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Long-term exposure of MCF-12A normal human
breast epithelial cells to ethanol induces epithelial
mesenchymal transition and oncogenic features
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Abstract. Alcoholism is associated with breast cancer inci-
dence and progression, and moderate chronic consumption of
ethanol is a risk factor. The mechanisms involved in alcohol's
oncogenic effects are unknown, but it has been speculated that
they may be mediated by acetaldehyde. We used the immor-
talized normal human epithelial breast cell line MCF-12A to
determine whether short- or long-term exposure to ethanol
or to acetaldehyde, using in vivo compatible ethanol concen-
trations, induces their oncogenic transformation and/or the
acquisition of epithelial mesenchymal transition (EMT).
Cultures of MCF-12A cells were incubated with 25 mM
ethanol or 2.5 mM acetaldehyde for 1 week, or with lower
concentrations (1.0-2.5 mM for ethanol, 1.0 mM for acet-
aldehyde) for 4 weeks. In the 4-week incubation, cells were
also tested for anchorage-independence, including isolation
of soft agar selected cells (SASC) from the 2.5 mM ethanol
incubations. Cells were analyzed by immunocytofluorescence,
flow cytometry, western blotting, DNA microarrays, RT/PCR,
and assays for miRs. We found that short-term exposure to
ethanol, but not, in general, to acetaldehyde, was associated
with transcriptional upregulation of the metallothionein
family genes, alcohol metabolism genes, and genes suggesting
the initiation of EMT, but without related phenotypic changes.
Long-term exposure to the lower concentrations of ethanol or
acetaldehyde induced frank EMT changes in the monolayer
cultures and in SASC as demonstrated by changes in cellular
phenotype, mRNA expression, and microRNA expression.
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This suggests that low concentrations of ethanol, with little or
no mediation by acetaldehyde, induce EMT and some traits of
oncogenic transformation such as anchorage-independence in
normal breast epithelial cells.

Introduction

Alcoholism is a risk factor for breast cancer, with consumption
of 3 or more drinks per day leading to a 40-50% increase in
risk, and with approximately 50,000 alcohol-attributable cases
per year worldwide (1-3). It is postulated that the effects of
alcohol are not exerted in the early stage of the carcinogenic
process, since alcohol effects are not associated with ductal
carcinoma in situ of the breast in postmenopausal women.
There is also a greater associated risk for lobular than for ductal
breast cancer (4-6). Alcohol induced cancers may be restricted
to estrogen receptor-positive tumors (2,7). Even low levels of
alcohol consumption (3-6 drinks/week) are associated with a
small increase in breast cancer risk, with the most consistent
measure being cumulative alcohol intake throughout adult life
combined with binge drinking (3-5).

Experimental studies in mice and rats have shown that
ethanol consumption promotes mammary tumors and
abnormal tissue development (8-13) at least partly via the
estrogen pathway (8). In vitro, the estrogen association has
mainly been shown using the breast cancer luminal epithelial
cell line MCF7, which is estrogen and progesterone receptor
positive and lacks ERBB2 gene amplification or Her2/neu
protein overexpression (14-17). Studies, mostly with an ethanol
exposure of less than 1 week and concentrations higher than
50 mM, produced modest stimulation of in vitro growth, inva-
siveness, and migration of MCF7 cells (18-23) and in other
more malignant breast cancer cell lines (18-23).

In our recent preliminary study using MCF7 cells (see
abstract) (24), we found that short-term exposure to ethanol
was associated with modest transcriptional upregulation
of the metallothionein family, but long-term exposure
led to more substantial upregulation of Oct4, Nanog, and
CEACAMBG protein expression, and results in a global onco-
genic transcriptional signature as well as the stimulation
of anchorage-independence. This process was not directly
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mediated by acetaldehyde, nor by observable estrogen respon-
siveness. These results suggested that ethanol may enhance
the oncogenesis of breast cancer cells through the interplay of
cancer-related genes and their regulatory miRs.

Surprisingly, few publications are available on the effects
of exposure to ethanol on the MCF-12A cell line (25), which is
derived from normal but immortalized breast epithelial cells,
or on other epithelial breast cell cultures. Similar to MCF7,
the MCF-12A cell line is both estrogen receptor-positive
and progesterone receptor-positive (26). To our knowledge,
there are no publications about MCF-12A cells regarding
the transcriptional signatures that would help to characterize
breast tissue related oncogenic transformation, neither any
publications on the role of microRNAs (miRs) in ethanol
treated MCF-12A, particularly with respect to the miRs that
are known to regulate key mRNA levels in breast cancer onco-
genic pathways (27-31). In turn, there are some related reports
on other normal epithelial breast cell cultures (32,33).

The putative oncogenic effects of alcohol have been
proposed to be mediated by stimulation of estrogen levels
and/or estrogen responsiveness, and also potentially by other
effects unrelated to estrogen (1,2,34-38). The latter may include
the inhibition of DNA methylation, interaction with retinoid
metabolism, or oxidative stress, and could operate either by
ethanol effects or through the first ethanol metabolite, acetal-
dehyde, which is produced by alcohol dehydrogenase (ADH).
Acetaldehyde effects might include the formation of stable
DNA adducts or decreased glutathione. However, it is possible
that ethanol, besides these direct or indirect oncogenic effects,
could stimulate a later stage of tumor progression through
increased cell invasiveness, detachment, and metastasis. A
well studied process mediating these alterations in epithelial
cancers is the epithelial mesenchymal transition (EMT), a
process that has been extensively studied in breast cancer and
MCEFT7 cells (39,40), but not under ethanol induction.

In a recent study, both non-tumorigenic (MCF 10A,
MCF-12A) and tumorigenic (MCF7) breast epithelial cells
exposed to cigarette smoke acquired mesenchymal properties.
These properties included fibroblastoid morphology, increased
anchorage-independent growth, motility, and invasiveness. For
the MCF 10A cells, this may be related to the emergence of
a CD44(high)/CD24(low) population, and in both normal cell
types is associated with changes in gene expression related to
EMT. The MCF 10A transplanted into mice, which were later
treated with cigarette smoke extract, showed increased survival
and colonization of the mammary ducts (41). In the only other
report that we could find, the induction of the expression of
transcription factor ESX in MCF-12A confers growth in soft
agar and a transformed in vitro metastatic phenotype consistent
with EMT (42). A few studies of ethanol or alcohol described
EMT effects in other normal and malignant tissues and in
breast cancer cells (43-45). No such effects on MCF-12A or
other normal breast epithelial cells have been reported.

In the current study, the effects of short- and long-term
exposures to various physiologically relevant concentrations of
ethanol and relatively high dose acetaldehyde were studied using
MCF-12A monolayers. In one experiment, ethanol-induced cells
were selected for anchorage independence by survival in soft
agar. Analysis of stem cell markers and global transcriptional
gene expression signatures including miRs, with particular
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reference to EMT, were carried out to better understand the
mechanism of action of alcohol on the putative induction of
malignant features on normal breast epithelial cells, in order to
better clarify early effects of alcohol in breast cancer.

