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Abstract

Background: Alcohol exposure increases the risk of breast cancer. Alcohol consumption is

a serious social and public health issue for adolescents. This study investigated the impact of
adolescent alcohol consumption on mammary tumorigenesis and progression and compared it to
that of adult alcohol exposure in animal models.

Methods: Female adolescent (5 weeks) and adult (8 weeks) MMTV-Wnt1 mice were exposed to
alcohol either chronically or acutely. For chronic alcohol exposure, animals were fed with a liquid
diet containing 6.7% ethanol for 23 weeks. For acute exposure, animals were treated with alcohol
(2.5 g/kg, 25% wi/v) via intraperitoneal (IP) injection for 15 days.

Results: In control animals, the tumor latency was 18.5-22 weeks. Both chronic and acute
alcohol exposure in adolescent mice significantly shortened the tumor latency to 9.5 and

8.4 weeks, respectively. However, adult-initiated alcohol exposure had little effect on the

tumor latency. Both adolescent- and adult-initiated alcohol exposure significantly increased
lung metastasis. Adolescent-initiated alcohol exposure but not adult-initiated alcohol exposure
increased breast cancer stem cell population. Adolescent-initiated alcohol exposure significantly
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altered the proliferation of mammary epithelial cells, ductal growth, and the formation of
terminal end buds in the mammary glands. Adolescent-initiated alcohol exposure but not adult-
initiated alcohol exposure increased the estradiol levels in the blood. Acute adolescent alcohol
exposure also significantly increased progesterone levels. Furthermore, adolescent-initiated
alcohol exposure activated PAK1 and p38y MAPK which are critical regulators of mammary
tumorigenesis and aggressiveness, respectively, while adult-initiated alcohol exposure only
activated p38y MAPK. In addition, both adolescent and adult alcohol significantly decreased
the levels of a prognostic marker miR200b.

Conclusions: Adolescent-initiated alcohol exposure enhanced both tumorigenesis and
aggressiveness of mammary tumors, while adult-initiated alcohol exposure mainly promoted
tumor metastasis. Thus, adolescent mice were more sensitive than adult mice in response to
alcohol-induced tumor promotion.
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It has been well established that alcohol consumption is a risk factor for cancers (Chen et
al., 2011; Mostofsky et al., 2016; Shield et al., 2016; Scheideler and Klein, 2018). Available
evidence reveals a strong correlation between alcohol consumption and the risk of breast
cancer, even at moderate levels of consumption. Due to the scale of alcohol consumption,

the incidence of and mortality from alcohol exposure-associated breast cancer is large.

In addition, alcohol consumption is associated with aggressive breast tumors (Vaeth and

Satariano, 1998; Weiss et al., 1996). Alcohol increases breast cancer recurrence and there
is an inverse association between alcohol consumption and prognosis (Boffetta et al, 2006;
Shield et al., 2016; Simapivapan et al., 2016). Therefore, alcohol exposure may enhance
both mammary carcinogenesis, and progression/aggressiveness of existing tumors.

Although breast cancer more likely occurs in older women, its diagnosis in young women
is usually at advanced stages. Adolescents and young women have a higher rate than older
women to present with aggressive subtypes and advanced diseases at diagnosis (Cathcart-
Rake et al., 2021). Alcohol is the most widely used substance of abuse among America’s
adolescents and young adults (Harding et al., 2016; Windle, 2016). Adolescent alcohol
exposure correlates with higher lifetime risks for the development of alcohol dependence,
behavioral disorders, and some chronic diseases (Crews et al., 2016; McKnight-Eily et al.,
2017). For example, adolescent alcohol abuse profoundly impacts the brain structures and
behavioral deficits (Crews et al., 2016). The adolescence is a crucial period of mammary
gland development and therefore more sensitive to carcinogens (Aupperlee et al., 2013;
2015). However, the effects of adolescent alcohol consumption on breast cancer risk and
progression have not been investigated.

