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Abstract

Background—~Ethanol is a tumor promoter and may enhance the metastasis of breast cancer.
However, the underlying cellular / molecular mechanisms remain unknown. Amplification of
ErbB2 or HERZ2, a receptor tyrosine kinase of the ErbB family, is found in 20 to 30% of patients
with breast cancer. We have previously demonstrated that the effect of ethanol on the migration /
invasion of breast cancer cells positively correlated with the expression levels of ErbB2. Adhesion
to the extracellular matrix (ECM) is an important initial step for cancer cell invasion and
metastasis. In this study, we investigated the effects of ethanol on the adhesion of MCF7 breast
cancer cells over-expressing ErbB2 (MCF7E™B2) to human plasma fibronectin.

Methods—To test the hypothesis that ethanol may enhance the attachment of human breast
cancer cells to fibronectin, an important component of the ECM, we evaluated the effect of ethanol
on the expression of focal adhesions, cell attachment, and ErbB2 signaling in cultured MCF7ErB2
cells.

Results—Exposure to ethanol drastically enhanced the adhesion of MCFE™BZ cells to fibronectin
and increased the expression of focal adhesions. Ethanol induced phosphorylation of ErbB2 at
Tyr1248, FAK at Tyr861, and cSrc at Try216. Ethanol promoted the interaction among ErbB2,
FAK, and cSrc, and the formation of a focal complex. AG825, a selective ErbB2 inhibitor,
attenuated the ethanol-induced phosphorylation of ErbB2 and its association with FAK.
Furthermore, AG825 blocked ethanol-promoted cell / fibronectin adhesion as well as the
expression of focal adhesions.

Conclusions—Our results suggest that ethanol enhances the adhesion of breast cancer cells to
fibronectin in an ErbB2-dependent manner, and the FAK pathway plays an important role in
ethanol-induced formation of a focal complex.
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Excessive alcohol consumption has been identified as a significant risk factor for cancers in
humans (Boffetta and Hashibe, 2006; McKillop and Schrum, 2005; Ogden, 2005; Poschl
and Seitz, 2004; Purohit et al., 2005; Rohrmann et al., 2009; Seitz and Becker, 2007). There
is a positive correlation between chronic alcohol exposure and the risk of human breast
cancer (Key et al., 2006; Seitz and Becker, 2007; Seitz and Maurer, 2007; Tjonneland et al.,
2007; Visvanathan et al., 2007). Epidemiological studies indicate that alcohol consumption
is associated with advanced and invasive breast tumors (Vaeth and Satariano, 1998;Weiss et
al., 1996). Epidemiological data are supported by experimental studies using animal models
and cell culture systems. These experimental studies show that ethanol promotes mammary
tumorigenesis, stimulates migration / invasion as well as proliferation of breast tumor cells,
and enhances epithelial-mesenchymal transition (Aye et al., 2004; Fan et al., 2000; Forsyth
et al., 2010; Izevbigie et al., 2002; Ke et al., 2006; Luo, 2006; Luo and Miller, 2000; Ma et
al., 2003; Meng et al., 2000; Singletary, 1997; Watabiki et al., 2000). The mechanisms
underlying ethanol-induced promotion of mammary tumors, however, are unclear. We
previously demonstrated that the stimulatory effect on the migration / invasion of breast
cancer depends on the expression levels of ErbB2/ HER2; ethanol preferably stimulates the
migration / invasion of breast cancer cells over-expressing ErbB2 (Aye et al., 2004; Ke et al.,
2006;Ma et al., 2003).

The ErbB family of receptor kinases includes 4 closely related members: epidermal growth
factor receptor (EGFR or ErbB1), ErbB2, ErbB3, and ErbB4. Among the family, ErbB2 or
HER2 is most directly related to breast cancer. Amplification of ErbB2 is found in 20 to
30% of patients with breast cancer and is associated with poor prognosis and relapse
(Paterson et al., 1991; Slamon et al., 1987). Overexpression or activation of ErbB2 is
positively correlated with enhanced invasive potential of breast cancer cells and lymph node
metastasis in patients with breast cancer (Arora et al., 2008; Lacroix et al., 1989; Tauchi et
al., 1989). Although no known ligand has been identified, ErbB2 is the preferred
heterodimerization partner for all ErbB family members, and it plays a pivotal role in
intracellular signaling mediated by other ErbB receptors (Graus-Porta et al., 1997). ErbB2 is
necessary for the induction of carcinoma cell invasion by ErbB family receptor tyrosine
kinases (Spencer et al., 2000). It has been suggested that the focal adhesion kinase (FAK)/
Src pathway plays an important role in ErbB2 regulation of the migration/ invasion of breast
cancer cells (Vadlamudi et al., 2002, 2003).