Materials and methods

Cell lines. MCF-12A (catalog CRL-10782) was obtained from
the American Type Culture Collection (ATCC; Manassas,
VA, USA) and grown according to the recommendations
provided by the supplier, in medium containing DMEM/
F12 in the presence of 2.5% horse serum and supplemented
with epidermal growth factor, hydrocortisone, bovine insulin,
cholera toxin, and antibiotic/antimycotic. Cells were carried in
6 well plastic plates at 37°C, 5% CO, and passaged as required
at 90% confluence or less. Ethanol, molecular grade (Fisher
Scientific, Pittsburgh, PA, USA) and acetaldehyde ACS grade
(Sigma Aldrich, St. Louis, MO, USA) were added to cell
culture wells as described and replaced when culture medium
was changed, typically at 3 day intervals. Mammospheres
were generated by disaggregating monolayer cultures and
applying 50,000 cells per well to Corning Inc. (Corning, NY,
USA) ultra low attachment plastic plates in the presence of
mammary epithelial cell growth medium (Fisher, MEBM)
plus 2% v/v B27 supplement (Invitrogen, Carlsbad, CA, USA)
and 0.01 mg/ml bovine insulin.

Western blots. Blots were accomplished using standard methods:
Cells were dissolved in boiling buffer (1% SDS, 1 mM sodium
orthovanadate, 10 mM Tris pH 7.4, and protease inhibitors) by
scraping cells from wells and passing the lysate several times
through a 26 gauge needle to reduce viscosity. Protein concen-
trations and recoveries were determined using the Pierce protein
determination kit (Thermo Fisher, Waltham, MA, USA). Protein
samples were applied to 4-15% linear gradient gels (Bio-Rad,
Richmond, CA, USA) and electrophoresed, electrophoretically
transferred to PVDF membranes (Bio-Rad), and analyzed for
specific proteins by antibody binding using standard methods
including enzyme bound second antibodies and Super Signal
West Pico luminescent solution (Pierce).

RNA expression analysis. Cell cultures in 6-well plates were
washed once with PBS, and RNA was extracted and purified
using the Qiagen RNeasy Plus Micro kit (Qiagen Sciences Inc.,
Germantown, MD, USA). RNA concentration and recovery was
determined using the Nanodrop apparatus (Thermo Fisher), and
RNA integrity was determined by Bioanalyzer (Agilent, Santa
Clara, CA, USA). All RNA samples were determined to have an
RNA Integrity Number (RIN) of 8 or higher. Gene expression
was determined from RNA samples by DNA microarray anal-
ysis using the Affymetrix (Santa Clara, CA, USA) Human Gene
1.0 ST carried out by the UCLA DNA Microarray Core facility,
or by the Affymetrix Human Gene 1.1 ST by the UCLA
Pathology Department DNA Laboratory. Relative expression
values from different treatments were compared using Microsoft
Excel. Some samples were subjected to polymerase chain reac-
tion (PCR) as follows: RNA samples of 1 ug were reverse
transcribed using the Invitrogen SuperScript III first-strand
synthesis Supermix according to the manufacturer's recom-
mendation. cDNA derived from the 1 week ethanol treated
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samples and untreated control cDNA samples from the same
6-well plate were subjected to polymerase chain reaction
assays for MT1X and results were compared with GAPDH
controls, according to standard methods using the Clontech
Advantage 2 PCR kit (Mountain View, CA, USA) according to
the manufacturer's recommendations. Primers: for MT1X
forward TCATCTGTCCCGCTGCGTGT and reverse GGCA
CAGGAGCCAACAGGCG. For GAPDH, forward GTCG
CCAGCCGAGCCACACT and reverse TGACCTTGGCCA
GGGGTGCT. Gene identification labels are according to the
NCBI (National Center for Biotechnology Information) Gene
database: http://www.ncbi.nlm.nih.gov/gene and are referred
to as NCBI:Gene in figure and table descriptions.

MicroRNA analysis. Cells were grown on 6-well plates in
the presence or absence of either ethanol or acetaldehyde as
described in Results. Total RNA including microRNAs (miRs)
was purified using the Mirvana microRNA purification kit
(Ambion; Life Technologies, Austin, TX, USA). Samples of
RNA were analyzed for miR content by LC Sciences, Houston,
TX, USA.Relative miR levels are expressed on an arbitrary scale
following normalization. MicroRNA results and DNA micro-
array results are deposited in the Gene Expression Omnibus
(GEO) archive under accession number GSE76953. MicroRNA
names and sequences are available at www.mirbase.org.

Flow cytometry. Cells were grown and treated with ethanol or
acetaldehyde as described, washed twice with Hanks Balanced
Salt Solution (HBSS), disaggregated by repeated pipeting in
Cell Stripper (Mediatech, Manassas, VA, USA), pelleted, and
resuspended in staining buffer consisting of PBS plus 3% FBS
(SB). Cells were incubated in the presence of fluorescent conju-
gated antibodies for 30 min. on ice, washed twice with SB, and
finally resuspended in SB for flow cytometry on an LSR II
(BD Biosciences, San Diego, CA, USA). Controls using either
no antibody or all possible combinations of antibodies were
used to validate specificity of cell staining. Data analysis and
plotting were done using FACSDiva Version 6.1.1 software.
All fluorophore-conjugated antibodies and isotype controls
were from eBioscience (San Diego, CA, USA).

Soft agar growth. Cells were trypsinized and subjected to
the soft agar tumorigenic/anchorage-independent cell selec-
tion procedure: Cells were suspended in 1 ml/well of warm
(37°C) 0.3-0.5% agar in culture medium (soft agar layer) and
10,000 cells/ml were deposited in duplicate or triplicate wells
above a layer of 1 ml of 1% agar (in the same medium) that had
been allowed to solidify on 6-well plates at 4°C (hard layer agar).
Cultures were allowed to grow for 4 weeks and when foci were
visible, they were stained with 0.005% crystal violet in Hanks'
solution for 1 h, and colonies were counted. In certain cases,
separate foci from the soft agar cultures not subjected to staining
were transferred to culture medium in T-25 flasks, grown as
monolayers in the absence of ethanol or acetaldehyde, and used
for further experiments including gene expression analysis.

Results

Short-term continuous exposure of MCF-12A cells to high
dose ethanol causes changes in the global transcriptional
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Table I. MCF-12A monolayers were exposed to ethanol or
acetaldehyde for 1 week.

Ethanol (Eth) Acetaldehyde (Act)

Gene Eth/C ratio C value Act/C ratio C value
MTI1A 1.32 178 1.13 1039
MTI1B 1.25 97 1.02 168
MTIF 2.24 2248 1.09 3193
MTIG 1.33 3777 0.94 4279
MTIH 1.31 176 1.11 221
MTIL 2.01 1806 0.99 3975
MT1X 2.14 1816 0.99 7219
MT2A 1.24 13940 0.96 20349
MT4 1.53 128 1.25 147

“RNA samples were subjected to analysis by DNA microarray. The
ratios for treated (Eth or Act) vs. untreated control (C) are shown. Also
shown are the C values from the DNA microarrays. Each C value
represents the normalized gene expression value from the DNA
microarray, representing the respective level of expression. Gene:
gene symbols are according to the Gene database in the NCBI section
of the National Library of Medicine, NIH, USA. Results for different
metallothionein genes are shown.