In this study, we used an animal model, FVB MMTV-Wnt1 transgenic mice to study and
compare the effects of adolescent alcohol on mammary tumorigenesis and metastasis to that
of adult alcohol exposure. FVB MMTV-Wntl mice develop spontaneous mammary tumors
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at 3 to 6 months old age but have a low metastatic rate, offering a good model to examine
the impact of alcohol on mammary tumor development. We initiated alcohol exposure at
the age of 5 weeks old which modeled adolescent alcohol exposure or 8 weeks old which
modeled adult alcohol exposure. We compared the effects of adolescent and adult alcohol
exposure on the onset of mammary tumorigenesis and metastasis. We further investigated
alcohol’s effects on breast cancer stem cells, the structure of mammary glands, estrogen/
progesterone levels and some other prognosis markers. Our results indicated that alcohol
exposure promoted mammary tumorigenesis and metastasis and adolescent mice are more
sensitive to alcohol-induced tumor promotion.

Materials and Methods

Animals and treatment

FVB MMTV-Wntl [FVB.Cg-Tg (Wnt1)1Hev/J] mice were obtained from The Jackson
Laboratories (Bar Harbor, ME), bred, and housed in a climate-controlled animal facility.
All procedures were reviewed and approved by the Institutional Animal Care and Use
Committee (IACUC) of the University of Kentucky and the University of lowa. Only
female mice were used for this study. For chronic alcohol exposure, mice at age of 5
weeks-old (adolescents) or 8 weeks old (adults) were assigned into control and alcohol
exposure groups. Mice were exposed to alcohol by feeding with alcohol containing liquid
diet (Bio-Serv, Flemington, NJ), while control mice were feed with isocaloric liquid diet in
which maltose was used to substitute isocalorically for alcohol. The alcohol concentration
in the diet increased as the following: week 1, 2% alcohol; week 2, 4% alcohol; weeks 3
and on: 6.7% alcohol. Diet was provided ad libitum for the experimental period. During the
23 weeks experimental period, body weights of mice were evaluated. No significant body
weight difference was observed among these animals. For acute alcohol exposure, animals
received an intraperitoneal (IP) injection of alcohol (2.5 g/kg, 25% wi/v) for 15 days. The
acute exposure regime was selected to model binge alcohol exposure and limit the alcohol
exposure duration within the adolescent period. To monitor tumorigenesis, mice were
examined one week after the initiation of chronic alcohol exposure or one week following
acute alcohol exposure. Tumor development/growth was monitored weekly. Mice with
tumors exceeding 20 mm maximum diameter were euthanized and evaluated for metastasis.
Mammary tumor tissues or mammary glands were either immediately dissociated or fixed
for the following procedures. To determine the blood alcohol concentrations (BACs), the
blood was collected one week after feeding with 6.7% alcohol diet or 30 min after IP alcohol
injection. The BACs were determined using Alcohol Analyser AM1 (Analox Instruments,
MA). The mean BAC was 214.6 mg/dl for binge exposure, and 79.7 mg/dl for chronic
alcohol exposure.

Analysis of tumor metastasis

When tumors reached 20 mm maximum diameter, mice were sacrificed, and lung tissues
were removed and treated with 4% paraformaldehyde. The paraffin-embedded lung tissues
were sectioned at a thickness of 5 um. The Hematoxylin—Eosin (H&E)-stained sections were
examined and photographed under a microscope.
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Dissociation of mouse mammary tumor cells and determination of cancer stem cell (CSC)

population
Dissociation of mouse mammary tumor cells was performed using reagents and procedures
provided by STEMCELL Technologies Inc (Cambridge, MA). Briefly, resected mammary
tumors were minced and incubated in collagenase/hyaluronidase-containing dissociation
solution at 37°C for 4 hours. Pellets were washed with HBSS and Ammonium Chloride
solution followed by incubations with Trypsin and then Dispase. Cells were washed by
HBSS containing 2% FBS and then filtered through a 40 pum cell strainer. After centrifuging,
the single-cell suspensions were collected for next experiments. The breast cancer stem
cells were identified by aldehyde dehydrogenase (ALDH) activity as previously described
(Xu et al., 2016a). Briefly, dissociated mouse mammary tumor cells (5x10° cells) were
incubated with ALDEFLUOR assay buffer containing ALDH substrate for 45 min at 37°C.
Some cells were stained under the same condition with a specific ALDH inhibitor as a
negative control. Cells were sorted using flow cytometry and analyzed using WINMDI
software. ALDEFLUOR-positive cells were considered as the population of CSCs. Data
were presented relative to control groups.

