
CHAPTER IV 
 

D IS CU S S IO N   
 
 

A total of 82 cases of Thai ovarian cancer were analyzed.  H istolog ical su b typ es of these 

cancer inclu ded 6 0  ep ithelial tu m ors, 5  sex  cord strom al cell tu m ors, 5  g erm  cell tu m ors, and 1 2 

m etastatic tu m ors.  The averag e ag e of this g rou p  of p atients was 4 7 .6 1  + 1 2.1 0  years (rang ing  

from  1 5  to 7 6  years).  Clinicop atholog ic data of all cases in this stu dy were shown in Ta b l e  1.   
S everal techniq u es have b een u sed to analyze K-ras g ene m u tations

 

in hu m an tu m ors.  I n 

the p ast, reliab le m ethods for K-ras m u tation detection have b een difficu lt to achieve.  Am ong  

these are dot b lot hyb ridization with olig onu cleotide p rob e (E nom oto et al., 1 9 9 0 ;  E nom oto et al., 

1 9 9 1 ;  S cam b ia et al., 1 9 9 7 ), p olym erase chain reaction with sing le strand conform ation 

p olym orp hism  (P CR -S S CP ) (I chik awa et al., 1 9 9 4 ;  Mandai et al., 1 9 9 5 ;  Mandai et al., 1 9 9 8;        

Mok  et al., 1 9 9 3 ), p olym erase chain reaction with restriction frag m ent leng th p olym orp hism          

(P CR -R F L P ) (Cadu ff et al., 1 9 9 9 ;  Cu atrecasas et al., 1 9 9 8;  Cu atrecasas et al., 1 9 9 7 ;                 

H og dall et al., 20 0 3 ;  Morita et al., 20 0 0 ).   The P CR -R F L P  assays are norm ally
 

lim ited to the 

detection, in each setting , of a b ase chang e
 

at only one codon of a K-ras g ene or even to
 

the 

detection of only one sp ecific K-ras m u tation. 
I n order to detect m u tations at codon 1 2 and codon 1 3  of K-ras g ene in Thai ovarian 

cancer, we u sed the am p lified created restriction site (ACR S ) m ethod with p olym erase chain 

reaction- restriction frag m ent leng th p olym orp hism  (P CR -R F L P ) techniq u es.  B ecau se the lack  of 

restriction enzym e sites at codon 1 2 and codon 1 3  of K-ras g enes, we u sed the m ism atched 

forward (codon 1 2) and reverse (codon 1 3 ) p rim ers to introdu ce restriction sites for                    

B st N I  (codon 1 2) and H e a I I I  (codon 1 3 ) restriction endonu clease in the norm al allele b y 

am p lified created restriction site with p olym erase chain reaction.  The m ethods have arisen for 

artificially introdu ce restriction sites to harness the ease of restriction enzym e m ediated m u tation 

analysis.  This techniq u e shows to b e b oth fast and sensitive for detecting  m u tations at codon 1 2 

and codon 1 3  of K-ras g enes in tu m or sam p les from  ovarian cancer. 
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I n this stu dy, we have op tim ized variou s p aram eters of P CR  condition to detect K-ras 

g ene m u tations at codon 1 2 and codon 1 3  in Thai ovarian cancer.  To su ccessfu l P CR  analysis, 

the annealing  tem p eratu re, the concentrations of the Mg Cl
2
, dN TP s and p rim ers were 

op tim ization.  These p aram eters were op tim al to p rovide the resu lt withou t g enerated non-sp ecific 

am p lified p rodu cts and hig h am p lification efficiency.     

F or detection of K-ras g ene m u tations at codons 1 2, the annealing  tem p eratu re was fou nd 

to b e one of the m ost im p ortant p aram eters.  V ariation of the annealing  tem p eratu re from  5 6 .0 ° C 

to 6 7 .0 ° C had an alteration of the am p lification efficiency.  I n this stu dy, the m ost efficiency of 

annealing  tem p eratu re was fou nd at 6 0 .0 ° C ( F i g u r e  2 3  l a n e  3 ) , which resu lted the hig h 

am p lification efficiency.  