MT1X
GAPDH

MT1X / GAPDH

C Eth

Figure 1. The short-term exposure of MCF-12A cells to a high dose of eth-
anol upregulates the transcriptional expression of the metallothionein (MT)
gene family. Cultures were maintained for 7 days in the presence of 25 mM
ethanol, 2.5 mM acetaldehyde (fresh daily), or no addition. Above: RNA
was isolated from triplicate cultures of control cells (left side) and ethanol
treated cells (right side) and submitted to RT/PCR. Below: Densitometry for
triplicate samples “p<0.05.

signature that are not, however, induced by acetaldehyde,
and does not affect anchorage-independence. Monolayer
cultures of MCF-12A cells were subjected to 1 week incuba-
tions with 25 mM ethanol, roughly equivalent to the peak
alcohol concentration in serum after 4-5 glasses of wine, or to
2.5 mM acetaldehyde replaced daily, a concentration several-
fold higher than would be expected from this level of alcohol
ingestion in either humans or rats (46,47). These concentrations
were similar to the ones used by us in a preliminary study of
1- and 4-week exposures of MCF7 breast epithelial cancer cells
to these agents (24). No obvious effects on cell culture growth
or morphology were observed in the MCF-12A cells, and the
extracted RNAs were subjected to DNA microarray assays.
Table I shows that mRNA levels for the metallothionein genes,
known to be affected by ethanol, were increased by ethanol in
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Table II. The short-term exposure of MCF-12A cells to high dose ethanol or acetaldehyde changes the transcriptional expression
balance among members of the serpin, ankyrin, and alcohol metabolism gene families.”

Ethanol (Eth)

Acetaldehyde (Act)

Gene name Gene symbol Eth/cont ratio C value Act/cont ratio C value

Alcohol metabolism
Aldehyde Dhd1A3 ALDHI1A3 0.80 1191 191 376
Aldehyde Dhd3B2 ALDH3B2 0.19 477 0.69 226
Aldehyde Ox 1 AOX1 191 138 1.86 213

Serpins
Serpin Al Al 441 314 0.98 504
Serpin B2 B2 (PAI 2) 0.14 2625 2.04 495
Serpin B3 B3 0.10 2267 1.14 754
Serpin B7 B7 0.11 886 0.76 41

Ankyrins
Ankyrin 36B ANKRD 36B° 207 104 1.60 152
Ankyrin 22 ANKRD 22 0.17 1027 0.72 67

Epithelial/

mesenchymal transition
Cadherin 11 CDH11 325 153 0.97 42
Interleuk 31 rec A IL3IRA 2.72 125 1.49 62
Connect tiss gf CTGF 2.67 284 091 748
Integrin sub b6 ITGB6 2.53 236 1.06 118
Laminin 33 LAMB3 246 1103 1.50 1822
Matrix metl pep 2 MMP2 2.34 210 1.09 495
Thrombospondin1 THBS1 2.15 2410 1.36 1045
Met assoc lung ad MALATI® 1.86 388 1.67 2942
Interleukin 6 IL6 2.12 81 1.42 119
Trans GFf32 TGFB2 2.09 413 1.36 856
Cadherin 4 CDH4 2.00 213 0.88 145
Keratin 17 KRT 17° 0.51 10650 0.55 5277
Keratin 78 KRT 78 0.27 314 1.14 101
Keratin 23 KRT 23 0.24 228 0.76 127
Keratin 80 KRT 80 0.22 727 0.98 100
Keratin 16 KRT 16° 0.28 2923 0.49 1850
Keratin 4 KRT 4 0.11 1197 0.71 176

*Cultures were maintained for 7 days in the presence of 25 mM ethanol, 2.5 mM acetaldehyde (fresh daily), or no addition (cont). RNA was
subjected to DNA microarray analysis by Affymetrix human Gene 1.0 ST. *A few genes have multiple probe sets in this system, so results were
averaged. Details as in Fig. 1. Eth/cont ratio: ratio of DNA microarray values for ethanol treated vs. untreated cells. Act/cont ratio: as in ethanol
vs. control treated, but the treatment was with acetaldehyde. C value: the normalized DNA microarray value for each gene's expression in the

control specimens. Gene symbols are according to NCBI:Gene.

these experiments, particularly the 1F, 1L and 1X, but the same
genes were largely unaffected by acetaldehyde. This result was
confirmed for MT1X by quantitative RT/PCR (Fig. 1).

In total, 129 MCF-12A genes were upregulated by >2.0 and
257 were downregulated to <0.5 by 25 mM ethanol, as compared
to control MCF-12A cells grown in the absence of these agents.
By contrast, 2.5 mM acetaldehyde only upregulated 19 genes by
>2.0 and downregulated 58 genes by <0.5. Within these ranges,
and considering genes that are related to alcohol metabolism,
ethanol upregulated AOX1 and downregulated ALDH3B2, and

acetaldehyde similarly affected to a lesser extent both genes
and increased ALDHI1A3 (Table II). However, the expression
of the stem cell/Aldefluor related isoform, ALDHI1A1, was not
affected by either treatment.

Alcohol substantially affected the transcription of 4 serpins,
upregulating Al and downregulating B3, B7, and B2 (PAI2)
but acetaldehyde only affected SerpinB2. One ankyrin mRNA
was increased by both agents (37), and one was decreased
by both (22). Remarkably, a number of other genes related
to EMT were upregulated by ethanol (e.g., CTGF, LAMB3,
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Figure 2. Flow cytometry shows an enrichment of CD44/CD24(low) cells in long-term 2.5 mM ethanol treated MCF-12A cells within an otherwise homog-
enous population for other markers. MCF-12A monolayers incubated 4 weeks with 2.5 mM ethanol in red and their untreated controls in black (no gate) for

the markers above.

TGFB2 and others) or downregulated (KRT17, KRT16, KRT4,
and other keratins) as expected for the EMT process. Again,
acetaldehyde affected only some of these genes and to a much
lesser extent.

These transcriptional alterations elicited by 1 week incu-
bation did not translate into phenotypic changes related to
malignancy, since neither ethanol nor acetaldehyde treatment
caused anchorage-independence as judged by the lack of foci
formation in soft agar, neither was there any effect regarding
mammosphere formation or increased stem cell content as
judged by immunocytochemistry of the embryonic stem cell
genes Oct4 or nanog, or by quantitative western blots (data not
shown).

Long-term continuous exposure of MCF-12A cells to lower
doses of ethanol or acetaldehyde than the ones applied in the
short-term incubations induce changes in morphology, cell
growth, and anchorage-independence. In order to examine
the impact of more prolonged exposure to ethanol or acetalde-
hyde, so as to better model the long term processes affecting
tissues in the alcohol-drinking human, MCF-12A monolayer
cultures were incubated in the presence of one or the other
of these compounds for 4 weeks. However, in contrast to our
previous experience with MCF7 cells, whose proliferation was
stimulated by 25 mM ethanol (24), this high concentration led,
strikingly, to MCF-12A cell death after 2 weeks, with only
a very small fraction of cells surviving. Parallel incubations
with lower concentrations (10 and 5 mM) allowed growth but
caused a considerable slowing of cell proliferation, and only
even lower concentrations (2.5 and 1.0 mM) allowed normal
replication of MCF-12A cells.

