostatepther cancers, indicating a close
involvement of COX-2 in tumor progression and otpathological phenotypes in various

malignant tumors (Tsuji et al., 2001).

In previous studies, we found that HCB increases AMIIB-231 cell invasion, and
enhances mammary tumor growth and metastasisferelit breast cancer models in mice
(Pontillo et al., 2013). The aim of the presentigtwas to investigate the effect of HCB on
angiogenesis in mammary carcinogenesis. We soaghtaluate HCB capability to induce
in vivo angiogenesis, using a xenograft model of breasterawith MDA-MB-231 cell
line. Furthermore, we examined the effect of HCB aatl proliferation, migration and
neovasculogenesis in HMEC-1. We also investigatdwtiaer the AhR, COX-2 and
VEGFR2 are involved in HCB-induced effects.

2. Materialsand Methods

2.1.Chemicals



HCB (>99% purity, commercial grade) was obtaineshfrAldrich-Chemie GmbH & Co.
(Steinheim, Germany). Anti-COX-2, anti-AhR and aviEGF antibodies were purchased
from Abcam Ltd. (Cambridge, UK). Anti-VEGFR2, amitospho-p38 and anti-phospho-
ERK1/2 antibodies were obtained from Cell Signalifechnology Inc., (Beverly, MA).
Anti-ERK1/2 was purchased from Upstate (Lake Plabiyf), and anti-p38 was obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USAnti-B-Actin, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brodei (MTT), and 4,7-
orthophenanthroline (PHE) were purchased from Si@mamical Co. (St Louis, MO). The
specific inhibitors for COX-2N-[2-(Cyclohexyloxy)-4-nitrophenyl] methanesulfona®
(NS-398) and for AhR,a-naphthoflavone (ANF), as well as antibiotic—antaotic,
trypsine and glutamine were obtained from Sigman@bal Co. (St. Louis, MO). The
inhibitor for VEGFR2, 4-Hydroxy-3-benzimidazol-2hgdroquinolin-2-one (ABYO) was
purchased from Calbiochem (CAS 144335-37-5, Mercilipdre). The enhanced
chemiluminescence kit (ECL) was from GE Healthdafe Sciences (Buckinghamshire,
UK). DMEM high glucose culture medium was purchaBedh HyClone Laboratories, Inc.
(Logan, UT). Matrigel was purchased from Bectonkidison Biosciences (San José, CA).
Fetal bovine serum was obtained from Invitrogere LTlechnology (Carlsbad, CA). All

other reagents used were of analytical grade.

2.2. Mammary tumor- induced angiogenesis

Six-week-old female nude Swiss mice (La Plata Latmwy Animal Facility, Buenos Aires,
Argentina) were maintained in a controlled enviremtn 24 + 2 °C, 50 £ 10% relative
humidity, and a 12-12 hour light/dark cycle. Fenralde mice were housed into germ free
environmental conditions. Animals were given freeess to a powdered certified rodent
diet obtained from a commercial source (ACA- NuémcAnimal, 16-014007 Rata-Raton)
and given tap water ad libitum. Tumor cells indueediogenesis was quantified using an
in vivo bioassay previously described (Monte et al., 1990B (0.3, 3 and 30 mg/kg body
weight) was dissolved in corn oil and then admerstl to female mice by intraperitoneal
injection (i.p.) (0.1 ml) three times a week durihgveeks (n=5 mice per group). Then,
MDA-MB-231 cells (5x10) in 0.1 ml DMEM were inoculated intradermicallyd(i) in both

flanks of female nude mice. On day 5, animals wemhanized, the skin from the



angiogenic site was carefully separated from thdetlging tissues and the vascular
response was observed in that place with a disgpcthicroscope (Konus USA
Corporation, Miami, FL) at a 7.5 X magnificationdaphotographed with an incorporated
digital camera (Canon Power Shot A45, Canon US4, lbake Success, NY). Photos were
projected on a reticular screen to count the numiiervessels per mmof skin.
Angiogenesis was quantified as vessel densityutated as the total number of vessels
divided by the total number of squares. To detdeG¥ protein levels in skin mice, skin
from the angiogenic sites was dissected and honawgenwere prepared. All the
procedures were conducted in accordance with tha&leGtor the Care and Use of
Laboratory Animals, National Research Council, USAis research project was evaluated
and accepted by the Institutional Animal Care asé Gommittee (CICUAL) of School of
Medicine, University of Buenos Aires, Argentina REL46/2011). The HCB doses used in
this model were the same we assayed previouslyrinaboratory. We have observed that
these doses increased mammary tumor volume andhiyveigd significantly enhanced
metastatic focus in mice lungs and liver (Pontékoal., 2013). These concentrations are
similar to those found in the environment. The HE®osition to human populations
varies among different countries. It has been detelevels of HCB in serum of umbilical
cord (1 mg/kg) and in maternal serum (0.6 mg/kg)XCimna (Guo et al., 2014). Other
authors have analyzed HCB levels in human serunpleasnm France (0.02 mg/kg) (Saoudi
et al., 2014), and in Italy (0.043 mg/kg) (Mremakt 2013).

