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Abstract. The risk of developing breast cancer and fatty liver is 
increased by alcohol consumption. The objective of the present 
study was to determine if obesity and exogenous estrogen 
supplementation alter the effects of alcohol on mammary 
tumorigenesis and fatty liver. Ovariectomized female mice 
were (1) fed diets to induce overweight and obese phenotypes, 
(2) provided water or 20% alcohol, (3) implanted with placebo, 
low- or high-dose estrogen pellets and (4) injected with Met-1 
mouse mammary cancer cells. Alcohol-consuming mice were 
more insulin sensitive and developed larger tumors than water 
consuming mice. Obese mice developed slightly larger tumors 
than control mice. Alcohol consumption and obesity increased 
growth factors, hepatic steatosis, activation of Akt, and 
inhibited the caspase-3 cascade. Estrogen treatment triggered 
the loss of body fat, induced insulin sensitivity, suppressed 
tumor growth, reduced growth factors and improved hepatic 
steatosis. Results show that the effects of alcohol on mammary 
tumor and fatty liver are modified by obesity and estrogen 
supplementation. 

Introduction 

Breast cancer is the second leading cause of cancer death 
among women in the United States (1). In 2010, the American 
Cancer Society predicted the diagnosis of 207,000 new cases 
of invasive breast cancer with 40,000 resulting in death (1). 

Many modifiable risk factors, including alcohol, obesity and 
estrogen therapy have been shown to influence breast cancer 
development (1). 

Epidemiological studies show alcohol increases breast cancer 
risk in a dose-dependent manner (2). The relative risk of devel-
oping breast cancer increases ~10% for every drink consumed 
(3,4). Alcohol consumption also increases the invasiveness and 
metastatic potential of breast cancer (5,6). In fact, women 
who ingest alcohol have a higher probability of developing a 
more advanced stage of breast cancer (2,6). Evidence suggests 
alcohol may affect tumor growth. Epidemiological and animal 
studies report a positive connection between alcohol and 
mammary tumor cell proliferation (5,7-9). Alcohol increases 
the production of growth hormones (e.g., insulin, leptin) which 
may modulate tumor growth and metastases (4). Hormones 
like insulin and leptin stimulate the phosphoinositide 3-kinase 
(PI3K)/Akt signaling pathway: a pathway that plays an impor-
tant role in breast cancer progression. Abnormal activation of 
Akt has been observed in various types of cancer (5,10,11). 
Studies suggest alcohol consumption leads to the activation of 
the PI3K/Akt signaling pathway (12,13). Moreover, not only 
does alcohol affect breast carcinogenesis, but the risk of devel-
oping hepatic steatosis or fatty liver increases with chronic 
alcohol consumption (14,15).

Obesity in postmenopausal women increases the risk of 
death and mortality from breast cancer (16-18). Approximately 
30-50% of breast cancer deaths may be attributed to excess 
body weight, which translates to 11,000-18,000 deaths per 
year (19). Adipose tissue is capable of producing multiple 
factors, such as estrogen, leptin, adiponectin, insulin-like 
growth factor-1 (IGF-1) and other cytokines, which have been 
shown to influence various processes involved in carcinogen-
esis (17,20-22). In particular, obesity increases bio-available 
insulin and IGF-1 in the blood due to a reduction in IGF-1 
binding protein abundance (23). The elevated insulin levels 
stimulate phosphorylation of the insulin receptor (IR) and 
IGF-1R and may trigger intracellular signals through the PI3K 
pathway in mammary gland and breast tumor tissue (24). In 
addition to breast cancer risk, obesity increases the risk of 
developing fatty liver (25-27). It is unclear if the effects of 
alcohol on breast cancer are modified by body weight.

Estrogen is produced largely by the ovaries until menopause 
where estrogen production shifts to peripheral tissues, like 
adipose tissue (28). As a result, obese postmenopausal women 
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have higher estrogen levels compared to lean postmenopausal 
women (20). Data suggest breast cancer risk increases with 
obesity and alcohol through the hormone estrogen (20,22,29-
37). After menopause, estrogen replacement therapy (ERT) is 
used to protect women from hypo-estrogenic problems, such as 
loss of bone mineral density (BMD). Postmenopausal women 
receiving ERT have a greater risk of breast cancer with alcohol 
consumption (36). One study showed the relative risk of devel-
oping breast cancer in abstainers was 1.0, alcohol consumers was 
1.28, estrogen-therapy recipients was 1.45 and those consuming 
alcohol plus estrogen was 2.08 (37). A cross-sectional study 
reported elevated levels of circulating estrogen in women who 
drink. More specifically, women who drink more than one 
drink per day have a 20% increase in serum estrogen levels 
compared to abstainers (38). Experimental studies also show 
estrogen promotes proliferation and survival of cancer cells in 
both normal and transformed epithelial cells of the mammary 
gland (29,39). Alcohol may affect the response of breast cancer 
cells to these effects of estrogen.

