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apillary thyroid carcinoma (PTC) is the most frequently observed his-
totype of differentiated thyroid cancer, representing 75% to 85% of
all thyroid cancer cases.1 Females are more likely to have thyroid

Screening of Three Exons of
the RET Proto-oncogene in Turkish Patients

with Papillary Thyroid Carcinoma

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The RET proto-oncogene involvement in thyroid carcinomas has been re-
ported in different populations. In this study, peripheral blood DNA of papillary thyroid carcinoma
(PTC) patients and healthy people for germline in RET exons 10, 11 and 13 were studied. MMaatteerriiaall
aanndd  MMeetthhooddss:: Peripheral blood samples were obtained from 82 PTC patients and 85 healthy con-
trols and genomic DNA was isolated, after that Polymerase Chain Reaction (PCR) and sequencing
were used for mutations analysis. RReessuullttss::  Molecular analyses revealed probable mutations in exon
11 of the RET gene at a codons 630, 632, 633, 634, 635, 637, 659, 662, 697, 701, 702, and 703. In all
of 13.41% of the patients had mutation in exon 11 and 3.65 % of the patients had mutation in exon
13. Mutations in exon 13 were at codons 765, 770, and 795. Single nucleotide polymorphisms (SNPs)
were detected at codon 769 (26.82%) and 763 (1.2%) in exon 13, and 691 (3.65%) and 631 (1.2%)
in exon 11. CCoonncclluussiioonn::  It was observed that four of 82 PTC patients had Cys630Ser (TGC→AGC,
5.9%), which was the most common mutation at codon 630 in exon 11. Moreover, Cys630Ser mu-
tation is associated with medullary thyroid carcinomas; however, genetic testing in the present
study diagnosed this mutation in four patients with PTC. The finding of large number of SNPs at
codon 769 in exon 13 in PTC is important. 

KKeeyy  WWoorrddss::  Adenocarcinoma, papillary; polymerase chain reaction 

ÖÖZZEETT  AAmmaaçç::  Farklı populasyonlarda tiroid kanserleri ile RET proto-onkogen ilişkisi bildirilmiştir.
Çalışmamızda  papiller tiroid kanserli (PTC) hastalarda ve sağlıklı kontrol grubunda RET proto-
onkogenine ait 10., 11. ve 13. ekzon bölgelerinde germ-line mutasyonlar araştırılmıştır. GGeerreeçç  vvee
YYöönntteemmlleerr::  Papiller tiroid kanserli 82 hasta ve 85 sağlıklı kontrolden periferal kan örnekleri alınıp
ve genomik DNA izole edilmiş ve daha sonra mutasyon durumları Polimeraz Zincir Reaksiyonu 
(PCR) ve DNA dizi analizi ile gösterilmiştir. BBuullgguullaarr::  Moleküler analizler RET geninin 11. ekzon
bölgesindeki olası mutasyonların kodon 630, 632, 633, 634, 635, 637, 659, 662, 697, 701, 702 ve
703’te olduğunu göstermiştir. Hastaların %13.41’inde 11. ekzon bölgesinde %3.65’de 13. ekzon
bölgesinde mutasyon tespit edilmiştir. Ekzon 13 bölgesindeki mutasyonlar ise kodon 765, 770 ve
795’te saptanmıştır. Hastaların ekzon 13 bölgesinde yer alan kodon 769 (%26.82) ve 763 (%1.2)’te
ve ekzon 11 bölgesinde kodon 691 (%3.65) ve 631 (%1.2)’de tek nükleotid polimorfizmi (SNP) tespit
edilmiştir. SSoonnuuçç::  Sekseniki olgu içeren PTC hasta grubundan, dört hastada tespit etmiş olduğumuz
Cys630Ser (TGC→AGC, %5.9) mutasyonu 11. ekzonun 630. kodon bölgesinde görülen en yaygın
mutasyondur. Medüller tiroid kanseri ile ilişkilendirilen Cys630Ser mutasyonu, PTC tanısı
konulmuş dört hastada görülmüştür. Papiller tiroid kanseri olgularına ait ekzon 13 bölgesi 769.
kodonda SNP sayısının fazla olması araştırmamızın dikkate değer önemli bir sonucunu
oluşturmaktadır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Adenokarsinom, papiller; polimeraz zincir reaksiyonu  
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can cer at a ra ti o of thre e to one. Thyro id can cer can
oc cur in any age gro up alt ho ugh it is most com mon
af ter age 30, and its ag gres si ve ness in cre a ses sig ni -
fi cantly in ol der pa ti ents. The RET (RE ar ran geddu -
ring Trans fec ti on), pro to-on co ge ne lo ca li zed to
chro mo so me 10q11.2, com pri ses 21 exons, which
en co des tyro si ne ki na se re cep tor ex pres sed ma inly
in tu mors of ne u ral crest ori gin: me dul lary thyro -
id car ci no ma, nor mal thyro id tis su e, thyro id ade-
no ma and pa pil lary and fol li cu lar thyro id cell
ne op la si as de ri va ti ves and tu mors of ne u ral crest
ori gin.2