2.3. Cell culture and treatment

HMEC-1 is an immortalized cell line of human micaseular endothelial cells. It retains
the characteristic of normal human microvasculado#imelial cells in morphology,
phenotype and function. HMEC-1 cells (Centers faselase Control, Atlanta, GA, USA)
were cultured in high glucose DMEM supplementechvii0% fetal bovine serum (FBS),
1% antibiotic-antimycotic mixture (10, 000 Units/mknicillin, 10 mg/ml streptomycin
sulphate, and 2pg/ml amphotericin B). After 24 hours of starvatieith DMEM 2% FBS,
cells at 70—80% confluence were treated with HCBQD, 0.05, 0.5 and pM) dissolved

in absolute ethanol. Final ethanol concentratiorrach treatment was 0.5% and had no

influence on the analyzed parameters as shownquslyi (Pontillo et al.,, 2011)n the



present study, the highest HCB doselh used is in the same range of order as that found
in human serum from a highly contaminated poputatido-Figueras et al., 1997). In
addition, the HCB dose of 048V is similar that observed in human serum samples f
general population in France (Saoudi et al., 20E4y). inhibitors treatment, cells were
pretreated for 3 hours with the specific inhibitalgssolved in dimethyl sulphoxide
(DMSO), ABYO for VEGFR2, NS-398 for COX-2, andnaphthoflavone (ANF) or 4,7-
orthophenanthroline (PHE) for AhR, in different centrations according to the assay.

Then, HCB or vehicle was added to the media irptiesence or absence of inhibitors.

2.4. Western blotting

For VEGF immunodetection, skin from the angiogesites of mice was dissected and
homogenates were prepared. Total cell protein égsahd skin homogenates (30—-1@f)
were used by Western Blot analysis as describedillBoet al., (2011). Polyclonal anti-
VEGF (1:500), anti-VEGFR2 (1:500), anti-COX-2 (180or monoclonal AhR (1:500)
antibodies were used. Polyclonal anti-phosho-ERK1/800), anti-phospho-p38 (1:250),
anti-p38 (1:500) and monoclonal anti- ERK1/2 (1:)pQ@ere used. After incubation,
membranes were washed 5 times with TBS-T (TBS 0Tl#éen 20), and the suitable
peroxidase-conjugated anti-species-specific ant@sod1:1000) were used for protein
detection. The immune complexes were Vvisualized dryzyme-linked enhanced
chemiluminiscence kit (ECL, Amersham Biosciences,IlK) and quantified by scanning
laser densitometry in a Fotodyne (Foto/Analyst)l-Bx® Analyzer 3.1. Monoclonal Anf-
Actin (1:2000) antibody was used as control blggin

2.5. Proliferation assay

The measurement of cell proliferation was evaludtedTT [3-(4, 5-dimethylthiazol-2-
yh)-2,5-diphenyltetrazolium bromide] colorimetricssay. This process requires active
mitochondria, and even freshly dead cells do neaw# significant amounts of MTT. The
cell viability and cell number are proportional ttee value of absorbance measured by
spectrophotometry at 570 nm. Briefly, 4XHMEC-1 cells were seeded in 96-well plates,
and maintained in high glucose DMEM 10% FBS for24The next day, medium was
removed and high glucose DMEM 2% FBS was addederA?4 hours of starvation,



medium was removed and HCB (0.005, 0.05, 0.5 apdip or ETOH, in high glucose
DMEM 3% FBS was added for 24 or 48 h. Finally, M{OI5 mg/ml) solution dissolved in
high glucose DMEM was added to each well and inddor 4 h at 37°C. Formazan
crystals were dissolved in 100 DMSO, and the absorbance of the solution was oreds

at 570 nm using the microplate reader Synergy HotéR Instruments, Inc., USA).