Tumorsphere formation

Tumorsphere formation was determined as previously described (Xu et al., 2016a). Briefly,
dissociated single mammary tumor cell suspension (1000 cells) from either control or
alcohol-fed mice were plated on ultra-low attachment plates in full Essential 8™ basal
medium without further alcohol exposure, and incubated at 37°C and 5% CO, for 10 days.
The ability of tumor cells to form spheres was determined manually and presented relative to
control groups.

Three-dimensional cell culture assay

The assay was performed as previously described (Xu et al., 2016b). Briefly, 24-well cell
culture plates were pre-coated with 150 pl Matrigel Matrix (BD Biosciences). Dissociated
single mammary tumor cell suspension (1000 per well) were mixed with 200 pl ice-cold
Matrigel and seeded in the pre-coated 24-well plates. After 30 min gelling, culture medium
was added to the plates and the medium was changed every 2 to 3 days. The images of cells
were captured by a Zeiss Axiovert 40C microscope. Number of scattering spheroids was
counted.

Determination of plasma levels of estradiol and progesterone

The plasmas were collected and stored at —80°C. For the analysis of estradiol and
progesterone levels, the samples were sent to Ligand Assay and Analysis Core Facility
in University of Virginia Center for Research in Reproduction.

Determination of cell proliferation and morphology of mammary gland

Mammary gland whole mounts and immunohistochemical staining were performed
according to a previously described method (Plante et al., 2011). Briefly, abdominal
mammary tissues (glands #4) were excised from and spread directly on glass slides. Glands
were fixed in Carnoy’s fixative (100% EtOH, chloroform, glacial acetic acid; 6:3:1) for
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4 hours, then washed in 70% ethanol for 15 minutes followed by gradually dehydrating.
Slides were rinsed in distilled water for 5 minutes then stained in carmine alum overnight

at room temperature. Slides were kept in methyl salicylate. Mammary gland images were
recorded using an Olympus BX51 microscope. The ductal growth was calculated as the
distance from the lymph node to the farthest point of the longest duct and expressed relative
to the distance to the farthest limit of the mammary fat pad. Terminal end buds (TEB) were
counted manually and expressed relative to the controls. After taking pictures, the mammary
glands were processed for immunohistochemical staining of Ki-67.

Measurement of miR-200b-3p

Mouse mammary tumor tissues were lysed by ultrasound, and RNA was extracted with
Trizol kits. Real-time qPCR was performed to detect the relative miR-200b-3p level in
tumor tissues. TagMan Advanced miRNA cDNA Synthesis Kit (TagMan) was used for
reverse transcription, while TagMan Universal Master Mix Il (TagMan) was used for
gPCR. miRNA-200p-3p primer and reference primer Snord11 were synthesized by TagMan
Company.

Statistical analysis

Results

Ehan-BreGslow-Wilcoxon test is used for analyzing differences in the tumor initiation
curves among treatment groups. The prevalence of metastasis between was determined by
the Fisher exact test. Data were analyzed using analysis of variance (ANOVA). A p-value
less than 0.05 was considered statistically significant.

Alcohol’s effects on mammary tumorigenesis and metastasis in adolescent and adult mice

We investigated and compared alcohol’s effect on tumor promotion in adolescent (5-
weeks-old) and adult (8-weeks-old) FVB MMTV-Wntl mice. For adolescent alcohol
exposure, both acute and chronic alcohol exposure significantly shortened the latency of
tumorigenesis. Acute and chronic adolescent alcohol exposure significantly shortened the
latency of tumorigenesis by 54.6% and 55.6%, respectively; it decreased from 18.5 weeks
(control) to 8.4 weeks (acute alcohol exposure) and from 22 weeks (control) to 9.5 weeks
(chronic alcohol exposure) (Fig. 1). Both adolescent and adult alcohol exposure significantly
increased the percentage of mice developing tumors; for adolescent exposure, it increased
from 50% in control to 79% in alcohol exposure group; for adult exposure, it increased from
53% in control to 80% in alcohol exposure group (Fig. 2a). Adult alcohol exposure did not
significantly shorten the latency of tumorigenesis, although there was a trend of decrease
(-11.9%) (Fig. 1).

