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Abstract: 
The objective is to evaluate the in vitro anticancer effect of epigallocatechin-3-gallate (EGCG) against 

the Egyptian bladder squamous cell carcinoma (SCC) cell line and elucidate its molecular mechanism.SCC 
cell line (SCaBER) was treated with different concentrations of EGCG at different durations (24, 48 and 72 
hours). Trypan blue test was used to determine the viability of SCC cells. The expression of urothelialmarker 
(UPII), oncogene (EGFR), and anti-apoptotic (Surviving) were detected by real time-PCR. EGCG has shown 
a time and dose dependent anticancer effect on SCaBER cells.This notable anticancer effect of EGCG 
has been associated with down regulation of UPII and EGFR expressions as well as the decrease of the 
anti-apoptotic gene expression surviving. Our results have shown that EGCG exerts anti-proliferation and 
apoptotic induction on BC cell line in a time and dose dependent manner through the inhibition of proliferation 
(UPII and EGFR) and by the induction of apoptosis.
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Introduction

Bladder cancer (BC) is a disease of 
remarkable morbidity and mortality, characterized 
by high recurrence rate, pathological progression, 
and poor survival in advanced metastatic disease 
[1, 2]. BC accounts for nearly 30% of all cancers 
reported in Egypt, and this is accompanied with a 
high mortality rate relative to percentages reported 
in several countries in Europe and in the USA[3, 
4]. Over 90 percent of the bladder tumors are 
urothelial carcinoma (UC), while squamous cell 
carcinoma (SCC) accounts for only five percent of 

BC in industrialized countries but represents more 
than 50percentof tumors presenting in Africa and 
the Middle East, where bilharzia (Schistosoma 
haematobium) is endemic1.

Several factors are implicated in the cause 
of BC including cigarette smoke, occupational 
exposure to aromatic amines, arsenic in drinking 
water, urinary tract infections,  medical conditions, 
and diet2,5-7. 

Anticancer drugs are available for the 
clinical treatment of BC such as cisplatin and 
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paclitaxel. They are administered via different 
techniques including in travesical, neoadjuvant, and 
adjuvant. The choice of a specific regimen depends 
on the type, location, and the stages of BC8,9. 
However, chemotherapy is always associated with 
severe side effects such as hair loss, suppression 
of bone marrow, drug resistance, gastrointestinal 
lesions, and cardiac toxicity, resulting from the 
untargeted nature of the drug10,11. The other major 
drawback of chemotherapeutic regimes is the cost.
With the high recurrence rate of BC which requires 
multiple treatments over prolonged periods of time, 
there is an urgent need to develop and/or discover 
alternative affordable, lower toxicity drugs8,12. Nature 
has been the inspiring source for the discovery of 
new pharmaceuticals throughout several years13. For 
example, the Chinese used to drink the hot water 
extract of Artemisia for the treatment of malaria for 
thousands of years, and earlier this century the 
antimalarial artemisin was isolated and identified 
from Artemisia14. Green tea,whichis produced 

from the non-fermented leaves of the evergreen 
shrub Camellia sinensis plant, is another example 
of a healthy natural extract that the Chinese have 
been using for a long period of time to cure several 
symptoms including infections, high cholesterol 
levels, impaired immune function, cardiovascular 
diseases and recently cancer prevention15,16. Green 
tea leaves are rich in bioactive compounds,in which 
polyphenols are the most active constituents16. The 
largest group of green tea polyphenols is a type of 
flavonoid, which account for more than 70 percent 
of total phenolic content. Flavanols(subclass or 
catechins) are the most plentiful compounds that 
account for 30-40 percent of dry weight of the leaves 
including epicatechin (EC), epigallocatechin (EGC), 
epicatechin gallate (ECG) and epigallocatechin 
Gallate (EGCG) (Figure 1)15,17,18.

