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Abstract
Alcohol consumption is a risk factor for breast cancer in humans. Experimental studies indicate
that alcohol exposure promotes malignant progression of mammary tumors. However, the
underlying cellular and molecular mechanisms remain unclear. Alcohol induces a pro-
inflammatory response by modulating the expression of cytokines and chemokines. Monocyte
chemoattractant protein-1 (MCP-1), also known as chemokine (C-C motif) ligand 2 (CCL2), is a
pro-inflammatory chemokine implicated in breast cancer development/malignancy. We
investigated the role of MCP-1 in alcohol-promoted mammary tumor progression. Using a
xenograft model, we demonstrated that alcohol increased tumor angiogenesis and promoted
growth/metastasis of breast cancer cells in C57BL/6 mice. Alcohol up-regulated the expression of
MCP-1 and its receptor CCR2 in breast cancer cells in vitro and in vivo. Using a three-
dimensional (3-D) tumor/endothelial cell co-culture system, we demonstrated MCP-1 regulated
tumor/endothelial cell interaction and promoted tumor angiogenesis. More importantly, MCP-1
mediated alcohol-promoted angiogenesis; an antagonist of the MCP-1 receptor CCR2 significantly
inhibited alcohol-stimulated tumor angiogenesis. The CCR2 antagonist abolished ethanol-
stimulated growth of mammary tumors in mice. We further demonstrated that MCP-1 enhanced
the migration, but not the proliferation of endothelial cells as well as breast cancer cells. These
results suggest that MCP-1 plays an important role in ethanol-stimulated tumor angiogenesis and
tumor progression.
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Introduction
One in eight American women will be stricken with breast cancer, the second leading cause
of cancer-related mortality among American women [1]. Although the exact etiology of
breast cancer remains unclear, environmental factors play an important role.
Epidemiological studies indicate that alcohol consumption increases breast cancer risk in a
dose-dependent manner [2–7]. Alcohol may also enhance the growth of existing breast
tumors and increase the aggressiveness of breast cancer cells to invade and metastasize [8–
10]. Nonetheless, the mechanism by which alcohol contributes to breast tumor initiation or
progression has yet to be established.

A causal role was recently attributed to inflammation in many malignant diseases, including
breast cancer. Cytokines and chemokines are important inflammatory mediators involved in
carcinogenesis and malignant transformation. Particularly chemokines have substantial
effects as chemotactic factors on normal development, inflammation, atherosclerosis, and
angiogenesis [11]. Chemokines have been implicated in many aspects of tumorigenesis cell
biology, including roles in the regulation of cancer cell growth, angiogenesis, metastasis,
and host immune response [12]. Monocyte chemoattractant protein-1 (MCP-1) also known
as chemokine (C-C motif) ligand 2 (CCL2), is a pro-inflammatory chemokine and recruits
and activates monocytes during the inflammatory response. While MCP-1 is minimally
expressed by normal breast epithelial duct cells, it is highly expressed by breast tumor cells
at primary tumor sites; this indicates MCP-1 is acquired in the course of malignant
transformation and suggests it plays a role in breast cancer development and/or progression
[13].

It has been demonstrated that alcohol induces pro-inflammatory mediators, and enhanced
inflammation may underlie many diseases or disorders caused by alcohol abuse [14,15].
Alcohol up-regulates the expression of MCP-1 in the brain of humans and animals [16,17].
In this study, we sought to determine whether alcohol induces the expression of MCP-1 in
breast cancer cells and to investigate the role of MCP-1 in alcohol-promoted malignant
progression of mammary tumors. Our results indicate that MCP-1 is responsive to alcohol
exposure and mediates ethanol-promoted angiogenesis and tumor growth in vitro and in
vivo.

Materials and Methods
Materials

Ethanol, fibrinogen, aprotinin, and thrombin were purchased from Sigma Chemical Co. (St.
Louis, MO). CCR2 antagonist was purchased from Calbiochem (San Diego, CA). Anti-
CD31 antibody was obtained from BD Pharmingen (San Diego, CA). Anti-MCP1 and anti-
CCR2 antibodies were obtained from BD Biosciences (Franklin Lakes, NJ). Cytodex 3
beads were obtained from Amersham Pharmacia Biotech (Piscataway, NJ).