RET pro to-on co ge ne mu ta ti ons are res pon sib -
le for the ge ne sis of PTC. A va ri ab le pro por ti on of
spo ra dic and ra di a ti on-as so ci a ted PTCs ha ve be en
lin ked to trans lo ca ti ons in vol ving the 3’ half of
RET, which con ta ins the tyro si ne ki na se (TK) and
the 5’ end of se ve ral ge nes. Chi me ric RET on co ge -
nes are for med from the jux ta po si ti on of the ge no -
mic re gi on co ding for the tyro si ne ki na se do ma in of
RET with the 5’-pro mo ter re gi ons of a va ri ety of
un re la ted ge nes. RET/PTC disp lay a li gand in de -
pen dent cons ti tu ti ve thyro si ne ki na se ac ti vity and
uni formly ex pres sed in PTCs that are not de ri ved
from the ne u ral crest, and with in cre a sed fre qu -
ency in ra di a ti on-as so ci a ted can cers af ter the Cher-
nobyl nuc le ar ac ci dent. Ho we ver, the fre qu ency of
RET re ar ren ge ments ha ve al so be en re por ted in
can cers af ter ex po su re to ex ter nal ra di a ti on for be-
nign and ma lig nant con di ti ons.2

The pre sent study ai med to de ter mi ne the fre-
qu ency of mu ta ti on of the RET pro to-on co ge ne in
Tur kish PTC pa ti ents and nor mal matc hed con-
trols, and it ve ri fi es its cor re la ti on with RET pro to-
on co ge ne mu ta ti ons and/or with the cli ni cal
fe a tu res of PTC pa ti ents, and com pa re the fre qu -
ency of the exon 10, 11 and 13 poly morp hisms lo-
ca li zed in the RET pro to-on co ge ne in vol ved in the
pat ho ge ne sis of the PTC.

MATERIAL AND METHODS
PA TI ENTS 

Thyro id samp les we re ob ta i ned from An ka ra Dr.
Ab dur rah man Yur tas lan On co logy Edu ca ti on and
Re se arch Hos pi tal, and An ka ra Nu mu ne Edu ca ti -
on and Re se arch Hos pi tal bet we en 2006 and 2008

years. Pe rip he ral blo od samp les we re col lec ted
from 82 PTC pa ti ents and 85 age-gen der matc hed
he althy pe op le. All sub jects sig ned con sent forms.
This study was con duc ted un der ap pro val of the
Hu man In ves ti ga ti on Com mit te e and the Et hics
Com mit te e of Ga zi Uni ver sity.

A tho ro ugh re vi ew of the cli ni cal da ta was car-
ri ed out ac cor ding to the ca se his to ri es and no ne of
the pa ti ents had a his tory of ra di a ti on ex po su re be-
fo re sur gery. The di ag no sis and his to lo gi cal clas si -
fi ca ti on of the tu mors we re per for med ac cor ding
to the stan dards of the World He alth Or ga ni za ti on
(WHO).3

