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Abstract 

M o l e c u l a r m u t a t i o n s t o p r o t o - o n c o g e n e s e q u e n c e s 

m a y b e i n v o l v e d i n t h e p a t h o g e n e s i s o f h u m a n 

t h y r o i d n e o p l a s m . P r o b l e m s o n o n c o g e n e s a n d 

t u m o r s u p r e s s o r g e n e s a c t i v a t i o n i n c e l l c i r c l e 

c o u l d c a u s e t u m o r . M a n y o n c o g e n e s a n d t u m o r 

s u p p r e s s i n g g e n e s e x i s t i n v a r y i n g p e r c e n t a g e s i n 

v a r i o u s t y p e s o f t h y r o i d c a n c e r s . Ras, Gsp, Ret o r 

Trk o n c o g e n e s c a n b e i n v o l v e i n t h y r o i d t u m o r s . 

M e m b e r s of t h e Ras g e n e f a m i l y (H-ras, K-ras, and 

N-ras) a r e s i g n a l t r a n s f e r r i n g p r o t e i n s . T h e s e 

g e n e s c o d e s f o r 2 1 k D a G T P b i n d i n g p r o t e i n s . W e 

s t u d i e d 2 4 t h y r o i d c a n c e r a n d 7 7 c o n t r o l f o r ras 

g e n e p o i n t m u t a t i o n s i n t w o d i f f e r e n t c o d o n s ( 1 2 

a n d 1 3 ) u s i n g a r e s t r i c t i o n f r a g m e n t l e n g t h 

p o l y m o r p h i s m t e c h n i q u e . A c c o r d i n g t o e n z y m e 

d i g e s t i n g , n o c - K - r a s g e n e c o d o n 12/13 a n d N - r a s 

g e n e c o d o n 1 2 p o i n t m u t a t i o n w e r e o b s e r v e d i n 

a n y o f t h e s a m p l e s w e s t u d i e d . 
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Introduction 
M u t a t i o n s i n the g e n e s c o n t r o l l i n g cel l g r o w t h a n d 

d i f ferent ia t ion are c o n s i d e r e d t o b e the m a i n c a u s e o f 

c a n c e r ( B o s , 1 9 8 9 ) . T h e m o s t c o m m o n c a n c e r i n 

T u r k e y is lung c a n c e r . T h y r o i d c a n c e r is not v e r y 

c o m m o n i n g e n e r a l ; h o w e v e r s o m e p e o p l e are a f f e c t e d 

i n B l a c k S e a a n d C e n t r a l reg ion o f T u r k e y . T h e n u m b e r 

of t h y r o i d c a n c e r p a t i e n t s in T r a b z o n is 6 in 2 0 0 2 a n d 

2 2 i n 2 0 0 3 ( T u n c e r , 2 0 0 7 ) . T h i s t y p e o f c a n c e r i s 

c h a r a c t e r i s t i c of a g r o u p of m a l i g n a n t t u m o r s re lated to 

t h y r o i d g l a n d . T h e r e are d i f f e r e n t t y p e s o f t h y r o i d 

c a n c e r w h i c h are p a p i l l a r y , fo l l icu lar , m e d u l l a r a n d 

a n a p l a s t i c (Donis-Kel ler , 1 9 9 3 ) . R a d i a t i o n e x p o s u r e , 

c h r o n i c goi ter , f a m i l y h istory, a n d e n v i r o n m e n t a l f a c t o r s 

c o u l d c a u s e t h y r o i d c a n c e r ( D e G r o o t , 1 9 9 6 ) . 

T h e t h y r o i d g l a n d is l o c a t e d in the throat , b e l o w the 

larynx. I t is m a d e of t w o l o b e s . T h e t h y r o i d g l a n d 

s e c r e t e s v e r y i m p o r t a n t h o r m o n e s that r e g u l a t e s o 

m a n y m e t a b o l i c p r o c e s s e s , s u c h a s g r o w t h a n d e n e r g y 

e x p e n d i t u r e . W o m e n p o p u l a t i o n s l ight ly m o r e a f f e c t e d 

t h a n m e n . A p p r o x i m a t e l y 10 % of t h y r o i d c a n c e r s are 

p r e s e n t in p a t i e n t s y o u n g e r t h a n 21 y e a r s of a g e , 

r e p r e s e n t i n g 3 % of all c a n c e r s of c h i l d r e n a n d 

a d o l e s c e n t s , w i t h p r e d o m i n a n c e in f e m a l e s 2:1 in 

re lat ion t o m a l e s . T h y r o i d c a n c e r s g o u p i n this a g e are 

u s u a l l y papi l lary (90 % ) , b i latera l , mul t i foca l a n d b i g g e r 

in s ize c o m p a r e d to a d u l t s ( M o n t e etal., 2 0 0 7 ) . 