Cell culture
Mice mammary adenocarcinoma cell line E0771 was provided by Dr. Enrico Mihich
(Roswell Park Cancer Institute, Buffalo, NY) and maintained in DMEM media
supplemented with 10% fetal bovine serum (FBS), penicillin (100 U/ml)/streptomycin (100
U/ml) and 0.25 mg/ml amphotericin B at 37°C in humidified air containing 5% CO2. Human
MDA-MB231 breast cancer cells and SVEC4-10EE2 mouse vascular endothelial cells were
grown in DMEM medium containing 10% FBS and 100 U/ml penicillin and streptomycin at
37°C with 5% CO2. MDA-MB231 breast cancer cells are aggressive mammary tumor cells
and responsive to ethanol exposure. Human umbilical vein endothelial cells (HUVEC) were
isolated from fresh human placentas with 1 mg/ml of type I collagenase and grown in
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Clonetics Endothelial Cell Growth Medium-2 (EGM-2; Lonza, Walkersville, MD).
HUVECs were used between passages 3 and 10.

Animals and ethanol exposure
Female C57BL/6 mice age 5–6 weeks were purchased from Harlan Laboratories
(Indianapolis, IN) and allowed to acclimate for 1 week with standard chaw diet and water
before beginning the experiment. Mice were divided into two groups and fed with standard
chaw ad libitum. The mice in the ethanol-exposed group (n = 22) were given 2% ethanol in
drinking water for a 12 hour-period during the night starting at 8:00 pm, and then replaced
with water without ethanol at 8:00 am for the remaining 12 hours each day for 3 weeks. The
mice in the control group (n = 20) were provided with regular drinking water only. The
consumption of regular water versus ethanol-containing water was monitored daily; no
significant difference in the liquid intake between the control and ethanol group was found.
The average consumption of water or ethanol-containing water for each mouse was
approximately 4 ml/day. The blood ethanol concentration (BEC) was determined at 6:00 am
using an Analox AM1 Alcohol Analyzer (Analox Instruments, Lunenburg, MA) as
previously described [18]. The BEC was 42.5 ± 14.1 mg/dl. All procedures were carried out
according to the guidelines for the care and use of laboratory animals implemented by the
National Institutes of Health and the Guidelines of the Animal Welfare Act approved by the
Institutional Animal Care and Use Committee of the University of Kentucky.

Mouse model of tumor xenograft
E0771 mouse breast cells are syngeneic to C57BL/6 mice. E0771 cells, implanted
subcutaneously in C57BL/6 mice, are immunosuppressive and highly aggressive, invading
dermal layers and the peritoneum locally as well as the lung distantly and have
characteristics that closely mirror human disease [19]. Briefly, three days after ethanol
exposure, E0771 cells (2.5 × 105 in 100 μl PBS) were injected into the secondary mammary
pads of mice using a 23-gauge needle. The mice were continually provided with 2% ethanol
in drinking water or regular drinking water without ethanol. The size of the tumors was
monitored every two days; two perpendicular dimensions of tumors were measured with a
dial caliper. The volume was calculated based on the formula: V = 0.25 a × b2; a is the
longest and b is the shortest dimension. At the end of experiment, animals were sacrificed
and the tumors were removed. Some of the tumor tissues were fixed with 10% neutral
formalin for immunohistochemical studies.

To evaluate the effect of a CCR2 antagonist on ethanol-mediated tumor growth, CCR2
antagonist (10 μg/kg in 50 μl of DMSO) or DMSO was injected intraperitoneally one day
following ethanol exposure. CCR2 antagonist was administered every other day. The dosage
of CCR2 antagonist was selected based on previous studies [20]. At specified times after the
treatment, the size of the tumors was measured as described above. There were twelve
animals for each treatment group.

