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Abstract. Multiple endocrine neoplasia 2A (MEN2A) is 
characterized by the coexistence of tumors that involve two or 
more endocrine glands within the same patient, and is defined 
as the occurrence of medullary thyroid carcinoma in associa-
tion with pheochromocytoma (PHEO) and parathyroid tumors 
or hyperparathyroidism. The pathogenesis of MEN2A is due 
to the mutation of a tyrosine kinase receptor that is encoded by 
the rearrangement during transfection (RET) proto-oncogene. 
The mutation often occurs in exon 10q11.2. The present study 
reports the case of a 73-year-old man with severe hypercal-
cemia, bilateral adrenal PHEO and a thyroid nodule. A genetic 
panel was obtained, and the RET mutation was indicated. The 
pedigree of the patient was also studied. Genetic testing of the 
patient's son indicated heterozygosity for the same mutation at 
codon 634. The first symptom of the two patients was PHEO, 
which is uncommon. In addition, varied phenotypes were 
identified in the two patients. In the present study, the associa-
tion between the phenotypic variation of the RET gene and the 
occurrence of MEN2A is discussed.

Introduction

In 1968, Steiner et al first used the term MEN2, which is now 
known as multiple endocrine neoplasia 2A (MEN2A) (1). In 1986, 
Farndon et al decribed familial medullary thyroid carcinoma 
(MTC), which appears to be closely associated with MEN2A (2). 
The phenotypes of MEN2A include bilateral multiple MTC, 
unilateral or bilateral phaeochromocytoma (PHEO), and para-
thyroid adenoma or hyperplasia (3). In the majority of cases, 
the diagnosis of PHEO is determined following the diagnosis 

of MTC. The first symptom of the patient in the present study 
was bilateral PHEO, with a phenotype of parathyroid adenoma. 
However, the manifestations of MEN2A indicated in the patient's 
son were of MTC and PHEO, despite the same genotype being 
present. However, no occurrence of additional mutations was 
present. These findings inferred that there may be another 
proto-oncogene dysfunction or activation present, in addition to 
the multiple superimposed effects of mutation epigenetics. The 
interaction between these genetic factors and environmental 
effects may have lead to the varied clinical manifestations.

Case report

A 73‑year‑old man presented to The First Affiliated Hospital 
of China Medical University (Shenyang, China) in july 2013 
with persistently increased levels of serum calcium. The 
patient had undergone a bilateral adrenalectomy for PHEO 
4 years previously. An ultrasound examination of the thyroid 
gland revealed a low echo, 16.0x10.4-mm nodule, in addition 
to the elevated levels of parathyroid hormone (81.06 pmol/l; 
normal range, 0.66-12 pmol/l), serum calcitonin (53.79 pmo/l; 
normal range, 0.58-22 pmol/l) and serum carcinoembryonic 
antigen (CEA; 7.24 ng/ml; normal range, 0.0-4.3 ng/ml) 
indicated by a laboratory examination. A bilateral adrenal 
ultrasound revealed kidney stones in the left kidney and a 
contrast-enhanced cervical computed tomography (CT) scan 
showed a well‑defined enhancing lesion in the right thyroid 
and a lesion in the parathyroid, which suggested the diagnosis 
of thyroid and parathyroid adenomas. The genomic DNA 
of the proband was extracted from peripheral blood using a 
DNA extraction and purification kit (Qiagen GmbH, Hilden, 
Germany). Shenzhen Huada Gene Technology Co., Ltd., 
(Shenzhen, China) was authorized to amplify all exons of the 
rearrangement during transfection (RET) and menin genes, 
then perform bidirectional sequencing. The heterozygous 
polymorphism, TGC→CGC, at codon 634 (C634R) on the 
exon 11 rs377767437 sequence of the RET proto-oncogene 
was detected in the patient, which resulted from the C634R 
cysteine to arginine substitution. The patient underwent a 
parathyroid adenoma resection in June 2014 and the diagnosis 
of parathyroid adenoma was confirmed by histological exami-
nation (Fig. 1A), however, the patient refused treatment for the 
thyroid lesion. The patient was lost to follow-up.
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The 43-year-old son of the patient underwent genetic 
testing, which indicated heterozygosity for the same muta-
tion at C634R. The symptoms of the son included bilateral 
PHEO, calcitonin levels of >1,450 pmol/l, elevated CEA levels 
43.6 ng/ml and normal parathyroid hormone levels. Repeated 
24-h urinary tests showed elevated levels of catecholamines, at 
1,530.2 mol/24 h (normal range, 59.1-266 mol/24 h). MTC was 
diagnosed from the thyroid ultrasound, the elevated calcitonin 
and CEA levels, and the post-operative pathology (Fig. 1B-D). 
The post-operative pathology of the patient's son was composed 
of polygonal or plump spindle cells. Characteristic slender fibro-
vascular septas were present in the carcinoma mass. Island- or 
rosette-like cell clusters and stromal amyloid deposition were 
also present. Immunohistochemical analysis revealed medullary 
carcinoma, with positive expression of calcitonin and thyroid 

transcription factor-1. Following surgery, the levels of parathy-
roid hormone, serum calcitonin and serum CEA were markedly 
decreased, but still above the standard range. The level of para-
thyroid hormone was 14.37 pmol/l, the level of serum calcitonin 
was 416.4 pmol/l and the level of serum CEA was 13.73 ng/ml.

The wife and daughter of the patient did not possess enlarged 
neck masses or the manifestations of hypocalcemia. No associ-
ated mutations were identified during genetic screening (Fig. 2).