In the present study, our goal is to analyze the effect of 
alcohol consumption, diet-induced obesity and estrogen supple-
mentation on breast cancer in ovariectomized mice that mimic 
the postmenopausal state. To assess the simultaneous effects of 
these three risk factors on tumor growth, we injected Met-1 
mammary tumor cells subcutaneously into mice fed a 30% 
calorie restricted, low-fat or high-fat diet, and consuming either 
water or 20% alcohol in the drinking water. To assess the 
impact of these factors on tumor growth, control and obese mice 
consuming water and alcohol were implanted with pellets deliv-
ering either a low or high dose of estrogen, and then injected 
with Met-1 tumor cells. Results show obesity enhanced Met-1- 
tumor growth rate while alcohol had no effect. The dramatic 
loss of body fat and concomitant decrease in phosphorylated 
Akt was associated with a drastic inhibition of Met-1 tumor 
growth observed after estrogen treatment. Additionally, liver 
steatosis was promoted by alcohol and obesity, which was 
improved by estrogen treatment. Our results suggest these 
breast cancer-risk factors may modulate mammary tumori-
genesis through hormones associated with adipose tissue and 
the activation of Akt.

Materials and methods

Animals and diets. We purchased 135 6-week-old, ovariecto-
mized FVB/N female mice from the Jackson Laboratory (Bar 
Harbor, MA, USA). The animals were singly housed in pathogen-
free cages according to National Institutes of Health (NIH) 
guidelines. All procedures were approved by the Institutional 
Animal Care and Use Committee of the University of Texas 
at Austin. Mice were randomized to receive either a low fat 
(LF; 10% kcal from fat) or high fat (HF; 60% kcal from fat) 
diet. Mice had free access to either water or 20% alcohol in the 
drinking water. All procedures were performed as previously 
described (40). 

Estrogen treatment. Mice received either estrogen or placebo 
pellets after 19 weeks on the study. The pellets provided 0.0 
(placebo), 0.18 or 0.72 mg of 17 β-estradiol (E2) over a 90-day 
period. Pellets were purchased from Innovative Research of 
America (Sarasota, FL, USA). 

Glucose- and insulin-tolerance tests. We examined insulin 
sensitivity in mice using the glucose-tolerance test (GTT) and 
insulin-tolerance test (ITT) as previously described (41). 

Cancer cells and tumor measurement. Estrogen receptor (ER)- 
negative Met-1 mouse mammary cancer cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) and 2 mM penicillin-
streptomycin (Invitrogen, Carlsbad, CA, USA). Met-1 cells 
were harvested when 70-80% confluent. Cells (5x104) in 50 µl 
of DMEM were administered subcutaneously into the lower 
back of the mice. Tumors were measured two to three times 
per week. Tumor size (mm3) was determined by measuring 
height, width and length of the tumors. 

Body composition. We analyzed final body composition (% 
body fat, % lean body mass and BMD) by dual energy X-ray 
absorptiometry (DXA) using a GE Lunar Piximus ΙΙ densito-
meter (Madison, WI, USA). Body fat levels (%) of living animals 
were measured using an Echo Magnetic Resonance Imaging 
system (MRI; Echo Medical System, Houston, TX, USA). 

Hormone analysis and blood chemistry. We measured hormone 
and ALT levels with the following ELISA kits: 17 β-estradiol 
(IBL-America, Minneapolis, MN, USA), insulin-like growth 
factor 1 (IGF-1; R&D Systems, Minneapolis, MN, USA), 
vascular endothelial growth factor (VEGF; R&D Systems, 
Minneapolis, MN, USA) and alanine transaminase (ALT; Bioo 
Scientific, Austin, TX, USA). Mouse serum insulin and leptin 
levels were analyzed using a mouse adipokine Lincoplex kit 
(Linco Research, St. Louis, MO, USA). Alcohol concentration 
in the blood was detected using a NAD-ADH kit (Sigma, St. 
Louis, MO, USA). All experiments were performed following 
the manufacturer's instructions.