Both acute and chronic alcohol treatment increased the percentage of mice that developed
multiple tumors in adolescent mice, and acute alcohol exposure-induced increase was
significantly higher than that of chronic alcohol exposure (Fig. 2b). In addition, both acute
and chronic alcohol exposure significantly enhanced tumor metastasis in the lung (Fig. 2b,
2c). We compared alcohol’s effects on tumor metastasis in adolescent and adult animals.
Both adolescent and adult alcohol exposure similarly increased the lung metastasis (Fig. 2a).

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xu et al.

Page 6

Alcohol’s effects on mammary CSC population and tumorsphere formation

Breast cancer stem cells play an important role in chemoresistance, prognosis, and
metastasis (He et al., 2021). We first examined alcohol’s effects on CSC population.
Adolescent alcohol exposure significantly increased breast cancer stem cell population

in mammary tumor tissues; however, adult alcohol exposure had little effect on CSC
population (Fig. 3a). We then examined alcohol’s effects on the formation of tumorspheres,
which is also an indication of cancer stem cells and tumor aggressiveness. Both adolescent
and adult alcohol exposure increased the formation of tumorspheres, but the promoting
effect of adolescent alcohol exposure was significantly stronger than that of adult alcohol
exposure (Fig. 4a). Both adolescent and adult alcohol treatment increased the scattering

of tumor cells in a 3-D cell culture assay, which is another indication of increased
aggressiveness; the promoting effect adolescent alcohol exposure was significantly stronger
than that of adult alcohol exposure (Fig. 4b). Similarly, acute alcohol exposure in adolescent
mice also enhanced CSC population and tumorsphere formation (Fig. 3b and Fig. 4c).

Alcohol’s effects on the proliferation and structure of mammary glands of adolescent mice

Since adolescent mice are still undergoing mammary gland development and appear more
sensitive to alcohol-induced mammary tumor promotion, we investigated the impact of
adolescent alcohol exposure on proliferation and structure of mammary glands. Chronic
alcohol exposure (5 weeks of exposure) by liquid diet increased the proliferation of
mammary epithelial cells as shown by an up-regulation of Ki67-positive cells in MMTV-
Whntl mice (Fig. 5a). Chronic alcohol exposure decreased ductal growth but increased

the amount of terminal end buds (TEBSs)(Fig. 5b, 5¢). Acute alcohol exposure did not
significantly change the number of Ki67 positive cells and ductal growth (data not shown).
Chronic adolescent alcohol exposure also inhibited ductal growth in wild type (WT) FVB
mice (Fig. 5d). Although there was a trend of increase, alcohol did not significantly alter the
number of TEBs in WT FVB mice (Fig. 5e).

Alcohol’s effects on estradiol and progesterone levels

Since estrogen and progesterone play a critical role in mammary gland development and
carcinogenesis (Aupperlee at al., 2013; Doan et al., 2017), we investigated alcohol’s effects
on estradiol and progesterone levels in the plasma. Adolescent and adult MMTV-Wnt1
mice received chronic or acute alcohol exposure as described above. Chronic adolescent
but not adult alcohol treatment increased the levels of estradiol in the plasma (Fig. 6a).
However, acute adolescent alcohol exposure failed to significantly change plasma estradiol
levels (data not shown). On the other hand, acute adolescent alcohol exposure significantly
increased progesterone levels in the plasma (Fig. 6b) while chronic adolescent alcohol did
not significantly alter progesterone levels in the plasma (data not shown).

