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Abstract. The clinical characteristics and RET proto‑oncogene 
(RET‑PO) mutation status of a patient with multiple endocrine 
neoplasia type 2A pedigree (MEN2A) was analyzed with the 
aim of preliminarily exploring the molecular mechanisms and 
clinical significance of the disease. Clinical characteristics 
of a single MEN2A patient were analyzed. Genomic DNA 
was extracted from the peripheral blood of the proband and 
10 family members. The 21 exons of RET‑PO were PCR ampli-
fied and the amplified products were sequenced. Of the family 
members, 5 exhibited a C634Y (TGC→TAC) missense muta-
tion in exon 11 of RET‑PO, among which 2 family members 
were screened as mutation carriers, while the others did not 
exhibit clinical symptoms of the mutation. The screening and 
analysis of RET‑PO mutations for the MEN2A proband and 
the family members suggests potential clinical phenotypes 
and enables assessment of the risk of disease development, 
thus providing useful information for determining the surgical 
timing of preventive thyroid gland removal.

Introduction

Multiple endocrine neoplasia type 2 (MEN2), also known 
as Sipple's syndrome, is associated with medullary thyroid 
cancer (MTC) and thyroid C cell hyperplasia. It is an auto-
somal dominant genetic disease caused by a mutation in the 
RET proto‑oncogene (RET‑PO) on chromosome 10 (1,2), which 
results in 2 or more endocrine adenomas or hyperplasia in the 
same patient, either concurrently or successively, and leads to 
the clinical syndrome characterized by the hyperfunctioning 
of the affected glands. Based on the clinical manifestation, 
MEN2 can be divided into MEN2A, MEN2B and familial 

medullary thyroid carcinoma, among which MEN2A is the 
most common subtype. MEN2A is characterized by medul-
lary thyroid carcinoma (MTC), pheochromocytoma (PHEO) 
and hyperparathyroidism. Additionally, a small number of 
patients exhibit skin lichen amyloidosis or Hirschsprung's 
disease  (3,4). MTC is often the first manifestation of this 
subtype, with an incidence of close to 100%  (5). When 
admitted, the majority patients have already progressed to 
MTC or exhibit lymph node metastasis. MTC is the predomi-
nant cause of death in patients with MEN2A (6), and it has 
previously been reported that 50% of patients are at risk of 
MTC recurrence (7). However, the appearance of MTC or 
MEN2A may differ among family members. Specifically, basic 
lesions may be fully or not completely presented, the involved 
endocrine glands may exhibit lesions that occur at different 
time intervals (which may be as long as several years), and 
multiple endocrine glands are occasionally involved and may 
exhibit simultaneous onset. Currently, patients with MEN2A 
that exhibit MTC as the early manifestation are often misdiag-
nosed. Therefore, the present study analyzed the clinical data 
of one family with MEN2A to investigate the clinical features 
and the significance of RET‑PO mutations.

Materials and methods

Clinical data. The family was a typical family with MEN2A, 
and the family pedigree is presented in Fig. 1. The serum calci-
tonin (Ct), catecholamine (CA) and carcinoembryonic antigen 
(CEA) levels of the patients (5 family members: III2, III5, III9, 
IV1, and IV4) are presented in Table I. 

Detection method for RET‑PO mutations. Peripheral blood 
(5  ml) with anticoagulant was extracted from 13  family 
members, including the 5 patients (1 patient died). Briefly, 
all samples were anti-coagulated with sodium citrate. White 
blood cells were isolated from each blood sample, and 
genomic DNA. Genomic DNA (200 ng) was amplified in a 
50  µl reaction containing 10  mmol/l Tris-HCL (pH  8.4), 
50 mmol/l KCL, 1.5 mmol/l MgCl2, 0.5 µmol/l each of the 
specific primers, 100 µmol/l each of dATP, dGTP, dCTP 
and dTTP, 2 units of Taq DNA polymerase (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The primers for exon 11 
were synthesized by Shenzhen Huada Gene Research Institute 
(Shenzhen, China). The sequences were as follows: Forward, 
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5'‑ACA​CCA​CCC​CCA​CCC​ACA​GAT‑3' and reverse, 5'‑AAG​
CTT​GAA​GGC​ATC​CACGG‑3' (273 bp). The thermocycling 
conditions were as follows: Denaturation at 94C for 5 min; 
30 cycles of 94˚C for 50 s, at 58-62˚C for 50 sec, 72˚C for 
50 sec; and a final extension at 72˚C for 10 min. The DNA 
sequencing analysis was conducted in Shenzhen Huada Gene 
Research Institute.