Flow cytometry of the cells exposed to 2.5 mM ethanol
failed to show an enrichment of CEACAMG6™ cells which had

been observed in the case of the MCF7 cells incubated with
ethanol at 25 mM (24). Flow cytometry also failed to show
Oct4* cells that would denote stem cells (Fig. 2), but showed
the presence of CD44+/CD24(low) cells that are suspected
as breast cancer stem cells (48). This finding prompted us to
investigate whether ethanol exposure was associated with the
induction of anchorage-independence as would be shown by
foci formation in soft agar. Fig. 3 shows that this is the case,
with 2.5 mM and as low as 1 mM ethanol, and that in contrast
to the 1 week incubations with 2.5 mM acetaldehyde, which
had not caused any oncogenic phenotype change, acetalde-
hyde exposure for 4 weeks at 1.0 mM increased the number
of foci considerably.

The foci from the 2.5 mM ethanol incubations (Fig. 4A)
are able to grow in monolayer and although initially they
show the cobblestone morphology of standard MCF-12A cells
(Fig. 4B), after growth for approximately 4 weeks they develop
typical mesenchymal morphology (Fig. 4C). This is suggestive
of the EMT that the 1 week incubation with 25 mM alcohol
suggested, as shown in Table II. Moreover, these cloned cells
coalesced to form multiple mammospheres in the appropriate
medium (Fig. 4D). The cells persist for several months in
culture and can be stored stably at liquid nitrogen temperature.

We expected, based on preliminary results with MCF7
cells, that CEACAMBSG, indicative of oncogenesis, or Oct4,
indicative of stemness, would be overexpressed after the
4-week exposure to 2.5 mM ethanol and particularly in the
soft agar selected cells (SASC). However, western blot analysis
showed either no change or a significant decrease (Fig. 5).

Continuous exposure of MCF-12A cells to low dose ethanol is
associated with significant alterations in the global transcrip-
tional signature, including changes consistent with induction
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Figure 3. The long-term exposure of MCF-12A cells to low dose ethanol or to acetaldehyde induces anchorage-independent growth as assessed by the soft agar
assay. Monolayer cultures were maintained in triplicate for 4 weeks in the presence of or absence of 1 or 2.5 mM ethanol, or I mM acetaldehyde, as indicated,
and then cells were transferred to soft agar for 2-3 weeks growth in triplicate on Petri dishes in the absence of added ethanol or acetaldehyde. Foci were stained
with methylene blue (top, representing 1 mM ethanol cultures), photographed, and then counted (bottom). ““p<0.001.

Figure 4. Long-term exposure of MCF-12A cells to low dose ethanol induces a gradual morphological EMT, and the induced soft agar foci are able to continue
growing in monolayer and lead to spontaneous mammosphere formation. The 2.5 mM ethanol incubations of the MCF-12A monolayers that originated as the soft
agar foci depicted in Fig. 2, one of them magnified in (A; x200), continue to show the cobblestone shape (B; x200), but upon 3 weeks of culture they undergo the
spindle shape transformation indicative of EMT (C; x200). These originated as multiple mammospheres in regular medium and culture flasks (D; x200).

of EMT. DNA microarray assays were performed on RNAs  and 1.0 mM acetaldehyde incubations, as well as from the
isolated from the MCF-12A cells growing in monolayer in the  soft agar selected cells (SA clone) described above. Table 111
absence of treatment (control) and from the 2.5 mM ethanol  shows six families of genes that are targeted by or markers of
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Figure 5. Long-term exposure of MCF-12A cells to low dose ethanol does not upregulate Oct4a or CEACAM®6 protein expression, but the induced foci in soft
agar have lower levels of expression of both genes. The 2.5 mM ethanol-incubated monolayer cultures and the resulting soft agar foci amplified in monolayer,
as in Figs. 3 and 4, were used for quantitative western blot assay in triplicate. Blank columns: MCF-12A incubated in the absence of ethanol. Gray columns:
MCEF-12A cultured in the presence of 2.5 mM ethanol. Double hatched columns: soft agar clones from the previously ethanol exposed cells amplified in

monolayer under 2.5 mM ethanol. "p<0.05; ““p<0.001.

EMT: claudin, integrin, keratin, cadherin, serpin, and laminin.
Incubation with ethanol substantially downregulated six
keratins and two claudins, with none upregulated, whereas in
the case of integrins, cadherins, serpins and laminins, some
were upregulated and some downregulated. Remarkably, out
of the 26 substantial changes caused by ethanol, only 5 genes
(keratin 10, cadherin related member 1, cadherin 2, serpin E2
and laminin 4) were similarly affected by acetaldehyde.

The most striking changes were seen in the SASC clone,
where virtually every change induced by ethanol in the mono-
layer was magnified to a remarkable extent, except for a few
genes (serpinE2, LAMCI1, CLDN7, CLDNI, and LAMA3).
There were a few other genes not changed in the ethanol treated
monolayer which appeared in the SASC changed population.
This suggests that most of the alterations seen in the mono-
layer were due to changes to a subfraction of cells which are
reflected in the cloned foci selected by soft agar growth.

The EMT signature was confirmed by changes in the
expression of key gene families triggering EMT, such as inter-
leukins, TGFp, and IGF families, as well as the Twistl/Snail
pathways (Table IV). Twistl is of particular interest since it
was also induced by acetaldehyde, and the SASC clone over-
expression was much lower than that seen in monolayer. Some
similar patterns described in Table III were seen: ethanol
inducing in monolayer interleukin up- and down-regulation,
upregulated genes in the TGFp and IGF families, and most of
these changes amplified in the SASC clone. However, a few
genes did not follow this trend in the SASC clone as compared

with the monolayer, such as ILIR2, CD36 and IGFBP4. Of
note, acetaldehyde treated cells differed from the results
shown in Table III.

Table IV (bottom) shows changes that are to be expected
in the transcription of genes related to aldehyde and alcohol
metabolism, although acetaldehyde (with the exception of alde-
hyde oxidase 1) did not change their expression substantially.
As in the other cases, the changes induced by ethanol were
much higher in the SASC clone than in the monolayer culture.
Other isolated gene expression alterations are compiled,
particularly the increase in angiopoietin and fibronectinl
(Table IV: others).

