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Catechin’s anti-angiogenic effects in epithelial ovarian cancer 

Brian Krug 

Background 

Epithelial ovarian cancer (EOC) is a common and lethal malignancy of the female 

reproductive tract (2). Often detected at later stages of the disease, tumours frequently 

display angiogenesis (the growth of new blood vessels) and abnormal vasculature, 

which contributes to metastatic spread of cancer cells throughout the body, poor drug 

diffusion and hypoxia (3).  The growth of new blood vessels is regulated in the ovary 

primarily by the pro-angiogenic factor VEGF (vascular endothelial growth factor) and 

anti-angiogenic factor TSP-1 (thrombospondin-1) and their respective receptors, 

VEGFR-2 and CD36 (3).  Catechin, a polyphenol from the plant Camellia sinensis, has 

numerous anti-tumour effects, including induction of apoptosis and cell cycle arrest in 

some types of cancers (10).  Guruvayoorappan and Kuttan, 2008, report that catechin 

prevents angiogenesis in melanoma in vivo, by suppressing VEGF, inflammatory 

cytokines and endothelial cell (EC) proliferation (4).  Green tea extracts and catechin 

derivatives, most notably epigallocatechin-3-gallate, have considerable anti-angiogenic 

effects in vitro, including prevention of EC growth and VEGF/VEGFR-2 inhibition (4-

6).  However, there is little in vivo evidence of the therapeutic effects of catechin on 

angiogenesis-dependent tumours. 

Purpose, Hypothesis 

It is hypothesized that catechin can effectively prevent ovarian tumour progression, 

inhibit angiogenesis and simultaneously normalize tumour vasculature.  The purpose of 

this investigation is to define catechin’s effect on angiogenesis, the mechanics of its 

effect and the result of this on EOC. 
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Methods 

Animal Model of EOC   

Tumour angiogenesis was studied in an orthotopic, syngeneic model of epithelial 

ovarian cancer. Under anesthesia, 1.0x106 cells of a tumourigenic mouse epithelial cell 

line (ID8) were injected into the ovarian bursa of C57BL6 mice. After 30 days post 

tumour induction, primary tumours begin to form on the surface of the ovary, and 

angiogenesis is induced to facilitate tumour development (3). By 60 days post tumour 

induction, tumours are generally limited to the ovary but extensively vascularized (3).  

+(-)Catechin from Spectrum Chemicals was dissolved in 12% ethanol to maintain the 

solution and mixed with D5W dextrose to improve absorption.  At 27 days post tumour 

induction, mice were divided into 4 groups and catechin was administered into the 

intraperitoneal cavity of mice daily via 200 µl injection at doses of 20, 50 and 100 

milligrams per kilogram of body weight, with control animals given D5W and 12% 

ethanol, for 26 days. Following 30 days of treatment, mice were euthanized (CO2 

asphyxiation) and ovarian tissues were collected, weighed and frozen or processed and 

embedded in paraffin for analysis and sliced into 5µm sections.  Immunohistochemistry 

and immunofluorescence was performed as described in (3).  The following antibodies 

were implemented to detect specific proteins in the tumour sections; CD31 (EC 

marker), Ki67 (proliferation), TSP-1, CD36, VEGF, VEGFR-2 and the 

immunofluorescence antibodies IB4 (EC marker) with αSmA (alpha smooth muscle 

actin), indicating mature blood vessels.  After application of reactive chromogen or 

fluorescent reagent, pictures were taken at 100 times magnification and the images 

were analyzed using Aperio Imagescope pixel counting software to determine the 
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amount of tissue expression specific proteins in tumour sections.  Frozen tissues were 

homogenized, the protein was extracted and analyzed using immunoblotting as 

described in (3).  The proteins probed for in the samples were VEGF, VEGFR-2 and 

bcl-2, an anti-apoptotic protein utilized by tumours and fas-ligand, a pro-apoptotic 

signaling protein. 

