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We report intracellular RET mutation in a Han Chinese pedigree with familial medullary thyroid carcinoma (FMTC).
Direct sequencing of RET proto-oncogene identified a missense c.2671T>G (p.S891A) mutation in 6 of 14 family
members. The single nucleotide polymorphisms c. 135A>G (p.A45A), IVS4+48A>G, c. 1296A>G (p.A432A), c.
2071G>A (p.G691S), c. 2307T>G (p.L769L) and a variant c. 833C>A (p.T278N) were also found in 6 carriers.
Among 5 of the 6 carriers presented medullary thyroid carcinoma (MTC) as an isolated clinical phenotype, with
elevated basal serum calcitonin (Ct). Two underwent non-normative thyroidectomy either two or four times without
physician awareness or diagnosis of this disease at initial treatment, but with elevated Ct. One with elevated pre-Ct
accepted total thyroidectomy (TT) with modified bilateral neck dissection (MBiND), and whose seventh posterior rib
MTC metastases was confirmed 5 months after surgery. Moreover, results of two affected individuals with elevated Ct
were reduced to normal after TT with MBiND or prophylactic VI compartmental dissection. However, only another
carrier with the variant p.T278N had slightly elevated Ct rejected surgery and was strictly monitored. Given these case
results, we suggest that screening of RET and pre-surgical Ct levels in the management of MTC patients is essential for
earlier diagnosis and more normative initial treatment, that FMTC patients with cervical lymph nodes metastases may
be cured by TT with MBiND, and that prophylactic VI compartmental dissection should be avoided when Ct levels
are low.

[Qi X-P, Zhang R-X, Cao J-L, Chen Z-G, Jin H-Y and Yang R-R 2014 The rare intracellular RET mutation p.S891A in a Chinese Han family with
familial medullary thyroid carcinoma. J. Biosci. 39 505–512] DOI 10.1007/s12038-014-9428-x

1. Introduction

Medullary thyroid carcinoma (MTC) arising from calcitonin
(Ct)-secreting parafollicular C-cells accounts for 5% to10%
of thyroid carcinomas (Kloos et al. 2009). It develops in the
hereditary form in 25% of cases, occurring in almost all
patients with multiple endocrine neoplasia type 2 (MEN 2)
(Paszko et al. 2007). Three distinct forms of MEN 2 are

subtyped into MEN 2A, MEN 2B, and familial MTC
(FMTC). MEN 2A, the most common form of MEN 2
(80% of all cases), is characterized by the occurrence of
two or more specific endocrine tumours, which shows
MTC in nearly 95%, pheochromocytoma (PHEO) in 50–
57% and hyperparathyroidism (HPT) in about 25% in a
single individual or in close relatives. MEN2B, the most rare
(5%) and aggressive form of MEN 2, is similar to MEN 2A
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except that HPT is rare, and characteristic developmental
abnormalities, such as mucosal neuroma, marfanoid habitus
and ganglioneuromatosis of the gut, are presented. FMTC, as
one subtype of MEN 2, is operationally diagnosed in fami-
lies with four or more cases of MTC in the absence of PHEO
or HPT, which occurs in 15% of all MEN2 cases (Eng et al.
1996; Brandi et al. 2001; Wells et al. 2013).

FMTC, MEN2A and MEN2B are regularly correlated
with germline point mutations of RET gene, which is
mapped on chromosome 10q11.2 and contains 21 exons,
encoding a receptor tyrosine kinase (RTK) transmembrane
protein, and expressed in neural crest-derived cells, adrenal
chromaffin cells, and parafollicular C cells of the thyroid
gland (Pachnis et al. 1993). The protein consists of 3 do-
mains: extracellular (encoded in exons 1–10), intracellular
(encoded in exons 12–21) and the connecting transmem-
brane domain (encoded in exon 11) (Paszko et al. 2007).
Germline mutations of RET are found in MEN2 and
Hirschsprung’s disease (HD) in an autosomal dominant pat-
tern (Mulligan et al. 1993; Romeo et al. 1994). HD can
occur in patients with MEN2A and FMTC. The survey
suggest that MTC-associated RET mutations are restricted
to exons 10 and 13 affecting 5% of unselected adults with
HD (Virtanen et al. 2013).