A n a p l a s t i c c a r c i n o m a i s t h e m o s t a g g r e s s i v e a n d 

m a l i g n a n t f o r m o f t h y r o i d c a n c e r . T h e m o s t c o m m o n 

t y p e of t h y r o i d c a r c i n o m a is papi l lary c a r s i n o m . T h e 

m o s t f r e q u e n t m u t a t i o n s i n papi l lary c a r c i n o m a s are 

po int m u t a t i o n s o f the B R A F , Ras g e n e s a n d R E T / P T C 

r e a r r a n g e m e n t (Nik i forov, 2 0 0 8 ) . 

T h e R a s - R a f - M e k - M A P k i n a s e - s i g n a l i n g p a t h w a y i s 

a c t i v a t e d i n h u m a n c a r c i n o m a s , p a r t i c u l a r l y i n 

a d e n o c a r c i n o m a s . T h e p a t h w a y i s r e s p o n s i b l e for 

t r a n s m i t i o n of m i t o g e n i c s igna l to t h e n u c l e u s . T h e 

c o n s t i t u t i v e act ivat ion of t h e p a t h w a y is t h o u g h t to 

r e a s o n of u n c o n t r o l l e d cel l d iv is ion ( F u k u s h i m a et al., 

2 0 0 3 ) . T h e r e a r e t h r e e h u m a n RAS g e n e s w h i c h a r e N-

Ras, H-Ras, a n d K-Ras. T h e ras g e n e f a m i l y e n c o d e 

m e m b r a n e - a s s o c i a t e d g u a n i n e n u c l e o t i d e - b i n d i n g 
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Table 1. Primer used in PCR 

Pr imer Nuc leo t ide s e q u e n c e s 5'- 3 ' 

c-K-ras (first round ampl i f i ca t ion) F : G A A G C T T A T G T G T G A C A T G T C T A 

R: A G G C A C T C T T G C C T A C G T C A 

c -K- ras c o d o n 12 (Hph\) F: C C T G G T G A A A A T G A C T G A A T 

R: A G G C A C T C T T G C C T A C G T C A 

c -K- ras c o d o n 13 (Hael I I ) F : G C C T G C T G A A A A T G A C T G A A 

R: C G T C A A G G C A T C T T G C C T A G G 

N-ras (first round ampl i f ica t ion) F : T A A A G T A C T G T A G A T G T G G C T 

R: T C A C C T C T A T G G T G G G A T C A T 

N-ras c o d o n 12 (BstNl) F: C A A A C T G G T G G T G G T T G G A C C A 

R: A G T G G T C C T G G A T T A G C T G G A T 

pro te ins ( p 2 1 r a s ) (G inesa et al., 2003 ) . Muta t ions in 

c o d o n 12, 13, or 61 of g e n e of guan ine nuc leo t ide-

b ind ing p ro te ins , c o n v e r t t hese g e n e s into ac t ive 

o n c o g e n e s (Bos, 1989) 

In o rder to f ind b iomarke rs for thy ro id cancer , i t is 

n e c e s s a r y t o s t u d y the m e c h a n i s m o f c a n c e r 

p rog ress ion . Muta t ions in cel lu lar ras g e n e have been 

repor ted in va r ious thyro id cance r t ypes . In t umors , the 

point muta t ions w h i c h have been ident i f ied have been 

loca l ized to c o d o n 12, 13 or 61 of th ree ras g e n e s 

(Leon et al., 1987) . 

In this s tudy , we eva lua te the f r equency of RAS 

muta t ions in thyro id c a r c i n o m a by P C R - R F L P m e t h o d . 

