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ABSTRACT: 

Green tea is natural dried leaves of the tea 
plant, Camellia sinensis. Green tea extract is 
bioflavonoid-rich compound, with several 
phenol groups. The dominant polyphynol 
(catechin) in green tea is epigallocatechin 
gallate (EGCG) which is a potent antioxidant. 
In the case of breast cancer, catechins were in 
fact shown to interfere with the binding of 
estrogen to estrogen receptors. This study 
evaluated the green tea extract effect on 
breast cancer patients using morphological and 
immunocytochemical techniques. It included 3 
groups, 2 treated groups and one control 
group. Chemotherapy for 6 cycles was 
administered plus 1000mg green tea extract 
/day or alone. Blood smears were applied from 
both control and treated groups either 
preradicalmastectomy, or post 3 and 6 cycles 
of treatment. Apoptotic and antiangiogenic 
effects were revealed through Leishman’s stain 
and immunocytochemical technique of both 
vascular endothelial growth factor (VEGF) and 
nuclear factor kappa B (NFkB). Morphological 
results using Leishman’s stain illustrated that 
the apoptosis in blood smears of women 
administered with green tea extract was more 
prominent than that of their corresponding 
without green tea extract administration or of 
control women. Immunocytochemical findings 
showed that there was a decrease in VEGF & 
NFkB in women administered green tea extract 
as compared with their partners of control 
group as well as those treated with 
chemotherapy alone. In conclusion, green tea 
played a dual role in decreasing the 
angiogenesis while it increased apoptosis. This 
revealed that green tea as adjuvant therapy 
showed a positive effect. 
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INTRODUCTION: 

Green tea extract is bioflavonoid-rich 
compound, which is used primarily for f ighting 
free radicals (Boehm et al.,  2009). The 
common name for green tea extract is 
epigallocatechin gallate (EGCG) (Zhang et al., 
2009). This polyphenols group increases 
antioxidant activities in the blood and is also 
associated with protection against 
atherosclerosis (Miura et al., 2001). I t is worth 
mentioning that EGCG helps block the cancer-
promoting actions of carcinogens, ultraviolet 
light, and metastasis of the malignant tissue 
from original site in the skin, stomach, small 
intestine, liver or lung (Suganuma and Okabe, 
1999). It was reported that people who drink 
green tea had significantly lower risk of 
cancer

 
and some studies have shown that 

green tea blocked the formation of tumour 
cells (Sazuka and Imazawa, 1997). In 
particular, EGCG alone was also found to 
inhibit tumour growth of human breast cancer 
transplanted into mice (Fassina et al. , 2004). 
In case of breast cancer, catechins, the active 
phenol groups found in green tea were in fact 
shown to interfere with the binding of 
estrogen to estrogen receptors. Catechins 
were also found to inhibit the release of 
tumour necrosis factor alpha (TNF-alpha), a 
highly inf lammatory cytokine block 
angiogenesis (Yang, 1998). 

In normal t issues, VEGF expression has 
been found in activated macrophages, RBCs, 
keratinocytes, renal glomerular visceral 
epithelium and mesangial cells (Patan, 2004).  
It has been also found in hepatocytes, smooth 
muscle cells, Leydig cells, embryonic 
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fibroblasts, and bronchial and choroid plexus 
epithelium (Patan, 2004). 

NF-κB regulates expression of genes 
that participate in immune apoptotic and 
oncogenic processes (Bhat-Nakshatri, 2002). 
In some normal cells, such as B cells, some T 
cells, Sertoli cells and some neurons, NF-κB 
is constitutively located in the nucleus or at 
the centre of the cells as in case of RBCs. In 
addition, in many cancer cells including breast 
cancer, multiple mylomas, colon cancer, 
prostate cancer, lymphoid cancers, and many 
others NF-κB is also located in the nuclei of 
their cells (Gilmore, 2006).   

The goal of the present study is to 
determine the efficacy of green tea 
polyphenols extract (Epigalocatechin) in the 
management of patients with breast cancer 
through immunocytochemical investigations of  
its anti–angiogenesis and apoptotic effects.  