Imaging and biochemical tests. Imaging tests, such as ultra-
sound/CT or emission computed tomography, examined the 
thyroid, adrenal gland, and parathyroid, at minimum. Serum 
Ct and CEA were analyzed using an automated chemilumi-
nescence immunoassay system (i2000; Abbott Laboratories, 
Chicago, IL, USA) according to the manufacturer's protocols. 
The serum CA was detected using the arsenazo III method (8). 
The tribromoarsenazo was provided by Sigma-Aldrich 
(St. Louis, MO, USA).

Follow‑up. Follow‑up was performed once every 3 months 
within 2 years following discharge the patient, then subse-
quently once every 6 months for 3 to 5 years, and once every 
5 years thereafter. The follow‑up indicators measured included 
serum Ct, CEA, thyroid function series, CA level and radio-
graphic examination. Patients with an RET mutation without 
PHEO were screened initially, followed by examinations of 
CA levels and imaging annually beginning at 20 years old. 
The present study was conducted in accordance with the 
Declaration of Helsinki and with approval from the Ethics 
Committee of Fudan University (Shanghai, China). Written 
informed consent was obtained from all participants.

Results

Characteristics of the studied family members. A total of 
6 patients (4 males and 3 females) were diagnosed with MEN2A 
and there was 1 suspected case. Among the 6 patients with 
MEN2A, 3 exhibited MTC and PHEO simultaneously. Addi-
tionally, 1 patient died of hypertensive crisis during thyroid 
surgery and was considered to have PHEO. The remain 2 
patients exhibited MTC only. The detailed clinical data are as 
follows.

The proband (III2) was a female and the onset age of 
MEN2A was 28 years. The patient was admitted for ‘episodic 
headache, chest tightness and shortness of breath for 5 years’ in 
1991 and exhibited a blood pressure of 220/110 mmHg, serum 
Ct of 637 ng/l, and was positive for blood CA (+). The patient 
was diagnosed as having PHEO in the right adrenal gland and 
a right adrenal tumor resection was performed. A total thyroid-
ectomy was performed in 2001; the post‑operative pathology 
demonstrated MTC and the patient was finally diagnosed 
with MEN2A. Left adrenal PHEO surgery was performed 
in 2008, and reviewed on 13 October 2014. The serum Ct 
level was 175.00  ng/l (reference range: Male, <8.40  ng/l; 
female, <5.00 ng/l), CEA was 6.59 ng/ml (reference range, 
0.00‑5.00 ng/ml), and blood and urinary CA levels were normal. 
B‑ultrasonic examination of the thyroid (B‑US) prompted 
resection of the bilateral thyroids. The bilateral sides of the neck 
exhibited lymphadenectasis, with calcification on the left side, 
however no space‑occupying lesion was present in the bilateral 
adrenal glands. A computed tomography (CT) examination 

revealed no lung, liver or bone metastasis, and the patient 
refused further dissection toward the carotid lymph nodes.

The proband’s father (II1) died of sudden high blood pressure 
at 48 years old. According to Mendelian inheritance, MEN2A 
was suspected. The proband’s aunt (II6) underwent thyroid 
resection at 51 years old and died of intraoperative hypertensive 
crisis. Her pathological features suggested MTC. The proband’s 
brother (III5) underwent a physical examination at 28 years 
old that indicated space‑occupying masses in the bilateral 
adrenal glands and PHEO surgery was performed in 2001. A 
B‑US examination revealed a right thyroid mass in 2003, and 
a right thyroid lobectomy and central lymph node dissection 
was performed. Furthermore, pathological analysis demon-
strated MTC. An examination on 13 October 2014 revealed the 
following: Serum Ct, <2.00 ng/l; serum CEA, 6.59 ng/ml; and 
normal blood and urine CA levels. B‑US prompted removal of 
the right thyroid gland and the left thyroid gland exhibited no 
lumps. No cervical lymph node metastasis was found in the 
bilateral neck and no space‑occupying lesion was found in the 
bilateral adrenal glands. A CT examination did not detect any 
lung, liver or bone metastasis.