MCF-I2A transcriptional signature changes caused by long-
term exposure to low doses of ethanol also include changes
in cancer-related gene families and microRNAs. Ethanol also
affects genes directly related to breast cancer as well as some
genes with a possible relationship to oncogenesis (Table V).
This was only observed in the current study in the SASC, and
not in the parent monolayer exposed to ethanol or acetaldehyde.
Upregulation is observed in 5 members of the BRCA family of
tumor-suppressor genes, particularly related to breast cancer,
such as BRCA1/BRCA2 and their complex BRCC3, at levels
of 2.3- to 4.5-fold. Some members of the myc family (such
as RLF, MYCBP2 and MINA) are upregulated from 2.9- to
3.3-fold. Within a group of genes still not well defined in rela-
tion to cancer, 9 members of the neuroblastoma breakpoint
family (NBPFs) are all upregulated from 2.2- to 2.7-fold, and
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Table III. Gene expression analysis of MCF-12A grown in monolayer in the presence or absence of ethanol, or as soft agar

selected cell clones compared with control MCF-12A *

Monolayer SA Clone
Gene ID Gene description Eth/cont Act/cont SASC/cont
Claudin and Integrin families
CLDNS Claudin 8 0.95 0.95 0.25
CLDN4 Claudin 4 09 1.0 0.21
CLDN7 Claudin 7 0.17 0.8 0.15
CLDN 1 Claudin 1 0.09 09 0.07
ITGB8 Integrin, 38 12 1.0 35
ITGBL1 Integrin P like 1 1.3 1.0 33
ITGA3 Integrin, a3 1.3 10 2.5
ITGB4 Integrin, 34 0.33 0.8 0.2
ITGB6 Integrin, 6 0.46 1.0 0.18
ITGA6 Integrin, a6 0.36 09 0.16
Serpin family
SERPINE2 Serpin E2 22 7.7 9
SERPINB1 Serpin B1 1.7 1.6 3
SERPINH1 Serpin H1 1.5 1.2 29
SERPINBS Serpin B5 0.6 1.0 03
SERPINA3 Serpin A3 0.5 1.0 0.2
SERPINB13 Serpin B13 0.1 0.7 0.06
SERPINB3 Serpin B3 0.05 1.0 0.02
Keratin and Cadherin families
KRTS5 Keratin 5 0.6 1.0 0.32
KRT6C Keratin 6¢ 0.6 1.0 0.19
KRT16P3 Keratin 16 pseudogene 3 03 1.1 0.1
KRt17 Keratin 17 0.1 1.2 0.05
KRT16 Keratin 16 0.1 1.2 0.02
KRT10 Keratin 10 0.1 03 0.01
CDHRI1 Cad rel-member 1 22 16 0.66
CDH2 Cad 2, t1, N-cadherin 3 19 49
CDH13 Cad 13, H-cadherin 1.7 1.2 043
CDHI1 Cadl, type 1, E-cadher 0.1 1.1 0.05
CDH3 Cad 3, t1, P-cadherin 0.13 09 0.02
Laminin family
LAMA4 o4 8.1 22 25
LAMCI1 vl 2.1 1.5 23
LAMA3 a3 0.38 09 0.33
LAMB3 B3 0.32 0.7 0.07
LAMC2 v2 043 1.0 0.06

*Gene expression analysis was carried out using Affymetrix human Gene 1.1 ST assays. Eth/cont: ratio of ethanol treated to control (untreated)
DNA microarray values. Act/cont: ratio of acetaldehyde to control DNA microarray values. SASC/cont: ratio of soft agar selected clone gene
expression to control gene expression. Gene ID: gene identifications according to NCBI:Gene.

three members of the small nucleolar RNA family (SNORD)
are upregulated by 2.0- to 2.5-fold, versus four others down-
regulated (0.12 to 0.32).

Considering the observed changes in mRNA levels, it is
logical to investigate what changes occur in their potential

regulators, the microRNAs (miRs). Surprisingly, ethanol in
monolayer cultures of MCF-12A did not cause substantial
changes in the global miR expression. Acetaldehyde was some-
what more active but changes were still marginal. However, as
in the DNA microarray data, the SASC clone derived from
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Table IV. Effects of long-term ethanol exposure of MCF-12A cells on the expression of key gene families triggering EMT.*

SA Clone Monolayer
Gene ID Gene description SASC/cont Eth/cont Act/cont
Interleukin family
IL7R Interleukin 7 receptor 92.1 13.5 9.1
IL1R1 Interleukin 1 receptor, type 1 10.5 8.1 55
IL6ST Interleukin 6 signal transducer 5.1 22 14
IL1R2 Interleukin 1 receptor type 11 34 10.3 10.0
CXCR1 Chemokine (C-X-C motif) receptor 1 0.75 10 10
IL22RA1 Interleukin 22 receptor al 0.44 10 10
IL1A Interleukin 1 0.18 0.18 0.64
IL1RAP Interleukin 1 receptor accessory protein 1.29 0.59 0.83
IL18 Interleukin 18 (ifn y inducing factor) 0.13 0.22 10
IGF family
CTGF Connective tissue growth factor 119 10 4.6
IGFBP4 Insulin-like growth factor binding protein 4 6.9 6.0 43
IGFBP3 Insulin-like growth factor binding protein 3 50 45 2.7
IGFBP2 Insulin-like growth factor binding protein 2 40 1.7 1.0
IGF2R Insulin-like growth factor 2 receptor 3.7 1.6 1.1
IGF2BP3P Insulin-like GF2 mRNA binding protein 3 20 1.0 1.0
Others
ANGPT1 Angiopoieitin 47 15 9
FN1° Fibronectin 1 8.7 58 45
ZEB2 Zinc finger E-box binding homeobox 2 55 52 2.6
EGFR Epidermal growth factor receptor 0.49 0.44 0.76
PPARgCIA PPARY coactivator la 34 1.2 10
ZEB1 Zinc finger E-box binding homeobox 1 33 3 1.9
TWIST1 Twist basic helix-loop-helix transcription factor 1 24 6.7 4.5
TGFp and IGF families
TGFb2 Transforming growth factor 2 34 19 71
FSL1 Follistatin-like 1 33.6 11.5 93
THBS1 Thrombospondin 1 269 24 19
CD36 CD36 molecule (thrombospondin receptor) 95 21.1 39
TGFBR2 Transforming growth factor, B receptor 2 8.6 24 1.3
BMPR1A® Bone morphogenetic protein receptor, type 1A 39 09 09
BMPR2 Bone morphogenetic protein receptor, type 11 3.7 1.1 1.1
TGFBRAP1 TGFp associated receptor assoc protein 1 3.1 09 0.8
SMAD7 Smad family member 7 0.49 10 10
GDF15 Growth differentiation factor 15 04 05 0.7
TGFB1 Transforming growth factor 1 03 1.5 1.3
THBD Thrombomodulin 0.07 04 09
Aldehyde/Alcohol metabolism
AOX1 Aldehyde oxidase 1 18.5 79 42
ALDHIBI1 Aldehyde dehydrogenase 1 family, member bl 49 1.2 10
AKRI1BI1 Aldo-keto reductase family 1, member B1 29 1.9 15
ADH5 Alcohol dehydrogenase 5 2.56 1.05 1.00
ALDHIL?2 Aldhyde dehydrogenase 1 family, member L2 2.10 0.47 0.75
ALDHI1A3 Aldehyde dehydrogenase 1 family, member A3 043 0.75 0.86
ALDH3B2 Aldehyde dehydrogenase 3 family, member B2 0.17 0.70 1.00
AKRI1B10 Aldo-keto reductase family 1, member B10 0.01 0.14 146

*Gene expression analysis was carried out using the Affymetrix human Gene 1.1 ST assay. °A few genes have multiple probe sets in this assay,
so results were averaged. These are indicated after the Gene ID. Gene ID: gene identification according to NCBI:Gene. SASC/cont: ratio of
gene expression for soft agar selected cells vs. control cells. Eth/cont and Act/cont refer to ethanol vs. control ratio and acetaldehyde vs. control

ratio as in previous tables.
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Table V. Effects of long-term ethanol exposure of MCF-12A cells on the expression of key cancer related gene families.”

