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Introduction

Medullary Thyroid Carcinoma arises from para
follicular C-cells and may occur in sporadic 05% of
cases) or hereditary (Z5% of cases) forms l

. The
hereditary forms of MTC occur either isolated as
Familial MTC (FMTC) or as part of an inherited cancer
syndrome called multiple endocrine neoplasia type Z
(MENZ). This syndrome, transmitted in an autosomal
dominant fashion, is characterized by MTC,
pheochromocytoma and parathyroid hyperplasia
(MENZA, 95% of MENZ cases) or MTC,
pheochromocytoma, mucosal neuromas,
ganglioneuromatosis of the gut and a Marfanoid habitus
(MENZE, 5% of MENZ cases) '.

The gene responsible for these tumors is the RET proto
oncogene 3. " coding for a tyrosine kinase receptor

expressed in neural crest-derived cells5• This single
pass transmembrane protein contains four cadherin-like
repeats, one calcium-binding site and one cysteine rich
domain in its extracellular portion. The intracellular
protion of this protein consists of a typical tyrosine
kinase domain. Upon ligand binding, RET dimerization
is induced and mutual transphosphorylation of tyrosine
residues occurs. Phosphotyrosines then propagate the
signal by recruiting intracellular proteins that carry SHZ
and phosphotyrosine binding domains 6.

Approximately 9Z% of hereditary MTC cases are related
to germline missense mutations of the RET proto
oncogene. The mutations found in 97% of MENZA and
86% of FMTC families are clustered together as they
affect one of four cysteine codons [609, 611, 618, 6Z0]
in exon 10 and one cysteine codon [634] in exon 11 of
the extracellular cysteine-rich domain of RET8. These
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mutations induce constitutive catalytic activity due to
the aberrant disulfide homodimerization of RET6.
Germline mutations also occur in the intracellular
domain of RET in FMTC: in exon 13 (codons 768, 790
and 791), exon 14 (codon 804 and 844) and exon 15
(codon 891). On the other hand, in 2.5-7% of
apparently sporadic MTCs, a germline RET mutation is
found 9.

Genetic testing for germline mutations in the RET
proto-oncogene is now available and the early
identification of individuals who carry RET mutations
and, hence are susceptible to develop MTC later in life,
is possible. This genetic test is especially useful for the
first-degree relatives of MTC patients. If the unaffected
family members bear no RET mutation, they can be
assured and further clinical and biochemical
investigation for MTC can be safely abandoned. Thus,
prophylactic thyroidectomy should be advised merely
for those family members who carry a RET mutation 10.

The following strategy has been proposed for mutation
detection analysis in a MTC patient: Initially, the
mutation analysis must focus on exon 11 (codon 634)
and if no mutation was detected, exons 10 (codons 609,
611, 618 and 620), 16 (codon 918), and 13-15 must be
considered in order for further analysis 11.

A few germline RET proto-oncogene mutational
analysis studies have been reported in recent years
from Asian countries 12-14. In Iran, the DNA analysis of
MTC patients and their family members is not routinely
advised and the genetic background of Iranian MTC
patients has not been reported previously. The current
study aimed to assess the existence and prevalence of
common germline RET mutations in exons 10 and 11
among Iranian MTC patients.

Materials and Methods

Patients: The study population included 57 index (non
related) MTC patients who had been operated in
different university hospitals and institutions of Tehran.
The diagnosis of MTC had been confirmed by
histopathologic proofs. The patients were invited to
participate in the study and the volunteer patients were
included in the survey after obtaining an informed
consent. The familial forms of disease were categorized
as MEN2A, MEN2B and FMTC according to clinical,
biochemical and/or histopathologic evidences. The
remaining MTC cases were assigned as the apparently
sporadic MTC group. After germline RET mutation
analysis, the first-degree relatives of MTC patients with
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positive mutations were also examined for RET
mutations.