MATERIAL AND METHODS: 

This study included 40 women. 10 
volunteers of apparently normal breast tissues 
with comparable characteristics served as 
control cases (group A), and 30 were breast 
cancer women subjected to modified radical 
mastectomy and equally divided into groups B 
and C. All patients were admitted to Clinical 
Oncology Department in Medical Research 
Institute, Alexandria University. . 

Patients of group B received 6 cycles (21 
days for each cycle) of adjuvant chemotherapy 
in the form of cyclophosphamide 500mg/m

2
, 

adriamycin 50 mg/m
2
 and 5-flurouracil 500 

mg/m
2
. 

On the other hand, patients of group C 
received 6 cycles of the same adjuvant 
chemotherapy plus one tablet of green tea 
extract equivalent to 1000 mg of EGCG/ day.    

Blood smears of all cases-both the 
control and the patients-were subjected to the 
following parameters:- 

1- Morphological study (Leishman’s method) 
(Henry, 2001). 

2- Immunocytochemical study for both VEGF 
and NFkB: by using Biotin and Trividine 
technique (Tur ley et al.,  1998).  

After fixation and washing of slides, the 
primary monoclonal antibody was applied 
either for VEGF or NF-κB, and then covered 
with secondary antibody. When DAB 
chromogen was added it appears as dark 
brown granules at the site of antigen antibody 
reaction.   

Three samples of blood were taken to 
examine VEGF and NF-κB. The first sample of 
blood was taken at pre. Mastectomy, the 
second sample was after 3 cycles, and the 
third sample was after 6 cycles for all  patients 
of both groups B and C.  

The samples of the peripheral blood 
were taken from the ten normal women (group 
A) at the time of sampling concurrently with 
that of the patients in groups B and C.  

The reaction intensity was graduated 
according to the following stainability grades:  

*High concentration: +3     

* Moderate concentration: +2  

*Low concentration: +1      

* Negative to stain: 0 

According to Tumour size, lymph nodes, 
and metastases (TNM), the patients in both 
groups were classified as shown in the 
following table:  

Table 1. The stages of groups B and C 

Groups 
Stages 

Group B Group C 

Stage I 
 

1 
 

2 
 Stage II 

 
5 
 

8 
 Stage III 9 5 

RESULTS: 

Morphological results 

Leishman stain demonstrated the 
apoptosis in the white and red blood cells. 
The three groups of the study gave the 
following results: 

Group A:  

Normal control blood smears showed 
the normal morphological characters of white 
and red cells (Fig. 1). 

Fig. 1.  Normal peripheral blood smear from group 
"A" showing characteristic appearance of 

normal RBCs (↑) and monocyte with 
characteristic large eccentric nucleus. Its 
cytoplasm contains numerous small purple 

granules (→). Note the pale staining of central 
region of RBCs indicating their bioconcave disc 
shape. Leishman’s method-X 2000 

Group B:   

Less apoptotic changes could be 
detected in the three films which were 
prepared for the pre-treatment state and, after 
both three and six cycles of treatment. These 
changes included RBCs of abnormal shapes 
and WBCs of variable nuclear change (Fig. 2). 
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Fig. 2. Peripheral blood smear of a patient from group "B" 
after 6 cycles treatment showing abnormal shape of 

some RBCs (↑) and variable nuclear shape of 

lymphocytes (→) with delicate chromatin. 
Leishman’s method 

Group C:  

The apoptotic features in this group were 
manifested after 3 cycles as multivacuole and 
granulation in RBCs and highly lobulated 
nucleus, as in case of neutrophils, and delicate 
chromatin, as in case of lymphocytes (Fig. 3). 
The degree of apoptotic changes was 
increased as compared with that of the pre-
treated patients in the same group (Figs 3 & 
4). After six cycles, the apoptosis became 
more prominent including the blebs of cell 
membrane and condensation of chromatin in 
neutrophil (Fig. 5). 

