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Overview: Lifestyle habits have been associated with cancer development. Various epidemiological observations
have provided a strong link between increased alcohol consumption and breast cancer progression. 

Methods: We used epithelial tissues of rats that portrayed the cancer cell Tg-1, were treated with varying
concentrations of alcohol +/- estrogen and analyzed for angiogenesis (formation of new blood vessels) markers
and the pro-proliferation marker (MEK). To further characterize neo-vascularization, we performed a scratch
wound assay (wound healing test) using the rat endothelial cell line, SVEC4-10, which was cultured in Tg1-1
conditioned media. SVEC4-10, treated with Tg-1-1 conditioned media were processed for Western blot analyses
for MEK expression. 



Result: The angiogenesis markers were upregulated to estrogen and alcohol compared to untreated cells and
cells treated with either alcohol or estrogen alone. The scratch wound assay results indicated enhanced
migration of endothelial cells in response to conditioned media from Tg1-1 cells cultured in the presence of both
alcohol and estrogen. MEK was upregulated in SVEC4-10 cells cultured in media obtained from cells cultured
in alcohol and estrogen, indicating enhanced proliferation.

Conclusion: The identification of these cellular and metabolic markers will establish a biochemical link between
estrogen activity and alcohol, could signal transduction induced cellular effects.
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Introduction

Cancer occurs as a result of mutations, or abnormal changes, in the genes responsible for regulating the
growth of cells and keeping them healthy. These genes are present in each cell’s nucleus, which is the
control room of a cell. Normally, the cells in our bodies replace themselves through an orderly process of
cell growth: healthy new cells take over as old ones die out. But over time, mutations can “turn on”
certain genes and “turn off” others in a cell. (Key et al., 2001) That changed cell gains the ability to keep
dividing without control or order, producing more cells just like it and forming a tumor.

A tumor can be benign (not dangerous to health) or malignant (has the potential to be dangerous). Benign
tumors are not considered cancerous: their cells are close to normal in appearance, they grow slowly, and
they do not invade nearby tissues or spread to other parts of the body. (Key et al., 2001) Malignant tumors
are cancerous of they are left unchecked, malignant cells eventually can spread beyond the original tumor
to other parts of the body. Usually breast cancer is either begins in the cells of the lobules, which are the
milk-producing glands, or the ducts, the passages that drain milk from the lobules to the nipple. (Key et
al., 2001) Over time, cancer cells can invade nearby healthy breast tissue and make their way into the
underarm lymph nodes, small organs that filter out foreign substances in the body. (Dennis et al., 2010) If
cancer cells get into the lymph nodes, they then have a pathway into other parts of the body. Breast cancer
that is positive for the BRCA1 or BRCA2 mutations tends to develop more often in younger women. An
increased ovarian cancer risk is also associated with these genetic mutations. (Dennis et al., 2010) 



In breast cancer, it has been identified that cancer spreads because of neovascularization also known as
angiogenesis which is the formation of new blood vessels. This process involves the migration, growth,
and differentiation of endothelial cells, which line the inside wall of blood vessels.(Ginsburg et al., 1999)
The process of angiogenesis is controlled by chemical signals in the body. These signals can stimulate
both the repair of damaged blood vessels and the formation of new blood vessels. (Ginsburg et al., 1999)
Other chemical signals, called angiogenesis inhibitors, interfere with blood vessel formation. Normally,
the stimulating and inhibiting effects of these chemical signals are balanced so that blood vessels form
only when and where they are needed. Angiogenesis plays a critical role in the growth and spread of
cancer. A blood supply is necessary for tumors to grow beyond a few millimeters in size. Tumors can
cause this blood supply to form by giving off chemical signals that stimulate angiogenesis. Tumors can
also stimulate nearby normal cells to produce angiogenesis signaling molecules. (Saijun et al., 2000) The
resulting new blood vessels “feed” growing tumors with oxygen and nutrients, allowing the cancer cells to
invade nearby tissue, to move throughout the body, and to form new colonies of cancer cells, called
metastases. (Saijun et al., 2000) 

Angiogenesis has been seen to be affected by two possible inputs such as estrogen and ethanol. In adult
organisms, angiogenesis is virtually absent under normal conditions, except in the female reproductive
tract. In pathological circumstances, such as breast cancer, a clear association between estrogen, estrogen
receptor expression by endothelial cells, angiogenic activity, and/or tumor invasiveness has been made.
Recent evidence suggests that angiogenesis can be regulated by hormones. Both estrogen and
progesterone have been implicated in the angiogenic process of hormone-dependent cancers, such as
breast cancer. 