2.6. Migration assay

The HMEC-1 capability to migrate was evaluated tnagch motility assay. 4 x2HMEC-

1 cells were plated in a 6-well plate and grownroight to confluency in DMEM, with
10% FBS. Next, the cells were serum starved forh@drs in DMEM 2% FBS. The
monolayer was scratched with a pipette tip, washi¢id PBS to remove floating cells, and
then were exposed to different concentrations oBH@.005, 0.05, 0.5 and @) in 3%
FBS, or vehicle for 18 hours. Then, the scratchred avas photographed at 0 and 18 hours,
and the distance of wound healing in each well exaduated (D tO= distance at O hours; D
t18= distance at 18 hours). Then, the migratioa veds calculated by D t0 —-D t18 /(D tO x
100). For assays performed in the presence offsp8¥&GFR, COX-2 and AhR inhibitors,
cells were pretreated for 3 hours with differerttilnitors dissolved in DMSO: 0.1 oriM
ABYO for VEGFR2, or 10uM NS-398 for COX-2, or 1 or AM ANF for AhR. HCB 0.5
MM or vehicle was added to the media during 18 $ionrthe presence or absence of
inhibitors, and then were washed with PBS.

2.7. Neovasculogenesis assay

Matrigel (50 ul aliquots) was gelled at 37°C forhl After starving with high glucose
DMEM 2% FBS, HMEC-1 (1x10 cells) were plated in 96 well in DMEM 3% FBS
containing ETOH or HCB (0.005, 0.05, 0.5 and 5 u&f)d the formation of capillary-like
structures was photographed 24 hours later. Quzattdn of the total tube length and the
number of branch points were performed using Imhgeogram. For assays performed in
the presence of specific VEGFR, COX-2 and AhR inbil, cells were pretreated for 3
hours with 0.1 uM ABYO for VEGFR2, 1 pM NS-398 f@0X-2, or 0.1uM ANF for
AhR. HCB 0.5 uM or vehicle was added to the mediand) 24 hours in the presence or

absence of inhibitors, and then were washed wit8.PB



2.8. Satistical analysis

For in vivo studies, we used n=5 mice per group. Data werduaieml by one-way
ANOVA, followed by Tukey post-hoc test to identifsignificant differences between
controls and treatments. Differences were consitigignificant when p-values were <0.05.
Results represent the mean = SD of at least thaependent experiments.

3. Results

3.1. Invivo study of angiogenesis

To evaluate the potential role of HCB to promotgiagenesisn vivo, MDA-MB-231 cells
were injected into the mammary fat pad of femaldenmice previously HCB (0.3, 3 and
30 mg/kg b.w.)-treated three times a week durivgeéks. After 5 days, the animals were
euthanized and the inoculated sites were photogthphd the number of vessels/mm2 was
counted in the skin. Our results showed that HG&tment (3 and 30 mg/kg b.w.)
significantly enhanced (20 and 40%) the angiogewach, inducing the formation of
blood vessels (Fig. 1A and B). To detect VEGF protevels, skin from the angiogenic
sites was dissected, homogenates were preparedyB@d# was evaluated by Western
Blot. Our findings indicate that HCB (3 and 30 ngy/k.w.) exposure increases VEGF
protein expression (90 and 110%) in mice skin (E@).
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Fig. 1. HCB promotes angiogenesis in a mouse M DA-M B-231 xenogr aft model. MDA-
MB-231 cells were injected into the mammary fat mddemale nude mice previously
HCB (0.3, 3 and 30 mg/kg b.w.)-treated three timaseek during 4 weeks. After 5 days,
animals were euthanized and the inoculated sitas weotographed and were projected
onto a reticular screen to count the number ofelssant in skin. (A) Skin photographs of
HCB or vehicle—treated mice. (B) Number of vessets in HCB or vehicle-treated mice
inoculated with MDA-MB-231 cells. (C) VEGF protelavels in mice skin evaluated by
immunoblot. Western Blot from one representatixpegiment is shown in the upper
panel. Quantification by densitometry scanningh& immunoblots is shown in the lower
panel. Data are expressed as means + SD of thdependent experiments with n=5 mice
per group. Asterisks indicate significant differeacvs. vehicle (*p<0.05, **p<0.01,
***p<0.001), ANOVA and Tukey post hoc test.