Mutation analysis: DNA was extracted from peripheral
blood samples according to a standard salting-out
technique15 mainly in the molecular genetic laboratory
of the Endocrine Research Center, Shaheed Beheshti
University of Medical Sciences. For amplification of the
DNA segment containing RET exon 10, the following
primers were used: (lOF
5'GCGCCCCAGGAGGCTGATGC3') and (lOR
5'CGTGGTGGTCCCGGCCGCC3') 16. The RET exon 11
was amplified using following primers: (llAF
5'CCTCTGCGGTGCCAAGCCTC3') and (lIAR
5'CACCGGAAGAGGAGTAGCTG3')16. Amplification
was carried out in a volume of 50 pi containing 2.5 pi
DNA-containing cell extract, 0.2 mmol/I of each dNTP
(Boehringer Mannheim Co.), 0.5 pmol/I of each exon
10 primers and 0.25 pmol/I of each exon 11 prirper
(TIE MOLBIOL Synthesalabor Co.), and 0.2 U Taq
polymerase' (Boehringer Mannheim Co.). For exon 10,
40 cycles were performed in an automatic thermocycler
(Omnigene & Hybaid Co.) under the following
conditions: denaturation at 94°C for 45 s, annealing at
66.5°C for 45 s and extension at noc for another 45 s.
For exon 11, 28 cycles were performed under similar
conditions except that the temperature of annealing
phase was 68°C. The PCR products were then
precipitated by ethanol 17.

The amplified PCR products were digested by each of
Taq I, BstU I, Mba II, Rsa I , Nla IV (England Biolabs)
and Cfo I (Roehe Molecular Biochemicals) restricting
enzymes for exon 10 and by each of Cfo I, Rsa I, Hae
III and Dda I restricting enzymes for exon 11, according
to the manufacturer's instructions. Table I demonstrates
the RFLP patterns created by these restricting enzymes
in presence and absence of each RET exon 10 or 11
mutation. The digested samples were separated by
electrophoresis through a 10% non-denaturing
polyacrylamide gel electrophoresis and detected by UV
illumination after ethidium bromide staining.

Results

Altogether, 57 patients were included in this survey.
The mean age of MTC patients was 40.0 years with a
standard deviation of 11.5 years. The overall female-ta
male ratio was 1.2:1. Among these 57 MTC patients,
there were 1 case of MEN2A, 1 case of MEN2B and 2
cases of FMTC. The remaining 53 cases were diagnosed
as apparently sporadic MTC. In the MEN2A patient, the
Cfo I cleavage of exon 11 PCR product demonstrated a
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C634W mutation. As demonstrated in Fig. 1, the
c634w mutated allele was cut into 170 and 64 bp
fragments by Cfo I restriction enzyme. Among
apparently sporadic MTC patients, one patient showed
a C620R mutation in exon 10 (in BstU I cleavage of
exon 10 PCR product) and two other patients displayed
C624Y mutations in exon 11 of RET proto-oncogene (in
Rsa I cleavage of exon 11 PCR product). None of
MEN2B or FMTC patients was found to carry germline
mutations in exons 10 and 11 of RET proto-oncogene.

The MEN2A patient with a germline C634W mutation in
exon 11 was a 65-year old man. He was known to
have MEN2A since 21 years ago. In his family, there
were multiple cases of MTC. While his brother was
free of MTC, his sister had died when she was 50-years
old with MTC and pheochromocytoma. Among his two

sons and seven daughters, one son (39-year old) and
two daughters (36- and 46-year old) had MTC and
pheochromocytoma. Another daughter (28-year old)
had MTC without pheochromocytoma. The germline
DNA analysis of children showed the same mutation in
all affected cases, but the similar mutation was not
found in those without any clinical manifestations. The
family of 39-year old son was investigated for C634W
mutation in exon 11 of RET and his 12-year old son was
found to carry the same mutation (his nine year old son
and 4-year old daughter did not carry that mutation).

The sporadic MTC patients with exon 10 or 11 RET
proto-oncogene mutations were also investigated
regarding similar RET mutations in their first-degree
relatives. None of those analyzed carried mutations
detected in related MTC patients.

Table I: RET proto-oncogene mutations in exons 10 and 11 and panel of restriction enzymes used for
investigating these mutations

RET mutation Exon Base pair Restriction Fragment sizes (bp)
change enzyme
Normal Uncut Normal allele Mutant allele
(Mutant)

C611W 10 TGC
(TGG) Nla IV 187 78,72,28,9 65+13,72,28,9

C618Y 10 TGC
(TAC) Rsa I 187 187 131+56

C618R 10 TGC
(CGC) Cfo I 187 184,3 129+55,3

C618F 10 TGC
(TIC) Mbo II 187 158,29 124+34,29

C6185 10 TGC
(AGC) Mbo II 187 158,29 139+19,29

C620R 10 TGC
(CGC) BstU I 187 187 138+49

C620F 10 TGC
(TIC) Taq I 187 187 138+49

C634R 11 TGC
(CGe) Cfo I 234 234 173+61

C634Y 11 TGC
(TAC) Rsa I 234 234 174+60

C634G 11 TGC
(GGC) Hae III 234 194,30,10 133+61,30,10

C634W 11 TGC
(TGG) Cfo I 234 234 170+64

C6345 11 TGC
(AGC) Ddel 234 170,59,5 113+57,59,5
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Fig 1: Represenfative analysis of a common exon 11 mutation in ,RET gene (C~~4W1; While the normal allele is
characterized by a single 234 bp fragment after treatment with Cfo I restriction enzyme, the mutated C634W
allele is cut into 170 and 64 bp fragments.

