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Abstract. The present study identified the clinical features
of the largest multiple endocrine neoplasia type 2 (MEN2)
A pedigree from China, with a novel double missense rear-
ranged during transfection (RET) mutation (C634Y/D707E).
To the best of our knowledge, the D707E mutation has
not been identified to date. In the present study, a total of
101 family members who originated from a large pedigree
(134 members in total) underwent RET mutation screening
by next-generation sequencing and polymerase chain reac-
tion (PCR) amplification, followed by direct bidirectional
DNA sequencing. The clinical features of this pedigree were
carefully reviewed retrospectively, and statistical analyses
were conducted using SPSS software. A total of 33 (32.67%)
carriers were identified to exhibit the C634Y/D707E RET
germline mutation. The mean age of the patients with medul-
lary thyroid carcinoma (MTC) identified by RET screening
was 38.4+16.5 years (n=11; range, 14-65 years). Only 4 patients
with pheochromocytoma with a median age of 37 years were
identified. No hyperparathyroidism was diagnosed. Persistent
or recurrent disease developed in the patients of the present
study who underwent inappropriate initial thyroid surgeries
that were performed in previous decades (11110, 11123, 11124,
I1127 and 1V46, as they had undergone two surgeries prior
to the present study). A total of 66.70% (6/9) of patients,
following thyroidectomy, continued to develop persistent
or recurrent disease during the present screening study. In

Correspondence to: Dr Xiaohong Chen, Department of
Otolaryngology, Head and Neck Surgery, Beijing Tongren Hospital,
Capital Medical University, 1 Dong Jiao Min Xiang, Dongcheng,
Beijing 100730, P.R. China

E-mail: trchxh@163.com

Abbreviations: CEA, carcinoembryonic antigen; MEN2, multiple
endocrine neoplasia type 2; MTC, medullary thyroid carcinoma;
PCR, polymerase chain reaction; RET, rearranged during
transfection

Key words: MEN2A, medullary thyroid carcinoma, C634Y,
D707E, double mutation

total, 3 patients succumbed to MTC or distant metastasis in
the present study. The increase in carcinoembryonic antigen
(CEA) levels correlated with the increase in basal serum calci-
tonin (Ct) levels according to Pearson correlation analysis in
patients with MTC without surgery. Ct and CEA levels were
also significantly correlated with tumor volumes. To the best
of our knowledge, the present study is the first to identify a
novel double RET missense mutation in the largest MEN2A
pedigree from China. Additional in-depth study is necessary
to elucidate the molecular mechanisms of the D707E mutation
and its potential joint effects with the other C634Y mutation in
the pedigree of the present study.

Introduction

Multiple endocrine neoplasia type 2 (MEN2) is an auto-
somal-dominant disease; mutations in the rearranged during
transfection (RET) proto-oncogene on chromosome 10q11.2
have been identified as the genetic cause of MEN2 (1,2). World-
wide, >500 families with >70 mutations in the RET gene have
been identified in MEN2 (2-4). The majority of mortalities of
patients with MEN2 are attributed to medullary thyroid carci-
noma (MTC), a malignant neuroendocrine tumor originating
from thyroid parafollicular C cells (4,5). At present, treatment
options include total thyroidectomy, central neck nodal dissec-
tion or lateral neck nodal dissection following presurgical
diagnosis and a correct clinical staging of MTC (5). Although
the timely diagnosis of this tumor is challenging in clinical
practice (5), screening at-risk relatives of a patient with MTC
for mutations of the RET gene may improve early identifica-
tion of susceptible carriers and asymptomatic patients (6).
Different mutations within the RET gene may result in varying
risks for malignancy (6,7). The classification system created to
predict risk for aggressive MTC in patients with MEN2A for
RET mutations has assisted in guiding clinical treatment (1,6).
As =2 simultaneous RET mutations, or combined with other
gene mutations, are being continuously identified, the classifi-
cation system is also being continuously improved (6,7).
Previous studies have suggested that the transforming
activity of double RET germline mutations is stronger
compared with that of only one mutation; it is hypothesized
that double RET mutations may be associated with unusual
MEN?2 phenotypes (8-10). In the present study, a five-generation
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northern Chinese pedigree with a combination of two germline
missense mutations (C634Y and D707E) within exon 11 of
RET was investigated. This pedigree presented with pheochro-
mocytoma (PHEO) as a result of MEN2A. Of the 101 family
members tested by sequencing for all the relevant exons of the
RET gene, 22 patients and 5 carriers were identified in this
pedigree, while 6 suspicious patients without RET screening
were excluded. The functional effect of D707E mutation
remains uncharacterized.