The dN TP s concentrations were varied from  5 0  µM to 25 0  µM resp ectively and the b est 

resu lt was 20 0  µM ( F i g u r e  2 4  l a n e  4 ) .  The Mg Cl
2
 concentration was increased step wise from  

1 .5  m M to 3 .0  m M.  At the Mg Cl
2
 concentration of 2.0  m M, the resu lts showed an op tim u m  of 

the P CR  reaction with a satisfactory am ou nt of p rodu ct ( F i g u r e  2 5  l a n e  3 ) .  The p rim er 

concentration in this stu dy varied from  0 .1  µM to 0 .5  µM.  A valu e of 0 .3  µM of p rim ers g ave 

the hig h am p lification efficiency, withou t visib le dim er-p rim er form ation and satisfactory 

am ou nts of P CR  p rodu ct ( F i g u r e  2 6  l a n e  3 )  for fu rther ex p erim ent.   

F or am p lification of codon 1 3  of K-ras g ene, variation of the annealing  tem p eratu re from  

5 1 .0 ° C to 6 7 .0 ° C had an alteration of the am p lification efficiency.  I n this stu dy, the op tim al 

annealing  tem p eratu re was fou nd at 6 3 .0 ° C ( F i g u r e  2 7  l a n e  5 ) .  The op tim al dN TP s 

concentration was k ep t constant (20 0  µM) ( F i g u r e  2 8  l a n e  4 ) , while the Mg Cl
2
 concentration 

was increased step wise from  1 .5  m M to 3 .0  m M and the p rim er concentration in this stu dy varied 

from  0 .1  µM to 0 .5  µM.  At the Mg Cl
2
 concentration of 2.0  m M, the resu lts showed ( F i g u r e  2 9  

l a n e  3 ) , and a valu e of 0 .2  µM of p rim ers g ave the clear b and and hig h am p lification efficiency 

when com p ared with other concentration ( F i g u r e  3 0  l a n e  2 ) .   
D N A am p lified from  each of the 82 Thai ovarian cancer sp ecim ens was analyzed for 

p oint m u tations at codon 1 2 and codon 1 3  of the K-ras g ene b y the am p lified created restriction 

site m ethod with P CR -R F L P .   W e u sed 1 2%  non-denatu ring  p olyacrylam ide g el to determ ine the 

p rodu cts of restriction enzym e dig estion.  The resolving  p ower of p olyacrylam ide g el is so g reat 

that can sep arate one b ase p air different in the P CR  p rodu ct.  After K-ras g ene was am p lified, the 
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m u tation at codon 1 2 was determ ined b y restriction frag m ent leng th p olym orp hism  (R F L P ).  The 

forward p rim er containing  one b ase m ism atch at 3 '  end created a restriction site for A B st N I       

(CC    TG G )C  in the P CR  p rodu ct ob tain from  norm al seq u ence at codon 1 2 (G G T), and p rodu ced 

a dig ested p rodu ct of 1 3 3  b p  and 29  b p  in leng th, whereas the P CR  p rodu ct am p lified from  

m u tant seq u ence at codon 1 2 was ab sent of this restriction site, and g enerated a 1 6 2 b p  u ndig ested 

p rodu ct.  The reverse p rim er containing  one b ase m ism atch at 5 '  end created a restriction site for 

A H e a I I I  (G G      CC)C  in the P CR  p rodu ct ob tain from  norm al seq u ence at codon 1 3  (G G C), and 

p rodu ced a dig ested p rodu ct of 85 , 4 8 and 26  b p  in leng th, while the m u tant frag m ents ab olish 

one p osition of restriction site so the P CR  p rodu ct have only two frag m ents of 8 5  and 7 4  b ase 

p airs.   