All pa ti ents re ce i ved an ul tra so und scan of the
thyro id and neck (le vel I– VI), a chest X-ray, and
thyro id func ti on tests (inc lu ding se rum le vels of
fre e thyro xi ne, fre e tri i o doth yro ni ne, thyrot ro pin,
thyro id pe ro xi da se an ti body, thyrog lo bu lin an ti -
body and thyrog lo bu lin) be fo re sur gery. Fi ne ne e-
d le as pi ra ti on (FNA) was per for med on all the
thyro id can cer pa ti ents. To tal thyro i dec tomy was
per for med ro u ti nely. In all, 24 pa ti ents with sus pi -
ci o us lympha de no pathy iden ti fi ed with ul tra so und
(US) and/or FNA was de fi ned as cli ni cal N1b (la te -
ral neck lymph no de in vol ve ment) and un der went
le vel II –V neck dis sec ti on. Io di ne-131(RA I) ab la -
ti on and tre at ment was plan ned to all pa ti ents and
ad mi nis te red to 19 pa ti ents pri or to this study. All
pa ti ents re ce i ved li fe-long TSH-sup pres si ve thyro -
id hor mo ne rep la ce ment. Af ter be ing eva lu a ted by
pat ho lo gists fol lo wing sur gery, 24 pa ti ents we re
iden ti fi ed as pat ho lo gi cal N1b, res pec ti vely. 

GE NO MIC DNA ISO LA TI ON 

Ge no mic DNA was iso la ted from pe rip he ral blo od
le u kocy tes using phe nol-chlo ro form ex trac ti on,
and was pre ci pi ta ted with et ha nol and dis sol ved in
Tris- Eth yle ne di a mi ne tet ra a ce tic acid (TE) buf fer.
Next, 25 ml of Red Blo od Cell (RBC) lyses buf fer
was ad ded to 9 ml of blo od samp le and sha ken gen-
tly. The mix tu re was in cu ba ted on ice for 20 min
and cen tri fu ga ted at 4000 rpm for 20 min at 4 ºC.
The su per na tant was re mo ved and 25 ml of RBC
lyses buf fer was ad ded, then this pro cess was re pe -
a ted un til all the red cells we re re mo ved. 20 µg/ml
of pro te i na se K, 10% So di um-do decyl-sul fa te (SDS)
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(fi nal con cen tra ti on 0.5%) and 2.5 vo lu me so di um
chlo ri de tris eth yle ne di a mi ne tet ra a ce tic acid (STE)
we re ad ded and in cu ba ted over night at 56 °C in a
wa ter bath. Af ter wards, 1:1 phe nol-chlo ro form-
iso amyl al co hol (25:24:1) was ad ded and sha ken for
10 min. The mix tu re was then in cu ba ted on ice for
20 min and cen tri fu ga ted at 4000 rpm for 20 min at
4 ºC. The up per pha se was trans fer red in to a new
tu be, 1:10 vo lu me of 2M so di um ace ta te (pH 5.2)
and 95% et ha nol (2 -fold the to tal vo lu me) was ad -
ded and sha ken gently un til the DNA was pre ci pi -
ta ted, which was then in cu ba ted over night at -20
ºC. DNA was cen tri fu ga ted at 4000 rpm for 20 min
at 4 ºC and the su per na tant was re mo ved. DNA was
was hed in 500 µl of 70% et ha nol and dis sol ved in
0.5-1 ml of TE buf fer over night in a 37 °C wa ter
bath.4

POLY ME RA SE CHAIN RE AC TI ON AMP LI FICA TI ON AND
SE QU EN CING

Temp la te DNA (0.5-1.0 µg) was used in a Poly me -
ra se Cha in Re ac ti on (PCR) un der ste ri le con di ti -
ons. The pri mers for exons 10, 11 and 13 are gi ven
in Tab le 1.5 Poly me ra se Cha in Re ac ti on amp li fi ca -
ti on was per for med in a re ac ti on vo lu me of 50 µl
that con ta i ned 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 160 mM dNTP’s, 0.1 µM of each pri mer, 0.1 U
of Taq poly me ra se, 60 ng of DNA and 2 mM MgCl2.
Amp li fi ca ti on was per for med for ini ti al de na tu ra -
ti on at 95 0C for 10 min, fol lo wed by 40 cycles (de-
na tu ra ti on at 95 0C for 30 s, an ne a ling at the
op ti mi zed tem pe ra tu re for 30 s, elon ga ti on at 72 0C
for 1 min), and fi nal elon ga ti on at 72 0C for 10 min
in a Bi o met ra ther mocy cler (Go et tin gen, Ger-

many). Af ter amp li fi ca ti on, PCR pro ducts we re an-
aly zed with 1.5% aga ro se tris-ace ta te-ED TA gel
elec trop ho re sis.6 The gel was sta i ned with et hi di um
bro mi de and analy zed un der UV light. A ne ga ti ve
con trol was inc lu ded in each amp li fi ca ti on analy sis
and 373 bp, 561 bp, 346 bp amp li fi ca ti on pro duct
bands we re iden ti fi ed for exon 10, 11 and 13, res -
pec ti vely (Fi gu re 1). The pu ri fi ed PCR pro ducts
we re di rectly se qu en ced using an au to ma ted sys-
tem by Mac ro ge ne (Ko re a). 