The proband’s cousin (III9) had a MEN2A onset age of 
48 years old. He was admitted for ‘left neck mass for 1 month’ 
in 2009, and a left thyroid lobectomy and central lymph node 
dissection was performed. The pathological analysis demon-
strated MTC. In 2010, a B‑US review revealed a right thyroid 
mass, thus, a right thyroid lobectomy and central lymph node 
dissection was performed, and MTC was observed. An exami-
nation on 13 October 2014 revealed the following: Serum Ct, 
<2.00 ng/l; CEA, 1.17 ng/ml; and normal blood and urine CA 
levels. B‑US prompted removal of the bilateral thyroids. No 
cervical lymph node metastasis was found in the neck, and no 
space‑occupying lesions were detected in the bilateral adrenal 
glands. A CT examination did not detect any lung, liver or bone 
metastasis.

The proband’s daughter (IV1) had a MEN2A onset age 
of 23 years old, and an RET C634Y mutation was detected 
via genetic screening in July 2010. A B‑US examination 
demonstrated bilateral thyroid nodules and a CT examination 
observed a thickened left adrenal gland with the possibility 
of hyperplasia. A preoperative examination demonstrated the 
following: Serum Ct, 56.20 ng/l; and blood CA, negative. A 
total thyroidectomy was performed on 14 September 2010 and 
MTC was detected. A review on 13 October 2014 demonstrated 
the following: Serum Ct, 4.10 ng/l; CEA, 3.75 ng/ml; and blood 
and urine CA levels, normal. B‑US prompted a resection of the 
bilateral thyroid and small lymph nodes were observed in the 
neck, however no space‑occupying lesion was detected in the 
bilateral adrenal glands. A CT examination did not detect any 
lung, liver or bone metastasis.

The proband’s nephew (IV4) had an onset age of 19 years old 
and an RET C634Y mutation was identified by genetic screening 
in July 2010. B‑US revealed bilateral thyroid nodules (multiple 
on the right side, including a right central nodule K), posterior 
tubercles in the radix nasi of the right thyroid gland, which may 
originate from the parathyroid, and a right adrenal gland that 
exhibited a mixed tumor of the right adrenal region with the 
possibility of pheochromocytoma plus liquefaction. Preopera-
tive serum Ct was 169.00 ng/l and blood CA was positive. The 
patient underwent right adrenal PHEO surgery on 25 July 2010, 
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and a total thyroidectomy on 4 August 2010, where MTC was 
observed. A review on 13 October 2014 revealed the following: 
Serum Ct, 14.10 ng/l; CEA, 1.36 ng/ml; and blood and urine 
CA levels, normal. B‑US prompted the removal of the bilateral 
thyroid. No cervical lymph node metastasis was found in the 
neck and no space‑occupying lesion was observed in the bilat-
eral adrenal glands. A CT examination did not detect lung, liver 
or bone metastasis. 

Results of genetic tests. Among the 13  family members, 
5 members (III2, III5, III9, IV1, and IV4) exhibited the p.C634Y 
mutation. This was a heterozygous missense mutation at 
locus 634 of exon 11 of the RET gene resulting in a tyrosine 
to cysteine (TGC→TAC) substitution in the protein amino acid 
sequence (Fig. 2). Of these cases, 2 were RET mutation carriers 
(IV1 and IV4), but did not exhibit any clinical symptoms. The 
remaining family members exhibited no RET mutation, or 
clinical abnormalities based on imaging or Ct levels indicating 
MTC. Additionally, 1 case (II6) was previously diagnosed as 
MTC, but RET testing could not be performed due to death 
of the patient. A pedigree analysis (Fig. 1) demonstrated that 
generations III and IV were mutation carriers, and the transmis-
sion was consistent with an inherited disease due to a dominant 
single gene.