E ig hty-two ovarian cancers were screened for the p resence of the m u tations at codon 1 2 

and codon 1 3  of K-ras g ene u sing  the ACR S  with P CR -R F L P  techniq u e. W e detected the K-ras 

m u tation in 1 5  of 82 (1 8.29 % ) cases of Thai ovarian cancer.  Ta b l e  2  shown the su m m arization 

of the relevant data of P CR -R F L P  analysis in all cases inclu ded in this stu dy.  O f the 1 5  cases 

p resented K-ras m u tation, the p oint m u tation at codon 1 2 of the K-ras g ene was detected in 

1 7 .1 %  (1 4 / 82) of Thai ovarian cancer sp ecim ens (cases O T0 0 3 , O T0 1 1 , O T0 23 , O T0 3 6 , O T0 3 8, 

O T0 4 1 , O T0 4 7 , O T0 4 9 , O T0 5 7 , O T0 6 0 , O T0 6 3 , O T0 6 5 , O T0 6 9 , and O T0 7 3 ) and only one case 

(1 .2% ) p resented a m u tation at codon 1 3  (case O T0 26 ).  Thu s, 9 3 .3 3 %  of K-ras m u tation in 

ovarian cancers ex am ined in this stu dy was fou nd to p resent the m u tation at codon 1 2 of the      

K-ras g ene.   

Mu tations in the K-ras g ene are freq u ently identified in ovarian cancer.  I n this stu dy,    

K-ras m u tations were fou nd in a total of 1 8.29 %  (1 5  of 82) of Thai ovarian cancer sam p les. The 

freq u ency of K-ras g ene m u tation in ou r stu dy (1 8.29 % ) is sim ilar to the valu es fou nd in ovarian 

cancers in J ap an that rep orted b y Tanim oto et al., 1 9 9 7  (20 .0 0 % :  4  ou t of 20  cases), Morita et al., 

20 0 0  (20 .83 % :  1 0  ou t of 4 8).  The freq u ency of K-ras g ene m u tation in ou r stu dy is m ore than the 

valu es fou nd in ovarian cancers in D enm ark  that rep orted b y H og dall et al., 20 0 3  (9 .7 0 % :  1 6  ou t 

of 1 6 5  cases), and in U S A which rep orted b y G em ig nani et al., 20 0 3  (1 4 .4 2% :  1 5  ou t of 1 0 4  

cases) b u t ou r resu lt b elow that describ ed in ovarian cancers in S p ain that rep orted b y Cu atrecasas 

et al., 1 9 9 8 (3 0 .5 6 % :  4 4  ou t of 1 4 4  cases).  I n the p resent stu dy, the p ercentag e of K-ras 

m u tations in Thai ovarian cancers, which was the first rep orted in Thailand, was hig hly 
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com p arab le to the rep orted form  J ap an b u t difference from  the rep orted form  E u rop e and 

Am erican.  
The occu rrence of K-ras m u tations in Thai ovarian cancers correlated with histolog ic 

classification.  The p resence of p oint m u tations at codon 1 2 of K-ras g ene were fou nd in              

8 of 1 6  m u cinou s tu m ors of L MP  (5 0 % ), 2 of 4  m u cinou s adenocarcinom as (5 0 % ), 2 of 5  serou s 

tu m ors of L MP  (4 0 % ), one endom etrioid tu m ors of L MP , and one m etastatic adenocarcinom a.  

All other ep ithelial tu m ors, m u cinou s cystadenom a, serou s adenocarcinom as, clear cell 

adenocarcinom as, and endom etrioid adenocarcim as p resented the norm al finding  at codon 1 2 of 

K-ras g ene.  N o m u tations at codon 1 2 were detected in any of the five sex  cord-strom al cell 

tu m ors and five g erm  cell tu m ors.  O nly one m u tation at codon 1 3  of the K-ras g ene was m ix ed 

ep ithelial tu m ors of L MP .  The resu lt of K-ras m u tations and histolog ic classification data are 

su m m arized in Ta b l e  3 .   

