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BACKGROUND AND OBJECTIVES: Certain diseases such as multiple endocrine neoplasia (MEN) 2A, MEN 2B,
familial and sporadic medullary thyroid carcinoma (MTC) and renal dysgenesis are related to abnormalities of
the RET protein. Our aim was to evaluate the frequency of RET mutation in 10 Saudi families with MEN type 2A
and familial MTC.

DESIGN AND SETTING: A cross-sectional prospective study of patients followed up at King Abdulaziz University
Hospital and King Abdulaziz Medical City, Jeddah, between March 2001 and March 2011.

PATIENTS AND METHODS: Genomic DNA was isolated from peripheral blood leukocytes of all subjects by
standard procedures. Exons 10, 11, 13, 14 and 16 of the RET proto-oncogene were analyzed by single-strand
conformation polymorphism, direct DNA sequencing and/or restriction enzyme analysis.

RESULTS: We screened 79 subjects for the RET mutation. Of which 43 subjects had hereditary MTC were en-
rolled in this study. MEN type 2A was identified in 25 subjects; MTC was diagnosed in all 25 subjects (100%),
pheochromocytoma in 13 subjects (52%) and hyperparathyroidism in 4 subjects (16%). The most frequent geno-
type in patients with MEN 2A syndrome was a codon 618 mutation (46.6%), followed by a codon 634 mutation
(44.2%). Among the 5 families with MEN 2A, 3 had a mutation at codon 634, whereas 2 had a mutation at

codon 618.

CONCLUSION: The most frequent RET proto-oncogene mutation in our series was in codon 618 (exon 10).

edullary thyroid carcinoma (MTC) origi-
Mnares from para-follicular (C) cells or
calcitonin-producing C cells, and it repre-
sents 5-10% of well-differentiated thyroid tumours,
0.4-1.4% of all thyroid nodules, and less than 1% of
thyroid nodules determined by autopsy.' In patients
with familial medullary thyroid carcinoma (FMTC),
only the thyroid gland is affected, whereas in patients
with multiple endocrine neoplasia (MEN) 2A, MTC,
pheochromocytoma and/or primary hyperparathy-
roidism may occur.” In contrast, when patients with
MEN 2B have MTC, they tend to develop pheochro-
mocytoma, ganglioneuromas of the digestive tract,
mucosal neuromas and/or skeletal abnormalities.?
MTC occurs either sporadically or is inherited as part
of the MEN type 2 syndromes (MEN 2A, MEN 2B
and FMTC).*
Approximately 40% to 70% of sporadic cases and
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up to 95% of inherited cases harbour RET proto-on-
cogene mutations.’

The RET proto-oncogene was identified during
analysis of DNA polymorphisms in chromosome 10
in large MEN 2 genealogies in 1986.° The RET pro-
tein, a product of the RET proto-oncogene, is a recep-
tor-type tyrosine kinase of neural crest origin that is
expressed in the endocrine tissue. RET abnormalities
are related to the pathogenesis of several diseases such
as MEN 2A, MEN 2B, familial and sporadic MTC,
congenital aganglionic megacolon, papillary thyroid
cancer and renal dysgenesis. RET is the only gene
known to be associated with MEN 2, and hereditary
mutations of this proto-oncogene have been exten-
sively studied.” The management of MEN 2 by using
DNA sequencing data represents an excellent example
of how molecular DNA diagnosis may improve clini-
cal management.® In the present study, we evaluated
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the frequency of RET mutation in 10 Saudi families
with MEN 2A and FMTC.

PATIENTS AND METHODS
This was a prospective cross-sectional study that aimed
to evaluate the frequency of the RET mutation geno-
type in subjects with MEN 2A or FMTC who were
followed up for thyroid cancer at King Abdulaziz
University Hospital and King Abdulaziz Medical City,
Jeddah, between March 2001 and March 2011. Written
informed consent was obtained from all the participants
prior to their inclusion in the study. Ethical approval
for the study was granted by the Biomedical Ethics
Research Committee of King Abdulaziz University.
Ten unrelated Saudis with germline mutation
of the RET proto-oncogene or MTC diagnosed by
immunohistochemistry were included in the study.
Pheochromocytoma and hyperparathyroidism were de-
tected by extensive testing of all participants and their
relatives who were at risk of developing FMTC. The
medical history of all participants was reviewed, and
physical examination and biochemical measurements
of fasting serum calcium, basal plasma calcitonin lev-
els, plasma parathyroid hormone (1-84), 24-h urinary
excretion of catecholamines and metabolites, and DNA
analysis were performed. Genomic DNA was isolated
from peripheral blood leukocytes by using established
standard techniques. Exons 10, 11, 13, 14, 15 and 16
of the RET proto-oncogene were analyzed by the es-
tablished single-strand conformation polymorphism
technique, direct DNA sequencing and restriction en-
zyme analysis. A mutation was identified in all kindred
patients with documented germline transmission of

MTC.