Western blot analysis. Whole-cell lysates were prepared from 
tumor tissue. Tissues were collected and snap-frozen in liquid 
N2. Frozen tissues were ground into a powder using a mortar 
and pestle, suspended in RIPA buffer (Sigma), containing 
protease and phosphatase inhibitors (Pierce, Rockford, IL, 
USA), and homogenized. Tissue extracts were centrifuged for 
10 min at 10,000 RCF. Protein concentrations were measured 
using Bradford Protein Assay Reagent (Bio-Rad, Hercules, CA, 
USA). Lysates were resolved (50 µg) on 10% Tris-acetate gels, 
and proteins were detected by Western blot analysis with the 
following antibodies: PI3K (p85α), p-AktSer473, Akt, β-actin, 
cleaved caspase-3 (Cell Signaling, Beverly, MA, USA) and 
PCNA (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Blots 
were analyzed by densitometry and quantitated with ImageJ 
software (NIH, http://rsb.info.nih.gov/ij/). 

Histology. Mouse tumor and liver tissues were harvested, fixed 
in 10% formalin for 24 h and transferred into 70% ethanol 
indefinitely. The samples were paraffin-embedded, sectioned 
and stained with hematoxylin and eosin (H&E) by the Histology 
and Tissue Core at the University of Texas M.D. Anderson 
Cancer Center (Smithville, TX, USA).

Real-time qPCR. Tumor necrosis factor α (TNF-α) was 
measured in the liver. Total RNA was extracted from liver tissue 
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using a RNeasy mini kit (Qiagen, Hilden, Germany). The cDNA 
was synthesized from 1 µg of total RNA using a High Capacity 
cDNA reverse transcription kit (Applied Biosystems, Foster 
City, CA). Real-time qPCR was performed on a Mastercycler Ep 
Realplex real-time qPCR thermocycler (Eppendorf, Hauppauge, 

NY, USA). A SYBR-GreenER qPCR reagent (Invitrogen) was 
used in a 20-µl total volume. All samples were done in triplicate. 
The relative expression levels of TNF-α were normalized to the 
average of the endogenous control gene, 18S ribosomal RNA. 
The difference was calculated using melting curve analysis. 

Figure 1. Body composition. (A) Summary of body weight change. OVX mice consuming water or 20% alcohol were provided with either an LF or HF diet. At 
week 19, they randomly received either a placebo or estrogen supplement (low and high), indicated by the arrow. *Significantly different between LF and HF 
mice (p<0.05). (B) Body fat comparison between baseline and the final time point. Graph shows the effects of diet, liquid and estrogen treatment. *Significantly 
different from estrogen groups within same diet and liquid groups (p<0.05), **significantly different between LF and HF mice (p<0.05). (C) BMD changes after 
estrogen supplementation. *Significantly different from estrogen treated mice (p<0.05). (n=10/group).
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We used the following primer pairs: 18S forward 5'-GAG CTC 
ACC GGG TTG GTT TTG-3' and 18S reverse 5'-TAC CTG 
GTT GAT CCT GCC AG-3', TNF-α forward 5'-CTC TTC 
AAG GGA CAA GGC TG-3' and TNF-α reverse 5'-CGG 
ACT CCG CAA AGT CTA AG-3'.

Statistical analysis. We analyzed all data (body composition, 
calorie intake, GTT, ITT, tumor growth, hormone levels and 
real-time qPCR) by multivariate analysis of the variance and 
post hoc comparison of the means using Tukey's honestly 
significant difference. The results are shown as the mean ± 
the standard error of the mean (SEM). We considered statis-
tical significance at p≤0.05. We used SPSS software package 
version 15.0 for Windows (SPSS Inc., Chicago, IL, USA) to 
make statistical comparisons. 

