
 

www.amaac.org                                                                                                                         Pan Arab Journal of Oncology/Vol. 9/No. 1/March 2016

Original Article 

 

ISSN: 2070-254X 

 

Chikouche Ammar1, 2. 

The sequence variation C515S (TGC/AGC) found in Algerians patients with medullary thyroid cancer. 

Corresponding Author: 
Pr. CHIKOUCHE Ammar 
Universite d\’Alger Faculte des Sciences Medicales - Medicine 
Place Audin Algieres 16000, Algeria 
Email: chikoucheam2002@yahoo.fr 
Tel: +213 (0)5 55 69 68 15   Fax: +213 (0) 21 23 62 62 

Abstract 

Introduction: The medullary thyroid cancer or MTC occurs in 
75% of cases as sporadic form and in 25% as familial form as 
part of the Multiple Endocrine Neoplasia Type 2 (MEN2). 
These MEN2, subdivided into MEN2A, MEN2B and FMTC, 
are containing a MTC, which can be associated with pheochro-
mocytoma and hyperparathyroidism or without other clinical 
signs or isolated. They are rare hereditary diseases, transmitted 
as an autosomal dominant mutations associated with the RET 
proto-oncogene. The genotypic study is based on the detection 
of mutations in the RET gene, at 7 exons, which are most 
frequently affected and it should be explored. We report the 
results of the genotyping study that we have realized in patients 
who have a medullary thyroid cancer or MTC. 
Objectives: Search in patients with medullary thyroid cancer, a 
sequence variation of DNA in the RET gene exons (exons 8, 
10, 11, 13, 14, 15 and 16), by molecular biology techniques. 
Suggest if this sequence variation is a mutation that can 
confirm the diagnosis of MEN2, for ensure at the index case, 
an appropriate medical supervision. Establish genetic testing 
for related to research carriers of the familial sequence 
variation of DNA. 
Materials and methods: Our study included 04 female 
patients with MEN2A or MTC diagnostic and theirs clinically 
heathy relatives. Genomic DNA was extracted from peripheral 
blood leukocytes by the salts method. Molecular analysis have 
concerned the 7 exons of the RET gene (8, 10, 11, 13, 14, 15 
and 16), which may carry a deleterious mutation, and was 
performed by polymerase chain reaction (PCR) and direct 
sequencing (Big Dye Terminator 1-1) on ABI Prism 3130 
(Applied). 
Results: The genetic analysis of the 7 exons of RET gene 
which was performed by PCR / sequencing, did not find any 
known germline mutation in the index cases, but reveals a 

variation of sequence which is C515S (TGC/AGC), located in 
exon 8, in a homozygous form in two patients and in 
heterozygote form in two patients. The study of healthy 
members’ family volunteers showed the same variation as 
heterozygous or homozygous. 
Conclusion: After these results, we estimate that, this C515S 
variation of DNA sequence is a rare variant non pathogenic 
and cannot be considered as a mutation causing the MEN2.  
 
This study procedure followed the ethical standards of the 
institution and with the Helsinki Declaration revised on 2013 
and the all subjects gave informed consent.  
There is no conflict of interest. 

Introduction 

The MEN 2A or Sipple's syndrome is an association of the 
medullary thyroid carcinoma with a pheochromocytoma, a 
parathyroid hyperplasia or adenoma and sometimes a lichen 
amyloid or Notalgia (25). 
 
This medullary thyroid carcinoma is diagnosed by biological 
assay of the basal calcitonin (CT) or after stimulation by test 
pentagastrin (22, 14) 
 
These MEN2A belongs to a clinical entity named MEN2 or 
multiple endocrine neoplasia type 2 in which there are also 
MEN2B and FMTC or MTC family. 
 
These MEN2 are rare hereditary disease transmitted as an 
autosomal dominant mode (4) associated with mutations of 
RET proto-oncogene (20, 10. 9). The proto-oncogene located 
on chromosome 10, encodes a protein of 1114 amino acids 
whose function is a receptor that includes an amino terminal 
extracellular region, a transmembrane domain and a carboxyl 
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terminal intracellular region. The mutations are localized in 
specific regions of the proto-oncogene and there is a strong 
genotype-phenotype correlation. 
 
The RET proto-oncogene For "Rearranged during 
Transfection" is a (transformed gene: results from a 
recombination event between two DNA sequences unrelated, 
produced during a process of transfection of NIH 3T3 cells 
with DNA of a T cell lymphoma human) (28). The RET proto-
oncogene is located at 10 q11.2 (11) and contains 55000 bp. It 
is composed of 21 coding exons of 3415 bp (20, 21) and 
encodes a protein of 1114 AA (26). 
 
The RET protein is a membrane receptor tyrosine kinase 
(Figure 1) contains a N terminal extracellular region with a 
cadherin-like domain (CLD) and a region rich in cysteine 
(cysteine rich domain or CRD), a transmembrane domain and 
a intracellular C-terminal region containing two tyrosine kinase 
domains (26, 27, 28, 12, 2, 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Different domains of the RET protein  

 
The CRD of the RET protein contains nearly 16 cysteines that 
form intramoleculars bridges in the structure of the protein 
RET. 
 