Alcohol’s effects on intracellular signaling

p38y MAPK activation is involved in the aggressiveness of mammary tumors (Xu et

al., 2018). Chronic alcohol exposure increased the expression of both p38y MAPK and
phosphorylated p38y MAPK in the mammary tissues of adolescent and adult MMTV-Wnt1
mice (Fig. 7). PAK1 activation is associated with mammary tumorigenesis (Shrestha et al.,
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2012; Zhan et al., 2017). Chronic alcohol exposure also enhanced the leve of PAK1 and
phosphorylated PAK1 in the mammary tissues of adolescent mice. However, chronic alcohol
treatment had little impact on the expression of PAK1 and phosphorylated PAK1 in the
mammary tissues of adult MMTV-Wnt1 mice (Fig. 7).

MicroRNA (miR)-200b-3p is a member of miR200b family and a tumor suppressor for
mammary tumors; its levels inversely correlate to the prognosis of breast cancer (Amorim et
al., 2019). The results shown in Fig. 8 indicated that alcohol exposure decreased the levels of
miR200b.

Discussion

We investigated the impact of adolescent-initiated alcohol exposure on breast tumorigenesis
and progression in MMTV-Wnt1 mice and compared it to that of adult-initiated alcohol
exposure. Adolescent-initiated alcohol exposure significantly shortened the latency of
tumorigenesis and increased the percentage of mice developing multiple tumors as well as
lung metastasis. Although adult-initiated alcohol exposure did not affect the tumor latency,
it significantly increased the lung metastasis. Adolescent but not adult alcohol exposure
significantly increased breast cancer stem cell population. Both adolescent and adult alcohol
exposure promoted the tumorsphere formation and tumor cell scattering. Adolescent alcohol
exposure also significantly altered the proliferation of mammary epithelial cells, ductal
growth, and the number of terminal end buds in the mammary glands as well as estradiol/
progesterone levels in the plasma. Furthermore, adolescent, and adult alcohol exposure
appeared to differentially impact critical intracellular signaling regulators of mammary
tumorigenesis and aggressiveness.

Alcohol exposure during mammary gland development

The development of mammary glands starts at the embryonic stage, and the expansion
begins at adolescence or puberty. The development of mammary glands includes ductal
elongation, cell proliferation, and bifurcation during adolescent, side branching during
estrous cycles, and alveologenesis and lactogenesis during pregnancy and lactation (Russo
and Russo, 2008; Li et al., 2012). At adolescence, rapid changes in the hormone levels
drive increased proliferation and expanded ductal development. During this time, highly
proliferative structures called end buds (EB) are developed and progress into the mammary
fat pad, forming the extensive ductal network (Aupperlee et al., 2013).

The mammary gland is particularly susceptible to transformation during adolescent
development (Jones et al., 2014). In adolescent rodents, terminal end buds (TEB) are
responsible for ductal morphogenesis and likely to develop into malignant mammary tumors
after exposure to carcinogens (Watson et al., 2008; Olson et al., 2010). It had been

proposed disruption of adolescent development of mammary glands may increase breast
cancer risk later in life (Ruder et al., 2008). The growth of TEB is greatly impacted by
carcinogen exposure (Aupperlee et al., 2013). Therefore, the adolescent period is sensitivity
to carcinogen exposure and subsequent mammary tumorigenesis (Aupperlee et al., 2013;
2015). Therefore, adolescent alcohol exposure-promoted tumorigenesis may result from its
effects on mammary gland development.
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Alcohol-induced alteration in estradiol and progesterone levels

During the adolescent, circulating ovarian hormones plays an important role in the growth
of TEBs (Jones et al., 2014). Disruption of hormonal regulation during adolescent can
create predispositions to abnormal mammary gland development and therefore increased
breast cancer risk (Boyd et al., 2010). Estrogen is one of the most important hormones

in mammary epithelial proliferation and differentiation during adolescent and progesterone
is also involved in these processes (Brisken and O’Malley, 2010; Aupperlee et al., 2013).
Both estrogen and progesterone are critically involved in the carcinogenesis of breast cancer
(Doan et al., 2017). We demonstrate here that chronic adolescent alcohol exposure, but

not adult alcohol exposure increases estradiol levels in the blood (Fig. 6a). Interestingly,

it is acute adolescent alcohol exposure but not chronic alcohol exposure that significantly
increased progesterone levels in the plasma (Fig. 6b). This suggests that chronic exposure
regime may be functionally different from acute exposure regime. To draw a conclusion
regarding the effect of alcohol exposure regimes on estradiol and progesterone, it is
necessary to compare the effects of chronic or acute alcohol exposure during adolescent-and
adult-restricted period.