Results

Alcohol, obesity and estrogen affect body composition. All 
mice had similar body weights (17.6±0.1 g) and body fat levels 
(16.9±0.2%) at the beginning of the study after randomization 
(p>0.05; Fig. 1A and B). However, by the end of the study, 
the average final body weight and body fat was higher for HF 
compared to LF mice, as portrayed in Fig. 1A and B (p<0.05). 
Alcohol consumption did not alter either body weight or 

body fat in mice (p>0.05). Alcohol-consuming mice ingested 
slightly less food than water-consuming mice (p>0.05) 
possibly because they received extra calories from the alcohol 
as shown in Table I. Consumption of 20% alcohol provided 
1.42 kcal/g and elevated blood alcohol levels to 38-54 mg/dl: 
levels that have been shown to increase breast cancer risk in 
women (2,43,44). The only statistically significant difference 
in body weight and body fat occurred after estrogen treatment 
(week 19 on the study), regardless of alcohol consumption 
(p<0.01). Both doses of estrogen caused a significant decrease 
in body weight and fat compared to placebo groups. Fig. 1C 
shows estrogen also increased BMD in both low and high E2 
treatment groups (p<0.05). Collectively, the decrease in body 
weight and increase in BMD indicated the effectiveness of the 
estrogen treatment. No difference in body composition was 
observed between the low and high E2 treatment groups. 

Alcohol, obesity and estrogen modulate insulin sensitivity. As 
expected, results from the GTT indicated that obese animals 
in both the water- and alcohol-consuming groups were more 
insulin resistant than control animals, as depicted in Fig. 2A 
(p<0.05). However, the alcohol-consuming mice cleared blood 
glucose faster than water consuming mice (p<0.05). Both 
doses of estrogen also improved glucose clearance compared 
to placebo, especially in HF mice (p<0.05). There was no 

Figure 2. Alcohol and estrogen induced insulin sensitivity. (A) GTT; Alcohol and estrogen groups responded to the injected glucose more quickly than the 
water placebo group (n=8/group). The graph to the right depicts the area under the curve (AUC). (B) ITT; Alcohol consumption and estrogen supplementation 
inhibited HF-induced insulin resistance as represented by the graph on the right (n=8/group). #,**Significantly different between water and alcohol groups 
(p<0.05), *significantly different from estrogen-treated mice within same diet and liquid groups (p<0.05). W, water; A, alcohol.
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difference between low and high E2 groups (p>0.05). In 
Fig. 2B, results from the ITT illustrated that HF-diet fed mice 
responded to exogenous insulin more slowly than LF-diet fed 
mice (p<0.05), indicating insulin resistance. However, alcohol 
promoted glucose clearance in HF mice compared to mice on 
water (p<0.05). Insulin sensitivity was increased in animals 
receiving low and high E2 treatment (p<0.05); this effect was 
not altered by alcohol consumption or dose of E2 (p>0.05).

Alcohol, obesity and estrogen affect mammary tumorigenesis. 
Mice consuming the HF diet developed larger tumors than LF 
fed mice, as depicted in Fig. 3. Alcohol ingestion increased 
the final tumor volume by ~1.6-fold compared to water 
consumption, especially in HF mice (p<0.05). Estrogen 
treatment suppressed tumor growth regardless of diet intake, 
alcohol consumption and estrogen dose compared to placebo 
(p<0.05). Despite the estrogen-induced tumor inhibition, mice 
receiving high E2 treatment tended to have slightly larger 
tumors than mice treated with the low dose of E2 (p>0.05). 
Similarly, mice consuming alcohol and receiving the high E2 
supplement had somewhat larger tumors than the water group 
(p>0.05). 

PI3K/Akt signaling pathway in response to alcohol, obesity 
and estrogen. The regulatory subunit of PI3K (p85α) was not 
affected by alcohol, obesity (HF) or estrogen treatment, as 
depicted in Fig. 4. Alcohol consumption and obesity resulted 
in increased expression of phosphorylated Akt at Serine 473, 
which is positively associated with cell proliferation, survival 
and invasion (44). However, estrogen supplementation reduced 
the Akt phosphorylation induced by both HF diet and alcohol 
consumption. The expression level of cleaved caspase-3, 
a key factor in apoptosis, was decreased with obesity and 
alcohol consumption. An additive decrease in apoptosis levels 
were observed in obese mice receiving alcohol. Cell prolif-
eration was not altered by body weight, alcohol or estrogen as 
measured by PCNA expression.

Alteration of growth factors by alcohol, obesity and estrogen. 
As anticipated, exogenous estrogen supplementation dramati-
cally elevated circulating estrogen levels in mice compared 
to pre-E2 treatment, as portrayed in Fig. 5A (p<0.001). In 
addition, mice receiving the high dose of E2 had higher serum 
estrogen levels than mice receiving the low E2 supplement 
(p<0.05). The expression of leptin was directly proportional to 

Table I. Comparison of final calorie intake and blood alcohol concentration (BAC) in mice.