Patients and methods

The index case (I1I-17; Fig. 1) was a 52-year-old male with
bilateral MTC from Northern China. Prior to arrival at Beijing
Tongren Hospital (January 2014; Beijing, China) for exami-
nation and potential treatment, the patient complained of a
palpable neck mass as the simple clinical manifestation the
first time the patient visited a clinician. The patient underwent
total thyroidectomy without central compartment node dissec-
tion 1 year prior to hospital admission. Apart from routine
examination for MTC, genomic DNA was also purified from
the peripheral blood. As certain point mutations occur within
and outside of hot point locations (6), and next-generation
sequencing offers significant advantages in enabling the sensi-
tive detection of low-prevalence mutations, all exons of the RET
gene were tested for mutations by next-generation sequencing in
MyGenostics, Inc. (Beijing, China). RET mutation ¢.1901 G>A
(p-Cys634Tyr) at position chrl0-43609949 and RET mutation
c.2121T>A (p.D707E) at position chrl0-43610169 were identi-
fied in exon 11. A total of 3 common polymorphisms were also
identified in this patient, including p.A45A in exon 2, p.A432A
in exon 7 and p.L769L in exon 13.

From the family history of the patient, it was revealed that
there were 5 generations with a total of 134 individuals in
the whole family. A total of 101 relatives from 3 generations
completed genetic testing from January to September 2014
following the provision of a detailed explanation about MEN2A
disease. All participants and/or their legal guardians provided
written informed consent for participation in the present study,
as required by the Ethics Committee of the Beijing Tongren
Hospital (approval no. TRECKY2014-011).