Fig.  3.  Peripheral blood smear of a patient from 
group "C" at pre-treatment stage showing 
abnormal shape of some RBCs (*) with 
multivacuoles (+) and neutrophil with cell 
membrane changes and highly lobulated 
nucleus (Leishman's method 

Fig. 4. Peripheral blood smear of a patient from 
group "C" after 3 cycles treatment showing 
abnormal shape of some RBCs (*) and 
granulation in others (+). Note the apoptotic 
changes in the highly segmented neutrophil 
which appears as chromatin aggregation 

around the nuclear membrane (↑). Also, notice 
the delicate chromatin in the lymphocyte (L) 
Leishman method 

Fig. 5. Peripheral blood smear of a patient from 
group "C" in breast cancer after 6 cycles 
treatment showing the blebs of cell membrane 
and condensation of chromatin of the 

neutrophil (→). Leishman method-X 2000  

Immunocytochemical results  

 Results of VEGF (Tables 2, 3, and 4): 

VEGF was demonstrated as brown 
granules which were distr ibuted around the 
cell membrane and in the extracellular matrix 
in red and white blood cells. 

Table 2: VEGF Result of group B 

Samples 

E
x
p

re
s
s
io

n
  

Pre- mastectomy After 3 cycles After 6 cycles 

H
ig

h
 15 

(9 stage III + 5 stage II 
+ 1 stage I) 

6 
( 6 stage III ) 

0 

M
o
d

e
ra

te
 

0 
8 

(3 stage III + 5 stage II) 
10 

(9 stage III + 1 stage II) 

L
o

w
 

0 
1 

( 1 stage I ) 
5 

(4 stage II+ 1 stage I) 

Table 3. VEGF Results of group C 

Samples 

E
x
p

re
s
s
io

n
  

Pre- mastectomy After 3 cycles After 6 cycles 

H
ig

h
 13 

(5 stage III + 8 stage II) 
 

3 
 ( stage   III ) 

 

1  
( 1 stage III ) 

 

M
o

d
e

ra
te

 

2 ( stage I ) 
10  

(2 stag III+8 stage II) 
 

6  
(4 stage III+2 stage II) 

 

L
o

w
 

0 
2  

( stage I ) 
8  

(6 stage II + 2 stage I) 
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The overall percentages in VEGF expression 
were summarized in the following table.    

Table 4. VEGF expression percentage in groups A, B & C 

Groups 

Expression Group A 
 (normal) 

Group B  
(Chemotherapy) 

Group C  
(Chemotherapy 

+  green tea) 

Pre-treatment 

High  Moderate 100% 86.6% 

Moderate Moderate 100% 0% 13.4% 

Low  0% 0% 

After  3 cycles 

High  40% 
 

20% 

Moderate Moderate 100% 53.4% 66.6% 

Low  6.6% 13.4% 

After 6 cycles 

High  0% 6.6% 

Moderate Moderate 100% 66.6% 40% 

Low  33.4% 53.4% 

Group A:  
 In normal control blood films, the 

expression of VEGF was moderate in all  
cases studied (Fig. 6). 

 

Fig. 6. Immunocytochemical staining of VEGF in 
blood smear of  normal woman in group "A" 
showing moderate expression around the cell 

membrane either in RBCs (↑) or neutrophil (*). 
Biotin and Trividine technique  

Group B 
*Pre-chemotherapy: All patients of this 

group showed high expression of VEGF (Fig. 7). 

 
Fig. 7. Immunocytochemical staining of VEGF in 

blood smear of a patient in group B in stage III 
before radical mastectomy. Note the high 
intensity expression of VEGF in RBCs (arrows) 
and lymphocyte (*). Biotin and Trividine 
technique  

*After 3 cycles of chemotherapy: These 
patients showed high expression of VEGF in 6 
cases (Fig.  8), moderate expression in 8 
cases (Fig. 9) and low intensity found in only 
one case (Fig. 10). 