Breast cancer stem cells (CSCs) and alcohol tumor promotion

CSCs is a subpopulation of cancer cells with self-renewal and differentiation capacity.
Breast CSCs play an important role in tumor initiation, progression, metastasis, recurrence,
and therapy resistance in breast cancer patients. It has been suggested that alcohol’s tumor
promoting effects may be mediated by increasing the CSC population in cancers (Wang
etal., 2017; Xu and Luo, 2017). In MMTV-Wntl mice, adolescent alcohol exposure
significantly increases CSC population (Fig. 3), suggesting that activation of CSCs may
underlie alcohol-enhanced aggressiveness of breast cancer. Although adult alcohol exposure
does not increase CSC population, it promotes tumorsphere formation and cell scattering as
well p38y MAPK activation which may contributed to enhanced aggressiveness. Therefore,
the mechanisms underlying adolescent and adult alcohol exposure-promoted aggressiveness
of breast cancer are overlapping but have some differences.

Potential intracellular signaling involved in the effects of alcohol

The p21 Activated Kinases (PAKS) are serine threonine kinases and consist of 6 members,
PAKs 1-6 (Rane and Minden, 2019). PAK1 and PAK4 are often associated with
tumorigenesis including breast cancer development (Shrestha et al., 2012; Rane and Minden,
2019). PAK1 plays an important role in mammary tumorigenesis and acts as an oncogene

in breast cancers (Shrestha et al., 2012; Zhan et al., 2017). We show that adolescent alcohol
exposure, but not adult alcohol exposure activates PAK1, which is consistent with the
finding that adolescent alcohol exposure promotes tumorigenesis.

The p38 MAPK family comprises four members, p38a, p388, p38y and p386, which have
similar protein sequences (Cuenda and Rousseau, 2007). p38y MAPK has unique functions
and mediates the progression and aggressiveness of mammary tumors (Meng et al., 2011;
Rosenthal et al 2011; Qi et al., 2015; Xu et al., 2016a; 2016b; 2018). We demonstrate that
both adolescent and adult alcohol exposure activates p38y MAPK, which is consistent with
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the results that alcohol exposure promotes tumor metastasis and increase the percentage of
mice bearing multiple tumors.

Future studies

Funding:

In this study, we establish a useful animal model (MMTV-Wnt1 mice) to study alcohol-
promoted tumorigenesis and aggressiveness of breast cancer, especially for the impact of
adolescent-initiated alcohol exposure on mammary tumor development. There are several
remaining questions that warrant further investigation. Adolescent-initiated alcohol exposure
enhanced both tumorigenesis and aggressiveness of mammary tumors, while adult-initiated
alcohol exposure mainly promoted tumor metastasis. For adolescent- and adult-initiated
alcohol exposure, there is an overlapping period from 8 weeks onward, despite the time

of initial exposure was different. The similar effects, such as enhanced metastasis, caused
by the two exposure regimes might be mediated by the overlapping periods of exposure.
However, acute alcohol exposure which is initiated at adolescence (15 days of exposure
starting at 5 weeks) significantly enhances tumorigenesis and tumor metastasis, suggesting
that adolescent alcohol exposure is sufficient to promote mammary tumorigenesis and
aggressiveness. A further study comparing the effects of chronic alcohol exposure during
adolescent- and adult-restricted period may provide direct evidence.