Materials and methods 
D N A i s o l a t i o n 

In this s tudy total 111 D N A s a m p l e s w e r e iso la ted f rom 

34 pat ients w i th h is to logical ly ver i f ied thyro id cance r 

(Anka ra N u m u n e Educa t ion and Invest igat ion Hospi ta l 

i n Tu rkey ) a n d 77 cont ro l g r o u p b lood samp les . D N A 

isolat ion f rom b lood s a m p l e s w a s iso la ted as desc r i bed 

by Mania t is et al. (1989) . 30 ml R B C lyses buffer w a s 

a d d e d to 9 ml b lood s a m p l e and s h a k e d gent ly . T h e 

m i x t u r e w a s i n c u b a t e d o n ice for 2 0 min a n d 

cen t r i fuge ted a t 4 0 0 0 rpm for 20 min a t 4 0 C . T h e 

supe rna tan t w a s r e m o v e d 25 m l R B C lyses buffer w a s 

a d d e d a n d th is p rocess w a s repea ted till all the red 

cel ls w e r e r e m o v e d . 20 ug /m l p ro te inase K, 10 % S D S 

(f inal concen t ra t ion 0.5 %) a n d 2,5 v o l u m e S T E w e r e 

a d d e d a n d i ncuba ted overn igh t at 56 °C in a wa te r ba th . 

1:1 pheno l : ch lo ro fo rm : I soamy la lcoho l (25:24:1) w a s 

a d d e d a n d s h a k e d by hand for 10 m in . T h e n the 

m i x t u r e w a s i n c u b a t e d o n ice for 2 0 min a n d 

cen t r i fuge ted a t 4 0 0 0 rpm for 20 min a t 4 0 C . U p p e r 

phase w a s t rans fe r red into a n e w tube , 1:10 v o l u m e 2 

M s o d i u m ace ta te (pH 5.2) a n d 95 % e thano l (2 fo ld of 

total v o l u m e ) w e r e a d d e d a n d s h a k e d gent l y unti l the 

D N A w a s prec ip i ta ted , i ncuba ted overn igh t a t - 2 0 0 C . 

D N A w a s cen t r i fuge ted a t 4 0 0 0 rpm for 20 min a t 4 0 C . 

Supe rna tan t w a s r e m o v e d ; D N A w a s w a s h e d i n 500 u l 

70 % e thano l a n d d i sso l ved in 0.5-1 ml TE-bu f fe r 

overn igh t at 3 7 ° C in a w a t e r ba th . 

P C R A m p l i f i c a t i o n a n d R F L P 

T h e p rocedu re to de tec t any muta t ion a t c o d o n 12 and 

c o d o n 13 o f the c -K- ras g e n e a n d N-ras g e n e has been 

desc r i bed by Cape l la et al. (1996) . D N A s e q u e n c e s of 

the first cod ing exon o f the c -K- ras g e n e w e r e ampl i f ied 

using the pr imers 5 ' G A A G C T T A T G T G T G A C A T G T C T A 

3' and 5 ' A A G G A T C C T G C A G T A A T A T G C A 3' for 15 

cyc les (92 o C for 1 min a n d 4 s ; 50 o C for 35 s ; 72 o C for 

1 min a n d 25 s; P C R 1). T h e n 1 ml of the ampl i f ied 

p roduc t w a s reampl i f ied by m e a n s o f nes ted P C R 

us ing p r imers in Tab le1 for 30 cyc les (92 o C for 15 s ; 50 
o C for 15 s ; 72 o C for 30s ; P C R 2 ) . P C R w a s pe r f o rmed 

(B iomet ra , G e r m a n y ) us ing 1 mg g e n o m i c DNA, 2 . 5 U 

Taq po l ymerase (Fermen tas ) 0.2 mM each d N T P , 10 

mM Tr is -HCl (pH 8.8) , 50 mM KC l , 2 mM MgCl2, 0.1 % 

Tr i ton X - 1 0 0 , a n d 20 pmo l p r imers in total v o l u m e 50 ul . 

C o d o n 12 a n d 13 muta t ions w e r e de tec t ions by 

d iges t ing 70 bp ampl i f ied f r agmen t w i th HphI and 

HaeIII, respect ive ly . A s imi lar app roach w a s u s e d to 

de tec t muta t ions at c o d o n 12 of the N-ras gene . The 
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1 2 3 4 6 6 7 8 9 10 M 

Figure 1. RFLP (HaeIII) of PCR products of codon12 for the Figure 2. RFLP (HphI) of PCR products of codon13 for the c-

c-K-ras gene. M- DNA marker (100bp), lane1-5 control sam- K-ras gene. M- DNA marker(100bp), lane1-5 control samples, 

ples, lane 6-9 thyroid cancer samples, lane 10 uncut samples. lane 6-10 thyroid cancer samples, lane 11 uncut samples. 