 
Fig. 8. Immunocytochemical staining of VEGF in 

blood smear of a patient in group "B" in stage 
III after radical  mastectomy and three cycles 
chemotherapy,  showing high expression  in 

both RBCs (↑) and neutrophil (*). Biotin and 
Trividine technique  

 
Fig. 9. Immunocytocochemical staining of VEGF in 

blood smear of a patient in group "B" in stage 
III after radical  mastectomy and three cycles 
chemotherapy,  showing  moderate expression  

in RBCs (↑) and high expression in basophil 
(*). Note the karyolysis in one lobe of basophil 
nucleus. Biotin and Trividine technique  

 
Fig. 10. Immunocytochemical staining of VEGF in 

blood smear of a patient in group "B" in stage 
I, after radical  mastectomy and three cycles 
chemotherapy,  showing  low expression  in 

RBCs (↑) and high expression in the 
neutrophil (*). Biotin and Trividine technique-X 
1000  

 *After 6 cycles of chemotherapy: 
Moderate expression of VEGF was seen in 10 
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cases (9 patients in stage III and one patient 
in stage II) (Fig. 11) and low expression in 5 
cases (Fig. 12). 

 
Fig. 11. Immunocytochemical staining of VEGF in 

blood smear of a patient in group "B" in stage 
III after radical  mastectomy and six cycles 
chemotherapy showing  moderate expression  
in the RBCs (arrows) and high in neutrophil 
(*).  Biotin and Trividine technique  

 
Fig. 12.  Immunocytochemical staining of VEGF in 

blood smear of a patient in group "B" in stage 
I after radical mastectomy and  six cycles 
chemotherapy, showing low expression   in 
the RBCs (arrows) and neutrophil (*). Biotin 
and Trividine technique 

Group C:  
Pretreatment: The expression of VEGF 

was high in almost all blood samples of the 13 
patients before any treatment; 8 in stage II and 
5 in stage III (Fig. 13). While moderate 
expression was monitored in 2 cases (Fig. 14). 

 
Fig. 13.  Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage III, before 
radical  mastectomy, showing high expression in the 
cytoplasm and around the cell membrane of both 

RBCs (↑) and neutrophil (*). Biotin and Trividine 
technique  

 

Fig. 14.  Immunocytochemical staining of VEGF in blood 
smear of a patient in group "C" in stage I before 
radical  mastectomy, showing moderate expression  

in RBCs (↑) and eosinophil (*). Biotin and Trividine 
technique  

*After 3 cycles chemotherapy plus green 
tea. High expression in 3 cases; all in stage 
III  (Fig. 15), moderate expression in 10 cases; 
2 in stage III & 8 in stage II (Fig. 16) and low 
intensity in 2 cases were seen (Fig 17). 

 
Fig. 15. Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage III after 
radical  mastectomy, three cycle chemotherapy and  
daily dose of green tea showing  high expression in 
RBCs (arrows) and in lymphocyte (*). Biotin and 
Trividine technique  

 
Fig. 16. Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage II after 
radical mastectomy, three cycles chemotherapy and 
daily dose of green tea showing moderate 
expression in RBCs (arrows) and  basophil (*). Note 
the aggregation of granules in the basophil. Biotin 
and Trividine technique 
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Fig. 17.  Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage I after radical 
mastectomy, three cycles chemotherapy and daily 
dose of  green tea showing low expression in RBCs 
(arrows) and in basophil (*). Biotin and Trividine 
technique  

 After 6 cycles chemotherapy plus green 
tea. VEGF showed high expression in one 
case (Fig. 18), moderate intensity in 6 case 
(Fig. 19) and low expression in 8 cases (6 in 
stage II and 2 in stage I) (Fig. 20). 

 
Fig. 18.  Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage III after 
radical mastectomy, six cycles chemotherapy and 
daily dose of  green tea showing low expression in 

RBCs (↑) and in basophil (+) and low intensity in 
lymphocytes (*). Note the disintegration of basophil 
nuclei.  (Biotin and Trividine technique 

 
Fig. 19.  Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage II afterradical 
mastectomy, six cycles chemotherapy and daily dose 
of green tea showing moderate expression in RBCs 
(arrows) and low expression in the lymphocyte (*). 
The granules form a dot-like structure. Biotin and 
Trividine technique 

 
Fig. 20. Immunocytochemical staining of VEGF in blood 

smear of a patient in group "C" in stage II after 
radical mastectomy, six cycles chemotherapy and 
daily dose of green tea. Note the low VEGF 

expression in both RBCs (↑) and monocyte (*). 
Biotin and Trividine technique   

Results of NF-κB (Tables 5, 6&7): 

NF-κB was demonstrated as brown 
granules which were distr ibuted in the centre 
of the cell, around the cell membrane and in 
the extracellular matrix of both RBCs and 
white blood cells, as well as around nuclear 
membrane of WBCs. 