FAK, a nonreceptor tyrosine kinase and a substrate of cSrc, localizes at focal adhesion sites
where cells attach to the extracellular matrix (ECM). FAK not only is a signaling protein, but
also functions as a scaffold protein for other structural proteins, such as paxillin, Grb2 or
p130°%, FAK interacts with these proteins and forms the focal adhesion complex that
transmits signals elicited from the ECM. These signals regulate diverse cellular activities,
such as cell adhesion, migration, survival, and angiogenesis (van Nimwegen and van de
Water, 2007). FAK is involved in tumorigenesis and cancer cell metastasis. Over-

expression / activation of FAK is linked to the oncogenic transformation and metastasis of
various cancers, including breast cancer (Bai et al., 2009; Hanada et al., 2005; Lacoste et al.,
2005; Owens et al., 1995, 1996; Sood et al., 2004).
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Metastasis of cancer cells consists of multiple sequential processes. Adhesion of cancer cells
to the ECM and cell /ECM interaction is an important step of metastasis. We hypothesize
that ethanol promotes the adhesion of cancer cells to the ECM in an ErbB2-dependent
manner. Fibronectin is an important component of the ECM. To test this hypothesis, we
investigated the effect of ethanol on the cell /fibronectin interaction in MCF7 human breast
cancer cells over-expressing ErbB2 (MCF7E™B2 cells) and underlying mechanisms. We
demonstrate here that ethanol promotes the adhesion of MCF7E™B2 cells to fibronectin and
enhances ErbB2 /FAK interaction. Our results suggest that ErbB2/ FAK interaction plays an
important role in ethanol-induced cancer cell adhesion to fibronectin and subsequent
migration/ invasion.

MATERIALS AND METHODS

Materials

Human plasma fibronectin was obtained from Chemicon International (Temecula, CA).
Protein A/G beads were obtained from Santa Cruz Biotechnology (San Diego, CA). Anti-
paxillin and phospho-FAK (Tyr397) antibodies were purchased from Invitrogen Corporation
(Carlsbad, CA). Anti-phospho-Her2 / ErbB2 (Tyr1248) (polyclonal) and ErbB2 (polyclonal)
antibodies were purchased from Cell Signaling Technology Inc. (Beverly, MA). Anti-Neu /
Her2 /ErbB2 (monoclonal), FAK, cSrc, and phospho-Src (Tyr216) antibodies were
purchased from Santa Cruz Biotechnology. Anti-phospho-Her2 / ErbB2 (Tyr1248)
(monoclonal) and phospho-FAK (Tyr861) antibodies were purchased from Biosource
(Camarillo, CA). Anti-p130¢3s antibody was obtained from BD Transduction Laboratory
(San Jose, CA). Anti-GAPDH antibody was obtained from Research Diagnostics, Inc.
(Concord, MA). Alexa Fluorlabeled secondary antibodies and Prolong Gold anti-fade
reagent were obtained from Invitrogen Molecular Probes (Eugene, OR). Tyrphostin AG825
was purchased from Calbiochem (San Diego, CA). Anti-phospho-cSrc (Tyr416) was Kindly
provided by Dr. Daniel Flynn (Marry Babb Randolph Cancer Center, Morgantown, WV).
All other chemicals were obtained from Sigma-Aldrich (St Louis, MO).

Cell Culture and Ethanol Exposure

MCF7 and MCF7E™B2 ce|ls were grown in DMEM medium containing 10% fetal bovine
serum, penicillin (100 U/ ml) / streptomycin (100 U/ ml), 1 pg /ml hydrocortisone, and 10
ug / ml insulin at 37°C with 5% CO». A method utilizing sealed containers was used to
maintain ethanol concentrations in the culture medium. With this method, ethanol
concentrations in the culture medium can be accurately maintained (Luo and Miller, 1997).
We have previously established a concentration-dependent effect of ethanol on cell
migration / invasion (Luo and Miller, 2000). A pharmacologically relevant concentration of
ethanol (400 mg / dI) was used in this study. In general, the concentration for in vitro studies
is higher than that required to produce a similar effect in vivo (Luo et al., 2001). The
containers were placed in a humidified environment and maintained at 37°C with 5%CO,