3.2. HCB alters VEGF secretion and VEGFR2 protein levelsin HMEC-1

VEGEF is secreted by epithelial and endothelialscellherefore, we sought to evaluate if
HCB has a direct action on endothelial calisyitro. For this purpose we explore whether
HCB alters VEGF secretion in HMEC-1. Cells weratesl with HCB (0.005, 0.05, 0.5 and
5 uM) during 24 hours. The secretion of VEGF waal@ated in the conditioned medium
of the cells, whereas the intracellular VEGF lewetse analyzed in whole-cell lysates. As
shown in Figure 2A, HCB had no effects on VEGF eimtlevels in cell lysates; in
contrast, VEGF secretion was significantly enhartmgdll assayed doses (76, 106, 91 and
62%). We also evaluated VEGFR2 protein expresgiothis cell line. Our results show
that HCB-treatment resulted in significantly insed VEGFR2 protein levels, only at 0.5
UM (39%) (Fig. 2B).

Based on previous observations that AhR can regM&GF levels in HMEC-1 cell line
(Roman et al., 2009), we evaluated if HCB-inducdeiGF secretion is mediated through
the bind of this pollutant to their receptor. Thetpeatment with two structurally different
AhR antagonists (0.1 uM ANF or 5 puM PHE), blocke@Biinduced VEGF secretion (Fig.
2C). These results indicate clearly that HCB-enkRdN¢EGF secretion is mediated by AhR
in HMEC-1 cells.
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Fig. 2. HCB alters VEGF secretion and VEGFR2 protein levels. HMEC-1 human
microvascular endothelial cells were treated wit@BH(0.005, 0.05, 0.5, and @) or
vehicle (ETOH) during 24 hours. HMEC-1-conditionetedium was used to measure
secreted VEGF protein levels and whole-cell lysatese used to analyze intracellular
VEGF (A) or VEGFR2 (B) protein levels by Westerrotl(C) Role of AhR in HCB-
mediated VEGF secretion. Cells were pretreated3foours with 0.1 uM ANF or 5 uM
PHE and then exposed to HCB (0.5 uM) or vehiclandu24 hours, in the presence or



absence of inhibitors. Values were normalized bynimoblotting using anf-Actin
antibody. Western blots from one representativeegrpent are shown in the upper panels.
Quantification by densitometry scanning of the inmmiolots is shown in the lower panels.
Data are expressed as means = SD of three indefteagperimentsAsterisks indicate
significant differences vs. vehicle (*p< 0.05, **<901), ANOVA and Tukey post hoc test.
Crosses indicate significant differences vs. HCE (@M), (+p< 0.05 and +++p<0.001),
ANOVA and Tukey post hoc test.

3.3. HCB action on AhR and COX-2 protein expression in HMEC-1

We examined next the effect of HCB on AhR expraessib 24 hours of treatment. Our
results show that HCB (0.05, 0.5 an@d) significantly increased AhR protein levels in a
dose-dependent manner (100, 139 and 160% resdgr(iVa. 3A).

The inhibition of COX-2 activity in animal modelsa$ been associated with a decrease of
new blood vessel production in tumors, and an es®an tumor cell apoptosis (Kobayashi
et al., 2004) Because VEGF up-regulates COX-2 mRNA, protein @nglymatic activity
levels in HMEC-1 (Tamura et al., 2002), we nextlgred whether HCB could alter COX-
2 protein expression in this cell line. Cells wersated with different doses of HCB (0.005,
0.05, 0.5 and 5 uM) during 24 hours, and cell igsavere analyzed by Western Blot. Fig.
3A shows that HCB significantly increased COX-2dvat all assayed doses (50, 45, 48
and 50% respectively).

In order to evaluate if AhR could be mediating HERRanced COX-2 levels, cells were
pretreated for 3 hours with ANF (0.1 pM) or PHEUB!) and then exposed to HCB (0.5
M) or vehicle during 24 hours. Fig. 3B clearly demtrated that HCB enhances COX-2

protein levels through an AhR- dependent mechanism.
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Fig. 3. HCB increases AhR and COX-2 protein expression in HMEC-1. (A) Cells were
treated with HCB (0.005, 0.05, 0.5, an@dM) or vehicle (ETOH) during 24 hours. Whole-
cell lysate was used to analyze AhR protein leagld COX-2 protein levels by Western
Blotting. (B) Role of AhR in HCB-induced COX-2 psan levels. Cells were pretreated for
3 hours with 0.1 uM ANF or 5 uM PHE and then expose HCB (0.5 pM) or vehicle
during 24 hours, in the presence or absence obitoins. Whole-cell lysate was used to
analyze COX-2 protein levels by Western Blottingat® were normalized t@-Actin
expression. Western blots from one representatygerenent are shown in the upper
panels. Quantification by densitometry scanninghefimmunoblots is shown in the lower
panels. Data are expressed as means + SD of thdepandent experimentasterisks
indicate significant differences vs. vehicle (*p09, **p<0.01 and ***p<0.001), ANOVA
and Tukey post hoc test. Crosses indicate significéfferences vs. HCB (0.5 uM), (
+++p<0.001), ANOVA and Tukey post hoc test.