Discussion

Among 57 non-related MTC patients examined in this
study, the only MEN2A patient and three apparently
sporadic MTC patients had mutations in exon 10 or 11
of RET proto-oncogene. Neither MEN2B nor FMTC
patients carried exon 10 or 11 RET mutations. It has
been reported that mutations found in 97% of MEN2A
affect either one offour cysteine codons [609, 611, 618,
620] in exon 10 or one cysteine codon [634] in exon 11
of the extracellular cysteine-rich domain of RET8. In
this study, the MEN2A patient showed the common
C634W mutation in exon 11 of RET and the same
mutation was found in his son, three ofhis daughters
and his 12-year old grandson. It is well known that
persons with this mutation are at high risk of MT08.
Therefore, prophylactic thyroidectomy was highly
recommended for the 12-year old grandson of the
MEN2A patient.

MEN2B syndrome is most associated with RET
mutations in the intracellular tyrosine kinase domain4

•

It has been reported that a single missense mutation, in
codon 918 in exon 16, is observed in 95% of patients
with MEN2B 19. As expected, the only MEN2B patient
of the present study showed no RET mutation in exons
10 and 11. If the exon 16 would be screened for
mutations, our chance to find mutation would have
been high. It is widely believed that most (86%) FMTC
families demonstrate mutations in either one of four
cysteine codons [609, 611, 618, 620] in exon 10 or one
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cysteine codon [634] in exon 11 of the extracellular
cysteine-rich domain of RET8

• However, germline
mutations may also occur in the intracellular domain of
RET in FMTC in exons 13, 14 and 15. On the other
hand, a more recent study of a large series of FMTC
patients, including 148 patients from 47 families,
indicated that non-cysteine RET mutations were not
infrequent in FMTC patients and its prevalence could
be around 60% of FMTC families 20. Neither exon 10
nor exon 11 mutations were found in our 2 FMTC
patients. If we had extended the RET mutation analysis
to exons other than 10 and 11, we might be able to find
responsible RET mutations.

Three of 53 apparently sporadic MTC patients (5.7%)
were found to carry RET exon 10 or 11 mutations. This
prevalence rate is within the range (2.5-7%) reported
for overall germline RET mutations in such patients 9.

Apparently sporadic MTC patients may carry low
penetrance RET mutations in exons 13-15 11. If we had
examined RET mutations in exons 13-15, the rate of
germline RET mutations might be higher than 5.7%.
Therefore, the mutational analysis of RET proto
oncogene is highly recommended for Iranian
apparently sporadic MTC patients. The information
obtained by such analyses can help the clinician
discriminate between truly sporadic and hereditary
forms of MTC, to provide a more accurate risk
assessment for first-degree relatives and to make his
prophylactic interventions limited to those who are at
prominent risk of MTC.
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Clearly, the fact that no RET mutations were found in
exons 10 and 11 among FMTC and MEN2B patients and
50 of apparently sporadic MTC patients does not rule
out the possibility of RET mutations in other exons.
So, the next part of our study is to extend the RET
mutation analysis to other relevant exons (exons 13, 14,
15 and 16) and also use other screening methods like
Single Strand Conformation Polymorphism (SSCP),
Denaturing Gradient Gel Electrophoresis (DGGE), and
denaturing High Performance Liquid Chromatography
(dHPLC). Direct sequencing analysis will also be
performed to find unknown RET mutations.

Conclusion

This study is the first report of the genetic background
of Iranian MTC patients. Using the PCR-RFLP technique
on 57 non-related Iranian MTC patients, it was
demonstrated that the prevalence of germline RET

1. Marsh D], Learoyd DL, Robinson BG. Medullary thyroid
carcinoma: recent advances and management updates.
Thyroid 1995; 5: 407-24.

2. Thakker RV. Multiple endocrine neoplasia-syndromes of
the twentieth century. ] Clin Endocrinol Metab 1998; 83:
2617-20.

3. Donis-Keller H, Dou S, Chi D et al. Mutations in the RET
proto-oncogene are associated with MEN2A and FMTC.
Hum Mol Genet 1993; 2: 851-6.