Analysis of Cell Adhesion

Cell adhesion to fibronectin was assayed as described previously (Grimaldi et al., 2006;
Wang et al., 1999). Briefly, 96-well cell culture plates were precoated with fibronectin (10
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ug / ml) for 60 minutes at 370176C. The plates were then incubated with 3% BSA in
phosphate-buffered saline (PBS) for 30 minutes to block nonspecific binding sites, followed
by several washes with PBS. Cells were exposed to ethanol for specified times. After ethanol
exposure, cells (5 x 104 / well) were seeded on fibronectin-precoated plates, allowing for
attachment for 1 or 3 hours at 37°C with 5% CO». Nonadherent cells were removed by wash
with PBS. The attached cells were fixed with 3.7% paraformaldehyde for 10 minutes,
washed 3 times in PBS, and stained with 0.1% crystal violet in 2% ethanol for 10 minutes.
Stained cells were rinsed with water and dried. Crystal violet was eluted in 10% acetic acid,
and the absorbance (attached cells) was measured at 600 nm using a microtiter platereader.

Immunofluorescence Microscopy

The procedure for immunofluorescence microscopy has been previously described (Xu et
al., 2007). Briefly, after exposure to ethanol, cells were seeded on fibronectin (10 pg /ml)
precoated coverslips. Cells were fixed with 3.7% paraformaldehyde for 10 minutes, washed
3 times in PBS, and permeabilized with 0.5% Triton X-100 for 5 minutes. Cells were
blocked with 5% BSA and incubated with primary antibodies for 1 hour. The concentrations
of primary antibodies are: FAK, 1:100; phospho-FAK (Tyr861), 1:50; phospho-ErbB2
(Tyrl248), 1:50; Paxillin, 1:800. Following incubation with primary antibodies, cells were
washed and treated with Alexa Fluor-labeled secondary antibodies and rinsed several times
with PBS containing Mg2* and Ca2*. Coverslips were mounted with Prolong Gold anti-fade
reagent, and immunofluorescence images were examined with a Zeiss LSM 510 confocal
microscope (Carl Zeiss, Thornwood, NY). The fluorescent signals were measured with the
same pinhole, detector gain, and amplifier offset. The number of focal adhesions that was
revealed by paxillin immunostaining was counted randomly on 12 or more cells.

Preparation of Cell Lysates and Immunoblotting

After exposure to ethanol, cells were trypsinized and aliquoted cells were seeded on
fibronectin (10 pg / ml) precoated dishes, allowing for attachment for indicated times. Cells
were then rinsed twice in cold PBS to remove nonadherent cells. Attached cells were lysed
in modified RIPA buffer (150 mM NaCl, 50 mM Tris, 1% NP-40, 0.25% sodium
deoxycholate) containing 1 mM sodium vanadate, 1 mM phenylmethanesulfony! fluoride
(PMSF), 5 g / ml of aprotinin, and 2 pg / ml of leupeptin. The procedure for
immunoblotting has been previously described (Ma et al., 2003). Briefly, equal amount of
protein samples (40 pg) was clarified by centrifugation at 21,000 x g for 10 minutes at 4°C
and resolved by sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE).
The separated proteins were transferred to nitrocellulose membranes. The membranes were
probed with indicated primary antibodies, followed by the appropriate horseradish
peroxidase-conjugated secondary antibodies and developed by enhanced
chemiluminescence. The intensity of specific proteins imaged in the film was quantified
using Carestream Molecular Image Software (Carestream Health Inc., Rochester, NY).

Immunoprecipitation

Equal amounts of proteins (about 500 to 800 pg) were incubated with anti-ErbB2, FAK,
p130°8s or cSrc antibodies for 2 hours at 4°C, followed by treatment with Protein A/G beads
conjugated to agarose for 1 hour at 4°C. Immunoprecipitates were collected by
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centrifugation at 10,000 x g for 5 minutes at 4°C. Samples were washed 5 times with RIPA
buffer, 1 time with cold-PBS and boiled in sample buffer (187.5 mM Tri-HCI, pH 6.8, 6%
SDS, 30% glycerol, 150 mM DTT, and 0.03% bromophenol blue). Proteins were resolved in
SDS-PAGE and analyzed by immunoblotting.