W hen g rou p ing  histolog y typ e with K-ras m u tation, the resu lted shown that 1 0  of 22 

m u cinou s tu m ors (4 5 .4 5 % ), 2 of 1 8 serou s tu m ors (1 1 .1 1 % ), 1  of 1 1  endom etrioid tu m ors 

(9 .0 9 % ), 1  of 3  m ix  ep ithelial tu m or (3 3 .3 3 % ), and 1 of 7  m etastatic tu m ors (1 4 .28% ).  K-ras 

m u tations were not fou nd on neither 5  sex  cord strom al cell tu m ors nor 5  g erm  cell tu m ors.  The 

incidence of K-ras m u taion in Thai ovarian cancer was hig her in m u cinou s ovarian tu m ors 

(4 5 .4 5 % :  1 0  of 22) than all other histolog ic typ es com b ined (8.3 3 % :  5  of 6 0 ). Thu s, K-ras 

m u tations were differently distrib u ted in relation to the histolog ic classification.  I n m u cinou s 

tu m ors, no difference of the incidence of K-ras m u tation was fou nd b etween m u cinou s tu m ors of 

L MP  (8 of 1 6 ) and m u cinou s adenocarcinom as (2 of 4 ).  The hig h incidence of K-ras m u tations 

in ovarian m u cinou s tu m ors of low m alig nant p otential and m u cinou s adenocarcinom as than in 

m u cinou s cystadenom a (0  of 2) is consistent with p reviou s rep ort (Morita et al., 20 0 0 ).  

I nteresting ly, the m u tations of K-ras g ene are detected m ore freq u ently in tu m ors of low 

m alig nant p otential (5 2.1 7 % :  1 2 of 23 ) than in adenocarcinom a (7 .6 9 % :  3  of 3 9 ).  This finding  is 

consistent with p reviou s stu dies that the m u tation of K-ras g ene was m ore freq u ently detected in 

m u cinou s carcinom as than in other tu m ors of the ovary and was detected at codon 1 2 

(Cuatrecasas et al., 1998; Cuatrecasas et al., 1997; Enomoto et al., 1991; Garrett et al., 2001; 

Gemi g nani  et al., 2003 ; H og d all et al., 2003 ; I ch i k aw a et al., 1994 ; M ok  et al., 1993 ; P i eretti  et 
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al., 1995 ) .  I n ad d i ti on, m u tations of K-ras g ene occu rred m ore freq u ently in tu m ors of low 

m alig nant p otential than in m alig nant ovarian carcinom as (H aas et al., 1 9 9 9 ).  

I n addition, the ovarian cancer sp ecim ens that shown the m u tation at codon 1 2 and codon 

1 3  of the K-ras g ene were fu rther characterized the sp ecific b ase su b stitu tion typ e in b oth codons.  

The first ex on of K-ras g ene were am p lified b y P CR  and seq u enced ou t b y the 

dideox ynu cleotides chain term ination m ethod and was analyzed b y u sing  au tom ate D N A 

seq u encing .  

F or am p lified D N A frag m ents covering  codon 1 2 and codon 1 3  on the first ex on of K-ras 

g ene, the new p air of p rim er shou ld desig n and op tim ization of the annealing  tem p eratu res and  

Mg Cl
2
 concentration were ex p erim ated.  The annealing  tem p eratu res and Mg Cl

2
 concentration 

were varied from  5 6 .0 ° C to 6 9 .0 ° C and 1 .0  to 3 .0  m M.  The op tim al annealing  tem p eratu re was 

fou nd at 6 3 .0 ° C ( F i g u r e  4 4  l a n e  4 )  and the op tim al concentration of Mg Cl
2
 was 2.0  m M   

( F i g u r e  4 5  l a n e  3 ) , which showed the hig h am p lification efficiency.    