Immunohistochemistry
Immunohistochemical procedure was performed as described [21]. Briefly, tumor tissues
were sectioned at a thickness of 4 μm and incubated in 0.3% H2O2 in methanol for 30 min
at room temperature and then treated with 0.1% TritonX-100 for 10 min in PBS. The
sections were washed with PBS three times and then blocked with 1% BSA and 0.01%
TritonX-100 for 1 hour at room temperature. The sections were incubated with primary
antibodies: anti-MCP-1 (1:100), anti-CCR2 (1:100) or anti-CD31 (1:50) overnight at 4°C.
Negative controls were performed by either omitting the primary antibody or incubating
sections with nonspecific mouse or rat serum IgG at the same dilution as the primary
antibodies.
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After rinsing in PBS, sections were incubated with biotinylated secondary antibodies
(Vector Laboratories Inc., Burlingame, CA) for 1 hour at room temperature. The sections
were washed 3 times with PBS, then incubated in avidin–biotin–peroxidase complex
(Vector Laboratories Inc. 1:100 in PBS) for 1 hour and developed in 0.05% 3,3′-
diaminobenzidine (DAB) (Sigma) containing 0.003% H2O2 in PBS.

To determine the average micrcovessel density (AMVD), the microvessels detected by
CD31 immunohistochemistry were counted at 10 randomly chosen visual fields under
microscopy. The AMVD of 10 selected microscopic fields was calculated and expressed as
the number of microvessels per mm2 area.

Analysis of tumor metastasis
After 24 days of ethanol exposure, mice (n = 22 for ethanol-exposed group and n = 20 for
control group) were sacrificed and lungs were removed and fixed with 10% formalin.
Tissues were paraffin-embedded and sectioned at a thickness of 5 μm. The sections were
stained with Hematoxylin–Eosin (H&E), examined, and photographed under a microscope.

Three-dimensional endothelial cell and tumor co-culture system
To investigate the effect of ethanol on tumor angiogenesis, we utilized a three dimensional
(3-D) model of endothelial cell and tumor cell co-culture adapted from a previous study with
some modifications [22]. In this model, endothelial cells were induced to form a 3-D
capillary tube-like network on a fibrin gel bead system in the presence or absence of tumor
cells. Briefly, HUVEC or SVEC cells were trypsinized and cells (1×106) were mixed with
cytodex beads (3×103) in 4 ml medium (EGM™-2 medium for HUVEC and DMEM for
SVEC) in 50 ml centrifuge tubes. The mixtures were incubated at 5% CO2 at 37°C and
gently shaken every 20 minutes for 4 hours. At the fourth hour of incubation, an additional 4
ml medium was added and the incubation continued for 4 more hours. The mixtures of cells/
cytodex beads were then transferred to 25 ml tissue culture flasks and incubated overnight to
allow the cells not attached to the beads to attach to the flask. After incubation, the mixtures
of cells/cytodex beads were transferred to 50 ml centrifuge tubes and washed 3 times with
20 ml Ca2+- and Mg2+-free PBS. Then the beads with adherent cells were re-suspended in
medium containing 2.5 mg/ml fibrinogen and 0.15 U/ml aprotinin (Sigma) at a pH of 7.4. A
volume of 0.5 ml fibrinogen/bead solution was added to 24-well cell culture plates that were
pre-coated with 0.625 U of thrombin (Sigma). The fibrinogen/bead solution was allowed to
coagulate for 5 minutes at room temperature and then placed in 37°C and 5% CO2 for 20
minutes. The resulting fibrin gels contained endothelial cells (HUVEC or SVEC) adhering
to the beads. One milliliter of medium with 0.15 U/ml aprotinin was added to each well and
allowed to equilibrate with the fibrin clot for 30 minutes at 37°C and 5% CO2. The medium
was removed and replaced with 1 ml fresh medium containing 0.15 U/ml aprotinin. For co-
culture of endothelial cells/breast tumor cells, E0771 or MDA-MB231 cells (2 × 104 or 4 ×
104) were layered on top of the fibrin gels. The medium was changed every other day.