SA Clone Monolayer
Gene ID Gene description SASC/cont  Eth/cont  Act/cont
BRCA family
BRCC3 BRCA1/BRCA2-containing complex, subunit 3 45 0.85 10
BRCA2 Breast cancer 2, early onset 2.6 0.80 0.88
PALB2 Partner and localizer of BRCA2 2.6 09 09
BRCAI Breast cancer 1, early onset 2.3 1.0 1.0
BAPI BRCALI associated protein-1 22 1.1 0.96
Neuroblastoma breakpoint family
NBPF10° Neuroblastoma breakpoint family, member 10 2.6 1.0 10
NBPF15 Neuroblastoma breakpoint family, member 15 2.7 10 10
NBPF16° Neuroblastoma breakpoint family, member 16 2.6 1.0 1.0
NBPF11° Neuroblastoma breakpoint family, member 11 2.6 1.0 1.0
NBPF1 Neuroblastoma breakpoint family, member 1 2.6 10 1.0
NBPF9 Neuroblastoma breakpoint family, member 1 25 10 1.1
NBPF14 Neuroblastoma breakpoint family, member 14 24 1.0 1.1
NBPF3° Neuroblastoma breakpoint family, member 3 2.2 10 1.0
Others
MCAM Melanoma cell adhesion molecule 5.7 2.1 1.5
ERBB2 v-erb-b2 eryth leuk vir onc homol 2.6 1.0 10
TPD52L.2 Tumor protein D52-like 1.8 10 10
EHF Ets homologous factor 0.1 02 10
MYC family
RLF Rearranged L-myc fusion 33 1.1 10
MYCBP2 MYC binding protein 2 32 1.1 1.1
MINAP Myc induced nuclear antigen 24 1.0 1.0
MAX Myc associated factor X 20 10 10
RBBP7 Retinoblastoma binding protein 7 2.1 1.1 10
Small nucleolar RNA family
SNORD78 Small nucleolar RNA, C/D box 78 2.5 09 1.0
SNORD?22 Small nucleolar RNA, C/D box 22 24 1.0 1.0
SNORD4B Small nucleolar RNA, C/D box 4B 20 09 0.9
SNORDS2 Small nucleolar RNA, C/D box 82 0.32 1.0 1.0
SNORDS5 Small nucleolar RNA, C/D box 5 0.31 1.2 1.5
SNORD6 Small nucleolar RNA, C/D box 6 0.31 09 0.9
SNORDI4E Small nucleolar RNA, C/D box 14E 0.12 1.0 10

*Gene expression analysis was carried out using the Affymetrix human Gene 1.1 ST assay. "A few genes have multiple probe sets in this assay,
so results were averaged. These are indicated after the Gene ID. Gene ID, SASC/cont, Eth/cont, and Act/cont as in previous tables.

ethanol exposure showed 15 miRs upregulated by 2- to 3-fold,
and 28 downregulated between 2- and 100-fold.

In particular, the miR-200 family, which modulates EMT and
MET, is considerably altered in MCF-12A exposed to ethanol.
Of particular interest are the members of the miR-200 family
which were highly downregulated in the SASC clone. This
family regulates EMT through its effects on EMT-provoking
peptides including Zebl, Zeb2, and Twistl, and is allegedly
involved in cancer progression, including the EMT phase,

which involves downregulated miR-200s, and later the mesen-
chymal to epithelial transition (MET) which involves return
of miR-200 expression (49). In this study, the miR-200 family
members miR-200b, miR-200¢, and miR-141 were down-
regulated by 25-100-fold in the SASC clone (Table VI). These
results are consistent with the gene expression analysis for the
EMT inducing peptides Zebl, Zeb2 and Twistl, which were all
upregulated in the SASC clone (see Table IV).

Importantly, in addition to the miRs involved in EMT, there
are several miRs that are known to function as tumor suppres-
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Table VI. Effects of long-term ethanol exposure of MCF-12A cells on the miRNA global profile.*

SA Clone Monolayer SA Clone Monolayer
miR SASC/cont Eth/cont Act/cont miR SASC/cont Eth/cont Act/cont
99a-5p 2.89 1.37 2.15 24-3p 0.34 0.98 1.44
125a-5p 2.66 0.94 0.92 103a-3p 0.34 1 1.75
320d 2.64 1.18 0.62 27a-3p 0.32 0.88 1.37
320e 2.6 1.15 0.6 106b-5p 0.28 0.97 1.56
320c 2.55 1.13 0.66 19a-3p 0.23 1.11 1.77
99b-5p 2.53 0.82 1.04 29b-3p 0.22 1.16 1.44
320a 251 1.27 0.65 20b-5p 0.22 0.85 147
125b-5p 246 1.17 1.75 106a-5p 0.22 0.84 1.29
320b 245 1.15 0.68 20a-5p 0.21 0.9 1.34
let-7b-5p 244 1.12 043 17-5p 0.21 0.86 133
100-5p 2.37 1.22 1.56 494 0.17 0.53 0.84
181b-5p 2.35 0.99 1.04 101-3p 0.17 1.01 2.14
let-7e-5p 2.28 1.13 0.37 183-5p 0.16 0.96 0.51
let-7c 1.96 1.09 0.35 182-5p 0.16 0.94 1.37
let-7d-5p 1.92 1.09 04 19b-3p 0.15 1.24 142
22-3p 0.69 0.96 1.84 200c-3p 0.04 0.94 0.85
31-5p 0.63 1.21 2.17 200b-3p 0.03 0.9 0.85
29¢c-3p 0.54 0.87 1.47 141-3p 0.01 0.92 1.92
23a-3p 0.53 0.93 1.24 96-5p 0.01 0.72 1.8
15a-5p 0.5 091 1.18 203a 0.01 0.65 1.88
93-5p 044 1.01 143 205-5p 0.01 0.89 1.13
425-5p 04 0.84 1.58
16-5p 0.37 0.84 1.08
107 0.34 1.02 1.7

*Expression of microRNAs was assayed as described in Materials and methods. MicroRNAs that were substantially upregulated or
downregulated are presented. miR: name of each microRNA according to mirbase. SASC/cont, Eth/cont, Act/cont as in previous tables.

sors in some systems, and which were strongly downregulated
in the SASC clone. These include miR-205 (which can function
either as a tumor suppressor or in an oncogenic role) (50,51),
miR-203a (52) which is reported to be upregulated in primary
tumors but downregulated in metastatic growth, and involved
in SNAI2 induction of EMT (53), miR-101 (54,55), and others
(Table VI). By contrast, some miRs thought to be oncogenic
such as miR-19a, miR-19b (56) and miR-103 (57) were down-
regulated in the SASC clone. The microRNAs miR-22 and
mir-31 have been reported to be involved in cancer suppres-
sion (58,59) and miR-31 may function both in suppression and
oncogenesis (60). In the current study, mir-22 showed modest
downregulation in the SASC sample, essentially no change
after ethanol treatment in monolayers, and a modest upregula-
tion after acetaldehyde treatment of monolayers. The mir-31
results were similar to the mir-21 results.

Clinical laboratory testing. There are several clinical labora-
tory tests available for gene expression in tissue samples taken
from breast cancers (see Discussion). Some of the genes whose
transcription is altered in MCF-12A by ethanol exposure are
accepted markers for breast cancer in the clinical setting.