After the ex on I  of K-ras g ene was am p lified b y u sing  these ap p rop riate conditions, the 

am p lified P CR  p rodu cts were p u rified with low m elting  p oint ag arose g el electrop horesis.  The 

g el frag m ent (26 0  b p ) b y p u rified with g el ex traction p u rification k it.  After p u rification, direct 

seq u encing  was carried ou t with the dideox ynu cleotides chain term ination m ethod and was 

analyzed b y u sing  au tom ate D N A seq u encer. 

The m u tations at codon 1 2 and codon 1 3  in ex on I  of of K-ras g ene were fou nd in the    

1 5  cases of Thai ovarian cancers and the resu lt shown in Ta b l e  4 .  F ou rteen cases which had the 

m u tation at codon 1 2 of K-ras g ene, inclu ding  4  cases (26 .6 7 % ) had the chang ing  from  G G T to 

G TT (g lycine→valine) ( F i g u r e  4 6 ) , 2 cases (1 3 .3 3 % ) had the chang ing  from  G G T to CG T 

(g lycine→arg inine) ( F i g u r e  4 7 ) ,  3  (20 .0 0 % ) cases had chang ed from  G G T to G CT 

(g lycine→alanine) ( F i g u r e  4 8 )  and 5  (3 3 .3 3 % ) cases had the nu cleotide chang e from  G G T to 

G AT (g lycine→asp artate) ( F i g u r e  4 9 ) .  Am ong  1 5  cases of m u tation, only one cases (6 .6 7 % ) 

had the m u tations at codon 1 3  of K-ras g ene.  This case had a nu cleotide chang e from  G G C to 

G AC (g lycine→asp artate) ( F i g u r e  5 0 ) .  The typ e of the b ase su b stitu tion am ong  the Thai 

ovarian cancer was shown in Ta b l e  5 .  I t seem  that the transversion nu cleotide from  G G T to G TT 

and G G T to CG T transition nu cleotide at codon 1 2 of K-ras g ene p lay an im p ortant role in 

ovarian carcinog enesis in Thai p atients. 
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W hen com p ared to the p reviou s rep ort, I chik awa et al. (1 9 9 4 ) stu died in 1 0 4  J ap anese 

ovarian cancers, eig ht cases shown the transitions from  G G T→ G AT, eig ht cases had 

G G T→ G TT transversions and one case shown G G T→ G CT transversions at codon 1 2.  O n the 

other hand, Mok  et al. (1 9 9 3 ) stu died in 4 8 ovarian cancers, six teen cases had G G T→ G TT 

transversions, three case shown G G T→ G AT transitions and one case was transversions from  

G G T→TG T at codon 1 2.  R ecently, G em ig nani et al. (20 0 3 ) analyzed K-ras m u tations in 

form alin-fix ed and p araffin-em b edded tissu e b lock s from  1 0 4  Am erican p atients with ovarian 

cancer u sing  P CR  am p lification followed b y direct seq u encing .  Their resu lts dem onstrate that    

1 5  of 1 0 4  cases had codon 1 2 m u tations. O f the 1 5  m u tations, 8 cases were G G T→ G AT 

m u tations, 5  cases were G G T→ G TT m u tations, and one each case was TG T and AG T m u tation.   

These evidences su g g est that the differences in nu cleotide su b stitu tions in K-ras g ene m ay not 

correlate with ethnolog rap hy.   

I n ou r resu lts, the occu rrence of nu cleotide su b stitu tions at codon 1 2 and codon 1 3  of     

K-ras g ene in Thai ovarian cancers correlated with histolog ical classification.  E ig ht cases were 

m u cinou s tu m ors of L MP  p resented the m u tations at codon 1 2 of K-ras g ene, inclu ding  3  cases 

were the nu cleotide su b stitu tions from  G G T→ G TT, 3  cases were G G T→ G AT, 1  case was 

G G T→ G CT, and one case was G G T→CG T.  I n two cases of m u cinou s adenocarcinom as had 

the nu cleotide su b stitu tions at codon 1 2, involving  a G G T→ G CT and G G T→CG T m u tation.  