STA TIS TI CAL ANALY SIS 

The chi-squ a re test, Fis her’s exact test, and the in-
de pen dent test we re used to com pa re the cha rac te -
ris tics of the RET mu ta ti ons po si ti ve and ne ga ti ve
gro ups. Mul ti va ri a te analy sis was per for med with
lo gis tic reg res si on analy sis. A P va lu e ≤ 0.05 was
con si de red sig ni fi cant.

RESULTS
“CLI NI CO PAT HO LO GI CAL CHA RAC TE RIS TIC S” 

Cli ni co pat ho lo gi cal cha rac te ris tics of the pa ti ents
were sum ma ri zed in Tab le 1. The me an ages we re
41.6 ye ars for the con trols (58 Fe ma le / 27 Ma le).
The re is sta tis ti cally sig ni fi cant dif fe ren ce (p=0.025)
in dis tri bu ti on of the RET mu ta ti ons among PTC
pa ti ents and con trols (pa ti ents: 43.9%, con trols:
27.1%) (Tab le 2).

Pa pil lary thyro id car ci no ma was con fir med by
pat ho lo gic exa mi na ti on in 82 pa ti ents (11 ma le and
71 fe ma le). Ave ra ge age of the pa ti ents was 46 ye -
ars (ran ge: 16-79 ye ars). Ave ra ge tu mor si ze was
2.03 (ran ge: 0.2-6 cm). Tu mors ≤1cm, 1-4cm and
≥4 cm we re fo und in 17, 58 and se ven of the pa ti -
ents, res pec ti vely (20.7%, 70.7%, and 8.6%). Mul-
tip le le si ons we re se en in se ven pa ti ents. Clas si cal
pa pil lary thyro id car ci no ma was di ag no sed in 
52 pa ti ents (63.4%), whe re as fol li cu lar and mic ro -
pa pil lary va ri ants we re iden ti fi ed in 13, and 17 pa-
ti ents, res pec ti vely. Ex ten si on to the ex trath yro i dal
soft tis su es was no ted in 18 pa ti ents (21.9%).
Among the 24 pa ti ents that un der went lymph no -
de dis sec ti on, 21 (87.5%) had cer vi cal lymph no de
me tas ta sis. Dis tant me tas ta sis inc lu ding two bo ne
me tas ta sis and thre e lung me tas ta sis we re ob ser ved
in fi ve pa ti ents. Re cur ren ce de ve lo ped in the lungs

Patients Characteristics (n=82) Values

Mean age 46.56 years ± 13.42

Gender 11 male (13 %) / 71 female (87 %)

Radiation History None

Familial Thyroid Cancer History None

Prior Radioactive Iodine (RAI) therapy 19 patients ( 23 %)

Mean tumor diameter (cm) 0.99 cm ± 1.16

Classical  Papillary 52 patients (63 %)

Micropapillary 17 patients (21 %)

Follicular variant 13 patients (16 %)

TABLE 1: Clinicopathologic characteristics of 
the patients.
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and cer vi cal lymph no des in two pa ti ents du ring a
me an fol low-up of 36 months. No ne of the pa ti ents
di ed du ring the fol low-up pe ri od.