Alcohol consumption has been recognized as a risk factor for breast cancer. Multiple lines of evidence
suggest that estrogen directly modulates angiogenesis via effects on endothelial cells. Under physiological
conditions, angiogenesis is routinely observed in the uterus in association with fluctuations in the levels of
circulating estradiol and other sex steroids. In pathological circumstances, such as breast cancer, a clear
association between estrogen, estrogen receptor expression by endothelial cells, angiogenic activity,
and/or tumor invasiveness has been made. Recent evidence suggests that angiogenesis can be regulated
by hormones. Both estrogen and progesterone have been implicated in the angiogenic process of
hormone-dependent cancers, such as breast cancer. 
Through our last study our laboratory demonstrated that estrogen increases breast cancer neo-
vascularization both in vivo and in vitro. In our current study we will be addressing the question if alcohol
and estrogen can potentially synergize to promote breast cancer progression. We hypothesize that this
progression is attributed to an increase in tumor neo-vascularization Enhancing the breast cancer
development and survival.

Material/ Methods 

For our current study we took, Tg1-1 murine mammary carcinoma cells that were provide to the laboratory.
These murine cells were treated with varying concentrations of alcohol and estrogen, analyzed for
angiogenesis markers, such as VEGF and eNOS, and the pro-proliferation marker, MEK. The cells were kept in
the different conditioned media of different concentration for 24 hours. 

2.1 Western Blot/ Making Gel

The Tg1-1 cells are then scraped into different tubes with different names, then we conduct a protein lysate, which
is when you add protein 5l into each of the different test tubes, after the addition of protein the tubes are spin
down on the centrifuge. During this time we make a RIPA buffer 10ml in which 10l is phosphatase add 100l in
each test tube. Vortex these tubes every ten minutes, after vortexing it three times put them in the centrifuge at
1400rpm for 20min. suspend the protein and give a short spin for 15 seconds.



Then after 24 hr. make a gel with the protein lysate and after you transfer the gel to a membrane wait for
24 hr. Take out the membranes from the cold room and put them on the shaker for 5minutes after washing
with TSP-1 and do these wash three times. While on the last wash create 5%milk in 40ml TSP and after
the TSP-1 wash, rinse with the milk add 5ml in each box that contains a membrane and put them on the
shaker for 10minutes. After that wash start with the TSP-1again and this time four times and each ten
minutes’ wash. Take out plastic and add the membrane on the plastic dab it with kimwipe and then on top
put chemiluminescent 4ml and divide them amongst the 4 gel and keep it for 5 min. After this flip them
onto another piece of plastic after dabbing it with kimwipe fold the plastic over and cut excess plastic out.
Flip the plastic on the board and attach them with tape label the tape. Take the films and go to the dark
room and we used different exposures and put them in the machine that gives us the bands. Take the best
films and use it to analyze the data.     

We also used SVEC4-10 cells, that were treated with Tg-1-1 conditioned media were processed for
Western blot analyses for MEK expression. Just conduct the procedure put through for the first western
blot. To analyze the western blot, we use the densitometry of the bands produced during the western blot
scans. After you finish in the black room scan the films onto the computer and using a mechanism on the
computer known as Image J, this will help with the densitometry. For further analysis, plot them on excel
and create the graphs.  

2.2. VEGEF

Vascular endothelial growth factor (VEGF), originally known as vascular permeability factor (VPF), is a
signal protein produced by cells that stimulates vasculogenesis and angiogenesis. It is part of the system
that restores the oxygen supply to tissues when blood circulation is inadequate such as in hypoxic
conditions. When VEGF is overexpressed, it can contribute to disease. Solid cancers cannot grow beyond
a limited size without an adequate blood supply; cancers that can express VEGF are able to grow and
metastasize. Overexpression of VEGF can cause vascular disease in the retina of the eye and other parts of
the body. 

2.3. Scratch Wound Assay   

To further characterize neo-vascularization, we performed a scratch wound assay using the
murine endothelial cell line, SVEC4-10 (an endothelial cell line), which was cultured in Tg1-1
conditioned media. These cells were left in the condition media for 24 hours. In a scratch wound assay
you take a cell line and make a scratch with a pipet at a 30o angel through the cell line. To obtain the
scratch wound assay in digital format we use a Nikon microscope go to 'File' ---> 'Get info'. The amount
you need depends on the number of positions you image and the number of time points get the pictures
that can be introduced into our results. 