RET genetic analysis

The RET gene exons 10, 11, 13, 14, 15 and 16 were
analyzed in all subjects by polymerase chain reaction
(PCR) and DNA sequencing following the salting-
out method,” which is an established technique used
at the King Faisal Specialist Hospital and Research
Center, Riyadh, Saudi Arabia. In this technique, 100 ng
of DNA is amplified in a final volume of 25 pL con-
taining 1 umol/L of each oligonucleotide primer, 10
mmol/L Tris-HCI (pH 8.3), 2.5 mmol/L MgCl? and
1 U Taq polymerase (Roche Molecular Systems, Inc.,
Branchburg, NJ). The PCR was started with an initial
denaturation step at 95°C for 1 min, followed by 35
cycles of 1 min each at 65°C, 72°C and 95°C, and com-
pleted for another 5 min at 72°C. The amplified DNA
was analyzed on a 2% agarose gel and purified with the
Qiagen Quickspin kit. The presence of mutation was
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confirmed by direct sequencing of the purified PCR
product by using the signal method in an automated
sequencer according to the manufacturer’s instructions
(dRhodamine Terminator Cycle Sequencing Ready
Reaction Kit, Applied Biosystems Inc., Foster City, CA,
USA).

Classification of MEN 2 as suggested by the interna-
tional consensus on MEN 1

This classification is based on the clinical pictures of af-
fected patients with MEN 2.1

Phenotypic classification of MEN 2

Multiple endocrine neoplasia 2 A (1): Families with
medullary thyroid carcinoma, pheochromocytoma and
hyperparathyroidism phenotypes

Multiple endocrine neoplasia 2A (2): Families with
medullary thyroid carcinoma and pheochromocytoma
phenotypes in at least one at-risk relative.

Multiple endocrine neoplasia 2A (3): Families with
medullary thyroid carcinoma and hyperparathyroidism
phenotypes in at least one at-risk relative.

Multiple endocrine neoplasia 2B: Families with
medullary thyroid carcinoma, associated or not with
pheochromocytoma and muscular/skeletal abnormali-
ties and mucosal neuromas.

Familial medullary thyroid carcinoma: Families with
only medullary thyroid carcinoma phenotype in at least
4 at-risk relatives.

Others: Families with less than 4 relatives with med-
ullary thyroid carcinoma, pheochromocytoma and hy-
perparathyroidism phenotypes. Partially documented
families are included in this group.

The Statistical Package for the Social Sciences
(SPSS Inc., Chicago, IL, USA) was used for statistical

analysis.

RESULTS

A total of 79 subjects from 10 unrelated Saudi fami-
lies were screened for mutations of the RET proto-
oncogene; these study subjects included 34 men and 45
women, (male: female ratio=0.7:1). Forty-three sub-
jects with hereditary MTC who were positive for the
RET proto-oncogene mutation were enrolled in the
study.

Of the study subjects, 30 patients were aged 12-65
years at the time when they underwent total thyroidec-
tomy; 10 patients had undergone surgery for pheochro-
mocytoma, whereas 3 had a history of surgery for hy-
perparathyroidism. Furthermore, 16 of the 43 patients
with hereditary MTC did not have clinical evidence of
disease on molecular screening but were considered to
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be at-risk because of an affected relative.

The diagnosis of MTC, pheochromocytoma and
parathyroid hyperplasia was confirmed by postopera-
tive histopathology. MEN and FMTC were identified
in 5 families each. Amongst the 25 patients identified
with MEN 2A, MTC was diagnosed in all 25 patients
(100%); pheochromocytoma, in 13 patients (52%); and
hyperparathyroidism, in 4 patients (16%). The onset of
MTC in patients with MEN 2A was earlier than in cas-
es with pheochromocytoma and hyperparathyroidism.