Table VII shows the results for our SASC clone for the gene
set from one of those tests. Ki67 and STK15 show consider-
able upregulation, consistent with the oncogenic phenotype
displayed by these cells.

Discussion

To our knowledge this is the first report on normal human
epithelial breast cells in monolayer culture involving continuous
exposure for 1 week to a moderate concentration of ethanol
(25 mM) which: i) causes changes in the global transcriptional
signature, showing induction of the metallothionein gene
family and changes in alcohol metabolism genes, and in other
genes suggesting the initiation of EMT, but without evident
related phenotypic changes; ii) these transcriptional changes
do not seem to be mediated by the main ethanol metabolite,
acetaldehyde, since concentrations (2.5 mM) considerably
higher than the ones that would result in vivo from this alcohol
exposure, are virtually inactive; iii) the alteration in the
expression of the metallothionein genes resembles that which
was previously reported by us in preliminary experiments for
similar incubations of the breast cancer epithelial cell line
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Table VII. Genes used in clinical laboratory analysis of breast cancer and analyzed for gene expression in the soft agar selected

GELFAND et al: LONG-TERM ETHANOL EXPOSURE IN MCF-12A CELLS

cell (SASC) clones.*

Gene Cont SASC/cont Gene ID Description

Ki67 58.8 6.73 MKi67 Nuc protein

STK15 1942 2.23 AURKA Aurora kinase A

Survivin 226 0.99 BIRCS Inhibits apoptosis

CCNBI 174.1 2.05 CCNBI Cyclin B1

MYBL2 127.1 1.69 MYBL2 V-myb oncogene homology

MMPI11 135.2 1.12 MMP11 Matrix metallopr 11 aka stromelysin 3
CTSL2 744 0.49 CTSL2 Cathepsin L2

GRB7 9514 0.07 GRB7 Growth factor rec bound protein 7
HER2 336.5 09 ERBB2 HER2

GSTM1 86.3 1.33 GSTM1 Glutathione S-transferase mu 1

CD68 1045 0.94 CD68 CD68 molecule

BAGI 204.1 0.77 BAGI BCL2 associated athanogene

ER® 45.1 0.33 ESR1 Estrogen rec 1

PGR 233 0.61 PGR Progesterone rec

BCL2 113.7 1.07 BCL2 B-cell CLL/lymphoma 2/blocks apoptosis
SCUBE2 49.1 1.09 SCUBE2 Signal peptide, cub domain, EGF-like 2

*Gene expression was analyzed using the Affymetrix human Gene 1.1 ST assay. "The DNA microarray used more than one probe set for the
estrogen receptor gene, and the result presented is the average. Gene: gene name commonly used in clinical laboratory assays. Cont: the normalized
DNA microarray value for each gene in control cells, indicating relative levels of gene expression. Gene ID, SASC/cont as in previous tables.

MCF7 (24) but no upregulation of stem cell genes like Oct4
was observed in the MCF-12A cells; iv) these changes suggest
that early initiation by exposure to 25 mM ethanol provokes an
EMT process in normal breast epithelial cells.

Even more significantly, this is also the first report that
longer continuous exposure (4 weeks) of these normal breast
epithelial cells to ethanol or acetaldehyde induces a late
transformation consistent not only with EMT but also with
oncogenesis, since: v) ethanol at 25 mM or acetaldehyde at
2.5 mM arrests cell growth and eventually causes cell death,
in contrast to MCF7 (24); but vi) much lower concentrations
of ethanol (2.5 or 1.0 mM) or acetaldehyde (1.0 mM) not only
induce EMT but also result in oncogenic phenotypic changes
that lead to the selection by 2.5 mM ethanol of anchorage
independent cells able to grow in soft agar.

These growth and morphological changes induced by
long-term exposure are paralleled by profound alterations in
the global transcriptional signatures, particularly in the soft
agar-selected cells, such as: vii) the silencing of metallo-
thionein changes observed in the early exposure, and the
amplification of the previous alcohol metabolism changes;
viii) mRNA level alterations consistent not only with the
induction of EMT but with the oncogenic phenotype, as
well as changes in the levels of key related miRs; ix) these
changes are particularly amplified in the ethanol-induced soft
agar selected cells, suggesting that it is a subset of cells with
the same changes as shown in soft agar selected cells that is
responsible for the EMT and oncogenic transformation seen
in the parent monolayer cultures; x) with the exception of the
stimulation of cell growth in soft agar, the alterations induced
by long-term incubation with 2.5 mM ethanol on MCF-12A

cells are considerably more significant and rather different
from the ones induced by 25 mM ethanol in MCF7 cells (24),
specifically on the transcriptional signatures; xi) the long-
term effects suggest that low concentrations of ethanol, with
little or no mediation by acetaldehyde, induce the EMT and
oncogenic transformation of normal breast epithelial cells,
specifically MCF-12A cells, in contrast to the much higher
concentrations of ethanol required to stimulate the growth
and oncogenesis of MCF7 breast cancer epithelial cells (24),
and act possibly by different mechanisms.

These in vitro results establish a proof of concept for
potential EMT and carcinogenic effects of alcohol but,
as such, are difficult to translate directly to actual human
exposure to ethanol from drinking alcoholic beverages. The
2.5 mM ethanol (approximately 0.01%) is roughly equivalent
to the peak level in blood after about 1/6 drink in a 50-60 kg
woman, with one full drink being 0.06% (24). However,
in the in vitro studies reported here, this concentration was
maintained at a nearly constant level during a 28 day expo-
sure, versus probably only around 30 min to 1 h in women
who have consumed alcoholic beverages. It is impossible to
extrapolate to the in vivo human situation, but speculatively we
consider that the constant in vitro exposure of MCF-12A to the
low 0.01% ethanol concentration may be even lower than that
which occurs in an alcoholic woman drinking 3-4 drinks a
day during the same 4 week period. However, this equivalence
needs to be ascertained in laboratory animals to achieve a
meaningful translation from cell culture to human blood and
breast tissue. However, the current study suggests for the first
time a new molecular paradigm for the potential oncogenic
effects of excessive alcohol consumption. This is in agreement
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with what epidemiological studies of breast cancer incidence
in alcoholic women suggest about ethanol and breast cancer
risks (50). In addition, our study opens up multiple potential
mechanisms by which alcohol targets certain gene families
and their miR regulators.

It is interesting that, as in the case of MCF7 (24), ethanol
induced an early upregulation of metallothioneins in the
MCF-12A cells that was not present at 4 weeks (although
for MCF-12A cells, long-term incubation was carried out
with 2.5 mM ethanol rather than 25 mM ethanol, as in the
previous study). It is likely that this increased expression
of metallothioneins is due to the known fact that they are
induced by ethanol (61). However, there may be a possibility
that metallothioneins also play an early role in the onco-
genic transformation of MCF-12A by ethanol, since MT-1
and MT-II are antiapoptotic, proliferative, angiogenic, and
oncogenic (62), and are increased in breast cancer and other
tumors, correlating with higher tumor grade/stage, increased
recurrence and poor survival in the highly malignant invasive
ductal breast carcinomas, and predictive of poor prognosis in
estrogen receptor-negative patients.