SVEC4-10 cells 

SVEC4-10 is an endothelial cell line derived by SV40 (strain 4A) transformation of endothelial cells from
axillary lymph node vessels. They grow indefinitely without special additives and are well differentiated,
responding like normal endothelial cells to some interleukins and to extracellular matrix signals for tube-
like differentiation. When grown on a synthetic basement-like membrane, SVEC4-10 forms branching
tube-like networks. They specifically bind mouse lymphocytes in vitro. 



RESULTS 

The following graphs shows how the expression of pro-angiogenic factors change in the presence of
ethanol and estrogen. We compare these angiogenic factor to GAPDH which is a housekeeping protein
that does not change in different concentration. We also looked at the western blot that we established it to
visualize what can be observed in the graph. For this specific graph we only looked at the Tg1-1 breast
cancer cells for pro-angiogenic factors.

Expression of Pro-angiogeneic Factors by Tg1-1 Cells in Presence of Estrogen and Alcohol 

Graph 1.1

Figure 1.1 

The graph shows that after the treatment with alcohol and estrogen for 24 hour, VEGF was upregulated in
response to both estrogen and alcohol compared to untreated cells and cells treated with either alcohol or
estrogen alone. It can also be identified in the western blot that the exposure of the blot increases when it
is in the 1%Ethanol and estrogen than the blot that was exposed to just ethanol. Which proves our
hypothesis that estrogen and ethanol affects neovascularization in breast cancer cells.

Graph 2.1Figure 2.1

The effect that was seen in the VEGEF graph can also be seen in the eNOS graph, as they are both pro-
angiogenic factor, which drives the formation of new blood vessels.

The following graphs also shows how Tg1-1 secretory factors such as MEK and ER is affected by the
different concentrations of ethanol and estrogen in the SVEC4-10 cells. It can be identified that in both
graph the secretory factors increase when ethanol and estrogen is added in the concentration while for the
controlled it remains the same on both graphs.  

Effects of Tg1-1 Secretory Factors on SVEC4-10 Cells

Graph 3.1                        

Figure 3.1

Graph 4.1 

Figure 4.1
This bar graph shows the migrations of cells in different concentrations of ethanol, how fast the cell
growth occurs in twenty-four hours. We took pictures of the cell migration from a microscope and it shows
how much it grew in 24hrs. According to the microscope picture the cell that were in the ethanol
concentration created a narrower circle compared to the controlled cell flask. This keeps true with our
hypothesis, which tells us that neovascularization is happening in those flasks.



Effects of Tg1-1 Secretory Factors on SVEC4-10 Cell Migration

Graph 5.1

Figure 5.1

Discussion

In our search to see the effect of estrogen and ethanol on neovascularization the different projects
conducted we were able to establish that our hypothesis holds true on many accounts. Figure 1.1 and 1.2
show that as you increase the concentration of ethanol and add more estrogen the pro-angiogenic proteins
increases. The western blot for 0.5% ethanol has a thinner band than the one that has 0.5%ethanol and
estrogen in the VEGEF western blot compared to the GAPDH. The same difference can be seen in the
eNOS western blot, and the graph confirms our results as the graph increases as the concentration of
Ethanol increases.  
We also identified the effect of Tg1-1 secretory factor on SVEC4-10 cells, such as MEK and ER. The
response of the Tg1-1 secretory factors was similar to the response of the pro-angiogenic factors. As
graph 4.1 states that the expression of the Tg1-1 secretory factor increases as the concentration of the
ethanol in the SVEC4-10 endothelial cell increases. Both of these results confirm our hypothesis that as
the concentration of ethanol and estrogen increases the secretion of pro- angiogenic factor, and the Tg1-1
secretory factors increases. 
To visualize these results, we conducted a scratch wound assay that was looked at under a microscope.
The SVEC4-10 cells were absorbed in different concentrations of ethanol and estrogen, and after 24 hr.
were observed to see if the scratch that was created had closed.  The graph 5.1 confirms that the
migrations of the cells increases as the concentration of ethanol increases. The pictures that were taken by
the microscope also shows that after 24 hr. the scratch wound closed a lot more when it was in a
concentration of ethanol and estrogen than in the control. 
These experiment result confirms my hypothesis that neovascularization increases when the concentration
of ethanol and estrogen increases in the blood system. 

