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Abstract 
 

 

Cancer is remains a major health problem world-wide. Cancer control strategy 

such as chemoprevention needs to be developed to reduce cancer incident. In this case, 

the consumption of green tea (Camellia sinensis) beverage apparently plays an important 

role. One potential considerable mechanism is the strong antioxidant and anti-mutation 

effect of green tea major component, (-)-epigallocatechin gallate (EGCG). Objective of 

this research is develop an analysis polymerase chain reaction-single strain 

conformational polymorphism (PCR-SSCP) technique to determine the inhibition effect 

of EGCG on K-ras genes exon 1 and 2 mutation induced by N-methyl-N-nitrosourea 

(MNU). Effect of EGCG 8.3, 16.6, 33.3 and 66.7 ppm on K-ras exon 1 and exon 2 

mutation were analyzed. The mutation was induced by N-methyl-N-nitrosourea (MNU) 8, 

16, 32 and 48 µM and determined using a PCR-SSCP technique in primary Wistar rat  

liver cells culture. Mutation in K-ras genes were confirmed also by DNA  Sequencing 

method. K-ras  exon 1 codon 12 mutation
 
was detected in all of control and 8.3 ppm of 

EGCG exposure. EGCG 16,6 ppm and higher showed that strongly inhibition of K-ras 

exon 1 mutation except 48 µM MNU, while exon 2 didn’t show any mutation in codon 

61. DNA sequencing analysis in codon 12 showed single point mutation from GGT 

(glycine) to GCT (alanine). Conclusion, PCR-SSCP technique can be used to determine 



K-ras genes mutation and these findings suggest that EGCG from green tea significantly 

reduces the incidence of K-ras exon 1 mutation induced by MNU therefore has strong 

potential as a useful therapeutic regimen for inhibiting cancer development. 

Keywords:  PCR-SSCP, mutation K-ras exon 1, K-ras exon 2, MNU, EGCG, green 
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Introduction 

Tea is one of the most popular beverages consumed worldwide.
 
Tea drinking has 

been associated with decreased occurrence of cancer and heart disease. One potential 

mechanism for these findings is the strong antioxidant effect of tea polyphenols.
 
Tea, 

from the plant Camellia sinensis, is consumed in different
 
parts of the world as green, 

black, or oolong tea. Tea contains many compounds, especially polyphenols,
 
and 

epidemiological studies show that polyphenolic compounds
 
present in tea reduce the risk 

of a variety of diseases (Jian et al., 2004). Green tea polyphenols have demonstrated to be 

an effective chemopreventive agent (Cabrera et al., 2003; Gossslau and Chen, 2004). 

Moreover, some epidemiological studies have associated the consumption of tea with a 

lower risk of several types of cancer (Sato and Myata, 2000; Toit at al., 2001). There is 

good evidence from in vitro studies that green tea
 
catechins have an important role in 

protection against degenerative diseases.
 
(-)-Epigalocatechin gallate (EGCG) from green 

tea extract has many activities such as anticarcinogenic (Beltz et al., 2006; Spinella et al., 

2006), antioxidant (Luximon-Ramma et al., 2006), anti microbial activities (Paul et al., 

2006; Watson et al., 2006) as well as anti diabetic activity (Ts rat m uneki et al., 2004).  



In this research, the effect of EGCG have been studying on K-ras mutation 

induced by direct application of N-methyl-N-nitrosourea
 
(MNU). Activation of the ras 

genes by point mutation
 
has been observed in many tumors and cancer, including tumors

 

induced by MNU. Because of that reasons, the method of mutation analysis is very 

important to be developed.  Usually, K-ras protooncogene is altered by point mutations 

on codon
 
12, 13, or 61 in a wide variety of tumors (Fearon, 1993). The detection

 
of K-ras 

mutations enables understanding of cancer biology and
 

pathogenesis. Moreover, 

alterations
 
involving this oncogene may be of clinical importance because

 
they can 

provide information for early diagnosis and prognosis (Puig etal., 2000; Schimanski et al.,  

1999; Cerottini et al., 1998).
 
Recently, we developed PCR-SSCP method to detect K-ras

 

gene mutations in primary rat liver cell culture induced by MNU and inhibited by EGCG 

from green tea. The results of amplified DNA were analyzed by DNA sequencer to 

confirm type of mutation in K-ras exon 1 and 2. 