All the RET mutation carriers identified underwent clinical
and biochemical examinations, including a biochemical evalu-
ation consisting of basal serum calcitonin (Ct; pg/ml; normal
range, female: 0.00-11.50; male: 0.00-18.50), carcinoembryonic
antigen (CEA; ng/ml; normal range, 0.00-5.00), parathyroid
hormone (PTHIJK; pg/ml; normal range, 12.00-65.00),
epinephrine (E; pmol/ml; normal range, 0.05-1.39), norepi-
nephrine (NE; pmol/ml; normal range, 0.51-3.26) and
dopamine (DA; pmol/ml; normal range, 0.07-0.68) measure-
ments. Doppler ultrasound and computerized tomography
scans were also performed. Genomic DNA was purified from
the peripheral blood, and the two mutations of RET which
were identified by probes were tested by polymerase chain
reaction (PCR) amplification, followed by direct bidirectional
DNA sequencing by MyGenostics, Inc., for all the available
family members. The PCR and sequencing were performed
by MyGenostics, Inc., and the normal PCR reagent used was
KAPA2G Mix, provided by Beijing ComWin Biotech Co.,
Ltd. (Beijing, China). PCR was performed prior to sequencing
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using BigDye® Mix provided by Applied Biosystems (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Statistical anal-
yses (t-test and Pearson's correlation analysis) were performed
using SPSS software (version 17.0; SPSS, Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Of the 101 family members tested for relevant RET mutations
in the present study (Fig. 1), 22 patients with MTC were iden-
tified that possessed the C634Y/D707E mutation (mutation
point illustrated in Fig. 2) (mean age, 38.4+16.5 years old;
range, 14-65 years;). A total of 4 patients (III-19, I1I-25, I11-27
and IV-44) presented with PHEO and MTC; 5 participants
(IV-8, IV-39, 1V-49, V-7 and V-39) had negative hemato-
logical and imaging examinations and were non-symptomatic
carriers of the mutations; 5 suspected patients (II-2, II-3,
I1-5, I1-6 and III-15) were deceased at the time of screening
and II-4 rejected the screening. I1-2, II-3, II-4, II-5 and 1I-6
were suspected due to them having the same ancestors and
their descendants possessed the C634Y/D707E mutation.
Of the 4 patients with PHEO, 3 underwent PHEO resection,
and 11 of all patients identified (mean age at first diagnosis,
36.2+12.7 years; range, 15-50 years) received thyroidectomy
prior to genetic screening (Table I). However, due to poor
recognition of this disease in previous years, 9 out of the
11 patients did not receive timely or effective treatment.
In total, 3 patients (I1I-13, III-25 and IV-44) out of these
9 individuals underwent tumor resection only, and 2 of these
3 patients (III-13 and 1V-44) suffered recurrent MTC in the
residual thyroid, as indicated by markedly elevated Ct levels
(I11-13, Ct, pg/ml,>2,000.00, normal range, female: 0.00-11.50;
male: 0.00-18.50; CEA, ng/ml, 46.57, normal range, 0.00-5.00)
(IV-44, Ct, pg/ml, 356.00, normal range, female: 0.00-11.5;
male: 0.00-18.50; CEA, ng/ml, 11.51, normal range, 0.00-5.00)
and positive thyroid ultrasound results during the present
screening study (Table I). Patient I1I-25 survived without
tumor recurrence for 34 years. A total of 5 patients (III-10,
111-24, IV-46, 111-27 and III-23) underwent two surgeries,
with the surgeries in each patient having been performed
within 10, 3, 7, 9 and 24 years, respectively. Patient ellI-24
received a non-total thyroidectomy in the second operation
3 years following the first operation; 4 patients (III-10, ITI-24,
II1-27 and I11-23) exhibited biochemical recurrence during
this screening; and patient el V-46 did not exhibit elevated
biochemical marker levels (Ct, pg/ml, <2.00, normal range,
female: 0.00-11.50; male: 0.00-18.50; CEA, ng/ml, 0.68,
normal range, 0.00-5.00), but developed lymphatic metastasis
7 years subsequent to the first non-total thyroidectomy and
received the second surgery.

Regarding the 5 deceased but suspected patients (II-2, I1-3,
II-5, II-6 and III-15), their surviving partners were screened
for RET gene mutations, and none of them carried the iden-
tified RET mutations. Considering the consistent mutation
manifestation in their descendants, and the absence of such
mutations in their partners, it was suggested that these 5
deceased individuals carried the identified RET gene muta-
tions, although confirmatory evidence was impossible to
obtain as they had succumbed prior to the present study. For
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Figure 1. All family members of the present pedigree: O, normal male; O, normal female; ® ' #, positive for MTC and RET mutation; 58, negative for MTC and
positive for RET mutation; [l @, not tested but suspected positive for MTC and RET; /, deceased; Do, positive for MTC and PHEO; a, benign thyroid disease
and negative for RET mutation; -7, index case; OO, not tested. MTC, medullary thyroid carcinoma; RET, rearranged during transfection; I, IT, III, IV, V and VI

refer to the different generations in the family, from oldest to youngest.

example, patient III-15 was 35 years old when succumbing
to bone metastases. This patient developed persistent diar-
rhea 9 years following the diagnosis of MTC, and received a
partial thyroidectomy. Patient I1I-3 succumbed to lung cancer
1 year following a total thyroidectomy performed to remove
two marked nodules in the neck. This patient exhibited no
other surgical history prior to this procedure. Patient I11-8
succumbed to cervical carcinoma, with no clear cause of
mortality.