 Placebo Low E2 High E2
 –––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––
 Water Alcohol Water Alcohol Water Alcohol
 ––––––––––––––– –––––––––––––––– –––––––––––––– –––––––––––––––– ––––––––––––––– –––––––––––––––
 LF HF LF HF LF HF LF HF LF HF LF HF

Food (kcal) 9.6±0.4 11.2±0.9   7.9±0.7 10.5±1.0 10.4±0.8 9.4±0.2   8.2±0.3    8.3±0.5 10.4±0.8 9.5±0.4   7.4±0.2   9.8±1.8
Alcohol (kcal) - -   2.5±0.1   2.3±0.2 - -   2.2±0.1   2.1±0.2 - -   2.3±0.1   2.0±0.2
Total (kcal) 9.6±0.4 11.2±0.9 10.4±0.4 12.9±1.0 10.4±0.8 9.4±0.2 10.4±0.4 10.8±0.6 10.4±0.8 9.5±0.4   9.7±0.2 11.8±1.8
BAC (mg/dl)a 0.0±0.0   0.0±0.0 37.9±0.3 54.4±4.8   0.0±0.0 0.1±0.0 38.4±0.4 42.1±2.0   0.0±0.0 0.1±0.0 38.6±0.3 39.0±0.2

Values are presented as the mean ± SEM (n=10/group). aSignificantly different between water and alcohol groups in the same diet (LF or HF) and treatment (E2 
or placebo) categories.

Figure 3. Influence of alcohol, obesity and estrogen on mammary tumor growth. Tumor volume was increased in alcohol consuming mice compared to control 
mice. Estrogen treatment (low and high) inhibited tumor growth (n=10/group). Tumor size was recorded every two to three days. Graph displays tumor growth 
every five days. *Significantly different from estrogen-treated mice within the same diet and liquid groups (p<0.05). Abbreviations: W, water; A, alcohol.
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body fat levels as shown in Fig. 5B, for both pre and post-E2 
groups (p<0.05). This was also reflected after estrogen treat-
ment, as a decrease in serum leptin levels accompanied the 
drastic reduction in body fat levels. Both doses of estrogen 
resulted in a significant reduction in leptin levels (p<0.001). 
Compared to the water group, alcohol stimulated leptin 
expression in obese mice. Expression of the pro-angiogenic 
factor VEGF was induced by both alcohol consumption and 
obesity for placebo and estrogen treatment groups (Fig. 5C). 

Moreover, exogenous estrogen reduced serum VEGF levels 
compared to placebo (p<0.05). Serum insulin and IGF-1 levels 
were increased in the obese phenotype and greatly decreased 
after estrogen treatment (Fig. 5D and E; p<0.05). Alcohol did 
not affect the expression of serum insulin and IGF-1 compared 
to control (p>0.05).

Alcohol, obesity and estrogen regulate liver histopathology. 
Fig. 6A depicts changes in liver histopathology after alcohol 

Figure 4. The effect of alcohol, obesity and estrogen on protein expression. Survival signaling. Alcohol and obesity induced Akt phosphorylation and reduced 
cleaved casepase-3 expression. Graphs along the bottom depict the quantitation of the Western blot analysis. These blots are representative of 3 mice per group.
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Figure 5. Alcohol, obesity and estrogen modulate hormone levels. Circulating hormone levels were measured in serum from pre- (week 18) and post-estrogen 
treatment (week 30). (A) Estrogen-supplemented mice had low estrogen levels pre-E2 treatment. Estrogen levels were significantly increased after estrogen 
pellets (low and high) were implanted as seen in the post-E2 groups. (B) The HF mice had higher leptin levels than LF mice pre-E2 treatment. Estrogen 
treatment dramatically reduced leptin levels in both LF and HF mice. (C) Pro-angiogenic factor, VEGF, was induced by alcohol consumption but reduced by 
estrogen treatment. (D) Serum-insulin levels were increased after HF diet, but were decreased after estrogen treatment. (E) IGF-1, a growth hormone, levels 
were decreased by estrogen treatment and increased by obesity (n=7/group for all assays). *Significantly different from placebo within same diet and liquid 
groups (p<0.05), **significantly different from placebo and low E2 treatment within same diet and liquid groups in post-E2 treatment (p<0.05), #significantly 
different between water- and alcohol-consuming mice in HF mice (p<0.05).
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consumption, obesity and estrogen supplementation. Both 
alcohol and obesity are well known to induce hepatic steatosis 
(45). Our data support the literature. Obesity induced hepatic 
steatosis as shown by the fat globules in the H&E staining. 
Alcohol consumption also promoted this effect. However, 
hepatic steatosis, especially in mice receiving alcohol, was 
reduced by estrogen treatment regardless of dose. Even obese 
mice consuming alcohol with extreme steatosis showed a 
dramatic decrease in hepatic steatosis after receiving either dose 
of estrogen. Next, we measured the expression levels of ALT 
and TNF-α, hepatic inflammatory factors known to be involved 
in hepatic steatosis. The results are portrayed in Fig. 6B and C. 
Alcohol consumption slightly increased ALT and TNF-α 
expression compared to the control, but the difference was 
not significant (p>0.05). Neither dose of exogenous estrogen 