Conclusion

Our results indicate a pro-neovasculogenic effect elicited by alcohol and estrogen, as determined by
enhanced proliferation and migration of endothelial as well as increased expression of the pro-vasculogenic
markers, VEGF and eNOS. Future experiments will be aimed to characterize the expression of other essential
pro-vasculogenic markers, such as basic fibroblast growth factor (bFGF) and angiopoietin (Ang). The
identification of these cellular and metabolic markers 

 
 

Bibliography

Bessaoud, F., and J.p. Daurès. "Patterns of Alcohol (Especially Wine) Consumption and Breast Cancer



Risk: A Case-Control Study among a Population in Southern France." Annals of Epidemiology 18
(2008): 467-75. Print.
Blasiak, J., A. Trzeciak, E. Malecka-Panas, J. Drzewoski, and M. Wojewódzka. "In Vitro Genotoxicity of
Ethanol and Acetaldehyde in Human Lymphocytes and the Gastrointestinal Tract Mucosa Cells."
Toxicology in Vitro 14 (2000): 287-95. Print.
Calderón-González, Karla Grisel, Ma Luz Valero Rustarazo, Maria Luisa Labra-Barrios, César Isaac
Bazán-Méndez, Alejandra Tavera-Tapia, Maria Esther Herrera-Aguirre, Manuel M. Sánchez Del Pino,
José Luis Gallegos-Pérez, Humberto González-Márquez, Jose Manuel Hernández-Hernández, Gloria
León-Ávila, Sergio Rodríguez-Cuevas, Fernando Guisa-Hohenstein, and Juan Pedro Luna-Arias.
"Determination of the Protein Expression Profiles of Breast Cancer Cell Lines by Quantitative
Proteomics Using ITRAQ Labelling and Tandem Mass Spectrometry." Journal of Proteomics 124 (2015):
50-78. Print.
Dennis, Jessica, Julian Little, and Pal Moller. "Alcohol Consumption the Risk of Breast Cancer among
BRCA1 and BRCA2 Mutation Carries." The Breast 19 (2010): 479-83. Print. 
Dumitrescu, Ramona G., and Peter G. Shields. "The Etiology of Alcohol-induced Breast Cancer."
Alcohol 35 (2005): 213-25. Print.
Fan, Saijun, Bin Gao, and Jason Grossman. "Alcohol Stimulates Estrogen Receptor Signaling in Human
Breast Cancer Cell Line." Cancer Research 60 (2000): 5635-639. Print.
Ginsburg, Elizabeth S. "Estrogen, Alcohol and Breast Cancer Risk." The Journal of Steroid Biochemistry
and Molecular Biology 69 (1999): 299-306. Print.
Key, Timothy, and Emily Banks. "Epidemiology of Breast Cancer." The Lancet Oncology 2.3 (2001): 133-
40. Print.
Li CI, Chlebowski RT, Freiberg M, et al. Alcohol consumption and risk of postmenopausal breast cancer
by subtype: the women's health initiative observational study. J Natl Cancer Inst. 102(18):1422-31, 2010 
Lu, Y., Ni, F., Xu, M., Yang, J., Chen, J., Chen, Z., Wang, S. (2014). Alcohol promotes mammary tumor
growth through activation of VEGF-dependent tumor angiogenesis. Oncology Letters, 8(2), 673–678. 
Matsubara, Kentaro, Hirohisa Harada, Nobutoshi Ando, Susumu Watada, Hideaki Obara, Kenji
Matsumoto, and Yuko Kitagawa. "Estrogen Deficiency Attenuates Neovascularization in a Murine Model
of Hindlimb Ischemia." Journal of Surgical Research 178, no. 2 (May 17, 2012): 1022-028. Accessed
June 2016. doi:10.1016/j.jss.2012.04.067. 
Oh, Seung Min, Ha Ryong Kim, Yong Joo Park, Yong Hwa Lee, and Kyu Hyuck Chung. "Ethanolic
Extract of Dandelion (Taraxacum Mongolicum) Induces Estrogenic Activity in MCF-7 Cells and
Immature Rats." Chinese Journal of Natural Medicines 13, no. 11 (2015): 808-14. Accessed July 2016.
doi:10.1016/s1875-5364(15)30084-4. 
Stoner M, Wormke M, Saville B, Samudio I, Qin C, Abdelrahim M, Safe S. (2004) Estrogen regulation of
vascular endothelial growth factor gene expression in ZR-75 breast cancer cells through interaction of
estrogen receptor alpha and SP proteins. Oncogene. 2004 Feb 5;23(5):1052-63. 
Zhang, Liu-Di, Li Chen, Meng Zhang, Hui-Jie Qi, Lu Chen, Hai-Fei Chen, Ming-Kang Zhong, Xiao-Jin
Shi, and Qun-Yi Li. "Downregulation of ERRα Inhibits Angiogenesis in Human Umbilical Vein
Endothelial Cells through Regulating VEGF Production and PI3K/Akt/STAT3 Signaling Pathway."
European Journal of Pharmacology 769 (2015): 167-76. Accessed July 2016.
doi:10.1016/j.ejphar.2015.11.014. 