PRE VA LEN CE OF RET MU TA TION IN 
THYROID CAN CER PA TI ENTS

Cli ni cal fe a tu res, pat ho lo gic fin dings, and mu ta ti -
o nal analy sis re sults for all the pa ti ents are shown
in Tab le 1. In to tal, 82 PTC pa ti ents we re scre e ned
for mu ta ti ons in exon 10, 11, and 13 using PCR
pri mers (Tab le 3, Fi gu re 1) and se qu en ce analy sis.
Mu ta ti on was se en in 13 of the pa ti ents and 26 pa-
ti ents had SNP (Tab le 4). In all, 12 dif fe rent mu ta -
ti ons we re lo ca ted in exon 11 and thre e dif fe rent
mu ta ti ons we re in exon 13. Mo le cu lar analy sis re-
ve a led pro bab le mu ta ti ons in exon 11 of the RET
ge ne at co dons 630, 632, 633, 634, 635, 637, 659,
662, 697, 701, 702, and 703. Among the pa ti ents,
11(13.41%) had mu ta ti on in exon 11. Ad di ti o nally,
mu ta ti ons in exon 13 at co dons 765, 770, and 795
we re no ted; thre e (3.65%) of the pa ti ents had mu-
ta ti on in exon 13. The re fol lo wing dif fe rent ami no
acid subs ti tu ti ons we re ob ser ved: Gly was rep la -
ced by Lys; Asn was rep la ced by Lys; Cys was rep -
la ced by Tyr; Lys was rep la ced by Ser; Cys was
rep la ced by Ser; Ser was rep la ced by Arg; Ser was
rep la ced by Cys; Arg was rep la ced by  Glu; Cys was
rep la ced by  His; Asp was rep la ced by  Thr; Glu
was rep la ced by  Ser; Le u was rep la ced by Trp; Cys
was rep la ced by  Trp; Arg was rep la ced by  Ser;
Arg was rep la ced by  Ser. In all, 31 of the pa ti ents
had SNP (37.80%), which was ob ser ved at co dons
630 (6.09%), 691 (3.65%) and 702 (2.43%) in exon
11 and at co dons 769 (26.82%) and 763 (1.21%) in
exon 13 (Figure 2).

The most fre qu ently ob ser ved SNP in the PTC
pa ti ents in vol ved co don 769 (exon 13) (n=22,
26.89%) in the tyro si ne ki na se do ma in. The most

Groups RET mutation (+) RET mutation (-) P values 

PTC  (n: 82) 36 (43.9%) 46  (56.1%)
0.025

Control  (n: 85) 23  (27,1%) 62  (72,9%)

TABLE 2: Distribution of the RET mutation in the PTC
patients and controls. 

FIGURE 1: Polymerase Chain Reaction products of  RET proto-oncogene
exon 10 ( a: Lines 1-7), exon 11 (b: Lines 1-7) and exon 13 (c: Lines 1-7).
M.:100 bp DNA ladder marker (Sigma-Aldrich, USA).

M 1 2 3 4 5 6 7

a)

M 1 2 3 4 5 6 7

b)

M 1 2 3 4 5 6 7

c)
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com mon mu ta ti on se en in the pa ti ents in vol ves co -
don 630 (n=5, 6.09 %) in the ex tra cel lu lar RET do-
ma in en co ded by exon 11; less fre qu ently, mu ta ti on
oc cur red at co dons 765, 770, and 795 (exon 13) in
the tyro si ne ki na se do ma in. A do ub le mu ta ti on was
ob ser ved in six pa ti ents and a trip le mu ta ti on was
ob ser ved in only one PTC pa ti ent with lung me tas-
ta sis.

In con tol gro up con sist of 85 pe op le, 58 of
who se are fe ma le and 27 of who se are ma le. Mu ta -
ti ons we re ob ser ved in 23 pe op le, 17 of them are
fe ma le and 6 of them are ma le, of 85 con trol gro up.
Thre e mu ta ti ons for ma le con trol gro up we re both
in exon 11 and in exon 13. Among fe ma le con trol
gro up, six mu ta ti ons we re in exon 11,  eight mu ta -
ti ons we re exon 13 and thre e pe op le had mu ta ti -
ons in both exons. 

COR RE LA TI ON WITH CLI NI CO PAT HO LO GICAL FE A TU RES
AND CON TROLS

The de mog rap hics and ot her cli ni co pat ho lo gi cal
fe a tu res of the pa pil lary car ci no mas with spe ci fic
mu ta ti ons are sum ma ri zed (Tab le 1). Tu mors with
PTC mu ta ti on we re as so ci a ted with pa ti ent age (P<
0.05). The re was gen der pre pon de ran ce in tu mors
with PTC mu ta ti on gro ups and ove rall in all pa pil -
lary car ci no mas (Tab le 4). The re was no cor re la ti -
on bet we en PTC mu ta ti on and non-mu ta ti on
gro ups in tu mor si ze and cap su lar in va si on (P >
0.05). Sig ni fi cant cor re la ti on was not fo und in pa-
ti ents with lymph no de me tas ta ses and PTC mu ta -
ti on gro ups (p≥0.05).  