Ethanol exposure protocol in vitro
A method utilizing sealed containers was used to maintain ethanol concentrations in the
culture medium [23]. Briefly, the appropriate amount of ethanol (using 95% ethanol stock)
was added to the culture medium to bring the ethanol concentration to the desired level
(0.2%). Cell culture plates were placed on a rack inside a plastic container sealed with a
tight-fitting lid. A 200-ml water bath was present in the bottom of each container; the bath
consisted of ethanol at the same concentration present in the culture media. Just before
sealing each container, CO2 (60 ml) was injected. The containers were placed in a
humidified environment and maintained at 37°C with 5% CO2. With this method, ethanol
concentrations in the culture medium can be accurately maintained [23].
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Immunoblotting
The procedure for immunoblotting has been previously described [24]. Briefly, aliquots of
protein samples (30 μg) were separated on a SDS-polyacrylamide gel by electrophoresis.
The separated proteins were transferred to nitrocellulose membranes. The membranes were
blocked with either 5% BSA or 5% nonfat milk in 0.01 M PBS (pH 7.4) and 0.05%
Tween-20 (TPBS) at room temperature for 1 hour. Subsequently, the membranes were
probed with primary antibodies directed against target proteins overnight at 4°C. After three
quick washes in TPBS, the membranes were incubated with a secondary antibody
conjugated to horseradish peroxidase (Amersham, Arlington Hts. IL). The immune
complexes were detected by the enhanced chemiluminescence method (Amersham). In some
cases, the blots were stripped and re-probed with an anti-actin antibody.

Cell migration assay
Cell migration was analyzed using a Transwell Migration System (Costar Corp., Acton,
MA) as previously described [24]. The transwell insert consists of an upper chamber and a
lower chamber separated by a membrane with 8 μm pore size. SVEC cells (3×104) were
plated into the upper chamber and maintained in DMEM containing 2% FBS. The lower
compartment of the chamber was filled with medium containing 2% FBS and MCP-1 (0, 5
or 10 ng/ml). The chambers were incubated at 37°C in 5% CO2 for 12 hours. The membrane
was fixed with methanol and the cells remaining on the upper chamber were removed. The
migrated cells were stained with Giemsa and counted. For each well, five random
microscopic fields were counted and the mean of triplicate wells was obtained.

Statistical analyses
The data were expressed as the mean ± SEM. Differences among treatment groups were
tested using analysis of variance (ANOVA). Differences in which p was less than 0.05 were
considered statistically significant. In cases where significant differences were detected,
specific post-hoc comparisons between treatment groups were examined with Student-
Newman-Keuls tests. In some experiments, results were analyzed by an unpaired Student’s
t-test. All statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL).

Results
Ethanol promotes mammary tumor growth and metastasis in mice

We investigated the effect of ethanol on the growth and metastasis of mammary tumors
using a tumor xenograft model. Mouse mammary adenocarcinoma cells (E0771) are
syngeneic to C57BL/6 mice and implantation of E0771 cells into mammary pads resulted in
mammary tumor formation [19]. Mammary tumors were detected approximately one week
after initial implantation (Fig. 1). Ethanol exposure enhanced tumor growth. As shown in
Fig.1A, the growth rate of mammary tumors in the ethanol-exposed group was significantly
higher than that in the control group. Mammary tumors were removed after 24 days of
ethanol exposure at the end of the experiment for further measurement. As illustrated in
Figs. 1B and 1C, ethanol consumption significantly increased the weight of mammary
tumors. We further determined whether ethanol consumption promoted mammary tumor
metastasis. Lung metastases were detected by histologic analysis. As shown in Fig. 2, lung
metastatic carcinoma nodes were detected in 14 out of 22 mice in the ethanol-exposed
group, while they were identified in only 6 out of 20 mice in the control group.

Ethanol enhances tumor angiogenesis in mice
Since tumor growth and metastasis are dependent on the sustained formation of new blood
vessels, we determined the effect of ethanol on tumor angiogenesis in a tumor xenograft

Wang et al. Page 5

Breast Cancer Res Treat. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



model. CD31 is a marker of endothelial cells. We used a morphometric analysis of CD31
immunohistochemistry to evaluate tumor angiogenesis (Fig. 3A). As shown in Fig. 3B, there
was an approximately 2-fold increase of average micrcovessel density (AMVD) in the
ethanol-treated mammary tumor tissues compared to the control tissues (Fig. 3B). We also
performed H&E staining on both ethanol-treated and control samples; more microvessels
were observed in tumor tissues of ethanol-exposed mice compared to the samples obtained
from the control group (data not shown). These results suggested that ethanol consumption
may enhance tumor growth by promoting angiogenesis.