3.4. HCB activates VEGFR2 in HMEC-1

VEGFR2-specific ligands induce signaling pathwayown to operate downstream of
most tyrosine kinase receptors such as extracellu#gnal-regulated kinase
(ERK)/mitogen-activated protein kinase (MAPK), aheé stress kinase p38 MAPK (Koch
et al, 2011) Because HCB increases VEGF protein levels, we meainwhether the



pesticide activates these pathways. HMEC-1 wasedeaith HCB (0.005, 0.05, 0.5 and 5
pMM) during 5 minutes, and then ERK1/2 and p38 phosgation were evaluated by
Western Blot. As shown in Figure 4A and B, the e increased ERK1/2
phosphorylation (150, 147 and 165%), as well asgd&&phorylation (72, 50 and 64%) at
HCB 0.05, 0.5 and 5 puM, respectively.

Further, we examined the ability of VEGFR2 to mésliBRK1/2 and p38 activation when
HMEC-1 cells were treated with HCB (OuB1). The pretreatment with VEGFR2 inhibitor
(0.1 uM ABYO), blocked HCB-induced p38 and ERK1Hbpphorylation (Fig. 4C). These
results indicate that HCB-induced ERK1/2 and p3&®sphorylation is mediated by
VEGFR2 activation in HMEC-1 cells. Consistently, @E treatment resulted in the
phosphorylation of ERK1/2 in a similar manner aattélicited by HCB (Supplementary
Figure). To determine whether HCB-induced activaid VEGFR2 could involve COX-2
and AhR, HMEC-1 cells were preincubated for 3 hanrthe presence or absence of AhR
inhibitor (0.1uM ANF) or COX-2 inhibitor (1uM NS-398), and then exposed to HCB (0.5
uM) for 5 min. As shown in Fig. 4D, ANF and NS-398nepletely blocked HCB-induced
ERKZ1/2 and p38 phosphorylation. In this respecthaee also observed that 1 nM TCDD,
a strong AhR agonist, induced ERK1/2 activatioma similar manner as that elicited by 0.5
MM HCB. Further, when we incubated cells in thespree of 4,7-orthophenanthroline
(PHE), a structurally ANF not related inhibitor &hR, we found that ERK1/2
phosphorylation was blocked by two inhibitors bysimnilar manner (Supplementary
Figure). These results suggest that AhR and COM¥e 2n@olved in HCB-induced VEGFR2

activation.



A B

HGE {pM) HCEB (pit)

ETOH 0005 005 0.5 3 ETOH 0005 005 05 5
p-ERK1-2 [ == —— p-pit | y ]
ERK1-2 | S == wes ——= | PIB | e s a——— |

_. 35 28 5 = -
= - .
g 20— E
EE 25 = F '@‘
E Qo - =
# ity T80l
=0 13- = ==
] g £
e 10
&g ‘3
-f!l 05— a
Bl - os =
[ =00 [ (X1 ns L1 ETOH S s [ 5
HCB (M) HCE (phe)
c D
£.5 HCB (M) 0.5 HCB (uM)
ETOH  DMSO  ABYD ETOH DMSO ANF (M) NS-398(M)
DMSC DMSO
p-ERK1-2 = — | P-ERKT-2 | e W s |
Erki2 [ e el | ERKIZ [ s S e |
p-p3d | . | popil | ——— — ]
Pl | B — | pl8 [— — — — ]
E 35 _'E 25 3 =15 . 15 @
=1
M E = i E %
o § 20+ =20 5 o~ 9 and 2o &
5 - Ed w = L] =
ﬁE 15 i - 15 E? K51 = ¥ 1.5 i?
Sy 2| =& 8% sy §§
=T 18 L S bl BTN Lo B9
E 3 EE 3 EE
n.g 05 - 0.5 g ig 0.s = 0.5 g
% i . - . 0.0 g -gﬂll * L .0 g
ETCH [ LEa] AEYA ETOH D0 sy Ne-3an
s 2Lt DMEBD
0.5 HCB{pM) 0.5 HCB(LM)
] erk1-2 ] Erki1-2
[l e B pas