‘The most frequent genotype of MEN 2A syndrome
was located in codon 618 mutation (46.6%), followed
by a codon 634 mutation (44.2%) (Figure 1). The
screening of exons 10, 11, 13, 14 and 16 was negative
for RET mutations in one family. Amongst the 5 fami-
lies with MEN 2A, 2 had mutations at codon 618 in
exon 10, whereas 3 had mutations at codon 634 in exon
11. Two families amongst the 4 families with FMTC
had mutations at codon 618 in exon 10; the mutation
was located in codon 634 (exon 11) in one subject and
in codon 611 (exon 10) in another subject (Table 1).

DISCUSSION

Mutations that cause activation of RET have been well
characterized, and several groups have studied the dis-
ease phenotype—genotype relationships. The frequency
of specific RET mutations in MEN 2A phenotypes

11,12

varies between countries,'"'? suggesting that the occur-

rence of these mutations may be influenced by genetic

factors. Recently, the results of a study carried out by
the International RET Mutation Consortium showed
that 86% of MEN 2A families had a mutation at co-
don 634; the resulting amino acid change was most fre-
quently C634R (in 52% of the subjects), followed by
C634Y (in 26% of the subjects). On the other hand, in
families with FMTC, the most frequent mutation was
at codon 634, giving rise solely to the C634Y amino
acid change.”

In our series, the most frequent genotype was the
MEN 2A syndrome with codon 618 mutation in
46.6% of the subjects. This finding is contrary to those
of the International RET mutation Consortium analy-
sis, which showed that the mutation at codon 634 was
found in 86% of all subjects with MEN 2A." In the
current study, the family with FMTC presented the
C634Y mutation, the most prevalent codon 634-spe-
cific mutation associated with this phenotype in the
RET Consortium.

Families with hereditary MTC exhibited a highly

| T=C
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Figure 1. T-to-C substitution (TGC-CGC) in codon 634 (exon 11) in
the RET proto-oncogene, leading to a Cys634Arg mutation.

Table 1. Summary of Patients with MEN Type 2A and familial medullary thyroid carcinoma.

Number of

Family members Mal e??:m o Pathology Exon Mutation p?ﬂ:‘s:/rtz?l %EEEE%?
members
| 8:3 MEN 2A 10 618 6:11 "
1] 2:4 MEN 2A 10 C618 4:6 6
1] 3i5 FMTC 10 C618s 7:8 8
IV 5:7 MEN 2A 1 C634y 7:12 12
\Y 5:3 MEN 2A 1 634 5:8 8
VI 2:8 FMTC 1 634 4:10 10
Vil 1:3 FMTC 10 618 34 4
VI 2:4 MTC Negative Negative 0:6 4
IX 2:4 FMTC 10 C611 4:6 6
X 4:6 MEN 2A 1 634 37 10

Total Number
34:45

Total Number
43:79

Abbreviations: MEN, multiple endocrine neoplasia; MTC, medullary thyroid carcinoma; FMTC, familial medullary thyroid carcinoma
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variable disease presentation and a more aggressive
disease, as demonstrated by more frequent distant me-
tastases at diagnosis. They did not, however, develop
metastasis at an earlier age.'” In contrast, the thyroid
carcinoma genotype appears to have a benign indolent
behaviour, with low potential to spread in some indi-
viduals.'®"” On the basis of these observations, we sug-
gest that there is no need to speed up prophylactic thy-
roidectomy in subjects with a heterozygous mutation in
codon 618,181

Our study had a few limitations in that our sample
size was small. It is possible that there was interference
of other hereditary molecular genotypes when unit
genotype was used in the analysis of individuals who
belonged to the same kindred. However, the high fre-
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quency of mutations in codon 618 in our study subjects
may reflect the different hereditary factors in our study
population compared with others. Detailed informa-
tion of the RET mutation and its clinical implications
remain to be elucidated. Further large multicenter stud-
ies should be conducted in Saudi patients in order to
completely understand the disease mechanisms and to
clarify the process leading to development of the RET
codon 618 mutant genotype in Saudi families with he-
reditary MEN 2A and FMTC.

In conclusion, we reported the frequency of RET
proto-oncogene mutations in a sample of 10 unrelated
Saudi families with hereditary MTC and MEN 2A.
The most frequent RET proto-oncogene mutation was
found to be in codon 618 (exon 10) in our series.
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