Of the 4 patients who suffered PHEO with hyperten-
sion and/or headache, palpitations, sweating and vomiting,
3 (ITI-19, III-25 and 1V-44) were subjected to adrenal-sparing
surgical resection, while 1 (III-27) was waiting for surgery
at the time of the present study. Patient I1I-19 was scheduled
for adrenal-sparing surgery due to a recurrent PHEO 1 year

subsequent to her first PHEO resection. The manifesta-
tions of PHEO were identified following MTC diagnosis in
patients I11-25,1V-44 and I1I-27, while MTC was not identified
in patient I1I-19 until the present screening study.

With the exception of the 4 patients with PHEO, almost all
the identified patients presented with a palpable neck lump or
thyroid nodules by physical examination as the first clinical
manifestation. Patients I11-23, ITI-27 and 1V-36 additionally
exhibited symptoms of facial flushing, diarrhea and palpita-
tion. Among the total 22 patients, 6 patients (I11-13, III-18,
1V-28,1V-36,1V-44 and IV-46) exhibited bilateral lymph node
metastases that were confirmed by pathological examinations.
There was no clinical or biochemical evidence of hyper-
parathyroidism in any of the carriers. Hirschsprung disease
and cutaneous lichen amyloidosis were also excluded based
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Table I. Clinical characteristics and radiological data of the mutation-positive family members operated prior to rearrangement
during transfection screening.

Age, Age at first Ct, CEA, Thyroid imaging
Patient Sex years diagnosis, years pg/ml ng/ml Surgery (ultrasound), cm
11-10 F 68 42 27.90 4.40 2TT NA
1I-11 F 62 34 <2.00 253 TT NA
1I-13 F 62 42 >2,000.00 46.57 NTT RL: 1.9x1.5x2.0,IL: 1.0x0.5,

LL: 0.6x0.4

1I-17 M 52 50 6.47 3.08 TT Negative
I-21 M 46 46 307.00 55.52 TT NA
11-23 M 81 46 28.00 4.84 2TT Negative
111-24 M 69 47 32.10 253 2NTT RL: 0.3x0.2
II1-25 F 50 37 3.56 1.58 NTT Negative
IV-44 F 27 15 356.00 11.51 NTT RL: 1.5x1.0x1.1
IV-46 F 24 16 <2.00 0.68 2TT + BLND Negative
11-27 F 38 23 43.10 3.08 2TT Negative

M, male; F, female; TT, total thyroidectomy; 2TT, total thyroidectomy in the second operation; BLND, bilateral lymph node dissection; RL,
right lobe; IL, isthmus; LL, left lobe; N, no; Y, yes; NA, not available.

Table II. Two-tailed Pearson correlation analysis of biochemical markers in 11 patients with MTC identified by rearranged
during transfection mutation screening.

Tumor volume, cm®
(median, 0.573 cm?)

CEA, ng/ml

Biochemical marker/tumor volume (median, 16.57 ng/ml)

Calcitonin, pg/ml (median, 285 pg/ml)

T 0.975* 0.984*

P-value <0.001 <0.001
CEA, ng/ml (median, 16.57 ng/ml)

T - 0.994*

P-value - <0.001

*Two-tailed P<0.01. "Tumor volume = length x width2/2. CEA, carcinoembryonic antigen; r, correlation coefficient.

A 80 W 9% 100
G TGCGACGAGCTGTGCCGCACGGTGATC GC A

on the absence of intestinal obstruction or pruritic lichenoid
skin lesions located on the upper back. Following the present
screening, patients 1V-36, I1I-13, III-18, IV-28 and 1V-44
underwent total thyroidectomy with bilateral neck dissection
at Beijing Tongren Hospital.

Finally, the Ct and CEA levels of the patients were
compared using SPSS (Pearson correlation analysis), and the
results are summarized in Table II. It was demonstrated that an
increase in CEA levels correlated with an increase in Ct levels,
according to Pearson correlation analysis in patients with
MTC without surgery. It was also revealed that Ct and CEA
levels significantly (P<0.001) correlated with tumor volumes.