Differences among treatment groups were tested using analysis of variance (ANOVA).
Differences in which pwas less than 0.05 were considered statistically significant. In cases
where significant differences were detected, specific post-hoc comparisons between
treatment groups were examined with Student—-Newman-Keuls tests.

Ethanol Enhances the Adhesion of Breast Cancer Cells to Fibronectin

We have previously demonstrated that ethanol preferably stimulated the migration/ invasion
of breast cancer cells overexpressing ErbB2 (Aye et al., 2004; Ke et al., 2006; Ma et al.,
2003). Because adhesion of cancer cells to the ECM is an important initial step for their
migration / invasion, we sought to determine whether ethanol affects the adhesion of breast
cells to the ECM. In this experiment, we investigated the effect of ethanol on the adhesion of
MCF7E™B2 ce|ls to fibronectin. MCF7E™B2 cells were pretreated with ethanol (0 or 400 mg/
dl) for 24 or 48 hours and allowed to attach to fibronectin for 1 or 3 hours. As shown in Fig.
1A, pretreatment of ethanol significantly enhanced the adhesion of MCF7E™B2 cells to
fibronectin. For the cells that were allowed to attach to fibronectin for 1 hour, ethanol-
promoted cell adhesion was duration dependent; the increase in cell adhesion caused by 48
hours of ethanol pretreatment was significantly more than that induced by 24 hours of
ethanol pretreatment (Fig. 1A). Because the formation of focal adhesion signalosomes is
directly required for attachment, motility, and spreading activity of cells (Parsons, 2003;
Wehrle-Haller and Imhof, 2002), we examined the effect of ethanol on focal adhesions. We
used paxillin immunoreactivity to visualize focal adhesions. Paxillin is a key partner and
substrate of FAK in focal adhesion sites, and its immunoreactivity has been used to evaluate
focal adhesions (Bailey and Liu, 2008; Kassis et al., 2006). As shown in Fig. 1C,D, ethanol
caused a 3-fold increase in the number of focal adhesions. Ethanol had little effect on cell
adhesion in parental MCF7 cells; in fact, ethanol (48 hours) caused a modest inhibition of
cell adhesion (Fig. 15).

Ethanol Induces Phosphorylation of ErbB2, FAK, and cSrc

Because breast cancer cells expressing high levels of ErbB2 are more sensitive to ethanol,
we sought to determine whether ethanol promotes ErbB2 activation and examine the effect
of ethanol on ErbB2 phosphorylation. As shown in Fig. 24, C, pretreatment with ethanol
increased the phosphorylation of ErbB2 at Tyr1248 in MCF7E™B2 cells. The effect of
ethanol was similar between the group of 24 and 48 hours of pretreatment. It appeared that
ethanol-induced ErbB2 phosphorylation was independent of the interaction with fibronectin
because elevated pErbB2 (Tyr1248) levels were detected before the cells were seeded to
fibronectin-coated culture dishes. Expression levels of ErbB2 in parental MCF7 cells were
low and ethanol did not affect ErbB2 phosphorylation in these cells (data not shown).
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Because FAK plays a pivot role in cell /ECM interaction and the formation of focal
adhesions, we next examined the effect of ethanol on FAK. Ethanol pretreatment drastically
increased the phosphorylation of FAK at Tyr861; cells undergoing 48 hours of ethanol
pretreatment displayed a higher increase in pFAK (Tyr861) compared to cells pretreated for
24 hours (Fig. 2A,B). The phosphorylation of FAK at Tyr861 depended on cell /fibronectin
interaction. In untreated cells, the levels of pFAK (Tyr861) increased as cells attached to
fibronectin; among the time points examined, cells displayed highest levels of pFAK
(Tyr861) following 6 hours of attachment to fibronectin. Ethanol pretreatment further
increased pFAK (Tyr861); the increase also depended on the duration of cell attachment to
fibronectin. Ethanol did not affect pFAK (Tyr397) (Fig. 20). Ethanol-induced
phosphorylation of ErbB2 and FAK was verified by immunofluorescent staining and some
colocalizations of phosphorylated ErbB2 and FAK were observed (Fig. 2F). FAK is a
substrate of cSrc, and FAK Tyr861 is a major site of phosphorylation by Src kinase
(Vadlamudi et al., 2003). We therefore examined the effect of ethanol on cSrc. Ethanol
increased the phosphorylation of cSrc at Tyr216, but not at Tyr416 (Fig. 2D,E). These results
were consistent with published results showing that ErbB2 signals selectively upregulate
phospho-cSrc (Tyr216) and phospho-FAK (Tyr861) (Kuramochi et al., 2006; Vadlamudi et
al., 2003).