Ethanol promotes MCP-1 and CCR2 expression
Cytokines and chemokines play an important role in tumor angiogenesis and progression.
Chemokine MCP-1 or CCL2 has been implicated in tumor development and angiogenesis
[13]. It has been reported that ethanol up-regulated the expression of MCP-1 in the brain of
humans and animals [16,17]. We sought to determine whether ethanol induced the
expression of MCP-1 and its receptor CCR2 in mammary tumor tissues. As shown in Fig.
4A, a higher expression of MCP-1 and CCR2 was observed in tumor tissues of ethanol
exposed animals compared to control animals. Ethanol-induced expression of MCP-1 and
CCR2 was confirmed in vitro; ethanol increased the expression of MCP-1 and CCR2 in
cultured E0771 cells (Fig. 4B).

Involvement of MCP-1 in tumor angiogenesis
To test the hypothesis that MCP-1 may mediate ethanol-induced tumor angiogenesis, we
used a three-dimensional (3-D) angiogenic model in which endothelial cells and breast
cancer cells were cultured together, but without direct contact. In this system, endothelial
cells attached to cytodex beads are able to form a 3-D capillary tube-like network indicative
of angiogenesis [22]. As shown in Fig. 5A, SVEC cells attached to cytodex beads sprouted
from the beads and formed short, narrow cordlike structures. The inclusion of mouse breast
cancer cells (2×104 or 4×104 E0771 cells) in this system significantly increased the number
and the length of sprouts from SVEC cells. The percentage of spouts was 57.2% in SVEC
culture alone and 76.8% in SVEC co-cultured with E0771 cells. A higher density of E0771
cells (4×104), however, did not further increase the sprouting. Similarly, the addition of
human breast cancer cells (MDA-MB231) promoted sprouting of HUVEC cells (Fig. 5B).

DAPI fluorescence staining of nuclei confirmed that the vascular sprouts and capillary
network were formed by multi-cells (Figure 5C). The involvement of MCP-1 in
angiogenesis was indicated by exogenous MCP-1-mediated enhancement of formation of
vascular sprouts (Fig. 6A). Furthermore, CCR2 antagonist blocked MCP-1-mediated
sprouting. Ethanol exposure increased angiogenesis in SVEC/E0771 co-cultures (Fig. 6B).
Treatment with CCR2 antagonist abolished an ethanol-induced increase in the angiogenesis
in SVEC/E0771 co-cultures (Fig. 6B). We further examined the effect of conditioned
medium collected from ethanol-treated E0771 cells on angiogenesis. As shown in Figs. 6C,
conditioned medium collected from ethanol-treated E0771 cells significantly enhanced
angiogenesis and CCR2 antagonist blocked this enhancement. Together, these results
suggested that MCP-1 was involved in ethanol-enhanced tumor angiogenesis.

MCP-1 regulates the migration of endothelial cells and breast cancer cells
Angiogenesis is regulated by the activation of endothelial cells. The activation usually refers
to an increased proliferation or enhanced migratory ability of endothelial cells. As shown in
Fig. 7A, MCP-1 stimulated the migration of SVEC cells and this stimulation was blocked by
CCR2 antagonist. On the other hand, MCP-1 had little effect on the viability and
proliferation of SVEC cells (data not shown). Similarly, ethanol stimulated the migration of
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E0771 breast cancer cells and CCR2 antagonist eliminated the stimulation (Fig. 7B). MCP-1
did not affect the proliferation of E0771 cells (data not shown).

CCR2 antagonist inhibits ethanol-promoted tumor growth in a mouse tumor xenograft
model

To further confirm the role of MCP-1 in ethanol-induced tumor promotion, we evaluated the
effect of CCR2 antagonist on ethanol-promoted mammary tumor growth in a tumor
xenograft model. As shown in Fig. 8, ethanol consistently promoted mammary tumor
growth in mice. Injection of CCR2 antagonist blocked ethanol-stimulated tumor growth.