Discussion

MEN2A is a genetic dominant syndrome resulting from 
specific RET proto‑oncogene mutations, which is characterized 
by the coexistence of adrenal PHEO, MET and hyperparathy-
roidism (4) Numerous RET gene mutational sites have been 
previously reported, 95% of which are located at 5 coding Cys 
codons: Codons 609, 611, 618 and 620 of exon 10 and C634R 
of exon 11. All mutations of codon 634 constitute 73-85% of 
RET mutations. The C634Y mutation is the most commonly 
occurring of the codon 634 mutations, followed by the C634Y 
mutation in Chinese individuals (5). PHEO mainly occurs in 
association with codon 634 and 918 mutations, but rarely in 
association with codon 618, codon 620 or other mutations (6-8). 
A previous study reported that the majority of patients with 
a codon 634 mutation will develop PHEO and MTC during 
their lifetime (9), as occurred in the case in the present study. 
A patient with a codon 634 mutation is prone to develop PHEO 
and MTC at the same time. The diagnosis of PHEO may be 
determined prior to MTC (12.9-25.1% of patients), simultane-
ously with MTC (34.7-38.9% of patients) or following the 
diagnosis of MTC (40.2-48.2% of patients) (10). In addition, 

Figure 1. (A) Histopathological findings of the patient's parathyroid adenoma stained with hematoxylin and eosin (magnification, x400), consisting mainly 
of chief cells, clear cells and oxyphil cells. (B) The post-operative pathology of surgical material from the patient's son, stained with hematoxylin and eosin 
(magnification, x400), composed of polygonal or plump spindle cells. Characteristic slender fibrovascular septas are present in the carcinoma mass. Island‑ or 
rosette-like cell clusters and stromal amyloid deposition are also present. Immunohistochemical anaylsis revealed medullary carcinoma, with positive expres-
sion of (C) calcitonin and (D) thyroid transcription factor‑1 (magnification, x400).

Figure 2. Pedigree of the family. Squares and circles indicate males and 
females, respectively. MTC, medullary thyroid carcinoma; PHEO, pheochro-
mocytoma; C634R, cysteine-634-arginine substitution.
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half of all patients with PHEO may be asymptomatic at diag-
nosis (9,10). However, the patient and son in the present study 
were diagnosed with labile hypertension, which is the typical 
manifestation of PHEO. Patients with typical MTC symptoms 
present with thyromegaly and pain in the front of the neck prior 
to the age of 35 years. The symptoms of patients with MTC 
and C634R mutations are more severe compared with patients 
only diagnosed with MTC (7). Recently, the American Thyroid 
Association classified the risk levels of MEN2A, according 
to all recognized mutations and the aggressive nature of 
codon 634 (11). The patient in the present study had no evident 
nodules or neck nodes, or other characteristic manifestations 
of MTC at the first visit to the hospital. Therefore, the first 
symptom of the patient was inferred to most probably be PHEO.

Previous studies have reported that the C634R mutation 
constitutes 54% of all diseases caused by mutations in the 
MEN2A family. Additionally, 65% of all changes to codon 634 
and MEN2A patients with a C634R substitution confer an 
increased risk of developing parathyroid disease compared 
with other mutations in codon 634 (12). In the present study, the 
patient was diagnosed with hyperplasia in the parathyroid gland; 
however, no symptoms or biochemical examination results that 
are associated with hyperplasia in the parathyroid gland were 
exhibited by the patient's son, which lead to the hypothesis that 
there may be a variety of mutations occurring in patients from 
the same family. In 2001, Mathew et al reported the case of an 
18-year-old MEN2A patient with MTC, who succumbed due 
to multiple metastases. In addition to the C634R mutation, the 
loss of heterozygosity (retLOH) in exon 4-exon 16 is found in 
metastasis (13). In 1999, Tessitore et al reported the case of 
another MEN2A patient who possessed C634R and A640G 
double mutations (14). Double RET mutations may cause 
unusual MEN2 manifestations. The 'second hit'-superposition 
of two variations may be the reason why members of the 
same family exhibit various phenotypes (15). In the present 
study, however, the two patients possessed no other mutations. 
Therefore, in addition to the multiple superimposed effects of 
mutation, there may be another dysfunction or activation of 
the proto-oncogene present. The interaction between genetic 
factors and environmental effects may have lead to the varied 
clinical manifestations possessed by the patient and his son.

The RET gene mutation has a high specificity and the 
penetrance of the mutation is almost 100%, which is helpful for 
the early diagnosis of the disease (16). The current guidelines 
recommend a DNA analysis of the patient and kin for RET 
proto-oncogene mutations (6). All individuals with the RET 
gene mutation require a prophylactic thyroidectomy, and the 
timing of the surgery is associated with the presence of specific 
mutations (17). Certain studies consider the sequencing of the 
RET gene to investigate germline mutations as the standard 
screening test for MEN2 syndromes (18). The patient in the 
present study possessed the typical manifestations, biological 
results and morphological features of MEN2A; however, the 
patient's son did not exhibit all of these. Therefore, a family 
history, biological examinations and DNA screening are of 
high importance in order to ensure the correct diagnosis.

The patient and son were diagnosed with definite MEN2A. 
The molecular genetic basis of the disease is the 17th base 
T→C mutation in the exon 11 rs377767437 sequence. Another 
proto-oncogene dysfunction or activation in interaction with 

environmental factor epigenetics may have caused the varying 
clinical manifestations between father and son.
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