had a significant effect on TNF-α nor ALT levels in either the 
water or alcohol groups (p>0.05). Moreover, expression was 
not affected by body weight. 

Discussion 

Postmenopausal women ranging from lean to obese have 
varying amounts of adipose tissue. Some of whom consume 
alcohol and receive estrogen to stop the consequences of meno-
pause. It is unclear whether the effects of alcohol on breast 
cancer development are modified by body weight or exogenous 
estrogen. To this end, low-fat (overweight) and high-fat (obese) 
mice consuming water or alcohol were implanted with placebo 
or estrogen pellets before being injected subcutaneously 
with Met-1 breast cancer cells. Here, we show an adiposity-

Figure 6. Liver histopathology. (A) The liver H&E data showed alcohol and HF diet increased hepatic steatosis while estrogen treatment decreased this effect 
(n=5/group). The images were captured at x20 magnification; 100 µm bar. The arrow indicates hepatic fat globules. CV, central vein. (B) ELISA of serum ALT 
(n=7/group). (C) TNF-α qPCR of liver tissue (n=4/group). Estrogen had no effect on ALT or TNF-α levels (p>0.05). 
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dependent increase in tumor growth and a decrease in insulin 
sensitivity. We examine the contribution of alcohol, obesity 
and exogenous estrogen on mammary tumor growth via the 
PI3K/Akt signaling pathway and adiposity in mice.

Alcohol acts in a dichotomous manner and elicits an 
advantageous phenotype of increased insulin sensitivity and 
a deleterious phenotype of enhanced tumorigenesis. The 
effects of alcohol were modified by body weight and estrogen 
administration. Obese mice developed the largest tumors and 
were more insulin resistant than overweight mice. Alcohol 
consumption further increased tumor size for both overweight 
and obese mice. In contrast, both doses of supplemental 
estrogen suppressed tumor growth, triggered insulin sensitivity 
and induced loss of body fat in both obese and overweight 
mice. We questioned how alcohol can have such a paradoxical 
effect. Alcohol has been shown to accelerate mammary tumor 
growth rate in mice (46) and increase the metastatic potential of 
breast cancer cells in a dose-dependent manner in vitro (5,47). 
We reasoned that alcohol could make mammary cancer cells 
more susceptible to hormones, which would result in primary 
tumor growth and/or metastasis, while simultaneously increase 
the hormone responsiveness of tissues and preventing insulin 
resistance and type-2 diabetes by increasing insulin secretion 
to stimulate insulin sensitivity (48). Huang et al showed that 
alcohol triggered the pancreas to secrete insulin resulting in 
increased insulin sensitivity in mice (48). Our studies support 
this idea as we noted an increase in serum insulin levels in mice 
drinking alcohol compared to water, although the difference 
was not statistically significant.

In premenopausal women, estrogen, a steroid hormone, is 
generated primarily by the ovaries. After menopause, however, 
peripheral tissues (adipose tissue) produce estrogen through 
the conversion of androgen to estrogen by aromatase (29). 
Aromatase is found in white adipose tissue (49) and therefore, 
postmenopausal women who are obese have higher levels of 
estrogen than lean premenopausal women as they have more 
fat (20). High-estrogen levels are associated with increased 
breast cancer (29). Intriguingly, we observed that two different 
doses of estrogen actually had a negative effect on tumor 
growth. Tumorigenesis was decreased by estrogen regard-
less of adiposity and whether the mice consumed alcohol or 
water. Data from the current study disputes the present dogma 
regarding the role of estrogen in tumor promotion. In support, 
Nkhata et al observed reduced tumor growth in obese mice 
injected with T47-D human breast cancer cells after estrogen 
pellet implantation compared to placebo (50). It is possible that 
the effects of estrogen on tumor growth are due to differences 
between exogenous and endogenous estrogen. Sham ovariecto-
mized mice in this study developed significantly larger tumors 
than mice receiving exogenous estrogen (data not shown). 
This is unlikely, however, as both endogenous and exog-
enous estrogen have been shown to be risk factors for breast 
cancer (51-53). This is supported by numerous epidemiology 
studies portraying the positive association between hormone 
replacement therapy and breast cancer (54,55). Additionally, 
the negative effect of estrogen on tumor development may be 
due to the timing of estrogen treatment. The Woman's Health 
Initiative found hormone therapy should be initiated five or 
more years after menopause in order to reduce breast cancer 
risk (56). 