Discussions
Using a mammary tumor xenograft model, we demonstrate that exposure to ethanol at a
modest concentration (2% in drinking water) promotes tumor growth and metastasis in
C57BL/6 mice. Our ethanol feeding regimen results in a BEC of 42 mg/dl which is
equivalent to approximately two drinks of alcohol in humans. This is a physiologically
relevant concentration. A previous study using a similar ethanol feeding regimen (1%
ethanol in drinking water during the dark cycle) also results in a BEC around 40 mg/dl in
C57BL/6 mice [25]. In that study, ethanol exposure for three weeks significantly increased
the growth of melanoma in mice. A recent study demonstrates that chronic administration of
Lieber-DeCarli liquid diet containing 3.5% ethanol increases the incidence of liver tumor in
mice [26]. In our study, seventeen days of ethanol exposure resulted in a significant increase
in mammary tumor size and by twenty four days, the size of the tumors in the ethanol-
exposure group was almost two times larger than the control group (Fig. 1). In addition,
ethanol exposure promotes tumor metastasis to lungs; the metastatic rate increased from
30% in the control group to 63.6% in the ethanol-exposed group (Fig. 2). Thus, we
established a valuable mouse model for studying ethanol-induced promotion of mammary
tumors.

A recent study also uses a tumor xenograft model to investigate the effect of mammary
tumor growth [27]. In that study, Met-1 mouse breast cancer cells were injected
subcutaneously to syngeneic female FVB/N mice. The mice were provided drinking water
containing 20% ethanol. Although a high concentration of ethanol was provided, the
resulting BEC was approximately 80 mg/dl which is a physiologically relevant
concentration. A significant tumor growth promoting effect was observed following 20 days
of ethanol exposure and the maximal effect is shown following 44 days of ethanol exposure
[27]. On the other hand, information regarding ethanol’s effect on tumor metastasis is
limited. Only one study by Yirmiya et al. [28] evaluated the relationship between ethanol
exposure and tumor metastasis. They show that consumption of a liquid diet containing
ethanol for two weeks before and three weeks after mammary tumor inoculation
significantly increased lung metastases. Thus, these animal studies support epidemiological
findings and indicate that ethanol promotes the malignant progression of breast cancers.

Angiogenesis plays a critical role in tumor growth and metastasis. The concept that ethanol
may enhance angiogenesis has been previously proposed not only by us, but by others as
well [25,29,30]. The current study supports this notion and demonstrates that ethanol
enhances angiogenesis in vitro and in vivo. The mechanisms of ethanol-promoted
angiogenesis are complex and may be mediated at multiple levels. It may be caused by 1) a
direct effect on endothelial cells, such as enhancement of proliferation or migration of
endothelial cells; 2) alterations in the tumor microenvironment, such as cell/extracellular
matrix interaction, stromal cell functions, and recruitment of pro-inflammatory mediators;
and 3) targeting tumor cells which promote endothelial/tumor cell interaction. Previously we
showed that at a relatively high concentration (0.4%), ethanol can directly enhance tube
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formation of SVEC cells in culture, supporting that ethanol may directly affect endothelial
cells [30]. In the current study, we evaluate whether ethanol can target tumor cells and alter
tumor/endothelial cell interaction using a 3-D model of tumor/endothelial cell co-cultures.
Our results show the inclusion of breast cancer cells in this 3-D system enhances
angiogenesis, indicating it is a good system to study tumor/endothelial cell interaction (Fig.
5). Since there is not direct contact between tumor cells and endothelial cells in this system,
the effect must be mediated by secreted molecules from tumor cells. Ethanol promotes
angiogenesis in this tumor/endothelial co-culture system (Fig. 6). The conditioned medium
collected from ethanol treated E0771 cells enhances angiogenesis. Since these conditioned
media were collected and stored for an extended period, the ethanol concentration was
negligible. Thus, their pro-angiogenic effect must be mediated by the molecules secreted by
tumor cells rather than the ethanol itself.

MCP-1 is a potent chemoattractant for monocytes and macrophages to areas of
inflammation and is implicated in multiple inflammatory diseases [31]. MCP-1 emerges as a
pivotal regulator of tumor growth, progression, and metastasis [12,13,32,33]. MCP-1 is
minimally expressed by normal breast epithelial duct cells, but extensively in breast cancer
cells; the expression of MCP-1 is highly associated with advanced disease course and
progression [13]. The pro-malignancy activities of MCP-1 in breast cancer may be mediated
by 1) an increase in deleterious tumor-associated macrophages (TAM) and an inhibition of
anti-tumor T cell activities; 2) the modulation of tumor-promoting interactions between
tumor cells and cells of the tumor microenvironment; 3) a direct increase in migratory and
invasive properties of breast cancer cells [13]. MCP-1 is also a potent angiogenic chemokine
that induces angiogenesis in two complementing levels: 1) by increasing TAM presence at
breast cancer sites; TAM can produce angiogenic factors; 2) by acting directly on
endothelial cells to promote angiogenesis. MCP-1 is an apparent ethanol-responsive protein
and its expression is induced by ethanol exposure in the brain [16,17] and breast cancer cells
(current study). It is therefore important to determine the role of MCP-1 in ethanol-promoted
angiogenesis and tumor growth.