Currently, screening of RET and pre-surgical basal serum
Ct (pre-Ct) level is an excellent method to ensure earlier
diagnosis and more normative initial treatment of MTC (Qi
et al. 2013). Pre-Ct is nearly always elevated in MTC and
patients with Ct levels over 3000 ng/L are likely to have
widely metastatic disease, and are unlikely to be cured
despite aggressive surgery (Jarzab et al. 2013; Schneider
and Chen 2013). Moreover, germline mutations in the RET
proto-oncogene is found in 98% of families with MEN2-
related MTC (Elisei et al. 2012). More than 90% of muta-
tions are those at the extracellular domain (codons 609, 611,
618, and 620 in exon 10) and the transmembrane domain
(codon 634 in exon 11) (Eng et al. 1996). However, intra-
cellular p.S891A mutation is rare, accounting for less than

5% of all families with MEN2-related MTC (Schulte et al.
2010).

Surgical resection is the most effective treatment and has
the best outcomes for patients with early-stage MTC
(Vierhapper et al. 2005). However, 35% of MTC patients
have tumours extending beyond the thyroid into surrounding
tissues or regional lymph node metastases, and 13% have
MTC metastatic to distant organs, which has a poor
prognosis (Roman et al. 2006). Even after curative sur-
gery and adjuvant systemic chemotherapy, the 10-year
disease-specific survival of MTC is about 75% (Hundahl
et al. 1998).

To our knowledge, this is the first report of a missense
c.2671T>G (p.S891A) mutation of the RET proto-oncogene
in an Asian pedigree with FMTC. Results of our study may
contribute to better diagnosis and treatment of MTC with
this rare mutation.

2. Patients and methods

2.1 Patients

A four-generation southern Chinese Han pedigree with
FMTC from Zhejiang Province, China, was investigated
(figure 1). All patients and/or their legal guardians provided
written informed consent to participate in the study, as
required by the Ethics Committee of the 117th PLA Hospi-
tal. The study protocol was also approved by the Ethics
Committee.

2.2 Clinical investigation

Fourteen members of the subject family all received
Doppler ultrasound (US) examination and Ct detection
(normal male <8.4 ng/L and female <5.0 ng/L) by
FACLIA (fully-automated chemiluminescence immunoas-
say, Immulite 2000 Immunoassay System, Siemens Ltd.,

Figure 1. Pedigree of RET proto-oncogene mutation p.S891A in familial medullary thyroid carcinoma. Sample not available;
No mutation in RET; p.S891A carrier; MTC patient; proband; Suspected mutation dead carrier
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Germany). A medical history and clinical data were
obtained from each participant, and a physical examina-
tion was performed. Clinical evaluation of FMTC was
performed according to the criteria recommended by the
Consensus of the International Multiple Endocrine Neo-
plasia Workshop (Kloos et al. 2009). For RET gene
mutation carriers, further evaluation was performed such
as computerized tomography (CT), and if any abnormal-
ities were detected, emission CT (ECT) and nuclear
magnetic resonance (MRI) were applied. Biochemical
evaluation consisted of carcinoembryonic antigen (CEA)
(normal <5.0 ng/L), serum parathyroid hormone (PTH)
by electrochemiluminescence, and serum catecholamines
(CA) by RIA (Radioimmunoassay), and serum calcium
(arsenazo III method). Tumour staging was performed
according to the current American Joint Committee on
Cancer (7th edition) TNM classification system (Edge
and Compton 2010). Lymph-node status was defined
according to the criteria of the American Thyroid Asso-
ciation (ATA) recommendations (Kloos et al. 2009). All
patients who received prophylactic thyroidectomy for
treatment of MTC then received follow-up.