Fig. 4. HCB activates VEGFR2 in HMEC-1 (A) Phospho-ERK1/2 and total ERK1/2, (B)
phospho-p38 and total p38. Cells were exposed t8 K005, 0.05, 0.5 and 5 uM) or
vehicle during 5 minutes. Whole-cell lysate wasduse analyze phospho-ERK1/2 and
phospho-p38 and total protein levels by Westerrt. B©) Role of VEGFR2, and (D) roles
of AhR and COX-2 in HCB-mediated activation of ERRKAnd p38. Cells were pretreated
for 3 h with 0.1 uM ABYO (for VEGFR2) in (C), andeireated for 3 hours with 0.1 uM
ANF (for AhR) or 1 uM NS-398 (for COX-2) in (D) artlen exposed to HCB (0.5 uM) or
vehicle during 5 minutes, in the presence or alesefdnhibitors. Whole-cell lysate was
used to analyze phospho-ERK1/2 and phospho-p38tatat protein levels by Western
Blot. A western blot from one representative expent is shown in the upper panels.



Quantification by densitometry scanning of the inmmiolots is shown in the lower panels.
Data are expressed as means + SD of three indapeexperiments. Asterisks indicate
significant differences vs. vehicle (*p< 0.05, **@<901), ANOVA and Tukey post hoc test.
Crosses indicate significant difference vs. HCB5 (M), (+p< 0.05, ++p<0.01 and
+++p<0.001), ANOVA and Tukey post hoc test.

3.5. HCB effect on cell proliferation and migration

VEGFA acts on endothelial cells to increase theoliferation, survival and migration
(Greenberg et al.2008) Because we have demonstrated that HCB increasésFVE
secretion levels we next examined the ability of thesticide to alter HMEC-1 cell
proliferation. Cells were treated with different BGQloses (0.005, 0.05, 0.5 and 5 uM)
during 24 and 48 hours and MTT assay was mader&3uits show that HCB did not alter
this parameter (data not shown).

We next examined whether HCB exposure affects HME&II migration. Then, wound
healing assay was made at different HCB doses §0.0@5, 0.5 and 5 pM), and the
scratched area was photographed at 0 and 18 Heinadly, the distance of wound width
was measure on photographed area. We observed thkatpesticide induces an
enhancement on cell migration at all assayed d@gsgs 5A). The activation of VEGFR2
and COX-2 has been reported to mediate severatspetumor growth and progression,
including migration, invasion and angiogenesis (Kat al.,2011; Gately, 2000). It has
also been shown that cell migration is regulatedAbfR and its toxic ligands (Barouki et
al., 2007). To determine whether VEGFR2, COX-2 Ah® are involved in HCB-induced
cell migration, HMEC-1 cells were pretreated foh@urs with the specific inhibitors, 0.1
and 1uM ABYO for VEGFR2, 10uM NS-398 for COX-2 and 1 andiM ANF for AhR.
Next, wound healing assay was made at HCB O\ in the presence or absence of
inhibitors. Our results show that the specific biturs prevented HMEC-1 cells migration,
indicating that VEGFR2, COX-2 and AhR are implichia HCB-induced cell migration
(Fig. 5B).
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Fig. 5. HCB-induces HMEC-1 cell migration. (A) Wound healing assayith HMEC-1
cells exposed to HCB (0.005, 0.05, 0.5 andVj or vehicle for 18 hours. (BRole of AhR,
COX-2 and VEGFR2 in HCB- mediated cell migratiorell€ were pretreated with specific
inhibitors (1 and 2 uM ANF for AhR, 10 puM NS-39& f6OX-2 and 0.1 and 1 pM ABYO
for VEGFR2) and then were exposed to HCB 0.5 pMli®hours. The cell monolayer was
scratched with a pipette tip, and then treated WM@B for 18 hours, or pretreated for 3



hours with inhibitors and then exposed at HCB {0\b), and relative wound closure was
observed under microscope and photographed. Migratite (%) was calculated on the
photography of scratched area, measuring the distah wound width at O and 18 h.
Asterisks indicate significant differences vs. ecoh(*p< 0.05, **p< 0.01), ANOVA and
Tukey post hoc test. Crosses indicate significaifferénce vs. HCB (0.5 uM),
(+++p<0.001), ANOVA and Tukey post hoc test.