In our in vitro system, exogenous MCP-1 is sufficient to promote angiogenesis (Fig. 6). The
pro-angiogenic effect of MCP-1 may be mediated by its promotion of endothelial cell
migration (Fig. 7). CCR2 antagonist effectively inhibits ethanol-promoted angiogenesis and
abolishes the pro-angiogenic effect of conditioned medium collected from ethanol-treated
breast cancer cells; the evidence strongly supports that MCP-1 produced by breast cancer
cells in response to ethanol exposure acts in a paracrine fashion to stimulate angiogenesis
(Fig. 6). MCP-1 may also act in an autocrine fashion as it regulates the migration of breast
cancer cells (Fig. 7B). The involvement of MCP-1 in tumor progression is further supported
by animal studies showing CCR2 antagonist significantly inhibits ethanol-promoted tumor
growth.

The mechanisms underlying ethanol-mediated angiogenesis and tumor promotion are very
complex and likely multiple contributors/mediators are involved. For example, we have
found that VEGF is also involved in ethanol-mediated angiogenesis and mammary tumor
growth (data not shown). A recent study shows that the up-regulation of RNA polymerase
III-dependent transcription may be involved in ethanol-induced tumor promotion [26].
Regardless of other potential pathways, our finding clearly establishes a role of MCP-1 in
ethanol-induced angiogenesis and tumor growth, providing a novel insight into the
mechanisms of ethanol-mediated tumor promotion.

Acknowledgments
This research is supported by grants from National Institute of Health (AA017226 and AA015407).

Wang et al. Page 8

Breast Cancer Res Treat. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Abbreviations