4. Hofstra RM, Landsvater RM, Ceccherini I et al. A mutation
in RET proto-oncogene associated with multiple
endocrine neoplasia type 2B and sporadic medullary
thyroid carcinoma. Nature 1994; 367: 375-6.

5. Avantaggiato V, Dathan NA, Grieco M et al.
Developmental expression of the RET proto-oncogene.
Cell Growth Diff 1994; 5: 305-11.

6. Santoro M, Melillo RM, Carlomagno F, Vecchio G, Fusco
A. RET: normal and abnormal functions. Endocrinology
2004; 145: 5448-51.

568

mutations in exons 10 or 11 is prominent among
Iranian apparently sporadic MTC patients. The results
of this study can be taken to suggest that the apparently
sporadic MTC patients should be investigated for likely
RET mutations and in the case of positive result, their
first-degree relatives should be screened for similar
mutations. However, the hereditary forms of MTC
require a more extended investigation for RET
mutations.

Acknowledgements

This study was supported by a research grant from
Endocrine Research Center, Shaheed Beheshti
University of Medical Sciences. We are indebted to
kind collaboration of several endocrinology specialists.
We express our gratitude to the staff of molecular
genetic laboratory at Endocrine Research Center, for
their skillful technical assistance.

7. Eng C, Clayton D, Schuffenecker I et al. The relationship
between specific RET proto-oncogene mutations and
disease phenotype in multiple endocrine neoplasia type
2: International RET Mutation Consortium. ]AMA 1996;
276: 1575-9.

8. Mulligan LM, Eng C, Healey CS et al. Specific mutations
of the RET proto-oncogene are related to disease
phenotype in MEN2A and FMTC. Nature Genet 1994; 6:
70-4.

9. Wohllk N, Cote G], Bugalho MM et al. Relevance of RET
proto-oncogene mutations in sporadic medullary thyroid
carcinoma.] Clin Endocrinol Metab 1996; 81: 3740-5.

10. Lips C], Hoppener ]W, Thijssen ]H. Medullary thyroid
carcinoma: role of genetic testing and calcitonin
measurement. Ann Clin Biochem 2001; 38(Pt 3): 168-79.

11. Puxeddu E, Fagin ]A. Genetic markers in thyroid
neoplasia. Endocrinol Metab Clin North Am 2001; 30:
493-513.

12. Wu SL, Chang TC, Huang CN, Chuang LM, Chang T].
Germline RET proto-oncogene mutations in two

Med J Malaysia Vol 61 No 5 December 2006



Germline RET Mutations in Exons 10 and 11: An Iranian Survey of 57 Medullary Thyroid Carcinoma Cases

Taiwanese families with multiple endocrine neoplasia
type 2A.] Formos Med Assoc 1998; 97: 614-8.

13. Lee MS, Hwang DY, Kim YH et at. Mutations of ret proto
oncogene in 3 Korean families with MEN 2A: clinical use
of new restriction sites for genetic diagnosis. Endocr ]

1998; 45: 555-61.

14. Zirie M, Mohammed I, El-Emadi M, Haider A. Multiple
endocrine neoplasia type II A: report of a family with a
study of three generations in Qatar. Endocr Pract 2001; 7:
19-27.

15. Miller SA, Dykes DD, Polesky HE A simple salting out
procedure for extracting DNA from human nucleated
cells. Nucleic Acids Research 1988; 16: 1215.

16. Wells SA, Chi DD, Toshima K et at. Predictive DNA testing
and prophylactic thyroidectomy in patients at risk for
multiple endocrine neoplasia type 2A. Ann Surg 1994;
220: 237-47.

Med JMalaysia Vol 61 No 5 December 2006

17. Sambrook], Fritsch EF, Maniatis T. Molecular cloning, a
laboratory manual. NewYork: Cold Spring Harbor
Laboratory Press, 1987.

18. Brandi ML, Gagel RF, Angeli A et al. Guidelines for
diagnosis and therapy of MEN type 1 and type 2. ] Clin
Endocrinol Metab 2001; 86: 5658-71.

19. Learoyd DL, Marsh D], Richardson AL, Twigg SM,
Delbridge L, Robinson BG. Genetic testing for familial
cancer. Consequences of RET proto-oncogene mutation
analysis in multiple endocrine neoplasia, type 2. Arch
Surg 1997; 132: 1022-5.

20. Niccoli-Sire P, Murat A, Rohmer V et at. Familial
medullary thyroid carcinoma with noncysteine RET
mutations: phenotype-genotype relationship in a large
series of patients.] Clin Endocrinol Metab 2001; 86: 3746
53.

569