3.6. In Vitro neovasculogenesis assay

Because HCB promotes angiogenesisivo, and increases VEGF secretion in HMEC-1,
we next examined the pesticide effect on neovagemesisin vitro in this cell line.
Briefly, the formation of HMEC-1 capillary-like stctures in marigel was analyzed under
treatment with different HCB doses (0.005, 0.0% &nd 5uM). Our data indicate that
HCB significantly induced neovasculogenesis, entmagntotal tube length (82, 77, 123 and
127 %) as well as branching points (100, 97, 130 H?b %) in a dose-dependent manner
(Fig. 6A). To investigate, whether COX-2 and VEGF®R@&re involved in HCB-induced
neovasculogenesis, HMEC-1 cells were pretreateld specific inhibitors (luM NS-398
for COX-2 and 0.1 pM ABYO for VEGFR2). As shown tihe Figure 6B, NS-398 and
ABYO abrogated HCB-induced tubulogenesis. It hassoalbeen shown that
neovasculogenesis is regulated by AhR in HMEC-Isdq®&oman et al 2009).Therefore
we have also investigated whether AhR was invoined CB-induced neovasculogenesis.
Our results show that the specific AhR-inhibitor] @M ANF, suppresses HCB-induced
tubulogenesis (Fig. 6B). Altogether, these datacateé that COX-2, VEGFR2 and AhR are
implicated in HCB-induced neovasculogenesis in ¢kiline.
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Fig. 6.Neovasculogenesis induced by HCB in HMEC-1 cdls. (A) Photographs of
capillary —like tube formation in Matrigel with delexposed to HCB (0.005, 0.05, 0.5 and
5 uM). (B) Role of AhR, COX-2 and VEGFR?2 in HCB-medidtneovasculogenesis. Cells
were pretreated with specific inhibitors (0.1 uM RNbor AhR, 1 uM NS-398 for COX-2
and 0.1 uM ABYO for VEGFR?2) for 3 hours, and theararexposed to HCB 0.5 uM for
24 hours. The total tube length and branching pomtre calculated and represented as
mean * SD. Asterisks indicate significant differeawersus control (*p< 0.05, **p< 0.01),
ANOVA and Tukey post hoc test. Crosses indicataiBgant difference vs. HCB (0.5
uM), (+ p<0.05, ++p<0.01, +++p<0.001), ANOVA andKey post hoc test.

4. Discussion

Accumulating literature suggests that breast canwgr have an environmental origin and
of particular concern are hormonally active envinemtal agents such as organochlorine
compounds that bio-accumulate within the food chiiowever, there are few available
data regarding organochlorine pesticides involvanrethe modulation of angiogenesis, a
critical step in tumor promotion. In this study, wbserved that HCB-treatment induces
neovascularization and VEGF expression, surrounsibg\-MB-231 inoculation site, thus
stimulating the “angiogenic switch”. This is a paseular phase during early tumor
development where few or no tumor cells are angimge\s virtually all solid tumors are
neovascularized by the time they are detected oi® nmteresting to evaluate the effect of
the pesticide in this step. These data confirm mewvious findings, demonstrating that
HCB increased tumor growth in a xenograft modelhwiDA-MB-231 in nude mice
(Pontillo et al., 2013). Other authors also fouhdttprenatal exposure to bisphenol A
increased the relative vascular area and VEGF sgjm® in mammary glands in rats
(Durando et al., 2011).

VEGFR2 transduces VEGF responses in endothelid, cgh ERK1/2 and p38 pathways,
regulating endothelial survival, proliferation, magjon and formation of the vascular tube
(Koch et al., 2011)Our data revealed that HCB activates VEGFR2 throaiglAhR and
COX-2-dependent mechanism in HMEC-1. Besides, weeed that HCB increases
VEGF secretion levels in this cell line. In thisspect, other authors observed that the
polychlorinated biphenyl PCB104, increases VEGFresgion in HMEC-1 cells (Eum et
al., 2004). Furthermore, our results demonstrated ti@zB thcreases COX-2 protein levels
in HMEC-1. Similarly Anderson et al, (2011), demwatd that the polychlorinated



biphenyl PCB126, increased COX-2 mRNA expressionhiiman umbilical vascular
endothelial cells (HUVEC). Moreover, in this studg observed that HCB increases AhR
protein levels in HMEC-1. We also demonstrated t@B-induced VEGF secreted levels
and COX-2 protein levels are mediated by AhR. Il known the role of AhR in
angiogenesis. In this respect, Roman e{2009), reported that the lack of AhR expression
in mice severely impairs their capacity to supgbet growth and angiogenesis of tumors,
suggesting that an AhR-competent microenvironmemeieded for such an effect. On the
other hand, we have shown that HCB enhances VEGHB&2in levels, which has been
correlated with breast cancer and poor survivald@Ryet al., 2010)Other authors found
that VEGFR2 expression was up-regulated by VEGRMEC-1 cells (Hervéet al., 2006).
Hence, our results suggest that increased VEGIetsectevels, might be associated with
HCB-induced VEGFR2 protein levels.