It is noted that acute alcohol exposure more potently promotes tumorigenesis and
progression while not affecting mammary gland structures and estradiol levels. The reason
for that is currently unknown. One possibility is that acute alcohol exposure regime produces
higher BACs than that of chronic alcohol exposure. It is also likely the mechanisms
underlying acute alcohol exposure-induced tumor promotion may be different from that

of chronic alcohol exposure. For example, acute but not chronic adolescent alcohol exposure
increases progesterone levels in the blood. We will take advantage of this model system

to explore these mechanisms. For example, amphiregulin and RANKL are targets of
progesterone and involved in mammary gland development, (Aupperlee at al., 2013). We
may investigate the effects of chronic and acute alcohol exposure regimes on amphiregulin
and RANKL during adolescent- and adult-restricted period. In addition, we may employ
RNA sequencing to screen differentially expressed genes in response to different alcohol
exposure regimes.

The cellular and molecular mechanisms underlying alcohol-induced promotion of breast
cancer are complex and it requires a systematic investigation. The current study provides
insight into the potential involvement of some signaling pathways, hormonal regulation, and
microRNAs. Further studies of blocking or enhancing these pathways are necessary to verify
the involvement.

National Institutes of Health (NIH) grants (AA017226, AA015407, and AA026344)

Abbreviations:

ALDH aldehyde dehydrogenase
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BAC blood alcohol concentration

EBs end buds

CSCs cancer stems cells

MMTV mouse mammary tumor virus

p38 MAPK p38 mitogen-activated protein kinase
PAKs p21 Activated Kinases

TEBs terminal end buds

Wntl Wingless/Integrated 1
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Fig. 1.

16 24 32

Alcohol’s effects on the latency of mammary tumorigenesis. Adolescent (5-weeks-old) and
adult (8-weeks-old) MMTV-Wntl mice received short-term binge-like alcohol exposure
(acute exposure) through IP injection or chronic exposure through liquid diet. The mice
were monitored weekly for the growth of mammary tumors. For acute adolescent exposure,
n = 13 for control and n = 14 for alcohol exposure group. For chronic adolescent alcohol
exposure, n = 20 for control group and n = 19 for alcohol exposure group. For chronic
adult alcohol exposure, n = 15 for both control and alcohol exposure group. *p< 0.05 as

determined by the Fisher exact test.
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Fig. 2.

Aliohol’ effects on tumorigenesis and aggressiveness of breast cancer. A: Adolescent and
adult FVvB MMTV-Wntl mice received chronic alcohol exposure through liquid diet. When
tumor size reached maximal diameter of 20 mm, the mice were euthanized, and the number
of mice bearing mammary tumor and lung metastasis were determined. For adolescent
alcohol exposure, n = 20 for control group and n= 19 for alcohol exposure group. For

adult alcohol exposure, n = 15 for both control and alcohol-exposed group. *p< 0.05 as
determined by the Fisher exact test. B. Adolescent FVB MMTV-Wnt1 mice received either
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acute alcohol exposure through IP injection or chronic alcohol exposure through liquid

diet as described above. When tumors in mice reached 20 mm maximal diameter they

were euthanized, number of mice bearing multiple tumors (more than 2 tumors/mouse)

and lung metastasis were determined. For chronic exposure, n = 11 for control group

and n = 14 for alcohol group. For acute exposure, n = 8 for both control and alcohol
exposure group. * significant difference from controls, # significant difference from chronic
exposure group, p< 0.05 as determined by the Fisher exact test. C. Representative images
of lung metastasis. Adolescent FVB MMTV-Wntl mice received chronic exposure through
liquid diet as described above. Mice were euthanized and lung tissues were obtained for
Hematoxylin and Eosin (H&E) staining. Arrows indicate the metastases.
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Fig. 3.

Alcohol’s effects on cancer stem cells (CSCs) in mammary tumors. Adolescent and adult
MMTV-Wntl mice received chronic alcohol exposure through liquid diet or acute alcohol
exposure through gavage as described above. When tumors in mice reached 20 mm maximal
diameter, they were sacrificed, and mammary tumor cells were isolated for assaying CSC
population. CSCs were determined by activity of aldehyde dehydrogenase (ALDH) using
ALDEFLUOR kit. A. CSC population was determined following chronic alcohol exposure.
n = 6 for each group. * significant difference from controls, p < 0.05. B. CSC population
was determined following acute alcohol exposure in adolescent mice. n = 7 for each group. *
significant difference from controls, p < 0.05.
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Fig. 4.