The activation of RET receptor occurs sequentially: first, a 
homodimeric ligand, a member of the GDNF family, called 
GFL (GDNF Family Ligands), such as GDNF (18) or glial cell 
line-derived neurotrophic factor; the Neurturine or NRTN 
(16), the Persephine or PSPN (19). and the Artemine or ARTN 
(3), binds at one of the four surface membrane coreceptor a 
(called GFR a or GDNF Family receptor a) (13; 30), as a dimer 
also, secondarily involving the dimerization of RET (23) and 
followed activation of autophosphorylation of intracellular 
tyrosine residues, the binding of adapter proteins and 
activation of intracellular signaling pathways activated by 
intracellular phosphorylation of cytoplasmic substrates (13, 3, 
24, 8, 1, 16) and activation of additional signaling pathways that 
lead to the nucleus (30, 31). 
 

Activation of RET in the MEN2A. 
It is a permanent constitutive activation, due to germinal 
mutations "gain of function", founded in 98% of MEN2A. 
 
These mutations are point mutations or duplications that result 
in a change of codon type missense (change of amino acid into 
another amino acid) localized in the extracellular domain of 
CRD, this will cause the change of a cysteine residue in a non-
cysteine residue with formation of an disulfide intermolecular 
bridge and there will be a constitutive homodimerization of 
RET (5, 6). 
 
This change is localized on one of six cysteines residues, 609, 
611, 618, 620, 630 and 634 in CRD (15). 

Materials and Methods. 

Patients 
We received the blood sample from four female patients with 
different diagnostics (table 1), accompanied by a letter of 
consent, a report with a clinical summary and an account of 
exploration and biological imaging. 
 
We also studied their parents; ten related members what was 
apparently healthy (table 2). 
 
DNA extraction and PCR Conditions Genomic DNA was 
extracted from peripheral blood leukocytes by the technical 
chloroforme/phenol. 
 
The amplification of exon 8 was performed using the forward 
primer F5’--3’ TGGTGCTGTTCCCTGTCC and reverse 
primer R5’--3’ CCGGTGCCATCGCCCCTGCA provided by 
Applied Bio Systems. 
 

 

Table 1: The different cases Index  

N° Sex Age Diagnostic 

1 F 58 years MEN 2A 

2 F 66 years MTC 

3 F 49 years MEN2A 

4 F 51 years MEN2A 

Table 2: The related members 
N° Related Age   

1 Brother 45 No disease 
1 Children 19 No disease 
2 Daughter 39 No disease 

3 Children 28 No disease 

3 Children 17 No disease 
3 Children 29 No disease 
3 Children 23 No disease 
3 Children 30 No disease 
3 Mother 73 No disease 
3 Father 81 No disease 
4 No member 
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The PCR were performed in microtubes with a volume of 50 
μl containing 500 genomic DNA, 5 μl of 10 X buffer of MgCl2 
at 25 mM, dNTPs at 2.5 mM, sense and antisense primers at 10 
pmol/μl and 0.2 μl of Taq polymerase (Roche). The tubes are 
placed in a thermocycler with the program includes a 
temperature of denaturation at 94° for 5 min, followed by 13 
cycles with a temperature of denaturation temperature at 94° 
for 1 min, a temperature of hybridization which decreases of 
70° to 58° for 1 min by cycle and extension at 72° for 1 min 
30s and this is followed by 30 cycles with a denaturation 
temperature of 94°C for 30 s, hybridization temperature of 58°
C for 30 s and a temperature extension of 72° for 30 s and at 
end with a storage temperature of 10°C. 
 

The amplicons with a size of 259 bp were tested in the 2% 
agarose gel with of the size marker VII from Roche. PCR 
products were purified on plates Manu 30 (Millipore) that can 
simultaneously purify up to 96 PCR products. These plates 
contain a membrane filter at each well. After filing the PCR 
products in different wells, pressure is exerted by aspiration 
filtration.  
 

DNA remains attached to the membrane, while contaminants 
(free dNTPs, excess primers) pass through it and are thus 
eliminated. DNA is diluted in the water and collected. 
 

The sequencing analysis.  
Subsequently, we prepared a PCR sequence using the 
technique of big dye terminator (Applied Bio System) for the 
sense strand and one for the anti sense strand in PCR 
microtubes in a volume of 20 μl of a Mix with 0,2 μl of Big 
Dye Terminator version 1.1, 3 μl of 5x buffer Big Dye 
Terminator version 1.1, 3 μl of sterile water, 3 μl of primer 
sense (or primer antisense) (1 mM) and 9 μl of PCR products 
purified. The tubes or the microplates are placed in the 

thermocycler using the program like this: 1 min at 96° C 
followed by 25 cycles with 30 s at 94° C, 5 s at 60° C and 4 min 
at 60° C. 
 
