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1. Introduction  

Medullary thyroid carcinoma (MTC) is an uncommon 

neuroendocrine malignancy that accounts for 5 to 10% of 

thyroid tumors [1]. It is responsible for 13.4% of all deaths 

from thyroid cancer [2]. Almost, 75% of patients exhibit 

sporadic forms of MTC (resulting from de novo RET 

mutations) and the remaining 25% have MTC associated 

with multiple endocrine neoplasia type 2 (MEN2) syndrome 

[3].Three MEN2 subtypes, MEN2A, MEN2B, and familial 

medullary thyroid carcinoma (FMTC), have been defined 

based on the clinical characteristics of the patients [4]. 

MEN2A is characterized by the presence of MTC and 

pheochromocytoma often associated with adenoma of the 

parathyroids and rarely with Hirschsprung's disease, 

cutaneous lichen, as well as amyloidosis [1]. On the other 

side, MEN2B is characterized by the coexistence of MTC 

and pheochromocytoma with other clinical manifestations 

resembling those seen in individuals with Marfan syndrome. 

Sensory nerve impairments and megacolon are also present 

without hyperparathyroidism [4]. In some cases, MTC 

manifests in isolation (FMTC). The three MEN2 subtypes 

are inherited in an autosomal dominant manner [5] and the 

prognosis hinges on tumor stage, gender, age and 

classification [2,6]. 

 The Rearranged during Transfection (RET) proto-

oncogene, that contains 21 exons, is located on chromosome 

10q11.2 and encodes a receptor tyrosine kinase [7]. The 

expression of the RET protein is specifically confined to a 

select group of adult neural crest-derived cells (thyroid C- 
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Cells and medullary chromaffin cells). In these tissues, RET 

gene has a pivotal role in governing cell proliferation, 

development, differentiation, migration, survival and 

apoptosis [7]. Thereby, alterations in the RET proto-

oncogene can result in thyroid malignancy [1]. The 

extracellular domain of the RET protein contains regions 

homologous with the cadherin family and a significant 

cysteine-rich sequence [6]. Genetic and epigenetic 

alterations of the RET gene are of crucial significance. 

Indeed, they have been reported to be unfavorable 

prognostic factors [8]. Furthermore, other mutations 

contribute to the MTC pathogenesis and genotype-

phenotype correlation [12]. This case report describes a 

Moroccan familial case of MTC with a germline mutation in 

the RET proto-oncogene. 

2. Case report   

Fig.1 depicts the pedigree of the current Moroccan family. 

The index case (III.2; Fig.1) is a 47-year-old woman, 

married and mother of two children, with a history of left 

ovariectomy 20 years ago due to an ovarian cyst. 

Asymptomatic until the age of 42, she observed a thyroid 

nodule in the left lobe without signs of thyroid dysfunction 

or compressive symptoms, alongside a history of flush 

syndrome. A thyroid ultrasound revealed two thyroid 

nodules in the left lobe with left cervical lymphadenopathy. 

The baseline serum calcitonin level was 870 pg/ml 

(Reference range: <11.5 pg/ml), and the TSH level was 0.67 

µUI/ml (Reference range: between 0.34 and 5.60 µUI/ml). 
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Total thyroidectomy was performed with retrorospinal 

jugulocarotid and supraomohyoid lymph node dissection.  

 Pathological and immunohistochemical examination 

revealed medullary thyroid carcinoma, with no evidence of 

nodal metastasis or residual tumor. A genetic study was 

initiated using the Sanger sequencing method in order to 

analyze multiple exons of the RET gene (RefSeq 

NM_020975, including exons 5, 8, 9, 10, 11, 13, 14, 15, 16]. 

This analysis confirmed the presence of a heterozygous 

mutation c.1597G>T (p.Gly533Cys) in exon 8 of RET gene. 

Subsequently, the diagnosis was confirmed through a 

detailed analysis of only exon 8 using Sanger sequencing on 

a second blood sample.  

 The proband's mother (II.2; Fig.1), a 70-year-old 

woman, as well as her older sister aged 50 (III.1. Fig.1) and 

her 35-year-old brother (II.5; Fig.1) affected by MTC, all 

carried the same heterozygous mutation in the RET gene. 

However, the affected sister (III.3; Fig.1) aged 38 had not 

yet undergone genetic testing. Concerning the other two 

brothers (III.4 and III.6; Fig.1), they are unaffected and 

asymptomatic, and they have not yet initiated any genetic 

investigation. 

 
Fig.1. Pedigree of the present family with MTC. (Circles represent 

females, squares represent males and filled circles indicate 

individuals with the disease). 