Two serou s tu m ors of L MP  showed a nu cleotide su b stitu tion at codon 1 2 from  G G T→ G TT and 

G G T→ G AT at codon 1 2.  The case of endom etrioid tu m or of L MP  and m atastatic 

adenocarcinom a had p oint m u atation from  G G T→ G AT and G G T→ G CT, resp ectively.  I n 

addition, only one case of m ix ed ep ithelial tu m ors of L MP  had the chang ing  from  G G C to G AC 

at codon 1 3  of K-ras g ene.   This su g g ests that the typ e of nu cleotide su b stitu tion at codon 1 2 and 

codon 1 3  of K-ras g ene in Thai ovarian cancers m ay not correlated with histolog y, which 

consistent with p reviou s rep orted b y H og dall et al., 20 0 3 .  The m echanism  of nu cleotide 

alterations at codon 1 2 and codon 1 3  of K-ras g ene in ovarian cancers are still larg ely u nk nown 

b u t in anim al m odel fou nd that the G →A transition at codon 1 2 of the K-ras g ene is a freq u ent 

m u tation fou nd in anim als treated with nitrosam ines and other alk ylating  ag ents, while the G →T 

transversion has b een m ostly seen in anim als ex p osed to b enzo p yrene or other p olycylic arom atic 

hydrocarb on (P AH ) carcinog ens (L i et al., 20 0 2). 
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The norm al nu cleotide seq u ence at codon 1 2 and codon 1 3  of K-ras g ene were G G T and 

G G C, r e s p e c t i v e l y , which encode g lycine residu e.  The p oint m u tation of K-ras g ene at there 

p ositions arise the sp ecific am ino acid chang e from  the sm allest side chain g lycine residu e to the 

alip hatic hydrocarb on side chain alanine or valine residu e, and to the neg ative charg e asp artate or 

p ositive charg e arg inine residu e.  The am ino acid alteration m ay influ ence of the p rotein stru ctu re 

and G TP ase activity of K-ras p roteins, which m ay influ ence downstream  sig nals that contrib u te 

to tu m orig enesis. 
I n this stu dy, K-ras m u tations were p referentially identified in m u cinou s tu m ors of low 

m alig nant p otential and m u cinou s adenocarcinom as com p ared to m u cinou s cystadenom as.  

Cu atrecasas et al. (1 9 9 7 ) rep orted the com p arative freq u encies of K-ras m u tations in b enig n, low 

m alig nant p otential and m alig nant tu m ors, which the m u tations were detected in b enig n, low 

m alig nant p otential and m alig nant tu m ors with increasing  freq u encies (Cu atrecasas et al., 1 9 9 7 ). 

These resu lts su p p ort the hyp othesis that K-ras m u tations p lay a role in the early events of 

ovarian m u cinou s tu m orig enesis (G arrett et al., 20 0 1 ). 

O n the other hand, a lower incidence of K-ras m u tation in serou s ovarian cancer 

com p ared to m u cinou s was ob served in ou r stu dy.  K-ras g ene m u tations ap p earing  in serou s 

tu m ors low m alig nant p otential and endom etrioid tu m ors low m alig nant p otential however was 

ab sent in m alig nant tu m ors, which consistent with the analysis of nonm u cinou s ovarian tu m ors 

that shown a low freq u ency of K-ras m u tations in m alig nant tu m ors (Cu atrecasas et al., 1 9 9 8).  

This su g g ests that K-ras m u tations are not only m ore freq u ent in m u cinou s tu m ors b u t also tend 

to occu r in ovarian tu m ors of low m alig nant p otential.   

Additionally, the g enetic alterations involved in ovarian cancers are still not clearly 

u nderstood.  These resu lts indicate p ossib le p athways, other than K-ras g ene activation, in the 

develop m ent of ovarian neop lasm s. More detailed stu dies are req u ired to define g enetic 

alterations in ovarian carcinog enesis.  
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