The sequence of PCR products are purified to remove dNTPs, 
the free unincorporated dideoxynucleotides and primers in 
excess, through a process based on the use of Sephadex gel G 
50, which requires the use, as gel support, Plate Multiscreen 
MAHV N45 (Millipore).  
 
The PCR sequence products are purified and passed on 3130 
sequencer from Applied Bio System, which performs capillary 
electrophoresis using the gel POP 7 (Applied Bio System). 

Results and Discussion 

We have these results (table 3) 

 In this first patient with a clinically MEN2A (MTC 
associated with bilateral pheochromocytoma), we found 
a sequence variation of codon C515S (TGC / AGC) in 
exon 8 in homozygous form. 

 In this second patient with a clinically isolated MTC, we 
found a sequence variation of codon C515S (TGC / 
AGC) in exon 8 in heterozygous form. 

 In this third patient with a clinically MEN2A (MTC 
associated with bilateral pheochromocytoma), we found 
a sequence variation of codon C515S (TGC / AGC) in 
exon 8 in homozygous form. 

 In this fourth patient with a clinically MEN2A (MTC 
associated with bilateral pheochromocytoma), we found 
a sequence variation of codon C515S (TGC / AGC) in 
exon 8 in heterozygous form. 

 
These parents have been tested for exon 8, the other family 
members have not wish to study. 

Table 3: Results of all members. 

N° of family   Age Diagnostic Results 

Family 1 

Index case: W 58 years MEN 2A Homozygote sequence C515S 

Brother 45 years No disease Homozygote sequence C515S 

Children 19 years No disease Heterozygote sequence C515S 

Family 2 
Index case: W 66 years MTC Heterozygote sequence C515S 

Daughter 39 years No disease Heterozygote sequence C515S 

Family 3 

Index case: W 49 years MEN2A Homozygote sequence C515S 

Children 28 years No disease Heterozygote sequence C515S 

Children 17 years No disease Heterozygote sequence C515S 

Children 29 years No disease Heterozygote sequence C515S 

Children 23 years No disease Heterozygote sequence C515S 

Children 30 years No disease Heterozygote sequence C515S 

Mother 73 years No disease Heterozygote sequence C515S 

Father 81 years No disease Heterozygote sequence C515S 

Family 4 Index case: W 41 years MEN2A Heterozygote sequence C515S 
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We found this C515S variation in the heterozygous form, in 
the son and in the homozygous form in a brother (figure 2) 
 
This C515S variation of sequence is considered in the literature 
as a rare variant of unknown significance, unrelated to the 
pathology of MEN2 (15). It has however recently been 
implicated as being responsible for FMTC at 02 members of 
the same Italian family (mother and son) (7). It has never been 
involved MEN2A patients, the functional significance of this 
variant is still disputed. What is the meaning we assign to this 
variant found in our patient clinically MEN2A or isolated 
MTC? - This variant may have no pathological significance 
linked to MEN2A, we are then left to the rare situation where 
no RET mutation was found in 07 exons typically transferred. 
In this situation, encountered in only 2 to 5% of MEN2A 
cases, the conduct is to sequence the entire RET gene in search 
of a causal mutation, which sit in one of the 14 remaining 
exons of RET (GTE , 2006);- This variant may be responsible 
for the MEN2A or MTC, although this sequence variation seat 
in the extracellular domain of RET (exon 8), relatively far from 
its transmembrane domain, a region considered to be not 
involved in the pathogenesis of MEN2; - This variant, when 
homozygous, may have pathological consequences, absent with 
this variant in the heterozygous state, but we have a MTC with 

this variant in heterozygous form. But until now, No of these 
assumptions cannot be ruled out.  
 
Given these results, a question comes to mind: What is the 
precise status of these related, that has the variant as the index 
case? Two possibilities must be mentioned: 

 These topics are considered healthy if this sequence 
variation is a rare variant and not a mutation;  

 These subjects are potentially affected if this rare 
variant is in reality a rare mutation with a late 
expression of MEN2A or MTC.  

Conclusion 

In a patient diagnosed with MEN2A or isolated MTC, we 
performed the genotyping study by PCR / sequencing. 
 
We find a very rare variant the C515S (TGC / AGC) located in 
exon 8, in homozygous or heterozygous form. 
 
Also DNA samples of healthy related to these index case, were 
analyzed. 
 
This variant was identified as homozygous form in certain and 
as heterozygous form in the others. 

Heterozygous variation C515S (TGC/AGC) in exon 8 

 

Homozygous variation C515S (TGC/AGC) in exon 8 

 

Figure 2: Sequences of the C515 variation (GCT / AGC). 
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We estimate that, this C515S variation of sequence is a rare 
variant non pathogenic and cannot be considered as a mutation 
being able to cause the appearance of affection like the 
MEN2A or MTC. 
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