DISCUSSION
Thyro id tu mors are the most fre qu ently se en ma-
lig nan ci es of the en doc ri ne system. Pa pil lary thy-

ro id car ci no ma (PTC) is the most com mon thyro id
ma lig nancy. Pre va lent mu ta ti ons in pa pil lary thro -
id car si no mas are po int mu ta ti ons of BRAF, RAS
and RET/PTC re ar ran ge ment.7 Se ve ral re cent stu -
di es on the mo le cu lar cha rac te ri za ti on of PTC ha -
ve be en pub lis hed.8-11 RET en co des a re cep tor
tyro si ne ki na ses ex pres sed pri ma rily on ne u ral
crest-de ri ved and uro ge ni tal cells.12 It is re qu i red
for ma tu ra ti on of se ve ral cell li ne a ges of the pe rip -
he ral ner vo us system, kid ney morp ho ge ne sis, and

Prognostic factor RET mutation (+) RET mutation (-) P values

Gender 

male 7 4 P= 0,199

female 29 42

Age 

< 45 years 22 31 P= 0.001

≥45 years 14 15

Tumor size

< 4 cm 33 42 P= 1.000

≥4 cm 3 4

Lymph node metastasis

Positive 13 8 P= 0,075

Negative 23 38

Capsular  invasion

Present 6 12 P= 0.294

Absent 30 34

Bone metastasis

Present 1 1 P= 1.000

Absent 35 45

Lung metastasis

Present 2 1 P= 0.579

Absent 34 45

TABLE 4: The relation of prognostic factors and 
RET mutation.

E PCR Amplification PCR Product A T MgCl2
10 10F:5’GGGCCTATGCTTGCGACACCA3’

10R:5’CCAGAGGGAGGGAGGGAAGTTT3’ 373 bp 610C 2,0 mM

11 11F:5’GGTCTAGGAGGGGGCAGTAAATGG3’

11R:5’CAGCGTTGGCAGCCCCTCACAG3’ 561 bp 630C 1,5 mM

13 13F:5’AGAAGCCTCAAGCAGCATCGTC3’

13R:5’AGGAGCAGTAGGGAAAGGGAGAAA3’ 346 bp 610C 1,5 mM

TABLE 3: Primers and PCR conditions for amplification of exon 10, 11 and 13.4

E: Exon; AT: Annealing  Temperature
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sper ma to ge ne sis.13 RET is mu ta ted by dif fe rent
mec ha nisms in dif fe rent types of thyro id car ci no -
ma. RET re ar ran ge ment was dis co ve red in pa pil -
lary thyro id car ci no ma and it is an im por tant
pat ho ge nic event in this can cer. Ac ti va ting germ-
li ne mu ta ti ons of RET ca u ses mul tip le en doc ri ne
ne op la si a type 2 (MEN 2), an in he ri ted can cer syn-
dro me cha rac te ri zed by me dul lary thyro id car ci -
no ma (MTC), phe oc hro mocy to ma (Phe o), and
pa rath yro id ade no mas.14

Ga in-of-func ti on al te ra ti ons wit hin the RET
pro to-on co ge ne are res pon sib le for the de ve lop -
ment of me dul lary, as well as PTC, ma king it a can-
di da te for the de sign of tar ge ted the ra pi es.15

Iden ti fi ca ti on of the mu ta ti ons in the RET pro to-
on co ge ne may aid the cli ni cal di ag no sis of per son
with thyro id car ci no ma syndro mes. In the pre sent
study, mu ta ti ons we re ob ser ved in 13 (15.85%) of
all thyro id car ci no ma pa ti ents. The re we re al so
mu ta ti ons in exon 11 than in exon 13.  The af fec ti -
ve re gi on was co don 630-703 in exon 11, and co don
765 and 795 in exon 13.