Discussion

The RET‑PO gene consists of 21  exons located at chro-
mosome 10q11.2 and encodes a tyrosine kinase receptor. 
RET‑PO mutations can lead to the conversion of a cysteine 
residue to a different amino acid, which may lead to exces-
sive cell proliferation and potentially cancer development. 
Following the observations in 1993 by Mulligan et al (9) and 
Donis‑Keller et al  (10) that an RET‑PO mutation leads to 

Table I. Serum Ct, CA and CEA of 5 members in the multiple endocrine neoplasia type 2A pedigree family.

	 Preoperative	 Postoperative
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient	 Gender	 Ct (ng/l)	 CA	 Ct (ng/l)	 CA	 CEA (ng/ml)

III2	 Female	 637	 +	 175.00	‑	  6.59
III5	 Male	 Untested	 Untested	 <2.00	‑	  6.59
III9	 Male	 Untested	 Untested	 <2.00	‑	  1.17
IV1	 Female	 56.20	‑	    4.10	‑	  3.75
IV4	 Male	 169	 +	 14.10	‑	  1.36

Ct, calcitonin; CA, catecholamine; CEA, carcino embryonic antigen.
 

Figure 1. Pedigree chart of the multiple endocrine neoplasia type 2A pedigree family with RET proto‑oncogene p.C634Y mutation.

Figure 2. Sequencing of exon 11 of RET proto‑oncogene from the multiple 
endocrine neoplasia type 2A pedigree family.
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MEN2A, almost all MEN2A cases have been associated with 
an RET‑PO mutation (11,12). A total of 93‑98% of MEN2A 
cases exhibit a single‑base RET‑PO mutation in exon  10 
(codons 609, 611, 618 and 620) or exon 11 (codon 634), with 
87% exhibiting a mutation at codon 634. The most common 
mutation type is C634R (TGC→CGC), accounting for 52%, 
followed by C634Y (TGC→TAC), accounting for 25% (13). 
In the current study, the family of patients exhibited a C634Y 
mutation based on RET testing, which is a common RET‑PO 
mutation.

Numerous studies have confirmed that RET‑PO muta-
tions are the predominant molecular etiology of MTC onset 
in patients with MEN2A (9,14‑16). When RET mutations are 
confirmed, the probability of a patient developing MTC is close 
to 100% (17). Thus, RET‑PO detection is a reliable method 
for diagnosing MEN2A, and is the gold standard for early 
diagnosis (18). Its accuracy is higher than that of Ct measure-
ment and stimulation tests. In 2009, it was recommended by 
the American Thyroid Association (ATA) guidelines (3) that 
all patients pathologically diagnosed with C cell hyperplasia, 
MTC, MEN2A or autosomal dominant inheritance risk should 
undergo RET‑PO testing. Thus, in clinical practice, MTC 
patients should be carefully examined and genetic testing 
should be performed as early as possible. If germline RET‑PO 
mutations are detected in an individual without sporadic MTC, 
the patient is likely to be a hereditary MTC proband.

MTC originates from thyroid parafollicular cells, and 
unlike papillary thyroid carcinoma and follicular thyroid 
carcinoma, the predominant, and only effective, MTC treat-
ment is to resect the primary tumor lesions and corresponding 
metastatic lymph nodes as soon as possible (19). There remains 
controversy regarding the optimal surgical methods for thyroid 
primary tumors. Additionally, MTC has a low incidence 
and diverse clinical manifestations, and factors that affect 
prognosis vary between different studies (20). Some scholars 
propose that the most appropriate method to treat MTC is 
total thyroidectomy and central lymph node dissection, based 
on the theory that each parafollicular cell of the RET‑PO 
germline mutation carrier has the potential for cancerization, 
and as such, all parafollicular cells should be resected (21,22). 
Moreover, some scholars have previously suggested that a 
patient with a unilateral lesion only requires thyroid lobe and 
isthmus resection, and central lymph node dissection on the 
affected side, and the contralateral gland should be explored 
or resected (23). For the patients with bilateral lesions, a total 
thyroidectomy should be performed. The total thyroidectomy 
may result in increased postoperative complications, including 
thyroid and parathyroid insufficiency. For these reasons, the 
2009 MTC treatment guidelines established by the ATA (3), 
which described the scope and extent of surgical resection 
toward typical MTC patients, total thyroidectomy and preven-
tive neck lymph node dissection were recommended to reduce 
the recurrence of MTC.