Observed increases in serum insulin, IGF-1, leptin and 
VEGF were directly proportional to body weight. Hormones, 
insulin resistance and angiogenesis have all been shown to be 
players in breast tumorigenesis (57,58). Although obesity and 
alcohol increased serum levels of insulin and IGF-1, no such 
cooperative effect between alcohol and obesity was observed. 
As a result, we focused on leptin and VEGF as potential 
contributors to tumor growth. Not only was leptin increased 
by adiposity and alcohol consumption, but an additive increase 
was noted in the presence of both factors. A high level of 
circulating leptin is associated with breast cancer development 
(2,18,37,59). Moreover, leptin has been shown to enhance the 
growth and invasive potential of breast cancer cells in tissue 
culture (59,60). Leptin may promote breast carcinogenesis by 
regulating aromatase activity and increasing estrogen levels 
where the breast cancer cells are located in the mammary 
gland (37). Adiposity, alcohol and a cooperation of these two 
factors also increased VEGF levels. VEGF is a key factor 
in angiogenesis, a physiological process essential for tumor 
growth and metastasis (61,62). Our results were further 
supported after estrogen administration as tumor growth was 
decreased along with serum leptin and VEGF levels. These 
findings were unexpected since estrogen has been shown to 
increase serum levels of leptin and VEGF in some studies 
(63,64). In our study, body weight and body-fat levels drasti-
cally decreased along with a concomitant decrease in serum 
leptin and VEGF after estrogen supplementation. This could 
account for the discrepancy on the effect of estrogen on insulin 
and VEGF observed by others. Mice in all groups consumed 
similar amounts of calories showing the effect was due to 
estrogen and not a change in calorie consumption. 

Estrogen may affect mammary tumorigenesis via the 
PI3K/Akt signaling pathway (65-67). Estrogen has been 
shown to influence pro-apoptotic pathways (68-71). Zhang 
et al demonstrated that PI3K/Akt signaling could be inhibited 
by estrogen and induce apoptosis of cancer cells (68). Breast 
cancer cells that have been long-term deprived of estrogen can 
undergo apoptosis after estrogen treatment (72,73). Obesity 
and alcohol can also alter PI3K/Akt signaling. A multitude of 
hormones/cytokines (insulin, leptin, IL-6) that increased with 
obesity have been shown to activate the PI3K/Akt signaling 
pathway (74). Similarly, moderate alcohol consumption 
increases Akt expression (14). In the present study, we demon-
strated enhanced Akt (S473) phosphorylation in obese mice, 
which was further increased with alcohol treatment. We also 
observed a decrease in cleaved caspase-3 expression under the 
same conditions, indicating reduced apoptosis. Phospho-Akt 
levels were reduced after estrogen pellet implantation in 
obese mice. These data suggest a putative role for the PI3K/
Akt pathway and pro-apoptotic pathways in tumor growth 
regulation. 

Our results show that alcohol consumption promoted 
insulin sensitivity and increased Met-1 mammary tumor 
growth in obese mice without affecting body weight or body 
fat levels. Alcohol consumption and obesity caused hepatic 
steatosis in mice while exogenous estrogen improved this 
effect. Exogenous estrogen treatment led to a dramatic loss 
of body weight and insulin sensitivity which could be respon-
sible for the observed inhibition of tumor growth in obese 
mice consuming alcohol. Furthermore, estrogen-treated mice 
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showed a reduction in adiposity-related hormone levels along 
with decreased PI3K/Akt signaling. Our studies are the first 
to show estrogen functions as a protective factor against the 
effects of alcohol and obesity on fatty liver development and 
mammary tumorigenesis. 
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