Discussion

As all the RET mutation carriers in the present study exhib-
ited the C634Y/D707E mutation, codons 707 and 634 were
considered as the cis double mutation. Although C634Y is a
common mutation (6), the double mutation of D707E together

Figure 2. Point mutations identified in rearranged during transfection.
(A) Base G was replaced by A (complementary chain C>T) at position
chr10-43609949. (B) Base T was replaced by A (complementary chain A>T)
at position chrl0-43610169. Downward arrow, base mutation position; red
circle, non-mutated base and mutated base all exist.
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MTC, cm

Surgery

CEA, ng/ml

Ct, pg/ml

Sex

Patient
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0.68
18.80

<2.00

T2N1bMO (IVA)

L:3.0x2.0x1.0
L:2.1x1.8x1.5,

2TT + BLND
2TT + BLND

NA

46.57

NA

>2,000.00

16
42

24
62

F
F

1V-46

1

42

T2N1bMO (IVA)

I1-13

2.5x1.2x0.6

2.32

6.90

TINTbMO (IVA)

L: 1x1x1,
R: 1.5x1x0.8

Multiple foci: L: 0.8x0.6x0.5,

394.00 17.00 TT + BLND

48

M 48

II-18

1.58

<2.00

T4N1bMO (IVB)

481.00 27.72 TT + BLND

25

25

F

IV-28

0.6x0.5x0 4,
R: 1.2x1.1x1.1

14.83

<2.00

T2N1bMO (IVA)

L: 2.5x2x2,
R: 4x3x2
R: 1.3x0.8x0.8

258.86 TT + BLND

1,961.00

27

F

IV-36
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NA

NA

TINTbMO (IVA)

356.00 11.51 2TT + BLND

18

28

F

IV-44

M, male; F, female; Ct, calcitonin; CEA, carcinoembryonic antigen; NA, not available; TT, total thyroidectomy; 2TT, total thyroidectomy in the second operation; BLND, bilateral lymph node dissection;

MTC, medullary thyroid carcinoma; TNM, tumor-node-metastasis; R, right lobe; L, left lobe.

with C634Y, or the single D707E mutation, has not been
reported thus far. However, the effect of this double muta-
tion on MEN2A disease remains unknown. As demonstrated
previously, the singular D707E RET mutation by itself may
serve a weak or none pathogenic role in the development of
MTC (6). However, when combined with the known C634Y
mutation, this D707E mutation may exert a modifying effect
such as other polymorphisms in the RET gene (11). As a result,
the transforming activity of RET may be intensified by this
double mutation compared with that of each individual muta-
tion alone (8,10). Additional studies are required to confirm
whether this hypothesis is correct. Individuals in the present
pedigree who carried the double mutation displayed significant
variations in disease processes such as age of onset, transfer
rate and severity, which may be due to the combined results
of different external environment and the involvement of other
unknown genetic mutations.

Among the 33 mutation carriers, including the 5 deceased
patients and patient II-4, the sex female: male ratio was
1.06 (17:16). In the cohort of the present study, only 4 patients
were identified to suffer from PHEO, with a median age of
37 years at diagnosis. However, it has been known that the
development of PHEO is slow compared with that of MTC,
and that the majority of PHEO symptoms in MEN2 occur in
the third to sixth decade of life (6). Therefore, more PHEO
events may occur in the present pedigree in the future as previ-
ously reported (12).

Hereditary MTC progresses from preneoplastic C-cell
hyperplasia, and is a gradual process (13,14). It will take a long
time to accomplish this change in the majority of cases, but
the malignant transformation of C-cells is inevitable in C-cell
hyperplasia (13,14). Although MTC accounts for ~2% of all
types of thyroid cancer, <13.4% of all thyroid cancer mortali-
ties have been attributed to MTC (15,16). At present, the only
therapeutic option for MTC is early detection or/and prophy-
lactic surgery, as MTC exhibits a low response to existing
chemotherapy or radiotherapy, and other efficacious systemic
therapies are lacking (6). C-cells are located predominantly
at the junction of the upper third and lower two-thirds of
the thyroid gland, but they may be identified throughout the
entire gland (14). Theoretically, every C-cell possesses the
potential of being malignantly transformed (14). A total of
~50% of individuals diagnosed with MTC who had undergone
total thyroidectomy and neck nodal dissections exhibited
disease recurrence (6). Therefore, it is important to remove
the whole thyroid completely during the first treatment of
MTC, as post-operative normalization of increased Ct levels
or biochemical cure are more frequently achieved at initial
surgery compared with those at subsequent surgeries (17).