 

Material and Method 

 

Material and instrument 

EGCG and N-methyl-N-nitrosourea were purchased from Sigma Chemical (St. Louis, 

MO). Wistar rat was obtained from Animal Laboratory, Faculty of Pharmacy, Airlangga 

University and Thermoline CS-1 thermocycler was used for DNA amplification. For 

DNA sequencing, it has been used DNA sequencer ABI-Prism Model 310 version 3.0. 

 

Isolation and culture of rat hepatocytes. 

http://www.clinchem.org/cgi/content/full/47/2/186#R14


Wistar rats were anesthetized with Chloroform. Hepatocytes
 
were isolated by perfusion 

and disintegration solution (Binda et al., 2003). Cell viability, estimated by Trypan blue 

exclusion,
 
was >80%. Isolated hepatocytes were resuspended in +WME supplemented

 

with FCS (10%), insulin (4 mg/L), hydrocortisone (10
-5

 mol/L)
 
and gentamicin (50 mg/L). 

Cell incubations were performed at
 
37°C in a humidified atmosphere of 95% air/5% CO2. 

After
 
4 h, the medium was renewed to remove unattached hepatocytes

 
and after 12–14 h, 

cells were shifted to a serum-free
 
medium, consisted of -WME supplemented with 

glutamine (2 mmol/L),
 
insulin (4 mg/L), hydrocortisone (10

-5
 mol/L) and gentamicin

 
(50 

mg/L). At this time point, cultures were exposed to various
 
concentrations of MNU and 

EGCG.
 
Subsequently, the medium was changed daily. 

 

DNA isolation 

DNA from rat liver cell culture was prepared by proteinase K digestion and phenol-

chloroform extraction as described previously (Sambrook et al., 1989). 

 

DNA Amplification  

Exons 1 and 2 of the K-ras gene were amplified individually by PCR using certain primer 

sequences below. 

Exon 1 

Sense     : 5’-TTTTTATTATAAGGCCTGCT-3’ 

Antisense : 5’-GTCCACAAAATGATTCTGAA-3’ 

Exon 2 

Sense : 5’-ACCTGTCTCTTGGATATTCT-3’ 



Antisense : 5’-TGATTTACTATTATTTATGG-3’ 

The PCR was
 
carried out in a total volume of 50 µL containing the

 
following: 250 ng of 

extracted DNA, 200 µM dNTP, 2 U of
 
Taq DNA polymerase (Perkin-Elmer), 10 mM 

Tris-HCl (pH 8.3),
 
1.5 mM MgCl2, 50 mM KCl, and 0.1 g/L gelatin. The PCR was 

performed
 
with 32 cycles

 
(95 °C for 1 min, 48 °C for 45 s, and 72 °C for 1.5 min). The 

PCR was performed with 30 cycles and began with hot start 95
o
C 5 min and  85

o
C 1 min 

and extra-extension 72
o
C 10 min. The PCR was carried out with 12 pmol of each PCR

 

primer (K-ras exon 1 and 2). Experimental conditions to avoid
 
PCR product carryover 

were applied according to previous research (Kwok and Higuchi, 1989). 

 

SSCP analysis 

The amplified product was denatured at 94°C for 5 min along with 4X formamide-BPB 

dye and was snap chilled on ice. The product was subjected to electrophoresis on 0.5 x 

MDE, (mutation detection enhancer) gel (BMA products, USA) with 10% glycerin on 

Hoefer SQ 3 sequencer at 500 V for 8 hr. The gels were silver stained, vacuum dried and 

analysed for SSCP band patterns. 

 

Result and Discussion 

 

 Amplification of K-ras gene exon 1 and exon 2 yielded 115 bp and 117 bp 

fragment length of DNA respectively (fig.1). Some PCR conditions were tried to get 

optimum results. Also some PCR program have done to get one band of DNA fragment. 

Optimum condition is 30 cycles with  95
o
C 1 min, 48

o
C 45 s, 72

o
C 1,5 min. The PCR 



program was began with hot start 95
o
C 5 min and  85

o
C 1 min and last program was 

extra-extension 72
o
C for 10 min. Figure 1 shows that only one band in agarose gel, the 

band below of PCR product is excess primer that can discharge by electro elution 

technique. 