first round ampl i f icat ion w a s pe r fo rmed in the s a m e 

cond i t ions as for the c-K-ras g e n e us ing the pr imers 

d e s c r i b e d in T a b l e 1 . C o d o n 12 mu ta t i ons w e r e 

detec t ions by d igest ing 81 bp ampl i f ied f ragmen t wi th 

Bs tn I . A 10-ul a l iquot of ampl i f ied mater ia l is taken for 

restr ict ion e n z y m e d igest ion us ing Hph\, HaeII I and 

BstNI (GeneMark ) and respect ive buffer for 2 hr at 37 °C 

in a total v o l u m e of 20 ul . Af ter enzymat i c d iges t ion , the 

d iges ted f ragmen ts w e r e sub jec ted to e lec t rophores is in 

a 1 2 % po lyacry lamide gel e lec t rophores is and s ta ined 

wi th e th id ium b romide (Fig 1-3). 

Results and discussion 
In th is s tudy , we e x a m i n e d 111 s a m p l e s w i th thyro id 

t u m o r s a n d w i t h o u t t u m o r s . D N A s a m p l e s w e r e 

ana l yzed for muta t ions a t c o d o n s 12/13 o f c -K - ras g e n e 

and c o d o n s 12 of N-ras us ing Nes ted Po l ymerase 

C h a i n R e a c t i o n a n d Res t r i c t i on F r a g m e n t 

P o l y m o r p h i s m ( P C R - R F L P ) . Se lec t ive ampl i f i ca t ion o f 

the region a round the s tud ied c o d o n s of the ras 

o n c o g e n e w a s pe r f o rmed by P C R . A t two s tages P C R 

react ion, ampl i f ica t ion p roduc ts s ize w e r e 81 bp for c-

K-ras g e n e a n d 71 bp for N-ras gene . T h e Ampl f i ca t ion 

M 1 2 3 4 5 6 ~ 8 o 10 11 12 13 14 If 16 K 18 

I 
S 71 bp 

Figure 3. RFLP (BstNI) of PCR products of codon12 for the N-ras gene. M- DNA marker(100bp), lane1-8 control samples, lane 9¬ 
17 thyroid cancer samples, lane 18 uncut samples. 
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p r o d u c t s w e r e d i g e s t e d w i t h restr ict ion e n z y m e s H p h 1 

a n d HaeI I I for c-K-ras (F igure 1-2) a n d Bstn\ for N-ras 

g e n e (F igure 3 ) . A c c o r d i n g t o e n z y m e d i g e s t i n g , n o 

m u t a t i o n a t c o d o n 1 2 a n d c o d o n 1 3 w a s o b s e r v e d . 

S imi lar ly , B o u r a s et al. ( 1 9 9 8 ) w e r e f o u n d a n y po int 

m u t a t i o n s a t t h e s a m e c o d o n for 128 t h y r o i d t i s s u e 

s a m p l e s . 

M u t a t i o n s in all t h r e e f a m i l i e s of ras o n c o g e n e s 

h a v e b e e n d e t e c t e d i n b o t h b e n i g n a n d m a l i g n a n t 

t h y r o i d t u m o r s (Du V i l lard et al., 1 9 9 5 ; M a n e n t i et al., 

1 9 9 4 ) . M u t a t i o n s of the ras (Ha-, Ki-, N-ras) proto¬ 

o n c o g e n e h a v e b e e n r e p o r t e d in 2 0 - 6 0 % of t h y r o i d 

t u m o r s , par t icu lar ly in fo l l icular t y p e s ( N a m b a et al., 

1 9 9 0 ; W r i g h t et al. 1989) a n d m o r e f r e q u e n t l y in i o d i n e -

d e f i c i e n t a r e a s (Shi et al., 1 9 9 1 ) . For th is r e a s o n , ras 

m u t a t i o n s h a v e b e e n s u g g e s t e d a s a n i m p o r t a n t 

p r o g n o s t i c m a r k e r for t h y r o i d c a n c e r ( K a r g a et al., 

1 9 9 1 , Shi et al., 1 9 9 1 ; N a m b a et al., 1 9 9 0 , Shi et al., 

1 9 9 1 ) . T h e r e a s o n w e c o u l d not f ind a n y m u t a t i o n s 

c o u l d b e that the n u m b e r o f p a t i e n t s s t u d i e d i s low. W e 

n e e d to i n c r e a s e the n u m b e r of p a t i e n t s for f u t u r e 

s t u d i e s . 
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