      EGCG,in particular has been shown to possess 
numerous biological activities, such as anti-cancer 
activity15. Mechanic studies have indicated that 
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Fig. 1: Chemical structure of the most abundant catechins in the leaves of the green tea.
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EGCG interacts with cancer cells and hence exerts 
the cytotoxic effect against different targets. For 
example, EGCG was shown to suppress growth 
factor-mediated proliferation such as suppression 
of vascular endothelial growth factor (VEGF) and 
the epidermal growth factor receptor (EGFR) by 
modulating  its  protein tyrosine kinase activity19.
On the other hand EGCG was shown to inhibit 
several signaling pathways such as the nuclear 
factor-κB signaling pathway20. Evidences show that 
EGCG can be beneficial in treating brain, prostate, 
cervical, colorectal, and BC. It kills cancer cells 

without harming healthy tissue21. Although EGCG 
has been tested and studied in several cancer cell 
lines, no EGCG studies were found on an Egyptian-
based BC cell lines. Based on our interest to develop 
and discover alternative treatment for BC at the 
Mansoura Urology Unit, Mansoura University, we 
report herein the anticancer evaluation and detailed 
molecular studies of EGCG on the Egyptian BC cell 
line (SCaBER). 

Materials and methods

	 The human bladder squamous carcinoma 
cell line (SCaBER cell line) was obtained from Tumor 
Biology Department, National Cancer Institute of 
Cairo University. SCaBER cells were cultured in 
Dulbecco’s modified eagle’s medium pH 7.2, low 
glucose (DMEM) that was purchased from Sigma-
Chemical Co. (St. Louis, MO, USA) supplemented 
with 20% (v/v) fetal bovine serum (FBS), 100 (IU/ml) 
penicillin, and 100 (µg /ml) streptomycin (Invitrogen 
Life Technologies). Cells were cultured at a density 
of 4x10^4 / cm2 in a humidified atmosphere of 95% 
air and 5% CO¬2 incubator at 37°C. Once the cells 
reached approximately 80% confluency, they were 
sub-cultured using trypsin (0.25%), then expanded 
onto more culture flasks. 

Experimental Treatments
	 EGCG (purity >95%), obtained from 
Sigma Aldrich (St. Louis, MO, USA), was dissolved 
in distilled water to make a stock concentration of 

Fig. 2: Effect of different concentration of 
EGCG on morphology of SCaBER cells.

Fig. 3: Evaluation the effect of EGCG on cell viability of bladder 
cancer cell line at different concentrations and durations
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11mMfollowed by filtration using sterile syringe 
filter 0.2μm (corning incorporator, Germany), and 
then, stored in aliquots at -20 °C. To evaluate the 
anticancer and dose dependent effects of EGCG 
on cell growth, cells were seeded in triplicates in 
6-well plates at a density of 5x105 cells per dish 
and grown for 24 hours. Cells were then incubated 
with  0.011 µM, 0.027 µM, 0.055 µM, 0.11 µM and 
0.22 µM of EGCG while control cultures contained 
DMEM medium for 24, 48, and 72 hours.

Morphological Study
	 Cultured cells at each concentration 
andtime point of EGCG were imaged three times with 
OLYMPUS inverted microscope model LX71S1F-3.
(Tokyo, Japan.)

Viability Test
	 Cell viability is the percentage of viable 
cells among the total (dead and viable). To measure 
viability of the cells, triplicate wells of cells for each 
concentration were counted after   The trypsinized 
cells were harvested with the suspended cells and 
transferred into a 15 ml Falcon tube, and then the 
cells were stained with an equal volume of 4% 
trypan blue. The number of dead and viable cells 
was counted three times by hemocytometer.

Molecular Biology Study
Isolation of Total RNA
	 Total RNA was isolated from each sample 
of 5 ×105SCaBER cells which were completed 

according to the manual instructions of RNeasy Plus 
mini kit (QIAGEN Corporation Hilden, Germany). 
Then, the concentration of the isolated RNA was 
assessed using Nano Drop 2000 (Thermo scientific, 
USA), at an OD of 260 nm. RNA samples with OD 
A260/A280 ratios within 1.9-2.1, and A260/230 ratio 
within 1.8-2 were used for qRT-PCR. To ensure RNA 
integrity, denaturing agarose gel electrophoresis 
(1.5%) was performed to detect two distinct 
characteristic RNA bands. After that, 1.5 µg of RNA 
was reverse-transcribed to cDNA by RT2 First Strand 
kit (Qiagen Sciences, Maryland, USA).