AI?:ohol’s effects on tumorsphere formation and cell scattering. Adolescent and adult
MMTV-Wntl mice received chronic alcohol exposure through liquid diet or acute alcohol
exposure through gavage as described above. Mammary tumor tissues were dissected and
assayed for tumorsphere formation and cells scattering as described in the Materials and
Methods. A. Tumorsphere formation was determined following chronic alcohol exposure.
n = 6 for each group. * significant difference from controls; # significant difference from
adolescent alcohol-exposed group, p < 0.05. B. Cell scatting was determined following
chronic alcohol exposure. Number of spheroids/well or scattering spheroids was counted.
n = 5 for each group, *denotes a significant difference from controls. # significant
difference from adolescent alcohol-exposed group, p < 0.05. C. Tumorsphere formation
was determined following acute alcohol exposure in adolescent mice. n = 7 for each group. *
significant difference from controls. Bar = 50 um
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Fig. 5.

AI?:ohoI’s effects on the development of mammary glands. Adolescent MMTV-Wnt1 mice
received chronic alcohol exposure through liquid diet for 5 weeks as described above.

A. Mammary glands were dissected and analyzed for Ki67 immunohistochemistry (IHC).
Ki67-positive cells were counted and expressed relative to controls, n = 7 for each group.

* significant difference from controls, p < 0.05. Bar = 25 pym. B. Mammary glands were
collected for whole mount staining. Images were captured by a camera, and ductal growth
was determined as the distance from the lymph node to the farthest point of the longest duct
and expressed relative to the distance to the farthest limit of the mammary fat pad. n =7

for each group. * significant difference from controls, p < 0.05. Bar =5 mm. C: Terminal
end buds (TEB) were counted and quantified relative to the controls, n = 7 for each group.

* significant difference from controls, p < 0.05. Bar = 100 um. D. Adolescent wild type
(WT) FVB mice were exposed to alcohol through liquid diet for 5 weeks as described above.
The ductal growth was determined as described above. n = 5 for each group. * significant
difference from controls, p < 0.05. E. Adolescent WT FVB mice received chronic alcohol
exposure through liquid diet for 5 weeks as described above, and relative TEB number was
determined.
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Fig. 6.

Alcohol’s effects estradiol and progesterone levels in the blood. Adolescent and adult
MMTV-Wntl mice received either chronic alcohol exposure or acute alcohol exposure
as described in the Materials and Methods. Mice were euthanized and estradiol and
progesterone levels in the plasma were measured by ELISA. A: Estradiol levels in the
plasma were determined following chronic alcohol exposure. n = 4 for each group. *
significant difference from controls, p < 0.05. B: Progesterone levels in the plasma were
determined following acute alcohol exposure. n = 6 for control group and 5 for alcohol-
exposed group. * significant difference from controls, p < 0.05
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Fig. 7.
Alcohol’s effects on cell signaling pathways involved in mammary tumorigenesis and

aggressiveness. Adolescent and adult MMTV-Wntl mice received alcohol exposure
chronically through liquid diet as described above. When tumor size reached 20 mm, mice
were sacrificed, tumor tissues were isolated, and protein was extracted. A. The expression
of phosphorylated/total p38y MAPK or p21 Activated Kinases 1 (PAK1) was examined
in Western blots. B. The amount of p-p38y MAPK, p38y MAPK, p-PAK1 or PAK1 were
determined, normalized to the actin. n = 7 for each group. * significant difference from
controls, p < 0.05.
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Alcohol’s effects on microRNA (miR)-200b-3p. Adolescent and adult MMTV-Wnt1 mice
received chronic alcohol exposure as described above. As tumor size reached maximal
diameter of 20 mm, the mice were sacrificed, and mammary tumor tissues were dissected
for the analysis of miR-200b-3p expression. For adolescent alcohol exposure, n =9 for both
control and alcohol-exposed group. For adult alcohol exposure, n = 11 for both control and
alcohol-exposed group * significant difference from controls, p < 0.05.
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