Cell Viability and Proliferation   

An MTT assay as described in (11) was performed to test the effect of catechin on 

mouse endothelial cell (MEC) viability. Catechin was dissolved in ethanol and 

administered to cell cultures at 5, 10 and 25 micrograms per milliliter.  The scratch 

assay as described in (9) was performed to determine the effect of catechin on MEC 

migration.  Cells cultured to 90% confluence were treated and scratched with a pipette 

tip.  Pictures were taken at the beginning of the experiment and periodically until the 

scratch filled in with migrating cells.  The width of the scratch throughout the 

experiment of catechin treated cell cultures was compared to the control.   Statistical 

analysis was performed on the data obtained from image analysis and densitometry 

from immunoblotting.  The student’s t test was performed and the significance of a 

population was assigned based upon the p value less than 0.05 being significant (*) and 

the p value being less then 0.01 being very significant (**).  

 

Results 

Protein Control 20 mg/kg 50 mg/kg 100 mg/kg 
CD31 
 

1.00 
SD=0.154 

0.625* 
SD=0.093 

0.742 
SD=0.074 

0.855 
SD=0.116 

VEGF 1.00 
SD=0.141 

0.857 
SD=0.162 

0.949 
SD=0.086 

1.45* 
SD=0.172 

VEGFR-2 1.00 
SD=0.127 

0.531 
SD=0.050 

0.561 
SD=0.060 

1.00 
SD=0.106 
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TSP-1 1.00 
SD=0.120 

1.04 
SD=0.045 

1.29* 
SD=0.074 

1.12 
SD=0.089 

CD36 1.00 
SD=0.127 

1.04 
SD=0.131 

1.27* 
SD=0.096 

1.17 
SD=0.097 

Table 1.  Protein levels relative to control from immunohistochemistry 

Protein Control 20 mg/kg 50 mg/kg 100 mg/kg 
Bcl-2 1.00 

SD=0.254 
0.497* 

SD=0.194 
0.770 

SD=0.091 
0.743 

SD=0.153 
Table 2.  Densitometry of Bcl-2 relative to control from immunoblotting 

Cell line Control 5 µg/mL 10 µg/mL 25 µg/mL 
MEC 1.00 

SD=0.00 
1.22* 

SD=0.0647 
1.44** 

SD=0.0211 
2.00** 

SD=0.142 

 

Figure 1.  Endothelial IB4 (green) and SMA (red) from immunofluorescence 

Discussion 

The results obtained from immunohistochemistry demonstrate a 37% decrease in CD31 

expression in ovarian tumour section treated with 20 mg/kg of catechin, which was a 

significant response.  Other significant differences were 100 mg/kg doses increasing 

VEGF by approximately 40%, and doses of 50 mg/kg increasing TSP-1 and CD36 by 

approximately 30%.  EC staining (IB4) demonstrated significant proliferation and 

erratic areas of EC density proportional to the dose (Figure 1).  Catechin did not affect 

Control 20 mg/kg 50 mg/kg 100 mg/kg 

Table 3.  Cell viability from the MTT assay 
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tumour cell proliferation from qualitative assessment of Ki67 staining.  Catechin dose 

dependently increased EC viability in the MTT assay up to 2-fold, supporting 

observations made from IB4 staining, yet did not influence EC migration in the scratch 

assay.  Several studies have found that green tea consumption (the primary dietary 

source of catechin) is correlated with reduced risks of ovarian cancer and lower 

mortality rates among patients with the disease (1)(7).  Tumours treated with 20 mg/kg 

of catechin (comparable to human consumption) had 50% less Bcl-2, an anti-apoptotic 

regulatory factor important to tumour cell survival, and 37% less blood vessels.  

Therefore, prevention of ovarian cancer could be attributed to anti-angiogenic and pro-

apoptotic effects.  Catechin appears to regulate angiogenesis in ways dependent on the 

dose and tumour environment. This is suggestive that the anti-tumour effects of 

catechin at low doses will elicit therapeutic benefits in advanced late stage tumours. 

Conclusions 

Catechin dose-dependently regulated angiogenesis in early stage epithelial ovarian 

cancer of mice.  At a dose of 20 mg/kg, catechin inhibited blood vessel density and Bcl-

2, while higher doses of catechin increased EC proliferation in vitro and in vivo and 

induced VEGF and TSP-1/CD36. 
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