Mutations in the RET gene are closely associated with 
clinical manifestations and risk stratification of MTC. 
Currently, the treatment of hereditary MTC is undergoing a 
revolution from empirical treatment to individual treatment; 
the latter emphasizes individualized treatment based on the 
codon mutation site. In 2010, the North American Association 
of Neuroendocrine Tumors published the MTC diagnosis and 

treatment guidelines, which were divided into 3 groups based 
on the gene mutation according to MTC invasion and high‑risk 
characteristics (24). RET‑PO mutations 609, 768, 790, 791, 
804 and 891 are included in the low‑risk group, which rarely 
develops into cancer before age 10, thus a preventive thyroid-
ectomy before 10 years of age is recommended. RET‑PO 
mutations 611, 618, 620 and 634 are included in the middle‑risk 
group, and a thyroidectomy is recommended before 5 years 
of age. RET‑PO mutations 883, 918 and 922 are included in 
the high‑risk group; patients in this group exhibit metastasis 
at 1 year of age, thus, thyroidectomy is recommended within 
1 month of reaching 6 months of age (25).

In the present study, 2 MEN2A gene mutation carriers were 
identified by screening the 21 exons of RET‑PO, and preventive 
total thyroidectomy was performed. The postoperative pathol-
ogies all confirmed MTC without lymph node metastasis. The 
postoperative 4‑year follow‑up did not detect recurrence or 
metastasis. This suggests that a preventive total thyroidectomy 
can improve the cure rate before MTC is clinically observed, 
as lymph node metastasis rarely occurs at this time, and it may 
also avoid trauma caused by neck dissection. However, total 
thyroidectomy has higher risks, for example, the incidences 
of complications, including postoperative recurrent laryngeal 
nerve injury and permanent hypoparathyroidism, are higher 
in children than in adults. Accordingly, surgery in children 
should be performed by experienced pediatric specialists to 
minimize complications.

PHEO in patients with MEN2A is associated with bilateral 
adrenal tumors that may occur several years later, with clinical 
manifestations including persistent or paroxysmal hyperten-
sion, however, malignant tumors rarely occur or occur outside 
of the adrenal glands. Approximately 30‑50% of patients are 
asymptomatic or experience sudden hypertension in thyroid 
surgeries, and increased blood/urinary excretion of CA and its 
metabolites may be the only abnormality in the early stage 
of this disease (26,27). The diagnosis predominantly relies on 
biochemical and imaging data, and 2 patients in the present 
study exhibited elevated blood CA levels. If PHEO is present, 
it should be resected with the application of an α‑receptor 
blocker, followed by the resection of other tumors to avoid 
induced intraoperative hypertensive crisis and shock. Prior 
to surgery, preparations including decompression, expansion, 
and heart rate control should be conducted. Patients with bilat-
eral adrenalectomy should be given hormone replacement to 
prevent adrenal crisis. The surgery should preserve a certain 
amount of normal adrenal tissues to reduce the requirement of 
long‑term hormone replacement therapy. Additionally, radical 
thyroid resection should be performed promptly.

As RET‑PO mutations in MEN2A are strongly correlated 
with clinical phenotypes of this disease, mutation screening 
and analysis for MEN2A probands and family members 
may suggest potential clinical phenotypes and enable a risk 
assessment, thus, helping to determine the surgical timing 
of preventive thyroidectomy, which may prevent or delay the 
progression of the disease, and maximize clinical benefits. 
However, in China there remain various difficulties associated 
with routine RET‑PO screening and the timing of preventive 
thyroidectomy cannot be optimized in the short term. Previous 
investigations and the results of the current study on a typical 
MEN2A family suggest that family members with MEN2A 
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should undergo RET‑PO testing as early as possible, asymp-
tomatic carriers should be regularly followed up, and surgery 
should be performed when lesions are detected. This course of 
action is appropriate for use in China.
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