Ethanol Promotes the Interaction Among ErbB2, FAK, and cSrc

Because ethanol increased the phosphorylation of ErbB2, FAK, and cSrc, we examined the
effect of ethanol on their interaction. MCF7E™B2 cells were pretreated with ethanol (0 or
400 mg/ dl) for 24 or 48 hours and seeded on fibronectin-coated culture dishes, allowing 1 or
3 hours for attachment. The association between ErbB2 and FAK was determined by their
co-immunoprecipitation. ErbB2 /FAK interaction depended on the duration of cell
attachment to fibronectin (Fig. 3A4,5). In untreated cells, ErbB2/FAK association was much
stronger after 3-hour attachment than after 1 hour. Ethanol-induced increase in ErbB2/FAK
association was only observed in cells that were pretreated with ethanol for 48 hours and
allowed to attach for 1 hour. In the group of 3-hour attachment, ErbB2/FAK association was
strong and ethanol pretreatment did not further increase their association.

The formation of FAK/ cSrc complex is critical for further phosphorylation of FAK and
necessary for triggering its downstream cell signaling, including the recruitment of paxillin
and p130°3s, We next investigated the effect of ethanol on the formation of the FAK/ cSrc
complex. FAK/ cSrc association was weak following 1 hour of attachment to fibronectin.
Although we observed an ethanol-induced increase in FAK/ cSrc association following 1
hour of attachment, the results were inconclusive (data not shown). The effect of ethanol on
FAK/ cSrc association was much more evident and consistent in cells that attached to
fibronectin for 3 hours. We therefore present the data of 3-hour attachment in Fig. 3C.
Ethanol pretreatment enhanced the association between FAK and cSrc. In addition, ethanol
also promoted the co-immunoprecipitation of cSrc /ErbB2 and cSrc / p130©3s, Ethanol-
promoted interaction among these proteins was duration dependent; the effect of 48-hour
pretreatment was stronger than that of 24-hour pretreatment (Fig. 3C).
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Ethanol Enhances the Formation of a Focal Complex

The activation of FAKIeads to the recruitment of proteins to focal adhesion sites, forming a
focal complex. Paxillin and p130€s are 2 important components in the focal complex and
are involved in many cellular activities including cell adhesion, motility, survival, and
metastasis (Cox et al., 2006; Turner, 2000). Paxillin, an adapter protein, binds to the C-
terminal domain of FAK through its leucine-rich motifs and is phosphorylated by FAK. As
shown in Fig. 4A4,B, ethanol pretreatment enhanced the association between p130%2s and
FAK and increased the amount of focal adhesions that were visualized by FAK and paxillin
immunoreactivity.

p130C3s binds to the FAK-cSrc complex, forming a docking site for the recruitment of Crk,
an adapter protein for numerous proteins involved in cell attachment /migration (Cox et al.,
2006). Phosphorylation and activation of the Cas protein are FAK and cSrc dependent (Cox
et al., 2006). Ethanol also increased p130€2s / cSrc association (Fig. 3C), indicating that
ethanol promoted the binding of p130%3s to the FAK/ cSrc complex. Together, these data
suggest that ethanol may enhance the formation of a focal complex that triggers signal
transduction necessary for cell adhesion /migration.

ErbB2 Inhibitor Blocks Ethanol-Induced Cell Adhesion

To determine whether the ethanol-mediated increase in formations of focal adhesions and
cell /ECM interaction resulted from ErbB2 activation, we used a selective ErbB2 inhibitor
Tyrphostin (AG825) to block ErbB2 activation. As shown in Fig.5A,8, AG825 effectively
inhibited ethanol-induced phosphorylation of ErbB2 at Tyr1248 and ErbB2/FAK
association. Moreover, AG825 completely blocked ethanol-enhanced adhesion of
MCF7E™B2 ce|ls to fibronectin (Fig. 5C) and ethanol-stimulated formation of focal
adhesions (Fig. 50). These data suggest that ethanol-stimulated cell attachment and the
formation of focal adhesions may be initiated by ErbB2 activation.