4. Discussion 

FMTC typically presents as bilateral and multifocal lesions 

accompanied by hyperplasia of C cells. Moreover, it is 

characterized by the deposit of amyloid in the tumor [8]. The 

clinical diagnosis of FMTC is established when at least four 

members of the same family, belonging to different age 

groups, present with MTC [9]. However, family history may 

be insufficient for FMTC diagnosis. Therefore, genetic and 

biochemical examinations are strongly recommended. To 

date, germline mutations in the RET proto-oncogene have 

been identified in a significant proportion of families 

affected by MEN2 (≃98%) and FMTC (88%) [10]. MEN2A 

syndrome was associated with RET mutations 

predominantly located in the extracellular cysteine-rich 

domain of the protein which is encoded by exons 10 and 11 

(Cys609Arg; Cys611Ser; Cys618Phe; Cys620Tyr; 

Cys634Arg). However, the majority of patients with 

MEN2B harbor Met918Thr mutation within exon 16 which 

encodes the tyrosine kinase domain [11]. Regarding FMTC 

patients, most mutations involved cysteine codons of exons 

10 and 11 [12,13]. Recently, it was suggested that 

microRNAs could participate to MTC development [14]. 

 In this study, a rare germline mutation was identified in 

exon 8 of the RET gene specifically at codon 533. 

Previously, a singular mutation has been detected in exon 8 

of the RET gene in an FMTC family [7]. It consists in 9-base 

pair duplication leading to the addition of a cysteine amino 

acid. Moreover, a novel RET missense mutation has been 

reported in exon 8 (p.Gly533Cys) in a large Brazilian 

family. It occurs in the same region as the previous mutation 

[7]. Considering these results, this mutation could be causal 

for FMTC. However, it is necessary to extend genetic 

investigations to this specific mutation region. 

Consequently, a comprehensive follow-up of these cases is 

essential for a better understanding of this mutation carrier's 

prognosis. 

RET genetic screening is a valuable tool in the diagnosis 

of MTC. Nevertheless, a systematic approach centered on 

family investigation is indispensable. The definitive 

diagnosis relies on molecular analysis of the RET gene. This 

analysis, conducted from a blood sample, required a patient 

written informed consent. The genetic testing specifically 

targets seven hotspot exons of the RET gene namely exons 

8, 10, 11, 13, 14, 15, and 16. In the majority of cases (95%), 

the identification of RET mutations allows MEN2 diagnosis 

[15] (Fig. 2). Nevertheless, it is important to emphasize that 

the absence of mutations cannot formally exclude FMTC. 

 
 

Fig.2. Screening strategy for familial medullary thyroid cancer 
HCC: C cell hyperplasia; CT: Calcitonin (tumor marker); Test Pg: 

Pentagastrin stimulation test; Ca/PTH: Calcium/Parathyroid Hormone; LN 

Dissection: Lymph Node Dissection. 
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 In the context of familial cases of MTC or FMTC with 

multifocal, bilateral features and bilateral C-cell 

hyperplasia, complete sequencing of the RET gene is 

recommended to identify potential mutations in the other 

exons of the gene. In the case of a negative result despite a 

clear familial context, the diagnosis of MEN2 relies on the 

analysis of genetic polymorphism through a linkage study 

conducted in the index case and their related members. This 

study necessitates the involvement of at least two affected 

and two unaffected individuals. In all suspected cases 

without genetic confirmation, it is necessary to investigate 

other components of MEN2 in the proband and at-risk 

members, both initially and throughout clinical follow-up 

(16). This process facilitates the monitoring of patients for 

the detection of associated pathologies. Additionally, 

screening and preventive treatment through prophylactic 

thyroidectomy before the onset of MTC are recommended 

for at-risk family members [17]. Surgery alone or combined 

with traditional chemotherapy is not effective for the 

treatment of MTC. Therefore, there is a recognized need for 

a targeted therapeutic approach. To date, two targeted 

therapies (vandetani and cabozantinib) have been approved 

by the U.S. Food and Drug Administration [18,19]. Both are 

tyrosine kinase inhibitors (TKIs) used to treat symptomatic, 

advanced, or progressing MTC. However, the response to 

TKIs may vary according to the tumor mutational status, 

highlighting the need for additional data to assess the 

efficacy of these treatments [20]. 

In conclusion, It is highly recommended to conduct the 

analysis of exon 8 of the RET gene in families affected by 

familial MTC. Otherwise, next-generation sequencing 

provides in-depth analysis of molecular alterations, which 

facilitates the identification of patients at higher risk. 
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