Angiogenesis is a complex process including endiadheell proliferation, migration,
basement membrane degeneration, and new tube fomnatvolved in a variety of
physiologic processes, as well as pathological mm@sims as cancer (Carmeliet and Jain,
2000) Herein, we observed that HCB doesn't modify cebliferation or viability in
HMEC-1 cells. Recent studies found that organoamdorpesticides lindane and
chlordecone increased endothelial cell proliferati€@lere et al., 2012). Conversely, other
authors have demonstrated that 3-methylcholantiseaepotent anti-proliferative molecule
in HUVEC, acting mainly through the AhR (Juan et @a0D06).In the present study, we
show that HCB increases HMEC-1 cell migration aedvasculogenesis involving AhR,
COX-2 and VEGFR2 proteins.

In respect to the effective HCB dosesvitro, we observed that the pesticide enhances the
AhR protein expression, as well as VEGFR2 activatevels at 0.05 to 5 pM. Similarly,
we found that the pesticide increases cell mignaéind tubulogenesis at all doses, but has
greater effect to the higher doses (0.5 and 5 pMgrefore, we observed that there is a
relationship between the pesticide effect on thevaon of the important molecules for

angiogenesis, and the biological actions such gsaton and tubulogenesis.



Our hypothesis is that HCB would be enhancing agegiesis in breast cancer, in part,
through the direct activation of the endothelidlsceParticularly in HMEC-1, HCB might
be binding to its receptor AhR and inducing VEGHpression as reported previously by
Roman et al., (2009), in this cell line. Other authhave found that AhR mediates TCDD
induced VEGF expression and angiogenesis in mie&gdchi et al., 2009). Then, VEGF
could be stimulating COX-2 levels. Similarly, Tarauet al., (2002), demonstrated that
VEGF up-regulates COX-2 mRNA levels in HMEC-1. fertmore, we thought that COX-
2 might be increasing VEGF expression in HCB tr@d#EC-1. In this respect, it has
been reported that VEGF expression is regulate@®X-2/ PGE2/ PGE2 receptor EP2-
EP4 pathway in gastric cancer cells (Liu et al.14)0 Then, HCB could be stimulating
HMEC-1 migration and neovasculogenesis through d@R,ACOX-2 and VEGFR2
dependent mechanism (Fig.7).

In conclusion, our results demonstrate for the firee, that HCB increases angiogenesis
and VEGF expressiom vivo in a breast cancer model in mi¢airthermore, HCB-induced

enhancement of HMEC-1 cell migration and neovagmiesis are mediated by AhR,
COX-2 and VEGFR2 proteins in this cell line. Théiselings may help understanding the

association between HCB exposure, angiogenesismantmary carcinogenesis.
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Fig 7. HCB induces cell migration and tubulogenesis through an AhR, COX-2 and
VEGFR2 dependent mechanism in HMEC-1. The overall scheme for HCB-induced
effects on neovasculogenesis and cell migratiddMEC-1. HCB might be binding to its
receptor AhR and inducing VEGF expression. ThenG¥Ecould be stimulating COX-2
levels. Moreover, COX-2 might be increasing VEGRpression in HCB treated HMEC-1
cells.
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New Figure. Effect of HCB on ERKZ1/2 phosphorylation in HMEC-1, and
comparative effects of VEGF and TCDD. Phospho-ERK1/2 and total ERK1/2 protein.
Cells were exposed to HCB (QuM), VEGF (10 ng/ml), TCDD (1 nM) or vehicle durirtg
minutes. Cells were pretreated for 3 hours with @ ANF or 5 uM PHE and then
exposed to HCB (0.5M) or vehicle, in the presence or absence of inbibi Whole-cell
lysate was used to analyze phospho-ERK1/2 and potééin levels by Western Blot. A
western blot from one representative experimentsiown in the upper panel.
Quantification by densitometry scanning of the inmmiblots is shown in the lower panel.
Data are expressed as means + SD of three indapeexperiments. Asterisks indicate
significant differences vs. vehicle (**p< 0.01, #%0.001), ANOVA and Tukey post hoc
test. Crosses indicate significant difference v€BH0.5uM), (++p<0.01), ANOVA and
Tukey post hoc test.
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