DISCUSSION

Excessive ethanol exposure is implicated in enhanced metastasis of breast cancer.
Experimental studies support that ethanol promotes migration / invasion of breast cancer
cells. Our previous data indicates that ethanol preferably stimulates the migration / invasion
of breast cancer cells over-expressing ErbB2 (Aye et al., 2004; Ke et al., 2006; Ma et al.,
2003). Adhesion to extracellular matrix is the initial step for cancer cell migration/ invasion
and plays an important role in metastasis (van Nimwegen and van de Water, 2007). We
demonstrate here that ethanol enhances the adhesion of MCF7 cells over-expressing ErbB2
to fibronectin. Ethanol promotes the interaction between ErbB2 and FAK and increases the
expression of a focal adhesions. Ethanol enhances the formation of focal complex. Inhibition
of ErbB2 activation is sufficient to block the ethanol-induced increase in cell adhesion as
well as the formation of focal adhesions.

Ethanol-stimulated cell adhesion likely results from alterations in ErbB2-initiated
intracellular signaling rather than a direct change in the ECM, because ethanol does not
increase the adhesion of MCF7 cells. In addition, ethanol induces ErbB2 phosphorylation,
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and blocking ErbB2 activation by a selective inhibitor eliminates ethanol-mediated

ErbB2 /FAK association and subsequent cell adhesion. It is unclear how ethanol activates
ErbB2. Currently, there is no identified ligand for ErbB2; the activation of ErbB2 may be
mediated by autophosphorylation in cells over-expressing ErbB2 or transactivation through
interaction with other members of the ErbB family.

Our results indicate that ethanol induces ErbB2 phosphorylation without affecting its
expression levels in MCF7E™B2 ce|ls. The expression/phosphorylation of ErbB2 in parental
MCF7 cells is low and we do not observe any alterations in either ErbB2 expression or
phosphorylation in these cells following ethanol exposure (data not shown). ErbB2 may be
transactivated by forming heterodimers with othermembers of the ErbB family such as
EGFR or ErbB3/ 4. It is reported that ethanol increases the amount of EGFR on the cell
membrane bydecreasing its internalization infetal hepatocytes (Henderson et al., 1989).
Chronic ethanol exposure increases immunoreactivity of EGFR and ErbB2 in murine
prenatal tooth tissue (Jimenez-Farfan et al., 2005). It remains to be determined whether
ethanol affects other members of the ErbB2 family or promotes the interaction among
ErbB2 and these members.

Ethanol exposure may induce the formation of reactive oxygen species (ROS) in mammary
tissues, and ethanol-mediated ROS production is considered a potential mechanism for its
promotion of mammary tumors (Castro et al., 2001; Wright et al., 1999). It has been
reported that ROS is involved in the activation of EGFR (Chen et al., 2006; Forsyth et al.,
2007; Meng et al., 2002; von et al., 2006). We have previously demonstrated that ethanol
stimulates ROS production in mammary epithelial cells in an ErbB2-dependent manner; that
is, ethanol produces more ROS accumulation in cells over-expressing ErbB2 than cells with
lower levels of ErbB2 (Ma et al., 2003). We further reveal that antioxidants are effective in
ameliorating ethanol-induced invasion of breast cancer cells over-expressing ErbB2 (Ke et
al., 2006). It is currently unclear whether ethanol-induced ROS production is involved in
ErbB2 activation.

FAK plays an important role in ErbB2/ErbB3-induced oncogenesis and invasiveness of
breast cancer (Benlimame et al., 2005). ErbB2 signaling regulates focal adhesions in a FAK-
and Src-dependent manner in breast cancer cells (Xu et al., 2009). We show that ethanol
induces ErbB2/ FAK association and FAK phosphorylation at Tyr861 as well as cSrc at
Tyr216. This is consistent with previous findings that show heregulin-induced activation of
ErbB2 selectively upregulates phosphorylation of FAK at Tyr861 and cSrc at Tyr215 in
breast cancer cells (Vadlamudi et al., 2002, 2003). Phosphorylation of FAK at Tyr861 plays
an important role in the invasion of breast cancer cells (Earley and Plopper, 2008). In
patients with breast cancer, over 50% of breast tumors with ErbB2 over-expression exhibit
elevated levels of phospho-FAK (Tyr861) and phospho-Src (Tyr215) (Schmitz et al., 2005).
In addition, ErbB2 and phospho-FAK are co-expressed in about 53% of metastatic cells of
patients with breast cancer (Kallergi et al., 2007). FAK regulates cell adhesion to the ECM
that is also important for cell survival (van Nimwegen and van de Water, 2007). Inhibition of
FAK results in cell detachment and apoptosis of breast cancer cells (Beviglia et al., 2003).
Therefore, ethanol-promoted cell adhesion to ECM is likely mediated by FAK activation.
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It is interesting to note the ethanol-induced increase in ErbB2 /FAK association is only
observed in cells that attach to fibronectin for 1 hour, but not in cells that are allowed to
attach for 3 hours (Fig. 34). On the other hand, ethanol-promoted cell adhesion and FAK
phosphorylation are observed in cells that have attached to fibronectin for 1 to 6 hours (Fig.
2). Ethanol-stimulated cSrc /ErbB2 and cSrc /FAK association is evident following 3 hours
of attachment (Fig. 3C). This suggests that ErbB2/FAK association depends on cell /ECM
interaction, and the binding between ErbB2 and FAK saturates after 3 hours of attachment.
The association of cSrc /ErbB2 or cSrc /FAK, however, is not saturated; therefore, ethanol-
enhanced cSrc /FAK association further phosphorylates FAK. Together, the results imply
that ErbB2 /FAK interaction is an initial step that regulates ethanol-mediated cell adhesion.