Quantitative Real-Time PCR (qRT-PCR)
	 Relative gene expression was measured by 
Real Time PCR Instrument (CFX96, BIO RAD, USA).
Each sample was performed in triplicate. The reaction 
was done by 12.5 μLof 2X SYBR Green PCR Master 
Mix (Qiagen),2μL of cDNA template, 2 μL(10pmol) 
gene primer and 10.5 μL of RNase-DNase free 
water. The primer sequences were designed online 
using the NCBI site and manufactured at Vivantis 
(Selangor, Malaysia) as shown in table 1. 

	 Reaction mixture is subjected to Real-
Time PCR machine using the following conditions: 
The first stage required 50◦C for 2 minutes. The 
second stage needed 94◦C for 5 minutes. The third 
stage had 40 cycles of amplifications that were 
performed by the denaturation step at 94◦C for 30 
seconds, annealing step temperature according to 
each primer for 30 seconds and an extension step at 

Fig. 4: Expression of UPII gene relative to negative control (0 μM)
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60◦ C for 30 seconds. Melt curve analysis was used 
to determine the specificity of the PCR products. 
Samples were normalized to glyceraldehyde 
3-phosphate dehydrogenase GAPDH. Samples 
were calculated relative to that of negative controls 
(0µM)and according to the mathematical model of 
R = 2- ΔΔCt22.

Results

	 The induction of apoptosis by EGCG 
was confirmed morphologically by examination of 
SCaBER cells treated with EGCG under inverted 
microscope. The changes have been observed are 
cell shrinkage, nuclear condensation, and formation 
of pyknotic in contrast the untreated cells Figure 
(2). 

Viability Test
	 The effect of EGCG at a dose of 0.011 
µM, 0.027 µM, 0.055 µM, 0.11 µM and 0.22 µM 
on viability of the cell line with different treatment 
duration (24, 48, and 72hrs) is shown in Table 2. A 
remarkable viability loss was observed of SCaBER 
cell line after treatment with EGCG especially with 
high concentrations, (P < 0.0001), as shown in 
Figure (3). 

Gene Expression by Real Time PCR
	 Relative qRT- PCR was performed for UPII, 
EGFR and surviving genes to determine the fold 
difference of a certain mRNA level between different 

Fig. 5: Expression of EGFR gene relative to negative control (0 μM)

samples.All tested genes were abundant and 
showed single peaks in melting curve analysis with 
a single band in high-resolution of 2% agarose gel 
electrophoresis. Gene expression was normalized to 
the house keeping gene GAPDH, whose expression 
remained constant during the entire study and was 
not affected by EGCG concentrations. We found that 
EGCG suppresses the expression of UPII, EGFR 
and surviving in a time and dose-dependent manner 
as shown in figures(4, 5, and 6).

Discussion

	 The anticarcinogenic properties of  green 
tea’s extract and its individual natural products, 
particularly EGCG, have been extensively studied 
in different types of cancers both in vitro and in 
vivo, such as gastric cancer23, ovarian cancer24, 
cervical cancer25, hepatocellular cancer26, and BC 
[27-29]. Several studies suggest that green tea 
ingredients are a good approach for the prevention 
and treatment of BC29. Suganuma, Okabe30 found 
that greentea’scatechins were widely distributed 
through the mouse body and concentrated in the 
bladder after green tea ingestion. 

	 At  the current study, microscopic 
examination of BC cell line (SCaBER) treated with 
different concentration of EGCG revealed some 
morphological changes including cell shrinkage, 
nuclear condensation, and formation of pyknotic 
bodies of condensed chromatin, relative to untreated 
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cells.Such changes increased significantly with 
increasing EGCG concentration and duration of 
its exposure to cells. Those changes are reported 
previously as characteristic features for apoptosis29,31. 
That observation goes hand-in-hand with the 
publication of  Rao and Pagidas24 on the human 
ovarian cancer cell line, as well as with Sharma, 
Nusri25 experiments on human cervical cancer cell 
line treated with EGCG.  

	 A significant reduction of the cell’s viability 
(P ≤ 0.001) was observed with respect to EGCG 
concentrations and duration of cell exposure 
which clearly suggests that EGCG is inhibiting 
the growth of the bladder squamous cell line at 
appropriate concentration.Lee, Nam31 and Liu, 
Hou32 data on squamous cell carcinoma on head, 
neck and esophagus also confirmed the inhibitory 

effect of different EGCG concentration on cell line 
growth and proliferation. However, findings of Mayr, 
Wagner33 and Qin, Wang27 on biliary cell carcinoma 
and bladder cell carcinoma respectively emphasize 
that the effect of EGCG on cell line is concentration 
dependent. 