2.3 Molecular genetic analyses

All individuals were offered molecular genetic testing
for germline mutations of the RET gene. Genomic
DNA was extracted from EDTA anti-coagulated periph-
eral blood of all family members as previously described
(Qi et al. 2011, 2012). The entire coding region of RET
was amplified and sequenced in both sense and antisense
directions with the ABI Prism 377 automatic sequencer
(Perkin-Elmer, USA). The analyses were performed ac-
cording to the 2009 ATA recommendations and 2001
European recommendations (Kloos et al . 2009;
Fugazzola et al. 2013).

2.4 Follow-up management

All patients were followed-up for evaluation of tumour re-
currence and metastasis after surgery. The standard follow-
up for MTC consists of determining Ct, plasma calcium
(every 6 months), and if the Ct level is abnormal during
the postoperative period, an annual detailed imaging exam-
ination may be considered. After the first screening of RET
mutation carriers older than age 20 years, re-examination of
biochemical and imaging examinations were performed ev-
ery year to screen for PHEO and HPT, and lifetime follow-
up was also required. Follow-up visits for MTC are conduct-
ed according to the criteria of the ATA recommendations
and previous reports (Kloos et al. 2009; Qi et al. 2013).

3. Results

3.1 Identification of the RET germline mutation

A heterozygous serine to alanine amino acid substitution
within exon 15 of RET proto-oncogene, the missense
c.2671T>G (p.S891A) mutation, was confirmed in 6 cases
of 14 family members (figures 1 and 2). The single nucleo-
tide polymorphisms (SNPs) c.135A>G (p.A45A/exon2),
IVS4+48A>G (intron 4), c.1296A>G (p.A432A/exon7),
c.2071G>A (p.G691S/exon 11), c. 2307T>G (p.L769L/exon
13) and a variant c. 833C>A (p.T278N/exon 4) were also
found in this family (table 1). Of the 6 carriers, only 5
presented MTC as the isolated clinical phenotype. The other
carrier with p.T278N was asymptomatic (III-6, 44 years;
p.S891A/p.T278N). Meanwhile, 2 unaffected members
(IV-1 and IV-3, 26 years and 25 years; respectively) with
p.T278N were also identified and had no abnormality in-
cluding consistently undetectable Ct (figure 3).

3.2 Clinical features and diagnostic data

The pedigree of the family is shown in figure 1. The mean
age of five MTC patients was 41.2 years (range: 24–62
years), with average elevated Ct of 1995.23 ng/L (range:
12.60–8763.94) and a mean maximum diameter of thyroid
nodules of 1.7 cm (range: 0.5–3.3). A total unilateral/

Figure 2. A heterozygous serine to alanine amino acid substitu-
tion within exon 15 of RET proto-oncogene, the missense
c.2671T>G (p.S891A) mutation in proband.
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bilateral thyroidectomy with unilateral/bilateral neck dissec-
tion and/or level VI lymph node dissection was performed.
The asymptomatic carrier (III-6) rejected surgery. All six
affected individuals had no evidence of other related MEN
2 clinical symptoms such as PHEO, HPT, HD or corneal
nerve thickening (CNT).

The proband (III-2) was a 40-year-old woman diagnosed
with MTC in 1999. This patient underwent surgery succes-
sively four times due to lack of awareness of FMTC at initial
treatment. The first surgery was in July 1999 when she had a
palpable neck mass in the right thyroid. US scanning indi-
cated hypoechoic nodules (3.3 cm × 2.8 cm × 2.2 cm) with
calcifications in the right thyroid lobe and right neck mass.
Then, a total right thyroidectomy and modified right neck
dissection were performed. Pathological examination of both
specimens showed MTC (T2N1bM0; table 2). In 2012, the
patient underwent second and third surgeries (modified right
neck dissection) based on the presence of multi-right neck
masses and elevated biochemical markers. In April 2013, US
scanning indicated multi-centric hypoechoic nodules (the max-
imum size was 1.5 cm × 1.5 cm × 0.7 cm) in the left thyroid
lobe and left neck mass, and a pre-Ct level of 688.30 ng/L.
Then, total left thyroidectomy and modified left neck dissection
were performed. Finally, histopathology revealed bilateral
multi-centric MTC with bilateral lymph node metastases
(T2N1bM0; table 2).