Table 5. NF-κB result of Group B 

Samples 

E
x
p

re
s
s
io

n
  

Pre- mastectomy 
After 3 cycles 

therapy 
After 6 cycles 

therapy 

H
ig

h
 

15  
(9 stage III  
+ 5 stage II 
 + 1 stage I) 

 

11  
(9 stage III  

+ 2 stage II) 
 

1  
(stage III) 

 

M
o

d
e

ra
te

 

0 
4  

(3 stage II  
+ 1 stage I) 

9  
(8 stage III 

 + 1 stage II) 
 

L
o

w
 

0 0 
5  

(4 stage II  
+ 1 stage I) 

Table 6. NF-κB results of group C 

Samples 

E
x
p
re

s
s
io

n
  

Pre- mastectomy 
After 3 cycles 

 therapy 
After 6 cycles 

 therapy 

H
ig

h
 12  

(5 stage III  
+ 7 stage II) 

0 0 

M
o

d
e

ra
te

 

3 
(1 stage II 

+ 2 stage I) 

13  
(5 stage III  

+ 8 stage II) 

5  
(5 stage III) 

L
o

w
 

0 2 (2 stage I) 
10  

(8 stage II  
+ 2 stage I) 

The overall percentages in NF-kB expression 
are illustrated in table 7.    
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Table 7. NF-κB expression percentage in groups A, 
B & C 

Groups 

 Expression Group A 
 (normal) 

Group B  
(Chemotherapy) 

Group C  
(Chemotherapy 

+  green tea) 

Pre-treatment 

High  100% 80% 

Moderate Moderate 100% 0% 20% 

Low  0% 0% 

After  3 cycles 

High  73.4% 
 

0% 

Moderate Moderate 100% 26.6% 86.6% 

Low  0% 13.4% 

After 6 cycles 

High  6.6% 0% 

Moderate Moderate 100% 60% 33.4% 

Low  33.4% 66.6% 

Group A:   

In normal control women the blood 
smears showed moderate intensity of  NF-κB 
in all cases (Fig. 21). 

 
Fig. 21. Immunocytochemical staining of NF-κB in 

normal blood smear of normal woman in group 
"A" showing moderate expression in both 
RBCs and neutrophil. Note reaction at the 
centre of RBCs (arrows) and at the cell 
membrane (*). Biotin and Trividine technique  

Group B: 
Before chemotherapy: All cases of this 

group showed high intensity of NF-κB reaction 
(Fig. 22). 

 
Fig.  22. Immunocytochemical staining  of NF-κB 

in blood smear of  a patient in group B in stage 
III, before  radical mastectomy and  
chemotherapy, showing high expression  in 
RBCs (arrows) and neutrophil (*). Biotin and 
Trividine technique  

After 3 cycles of chemotherapy: NF-κB 
reactions showed high intensity in 11 cases 
(Fig. 23) and moderate intensity in 4 cases, 3 
in stage II and one case in stage I (Fig. 24) . 

 
Fig. 23. Immunocytochemical staining of NF-κB in 

blood smear of  a patient in group "B" in stage 
III, after radical mastectomy and three cycles 
chemotherapy, showing high expression in 
RBCs (arrows) and neutrophil (*). Biotin and 
Trvidine technique 

 
Fig. 24. Immunocytochemical staining of NF-κB in 

blood smear of a patient in group "B" in stage 
II, after radical mastectomy and three cycles 
chemotherapy, showing moderate expression  
in RBCs (arrows) and eosinophil (*). Biotin 
and Trividine technique 

After 6 cycles of chemotherapy: High 
intensity in one case (Fig. 25), moderate 
intensity of the reaction was found in 9 cases, 
8 in stage III and 1 in stage II (Fig. 26) and 5 
case is low intensity (Fig. 27). 