          

        Lane           1    2    3    Lane 1 : Marker 

        2 : PCR product exon 1 

        3 : PCR product exon 2 

 

 

 

 

Figure 1. Amplification of K-ras gene exon 1 and exon 2 in rat hepatocytes DNA using 

Thermoline CS-1 thermocycler with program  95
o
C 1 min, 48

o
C 45 s, 72

o
C     

1,5 min. The PCR was performed with 30 cycles and began with hot start 95
o
C       

5 min and  85
o
C 1 min and extra-extension 72

o
C 10 min. 

 

           

 PCR SSCP assay of K-ras gene exon 1 shows some mutation when treated by 

MNU, while exon 2 there are no mutation can be detected. All of control and EGCG 8.3 

ppm exposure to MNU- induced mutation cell culture, underwent mutation in K-ras exon 

1 (fig. 2)\, while EGCG 16.6 ppm (except 48 µM MNU),and higher concentration 

showed that strongly inhibition of K-ras exon 1 mutation (Table 1.). This fact proved that 

PCR product 115 bp (exon 1) 

and 117 bp (exon 2) 



EGCG in low concentration (below 16.6 ppm) can not prevent mutation in K-ras gene 

induced by MNU, but in higher concentration EGCG is effective substance for prevent 

mutation. Extra band in polyacrylamide gel from PCR-SSCP proves mutation in K-ras 

gene. 

 
Lane                    1       2      3       4       5      6      7        8          9     10               
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    band 

 

 

Figure 2. PCR-SSCP product of K-ras exon 1 on some of hepatocytes cell culture treated 

by  EGCG and MNU using gel polyacrylamide 8% and running for 3 h 150 volt , 

10
o
C. Lane (1) WME media (control) (2) MNU 48 µM; (3) MNU 32 µM; (4) 

MNU 16 µM; (5) MNU 8 µM;  (6) MNU 8 µM + EGCG 8.3 ppm; (7) MNU   

16 µM + EGCG 8.3 ppm;  (8) MNU 32 µM + EGCG 8.3 ppm; (9) MNU 48 µM 

+ EGCG 8.3 ppm; (10) MNU 48 µM + EGCG 16.6 ppm;   

 

      GGT GGC (no mutation)                              GCT GGC (mutation) 
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Figure 3. Sequence analysis of amplified product of K-ras gene exon 1 codon 12+13 

using  DNA sequencer ABI-Prism Model 310. A) treated with MNU 8 µM and 

EGCG 16,6 ppm, no mutation; B) treated with MNU 8 µM only, mutation G to 

C (transversion). 

  

           Figure 3 shows that treat with MNU 8 µM only cause mutation in codon 12  from 

G to C. Adding of EGCG in hepatocytes cell culture prevent nitronium ion attack to DNA 

and mutation will not occur. Antioxidant and free radical scavenger mechanism may be 

suspected to explain this phenomena. 

 

Tabel 1. Effect of EGCG on K-ras exon 1 mutation in rat hepatocyte DNA induced by 

MNU using PCR-SSCP method on polyacrylamide gel 8% and running for 3 

hours 150 volt , 10
o
C (n=3) 

 

Treatment on 

hepatocyte cell culture 

Mutation on proto-oncogen K-ras exon 1 

Control EGCG 



8,3 ppm 16,6 ppm 33,3 ppm 66,7 ppm 

Control - - - - - 

+ 

MNU 

8 µM  + + - - - 

16 µM + + - - - 

32 µM + + - - - 

48 µM + + + - - 

     (+) = mutation ; (-) = no mutation 

 

 In summary, it was concluded that MNU exposure to liver rat cell culture affect 

mutation in K-ras exon 1 but not at exon 2. Because of that reason, the effect of EGCG 

on mutation inhibition induced by MNU can not be investigated in exon 2. EGCG 8.3 

ppm can not prevent MNU attack in DNA caused mutation, begin 16.6 ppm until 66.7 

ppm EGCG can prevent mutation induced by MNU. These results suggest that EGCG 

from green tea significantly has strong potential as a useful therapeutic regimen for 

inhibiting cancer development. 
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