Similar to previous studies (18), persistent or recurrent
disease developed in the patients of the present study who
underwent inappropriate initial thyroid surgeries that were
performed in previous decades (I1110, 11123, 11124, 11127, TV46
presented in Table I, as they had undergone two surgeries prior
to the current study). The high recurrence rate greatly affects
the quality of life of patients with MTC, particularly because a
number of patients with stage IVA (6) were relatively young, as
summarized in Table III. Although there are numerous signifi-
cant determinants of outcome based on a univariate analysis, the
age of surgery is the single independent factor associated with
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persistent disease in multivariate analyses (6,19). The progres-
sion of MTC may be slow, but the progression from C-cell
hyperplasia to intrathyroidal MTC, and eventually lymphatic
and distant metastatic spread, is correlated with age (19-24). This
may be also verified in the present study, in which mortality was
almost always caused by this disease or distant metastasis in the
patients with MTC without intervention. Timely diagnosis and
appropriate surgery are therefore critical.

CEA may be expressed in a number of cancer types,
including colorectal, pancreatic and salivary tumors, and
thus, it may not be a specific biomarker for MTC (25,26).
However, Ct and CEA levels, and particularly their doubling
times (6,17), remain effective serum markers of MTC. Ct,
which may be released into the bloodstream by external
stimuli, is an indispensable tool for the early detection of
occult MTC (6). However, unlike Ct, CEA is less susceptible
to stimulation as a membrane-bound protein, and therefore, is
less suitable than Ct for identifying occult MTC (6). However,
variable abnormal preoperative CEA levels were revealed to
be associated with lymph node metastases, and may suggest
advanced disease (7,17). Machens et al (17) demonstrated that
surgical cure would be unusual when CEA levels exceeded
30.00 ng/ml, which was associated with central and ipsilateral
lateral lymph node metastases. In addition, distant metastasis
may be indicated when CEA is >100.00 ng/ml (17). Due to the
lack of pre- and post-operative Ct and CEA measures in the
majority of patients, and the limited follow-up time, the asso-
ciation between these serum markers and lymph metastases
was no effectively explored in the present study. However, it
was identified that an increase in CEA levels correlated with
an increase in Ct levels according to Pearson correlation
analysis in patients with MTC without surgery. Ct and CEA
levels were also significantly correlated with tumor volumes.
However, whether Ct levels just slightly above the normal upper
limit reflect the persistence of tiny occult foci of the tumor,
particularly without elevated abnormal CEA levels following
total thyroidectomy, remains unknown. Although the exact
mechanism of the heterogeneity of clinical features within the
same family remains unclear, the levels of Ct and CEA may
guide individualized treatment; for example, the decision of
the extent of initial/recurrent surgery or the consideration of
other adjuvant therapies following surgery.

In conclusion, the double C634Y/D707E germline muta-
tion in the same exon 11 of the RET gene was identified in a
large Chinese pedigree of MEN2A. A detailed natural clinical
history was documented for this pedigree, in which it was
revealed that inappropriate therapy led to high recurrence rate
and even mortality. It is urgent to disseminate the screening
of RET mutations in China, as it may identify genetic muta-
tion carriers and asymptomatic patients for effective follow-up
and timely surgical procedures. Additional in-depth study
is necessary to elucidate the molecular mechanisms of the
D707E mutation and its potential joint effects with the other
C634Y mutation in the present pedigree.
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