AMVD average micrcovessel density

CCL2 chemokine (C-C motif) ligand 2

CCR2 CC chemokine receptor 2

CCR2A CCR2 antagonist

MCP-1 Monocyte chemoattractant protein-1
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Figure 1.
Effect of ethanol on the growth of mammary tumors. A: Female C57BL/6 mice were
exposed to either 0% (control) or 2% ethanol (EtOH) in drinking water. Three days after
ethanol exposure, syngeneic mouse breast cancer cells (E0771) were injected into the
secondary mammary pads of both control and ethanol-exposed mice. The mice continually
received 2% ethanol in drinking water or regular drinking water alone. The size of the
mammary tumors was measured every two days up to twenty four days as described under
the Materials and Methods. For the ethanol-exposed group, each data point was the mean ±
SEM of 22 mice (n = 22). For the control group, each data point was the mean ± SEM of 20
mice (n = 20). B: At the end of experiment, the tumors were removed for subsequent
analyses. A representative image shows mammary tumors removed from control and
ethanol-exposed mice. C: The average weight of tumors in ethanol-exposed and control
groups was measured. * denotes a significant difference from the control.
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Figure 2.
Effect of ethanol on tumor metastasis. Mice received implantation of E0771 cells and
ethanol exposure as described above. Twenty four days following ethanol exposure, the
mice were sacrificed and lungs were removed for histological analysis. Lung tissues were
fixed, sectioned, and stained with H&E as described under the Materials and Methods. A: A
representative microphotograph shows metastatic carcinoma nodes in the lungs of ethanol-
exposed mice. Bar = 50 μm B: The percentage of mice with metastatic carcinoma nodes in
the lungs is presented. * denotes a significant difference from the control.
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Figure 3.
Effect of ethanol on tumor angiogenesis. Mice received implantation of E0771 cells and
ethanol exposure as described above. Twenty four days following ethanol exposure, the
mice were sacrificed and mammary tumors were removed. A: Mammary tumor tissues were
fixed and sectioned. The sections were processed for CD31 immunohistochemistry (IHC)
for the detection of microvessels as described under the Materials and Methods. Bar = 50
μm. B: Microvessels in tumor tissues were detected by CD31 IHC and the average
microvessel density (AMVD) was determined by counting the number of microvessels per
mm2 area. At least 6 areas from each group were examined. * denotes a significant
difference from the control.
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Figure 4.
Effect of ethanol on the expression of MCP-1 and CCR2 in mammary tumors and cultured
breast cancer cells. Twenty four days following ethanol exposure, the mice were sacrificed
and mammary tumors were removed. A: Tumor tissues were fixed and sectioned. The
sections were processed for MCP-1 or CCR2 IHC as described under the Materials and
Methods. Bar = 50 μm. B: E0771 cells in culture were exposed to ethanol (0.2%) for
specified times. The expression of MCP-1 and CCR2 was determined with immunoblotting
analysis as described under the Materials and Methods. The experiment was replicated three
times.
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Figure 5.
Tumor angiogenesis in a 3-D model. A: SVEC cells attached to cytodex beads were
suspended in fibrin gel, and E0771 breast cancer cells (2 × 104 or 4 × 104) were placed on
top of the gel. The images of SVEC cells with sprouts were captured at 12 hours after
culture (top panel). Five hundred beads in three culture wells were examined for each
treatment group. The percentage of beads with sprouts was determined (bottom panel). *
denotes a significant difference from the control. B: HUVEC cells attached to cytodex beads
were suspended in fibrin gel and MDA-MB231 breast cancer cells (2 × 104) were placed on
top of the gel. The images of HUVEC cells with sprouts were captured at 12 hours after
culture (top panel). The percentage of beads with sprouts was determined. * denotes a
significant difference from the control. C: Fibrin gel containing SVEC cells/beads was fixed
with 4% paraformaldehyde and stained with DAPI. The images of beads with cells were
captured under a fluorescence microscope.
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Figure 6.
The role of MCP-1 in ethanol-induced angiogenesis. A: Endothelial cells (SVEC or
HUVEC) attached to cytodex beads were suspended in fibrin gel containing MCP-1 (0 or 10
ng) with/without CCR2 antagonist (20 nM). At 12 hours after incubation, the images of
endothelial cells with sprouts were captured and the percentage of beads with sprouts was
determined as described above. Values were the mean ± SEM of three independent
experiments. * denotes a significant difference. B: SVEC cells attached to cytodex beads
were suspended in fibrin gel containing CCR2 antagonist (0 or 20 nM). One milliliter of
medium containing E0771 cells (2 × 104) and ethanol (0 or 0.2%) was layered on top of the
gel. Ethanol exposure was carried out using a sealed container system as described under the
Materials and Methods. At 12 hours after incubation, the images of endothelial cells with
sprouts were captured and the percentage of beads with sprouts was determined as described
above. Values were the mean ± SEM of three independent experiments. * denotes a
significant difference. C: E0771 cells were maintained in medium containing 1% FBS and
exposed to ethanol (0 or 0.2%) for 24 hours. The conditioned media (CM) were collected
and 1 ml of medium was added to fibrin gels containing SVEC cells/beads with/without
CCR2 antagonist (CCR2A, 20 nM). At 12 hours after incubation, the images of endothelial
cells with sprouts were captured and the percentage of beads with sprouts was determined as
described above. Values were the mean ± SEM of three independent experiments. * denotes
a significant difference.
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Figure 7.
Effect of MCP-1 on the migration of endothelial cells and breast cancer cells. SVEC cells
(A) and E0771 breast cancer cells (B) were treated with MCP-1 (5 or 10 ng/ml) with/without
CCR2 antagonist (20 nM) for 12 hours. The migration of these cells was evaluated using a
transwell system as described under the Materials and Methods. The experiment was
replicated three times. * denotes a significant difference from the control and MCP-1 plus
CCR2A group.
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Figure 8.
The role of MCP-1 in ethanol-mediated tumor growth in mice. The implantation of E0771
cells and ethanol exposure were performed as described under the Materials and Methods.
One day after ethanol exposure, C57BL/6 mice received intraperitoneal injection of CCR2
antagonist (10 μg/kg) every other day. Mice continually received ethanol exposure and
CCR2 antagonist injection up to 22 days. The size of the mammary tumors was measured
every three days as described under the Materials and Methods. n = 12 for each treatment
group.
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