	 Chen, Wan (36)has shown that EGCG 
was able to target several biological pathways such 
as gene expression.Thus, we explored the effect of 
EGCG on molecular targets that can be used for 
cancer screening, early diagnosis, in addition to 
prediction of disease recurrence, and survival such 
as UPII, EGFR and surviving36-38.

	 Uroplakins are cell membrane proteins 
synthesized as a principal product of human 
urothelial cells differentiation and turned out to be 

Fig. 6: Expression of Survivin gene relative to negative control (0 μM)

Table 1: Primer sequences used in RT-PCR analyses

Gene	 Forward primer	R everse primer	 Annealing 	 PCR Products
			   temperature (Cº)	 (bp)

UPII	 AGCAAAGTG	 TGTGAAGCCA	 58	 90
	 GTGACGTCCAG	 GCACCACTGT
EGFR	 TCTGGAAGT	 GGACGGGAT	 60	 116
	 ACGCAGACGCC	 CTTAGGCCCAT
Surviving	 CCCCACTGAG	 TGTTCCTCTAT	 60	 93
	 AACGAGCCAG	 GGGGTCGTCA
GAPDH	 CGCTGAGTACG	 GGGGGCAGA	 60	 100
	 TCGTGGAGT	 GATGATGACCC
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Table 2: The percentage of viable cells at different 
concentrations (μM) and durations in hours.

duration			                       Concentration%
	 0µM	 5µM	 12.5µM	 25µM	 50µM	 100µM

24	 100	 100	 92	 92	 50	 36
48	 100	 96	 92	 94	 33	 25
72	 100	 96	 93	 93	 80	 0

cancer cell markers39,40. A significant down-regulation 
of UPII mRNA (P ≤ 0.001) associated with high 
concentrations of EGCG especially after 72 h 
incubation, has been observed indicating that there 
was growth inhibition of cancer cells.

	 Further more,over expression of EGFR 
in BC has been linked to essential carcinogenesis 
process such as uncontrolled cell proliferation, 
cell cycle progression, angiogenesis increase and 
apoptosis reduction41-43. In the current study, EGFR 
expression was reduced significantly (P ≤ 0.001) 
in a dose and time dependent manner, which 
revealed that EGCG may be an inhibitor for EGFR. 
Therefore EGCG may have effective potential in 
therapeutic value. These results can relate with the 
results of Ma, Li44 on lung cancer cell in addition to 
results of Chang, Chang45 on human oral squamous 
carcinoma cells. EGCG was suggested to inhibit the 
EGFR signaling pathway through the interruption of 
EGFR’s ability to bind its receptor46,47.

	 The last studied marker was surviving 
which is regarded as a structure unique inhibitor for 
apoptotic family, and is encoded by BIRC5. Over 
expression of surviving has been associated with 
apoptosis inhibition, promotion of proliferation, and 
angiogenesis. Surviving is highly expressed in several 
malignant tissues, such as bladder, when compared 
to normal tissues38,48,49. Thus, great concern has 
been attracted to surviving as a principle target 
for antitumor therapy and as a potential biomarker 
for cancer50,51. In this study, the gene expression of 

surviving undergoes a significant down regulation(P 
≤ 0.005) by increasing EGCG concentration. These 
results align with the results of Tang, Zhao52 in the 
effect of green tea extract on breast cancer cells 
who stated that this down regulation is a key step 
in the molecular mechanism involved in the anti-cell 
proliferative and effect of green tea extract. Moving 
on, this finding is supported with the study conducted 
by Onoda, Kuribayashi53 who confirmed that EGCG 
induces apoptosis in gastric cancer cell line by down 
regulation of surviving expression and hypothesized 
that surviving may be a molecular target of EGCG.

	 In conclusion EGCG, a green tea constituent, 
has the ability to inhibit the growth of cancer cells 
in vitro through proliferation discouragement and 
induction of apoptosis. Subsequently, EGCG could 
be a potentially cheap and available anticancer agent 
in bladder squamous cell carcinoma
.
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