The early upregulation of aldehyde oxidase 1 (AOX1) and
the decrease of aldehyde dehydrogenase 3B2 (ALDH3B2),
maintained after 4 weeks, also observed in MCF7 (24), may be
related to alcohol metabolism. AOXI1 is a xenobiotic metabo-
lizing protein that is found in the liver and produces reactive
oxygen species (ROS), but paradoxically is reduced by heavy
chronic alcohol consumption (63), and has not been related
to breast cancer. Very little is known regarding the specific
ALDH isoform ALDH3B2 other than being associated with
alcohol dependence (64), but no relationship with cancer has
been reported, in contrast to other isoforms.

The induction by ethanol of EMT associated changes in
gene expression after long-term exposure to 2.5 mM ethanol,
particularly in the soft agar-selected cells (SASC), is remarkable,
since very little is available in the literature on the experimental
effects of ethanol on EMT (or of alcoholic beverages in litera-
ture searches under the more general term alcohol). Our results
showing increased levels of the transcription factors and key
EMT inducers, Twistl, Snaill, Zebl and Zeb2, but not of Snail2
(Slug) are in agreement with the higher expression of Snail in
immortalized human pancreatic ductal epithelial cells, with
lower induction of Slug (44). Another study showed that alcohol
upregulated the signature EMT phenotypic marker vimentin
via Snail, as well as matrix metalloproteases MMP-2, MMP-7,
and MMP-9 in colon and breast cancer cells (55). Snail siRNA
knockdown prevented alcohol-stimulated vimentin expres-
sion, and in vivo Snail expression was significantly elevated in
colonic mucosal biopsies from alcoholics (45).

The ethanol-induced SASC cultures showed strikingly
different expression of some other EMT inducers, such as
TGFpB2 (upregulated 34-fold) and TGFB1 (downregulated
3-fold), when in general they act synergistically in inducing
EMT (65,66), although in some cases, one or the other predomi-
nates (67). Similar situations occurred with IL7R vs IL1R, and
THBSI1 vs THBD, although the pattern of the joint involvement
of the overall IL, IGF, and TGFp families is in agreement with
their cooperative role as EMT inducers (68). The considerable
upregulation by ethanol of CTGF is also in agreement with
its well known role in EMT (69), but the concerted upregu-
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lation of IGFBPs 2, 3 and 4 is more intriguing, considering
the paucity of studies and some conflicting evidence for their
pro- versus anti-EMT effects (70-72). The upregulation of
IGFR2 is in agreement with the higher levels observed in
breast cancer tissue (73).

The pattern of EMT occurring in the ethanol-induced
SASC is typical, since it shows the expected downregulation
of keratins, known markers of epithelial cells, with 6 members
affected, whereas 3 integrins and 2 laminins, mesenchymal
markers, were upregulated. Specifically, the upregulation
of laminin a4 is present in EMT, involving a switch from
laminin-5 to laminin-4 expression, which may be directly
controlled by Snai (74).

As in the case of members of the TGFS family, some inte-
grins such as integrin 4 go in the opposite direction of some
of the other integrins, such as 8 or A3, but in addition, these
effects may be associated with potential metastatic ability,
since the combination of low ITGp4, exclusively expressed in
polarized epithelial cells, with high miR-21 and low PDCD4
expression is able to predict the presence of metastasis (75).
This agrees with the downregulation of claudin 1, since the
loss of apical cell adhesions (tight junctions) has been asso-
ciated with malignant transformation, a process most often
accompanied by a concomitant loss of claudin expression (76).

The EMT gene expression changes induced in MCF-12A
by 4 week of incubation with 2.5 mM ethanol, and particularly
manifested in the resulting SASC, are concordant with the
acquisition of anchorage-independence, evidenced by their
selection in soft agar, although they can also continue growing
in monolayer after acquiring the mesenchymal phenotype,
similarly to what was previously observed with keratinocytes
undergoing EMT (77). This would suggest, as occurs with
many cells undergoing EMT, that this would be associated with
invasiveness, i.e., a potential tumor progression/ metastatic
phenotype, but no in vitro assays of invasion or in vivo tests of
tumorigenesis and metastasis have been performed to test this
point. In fact, the upregulation, rather than downregulation, of
the BRCA1/2 family is difficult to reconcile with oncogenic
progression because of their nature as tumor suppressors,
unless they represent a cell defense response (78,79). Since no
investigation of BRCA mutations was performed, this issue
remains unresolved. Similarly, the relationship of some of the
MYC, NBPF, or SNORD members with cancer, and specifi-
cally breast cancer, is not well defined.

Among the changes to RNA abundance resulting from
exposure to ethanol, some of the most dramatic involve
members of the miR-200 family, which, among other things,
are involved in controlling the induction of EMT and its
opposite, the mesenchymal epithelial transition (MET), both
of which are critical elements in the metastatic process. As
such, these miRs are involved in more than one phase of onco-
genesis. The EMT phase represents a danger of progression
following tumor formation, but prior to the colonization by
tumor cells at potential sites of metastasis.

The most upregulated and downregulated miRs are
presented in Table VI. They represent not only miRs which are
involved in EMT, but also miRs which appear to be oncogenic
in other ways, as well as miRs which would appear to be, at
least potentially, capable of tumor suppression. Taken as a
whole, the results suggest that the influence of long-term, low
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concentration ethanol on normal epithelial breast cell miRs is
of a variable nature. The immediate mechanism(s) by which
ethanol and acetaldehyde influence miR abundance is unclear
at present, but is worthy of further study.

Another interesting aspect is the implication of our
results for clinical assays of breast cancer gene expression in
the pathology lab based on different gene sets. For example,
the 21 gene recurrence score has been evaluated in terms of
prognosis with respect to chemotherapy (80,81). In addition to
reference gene expression values, the assay set includes prolif-
eration genes Ki67, STK15, Survivin, CCNBI (cyclin Bl),
MYBL2, invasive genes MMP11 (Stromolysin 3), CTSL2
(cathepsin L2), Her 2 genes GRB7 and HER2, as well as
GSTMI1, CD68, BAGI, and estrogen related genes ER, PGR,
BCL2, and SCUBE2. In the SASC clone, Ki67 was upregu-
lated in comparison with control MCF-12A cells by a factor
of 6.73. STK15 (aka aurora kinase A) was upregulated by 2.23
fold, cyclin B1 by 2.05, and MYBL2 by 1.69. By comparison,
reference genes showed SASC/control ratios closer to 1, with
the maximal being beta actin, with a ratio of 1.55, GAPDH
at 1.21, the ribosomal protein gene RPLPO at 0.99, and the
transferrin receptor gene at 1.33.

These results suggest that a subset of the 16 oncogenes and
tumor suppressors that are represented in this clinical assay
are upregulated by ethanol treatment as selected by soft agar
growth. In contrast, two genes, cathepsin L2 and the growth
factor receptor bound protein 7 were substantially downregu-
lated. The majority of the 16 genes were essentially unchanged
between the control and SASC clone cultures.

In conclusion, our study suggests that a prolonged expo-
sure of epithelial breast cells to alcohol in vivo may induce
EMT and oncogenic changes, but the clinical translation of
our findings still requires confirmation in animal models of
breast cancer.
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