FAK regulates diverse intracellular signaling pathways and is involved in various cellular
activity. Our results demonstrate that ethanol induces the formation of focal complexes in
which FAK, paxillin, and p130<2s are important components. Paxillin is a scaffold / adaptor
protein that interacts with FAK, Src, vinculin, and Crk in a focal complex and is involved in
actin cytoskeleton organization necessary for cell migration and tumor metastasis (Turner,
2000). Association of p130€8s with activated FAK leads to the formation of a FAK-Src-Cas-
Crk complex that directly regulates cell migration (Cox et al., 2006). FAK also participates
in MAPK signaling cascades and regulates the activity of p38 MAPK and JNKs (Aikawa et
al., 2002; Cox et al., 2006). We have previously demonstrated that p38MAPK and c-Jun
NH2 terminal protein kinases (JNKSs) play an important role in ethanol-induced migration/
invasion of breast cancer cells (Ma et al., 2003). Therefore, ethanol-mediated activation of
FAK may be upstream of p38MAPK and JNK activity.
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Fig. 1.
Effect of ethanol on the attachment and focal adhesions of breast cancer cells. (A)

MCF7E™B2 cells were pretreated with ethanol (0 or 400 mg/ dl) for 24 or 48 hours and
seeded on fibronectin-coated culture wells. After 1 or 3 hours of incubation, cell adhesion to
fibronectin was determined as described under the Materials and Methods. The number of
adherent cells was presented relative to untreated controls. Each data point was the mean +
SEM of 3 independent experiments. (B) MCF7 cells were pretreated with ethanol (0 or 400
mg/ dl) for 24 or 48 hours and seeded on fibronectin-coated culture wells for 3 hours. Cell
adhesion to fibronectin was determined as described above. (C) Cells were pretreated with
ethanol (0 or 400 mg / dI) for 48 hours and plated on fibronectin-coated glass coverslips,
allowing attachment for 3 hours. Focal adhesions were detected by immunofluorescent
staining for paxillin and visualized by confocal microscopy as described under the Materials
and Methods. Focal adhesions were indicated by arrows. Scale bar = 5 um. (D) Focal
adhesions were counted randomly on 12 or more cells. The mean of focal adhesions per cell
was calculated and expressed relative to untreated controls. Each data point was the mean +
SEM of 3 independent experiments. *Significant difference from untreated controls.
#Significant difference from 24-hour pretreatment group.
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Fig. 2.

Effect of ethanol on the phosphorylation of ErbB2, FAK, and cSrc. (A) MCF7E™B2 ce||s
were pretreated with ethanol (0 or 400 mg/ dl) for 24 or 48 hours. Cells were seeded on
fibronectin-coated dishes and allowed to attach for 1 to 6 hours. Cells were harvested after
specified times of attachment and analyzed for the phosphorylation of ErbB2, FAK, and
¢Src with immunoblotting. Expression of GAPDH served as a loading control. (B and C):
The relative levels of pFAK and pErbB2 were quantified as described under the Materials
and Methods and normalized to the expression of FAK and ErbB2, respectively. (D) Cells
were pretreated with ethanol (0 or 400 mg/ dI) for 6 to 48 hours and allowed to attach for 3

EtOH48 h
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hours. Cell lysates were collected and analyzed for the phosphorylation of FAK and cSrc
with immunoblotting. (E) The relative levels of pFAK and pcSrc were quantified and
normalized to the expression of FAK and cSrc, respectively. (F) Cells were pretreated with
ethanol (0 or 400 mg / dI) for 48 hours and plated to fibronectin-coated coverslips, allowing
attachment for 1 hour. Phosphorylation of FAK (Tyr861) and ErbB2 (Tyr1248) was detected
with immunofluorescent staining. Arrows indicate the co-localization of pErbB2 and pFAK.
Scale bar = 5 pm. These experiments were replicated 3 times.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 11.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Xu et al.