Spe ci fic mu ta ti ons in dif fe rent co dons might
inf lu en ce the phe noty pic ex pres si on. The   mu ta -
ti on in co don 634 subs ti tu ti on of cyste i ne for ar gi -
ni ne is sig ni fi cantly pre dic ti ve of the de ve lop ment
of phe oc hro mocy to ma and pa rath yro id di se a se.16,17

A germ li ne mu ta ti on in RET was ob ser ved in 4%
of ap pa rently spo ra dic MTC pa ti ents, in 100% of

pa ti ents with MTC and phe oc hro mocy to ma, or
MTC and cli ni cal fe a tu res of mul tip le en doc ri ne
ne op la si a type 2B, and in 100% of pro bands of cli -
ni cally es tab lis hed kin dreds. The most af fec ted co -
don was 634 (58%) fol lo wed by co don 804 (16%).18

Da ta from ot her stu di es16-25 show that the most fre-
qu ent mu ta ti ons are in exon 11 at co don 634
(47.8%), mostly the rep la ce ment Cys634Arg. Dif-
fe ren ces in the fre qu ency of spe ci fic RET mu ta ti -
ons in thyro id car ci no ma phe noty pes ha ve be en
re por ted in se ri es from dif fe rent co un tri es, sug ges -
ting that the oc cur ren ce of the se mu ta ti ons may
be inf lu en ced by ge ne tic back gro und.5,8 No net he -
less, in the pre sent study fi ve of the 82 PTC pa ti -
ents had Cys630Ser (TGC→AGC, 6.09%) which is
the most com mon mu ta ti on at co don 630 in exon
11. In ad di ti on, Cys630Ser mu ta ti on is as so ci a ted
with MTC; ho we ver,  our ge ne tic tes ting di ag no -
sed it in fi ve pa ti ents with PTC. The re fo re, the re-
la ti ons hip bet we en Cys630Ser va ri a ti on and
de ve lop ment of PTC sho uld be exp lo red in gre a -
ter de ta il.

Furt her mo re, se ve ral poly morp hisms in the
co ding re gi on of the RET pro to-on co ge ne ha ve be -
en des cri bed. The most fre qu ent poly morp hisms
we re re por ted by Mul li gan et al.,16 Cecc he ri ni et
al.,26 and Sáez et al.,27 and inc lu de tho se at co dons
45, 125, 432, 691, 769, 836, and 904. All of the in-
ves ti ga ted poly morp hisms we re si lent mu ta ti ons,

FIGURE 2: Sequence analysis of RET gene in PTC patient. The circular indicate the position of mutation. A T to G transition at codon 769  in exon 13 was exchanged from
CTT to CTG, resulting in a silent mutation.
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ex cept co don 691 poly morp hism, which re sul ted
in the glyci ne be ing rep la ced by se ri ne ami no acid.
The co don 691 poly morp hism was no ted in two
(GGT/AGT) of the 82 PTC pa ti ents. 

Er do gan et al. stu di ed RET pro to-on co ge ne
mu ta ti ons in Tur kish fa mi li es with  mul tip le en-
doc ri ne ne op la si a. They re por ted RET mu ta ti ons of
the se di se a ses in Tur kish fa mi li es we re si mi lar to
tho se re por ted from ot her po pu la ti ons.28 Gur soy et
al. iden ti fi ed se ve ral sing le nuc le o ti de poly morp -
hisms (SNP) of the RET ge ne in me dul lary thyro id
car ci no ma (MTC) pa ti ents.29 Er do ğan et al. stu di ed
exon 10, 11, 13, 14, 15 and 16 of the ret ge ne in
fifty-six MTC pa ti ents.  They fo und mu ta ti ons at
co don 634 in exon 11, one at co don 618 in exon
10.30 In pre sent study we had the sa me mu ta ti on in

exon 11, but we ob ser ved no mu ta ti ons in exon 10.
In the exon 13 re gi on of the RET pro to-on co ge ne
we ob ser ved that the se pos sib le mu ta ti ons we re ex-
pres sed as an al te ra ti on in the form of TCC (se ri ne)
rep la ce ment with TGC (sis te in) at co don 765, CGA
(ar gi ni ne) rep la ce ment with CA A (glu ta mic acid)
at co don 770. The ot her mu ta ti on in exon 13 was at
co don 770, Arg was rep la ced with Glu. The lar ge
num ber of PTC pa ti ents with SNP at co don 769 in
exon 13 (n=22) was an in te res ting fin ding that sho -
uld be exp lo red furt her.
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