 
Fig. 25. Immunocytochemical staining of NF-κB in 

blood smear of  a patient in group "B" in stage 
III, after radical mastectomy and six cycles 
chemotherapy, showing  high  expression in 
RBCs (arrows) and monocyte (*). Biotin and 
Trividine technique 
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Fig. 26. Immunocytochemical staining of NF-κB in 
blood smear of a patient in group "B" in stage 
III, after radical mastectomy and six cycles 
chemotherapy, showing  moderate  expression 
in RBCs (arrows) and lymphocyte (*). Biotin 
and Trividine technique 

 
Fig.  27. Immunocytochemical staining of NF-κB in 

blood smear of  a patient in group "B" in stage 
II, after radical mastectomy, six cycles 
chemotherapy, showing low  expression in  
RBCs (arrows) and neutrophil (*). Biotin and 
Trividine technique 

Group C: 
Before chemotherapy and green tea:  

High intensity of the reaction of NF-κB was 
found in 12 cases, 5 cases in stage III,  and 7 
cases in stage II (Fig. 28) and moderate 
intensity in 3 cases (Fig. 29). 

 

Fig. 28. Immunocytochemical staining of NF-κB in blood 
smear of a patient in group "C" in stage III before 
radical mastectomy, showing  high  expression  in 
both RBCs (arrows) and  neutrophil (*). Biotin and 
Trividine technique 

 
Fig. 29. Immunocytochemical staining of NF-κB in blood 

smear of a  patient in group "C" in stage I before 
radical mastectomy, showing  moderate  expression  
in both RBCs (arrows) and neutrophil (*). The 
monocyte shows low expression (+). Biotin and 
Trividine technique 

After 3 cycles of chemotherapy and 
green tea: NF-κB reaction showed the 
moderate intensity in 13 cases, 5 in stage III  
and 8 in stage II (Fig. 30) and low intensity in 
2 cases (Fig. 31). 

 
Fig. 30. Immunocytochemical staining of NF-κB in blood 

smear of a patient in group "C" in stage II after 
radical mastectomy, three cycles chemotherapy and 
daily dose of  green  tea showing  moderate  

expression in both RBCs (↑) and  lymphocyte (*). 
Note the karyorrhexis of lymphocyte (K). Biotin and 
Trividine technique 

 
Fig.  31. Immuncytochemical staining of NF-κB in 

blood smear of  a patient in group "C" in stage I, 
after radical mastectomy, three cycles 
chemotherapy and  daily, dose of  green tea 
showing  low  expression in RBCs (arrows) and 
neutrophil (*). Biotin and Trividine technique 

 After 6 cycles of chemotherapy and green tea: 
the patients showed moderate intensity of NF-κB in 5 
cases, all in stage III (Fig. 32) and low intensity in 10 
cases (Fig. 33). 
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Fig. 32. Immunocytochemical staining of NF-κB in 

blood smear of  a patient in group "C" in stage 
III, after radical mastectomy, six cycles 
chemotherapy and daily dose of  green tea 
showing  moderate  expression  in RBCs 
(arrows) and lymphocyte (*). Biotin and 
Trividine technique 

 
Fig. 33. Immuncytochemical staining of NF-κB in 

blood smear of  a patient in group "C" in stage 
II, after radical mastectomy, six cycles 
chemotherapy and daily dose of  green tea 
showing low expression in RBCs (arrows) and 
lymphocyte (*). Biotin and Trividine technique 

 

DISCUSSION: 

Some studies have shown that 
populations which drink green tea have low 
rates of breast cancer (Kavanagh and Helin,  
2001). An approximate 70% decrease in 
tumour weight, and a slower tumour 
development were found in rats drinking tea. 
Also, the tumours in the tea-drinking rats were 
less malignant (Kavanagh and Helin, 2001).  