A IP: FAK

we wo . w | |B; ErbB2

P SRR . W W | 1B: FAK

1 1 1 3 3 3 Attachment(h)
0 24 48 0 24 48 EtOH(h)

C IP:cSrc

IB: ErbB2
IB: p130©as
| =

B[ 1B: FAK
IB: cSrc
0 6 12 24 48 EtOH (h)

s

Fig. 3.

Page 17

B IP: ErbB2

[FE W WWW |5

[ e e s 89 89 s B: EbB2
1 1 1 3 3 3 Attachment(h)
0 24 48 0 24 48 EtOH (h)

Effect of ethanol on the interactions among ErbB2, FAK, and cSrc. MCF7E™B2 cells were
pretreated with ethanol (0 or 400 mg / dl) for 24 or 48 hours and seeded on fibronectin-
coated culture wells, allowing attachment for 1 or 3 hours. (A) Cell lysates were collected
and immunoprecipitated (IP) with an anti-FAK antibody, then immunoblotted (IB) with an
anti-ErbB2 or anti-FAK antibody. (B) Cell lysates were collected and IP with an anti-ErbB2
antibody and IB with an anti-ErbB2 or anti-FAK antibody. (C) Cells were pretreated with
ethanol (0 or 400 mg/ dl) for indicated times and allowed attachment for 3 hours. Cell
lysates were collected and immunoprecipitated with an anti-cSrc antibody and
immunoblotted with anti-ErbB2, p130©3, FAK, or cSrc antibody. These experiments were

replicated 3 times.
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Fig. 4.

Efgfect of ethanol on focal complex. (A) MCF7E™B2 cells were pretreated with ethanol (0 or
400 mg / dI) for indicated times and seeded on fibronectin-coated culture dishes. After 3
hours of attachment, cell lysates were collected and immunoprecipitated (IP) with an anti-
p130°3s antibody, then immunoblotted (IB) with an anti-FAK antibody. (B) Cells were
pretreated with ethanol (0 or 400 mg/ dl) for 48 hours and allowed to attach for 3 hours. The
expression of FAK and paxillin was detected with immunofluorescent staining. Arrows
indicate the co-localization of paxillin and FAK. Scale bar =5 pm. The experiments were
replicated 3 times.
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Fig. 5.
Effect of ErbB2 inhibitor AG825 on ethanol-induced cell adhesion. (A) MCF7E™B2 ce|ls

were pretreated with ethanol (0 or 400 mg/ dI) with / without AG825 (5 uM in DMSO) for
48 hours. Cells were then seeded on fibronectin-coated culture dishes and allowed to attach
for 1 hour. Cell lysates were collected and analyzed for the expression of phosphorylated
ErbB2 (Tyr1248) with immunoblotting. Cells treated with vehicle (DMSO) only served as a
control. (B) Cells were pretreated with ethanol (0 or 400 mg/ dl) with / without AG825 (5
UM in DMSO) for 24 or 48 hours. Cells were then seeded on fibronectin-coated culture
dishes and allowed to attach for 1 hour. Cell lysates were collected and immunoprecipitated
(IP) with an anti-ErbB2 antibody, then immunoblotted (IB) with anti-FAK or ErbB2
antibodies. (C) MCF7E™BZ cells were pretreated with ethanol (0 or 400 mg/ dl) with /
without AG825 (5 UM in DMSO) for 48 hours. Cells were then seeded on fibronectin-coated
culture dishes and allowed to attach for 3 hours. Cell adhesion was quantified as described in
Fig. 1A. (D) Focal adhesions were detected with paxillin immunoreactivity and counted
randomly on 10 or more cells as described in Fig. 1B8. The mean of focal adhesions per cell
+ SEM was calculated and expressed relative to untreated controls. These experiments were
replicated 3 times. *Significant difference from untreated controls.
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