 
 

It  was found that premenopausal women 
who consumed more green tea had a lower 
number of lymph node metastases. In 
postmenopausal women, the greater 
consumption of green tea was correlated with 
increased expression of the estrogen and 
progesterone receptors, which implied more 
differentiated tumour cells and better 
prognosis. Finally, in the seven-years follow 
up, it  was found that women with cancer of  
stage I or II  who consumed five or more cups 
of green tea /day had approximately half the 
recurrence rate of those women who 
consumed four cups or less (Rahman and 
Sarkar, 2005).                               

I t must be recognized that the cancer-
protective effect of green tea is only apparent 
at the relatively high intake of more than 10 
cups per day (Rahman and Sarkar, 2006). 

The main tumor-inhibitory mechanism of 
green tea was suggested through many ways. 
First, its abi lity to interfere with the tumour 
form of the enzyme quinol oxidase called t-
NOX, or tumor-associated NOX (Jung et al., 
2001). 

Second, is by enhancing glucuronization 
of estrogens in the liver, a process through 
which estrogens are rendered inactive by 
being conjugated with glucuronic acid, a form 
in which they are excreted from the body. 
Perhaps, this is found in Japanese women 
who consume a significant amount of green 
tea (Ahmed, 1997). 

Third, is by inhibit ion of gelatinase and 
proteolytic enzymes as urokinase (uPA) that 
makes tumour cells able to invade cel ls and 
form metastases (Jankun, 1997; Sartippour et 
al. , 2002; Gupta et al., 2004)     

Fourth, its inhibition to special enzymes 
called collagenases which are secreted by 
cancer cells in order to penetrate and 
colonize various t issues (Templeton et al., 
1990). 

Fifth, its responsibility for the suppression 
of angiogenesis (Yang et al., 2001).

 

The present study showed that green 
tea was highly effective to suppress 
angiogenesis and increasing the apoptosis 
process. In this study the angiogenesis and 
apoptosis were measured by the expression 
of VEGF receptors and NF-KB receptors. 
Decreasing the intensity of VEGF on the cell 
membrane and extracellular-matrix of the 
blood cells indicated a decrease in the 
angiogenesis process while decreasing the 
intensity of NF-κB in the centre of the cell, on 
the cell membrane and extracellular matrix of 
blood cells indicates an increase of the 
apoptosis process. This result means that 
green tea in therapeutic doses, when given 
daily in combination with chemotherapy 
showed a posit ive effect on decreasing 
angiogenesis process and increasing 
apoptosis. 

In an accordance with our results, Amin 
et al.  (2009) showed low expression of VEGF 
following the administration of green tea 
extract after and before the induction of 
mammary tumour cells of mice. Also Kondo et 
al.  (2002) showed that VEGF receptor binding 
was inhibited by EGCG only while all  the 
other polyphenols were ineffective. Yuasa et 
al.  (2003) found that green tea extract 
inhibited the expression of VEGF receptors on 
the endothelial cel ls in human umbilical vein. 

With respect to NF- kB, EGCG may 
block its activation at two potential steps. 
First, as an antioxidant, it may inhibit 
signall ing events upstream to I-κB kinase 
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enzyme (IKK) that results in decreased IKK 
activation. Secondly, its unique structure 
inhibits IKK activity. Both mechanisms would 
lead to inhibition of NF- kB activation (Lin and 
Lin, 1997). 

The current study measured NF-κB, 
which was found to be decreased in patients 
who consumed green tea with the 
chemotherapy.    

The present results coincide with those 
of Zhao et al. (2006) which suggested that 
EGCG might be useful in treatment and 
prevention of breast cancer by inducing 
apoptosis. Also, Thamgapazham et al.  (2007) 

suggested that green tea polyphones and 
EGCG treatment inhibit proliferation and 
induce apoptosis of MDA-MB-231 cells in-vitro 
and in-vivo.  

EGCG induces apoptosis and promotes 
cell growth arrest by altering the expression 
of cell cycle regulatory proteins, activating 
killer caspases, and suppression NF-kB 
activation Butt and Sultan (2009).

 

   These results highlighted the role of 
green tea in the treatment via increasing the 
process of apoptosis in the breast cancer 
cells.
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