In November 2009, the proband’s 33-year-old female cous-
in (III-10) was subjected to a total left thyroidectomy with
modified left neck dissection after diagnosis by US and CT of
multi-centric hypoechoic nodules (the maximum size was 1.5
cm × 0.8 cm × 0.5 cm) in the left thyroid lobe and left neck
mass. Histopathological examination showed left multi-centric
MTCwith left lymph node metastases (T1N1bM0). Three years
later, US and CT scanning also discovered multi-centric
hypoechoic nodules with calcifications in the right thyroid
lobe and right neck mass, and biochemical examination

Figure 3. A variant c.833C>A(p.T278N) within exon 4 of RET
proto-oncogene.

Table 1. Sequence variants/polymorphisms of RET found in 14 cases

Individual Gender

Variant/polymorphism

A45A T278N IVS4+48A>G A432A G691S L769L

I-2 F + +

II-3 (p.S891A) M + +

III-2 (proband) F + + +

III-3 (p.S891A) M + + +

III-6 (p.S891A) F + + +

III-8 F + +

III-10 (p.S891A) F + +

III-11 M + +

IV-1 M + +

IV-2 (p.S891A) M + + + +

IV-3 M + + +

IV-4 M +

IV-5 M + +

IV-6 M + +

F: female, M: male.
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disclosed elevated Ct (33.30 ng/L). A further total right thy-
roidectomy with modified right neck dissection was per-
formed. Histopathology revealed multi-centric MTC with
lymph node metastases (T1N1bM0).

In November 2012, based on the systematic family inves-
tigation and RET gene scanning, eight of the 14 members
exhibited normal Ct levels and US images, but the other 6
(II-3, III-2, III-3, III-6, III-10 and IV-2) had the p.S891A
mutation of RET. Then, the other three RET mutations,
including the proband’s uncle (II-3), brother (III-3) and
brother’s son (IV-2), had elevated pre-Ct levels (478.00,
8763.94 and 12.60 ng/L, respectively), and all three were
subjected to total thyroidectomy and modified bilateral neck
dissection (II-3 and III-3) or level VI lymph node dissection
(IV-2). Histopathological examination revealed bilateral
MTC with lymph node metastases in two patients (II-3 and
III-3; T1N1bM0 and T2N1bMx, respectively) and only bilat-
eral MTC in one patient (IV-2; T1N0M0). In addition, the
proband’s sister (III-6, 44-year-old) who was a RET muta-
tion carrier refused thyroidectomy although she had present-
ed with elevated Ct (range: 5.97–6.72 ng/L) without
evidence of clinical symptoms (such as CEA, serum calci-
um, serum CA, thyroid function tests and serum PTH, as
well as neck Doppler US and adrenal CT were all normal)
and was strictly monitored.

After surgery, all 5 patients (II-3, III-2, III-3, III-10 and
IV-2) received L-T4 substitution therapy and were followed
up. Unfortunately, the proband’s 47-year-old brother (III-3)
exhibited seventh posterior rib MTC metastases confirmed
by ECT and MRI examination 5 months after surgery, but Ct
was reduced to 1267.20 ng/L and CEA from 186.00 ng/mL
to 23.50 ng/mL (T2N1bM1), and he refused further treatment.
In addition, two patients (III-2 and III-10) still presented
elevated post-Ct levels (358.20 and 9.20 ng/L, respectively),
and biochemical and imaging examinations of the other two
(II-3 and IV-2) revealed no recurrence of MTC.

4. Discussion

We identified a missense p.S891A mutation within exon 15
of the RET proto-oncogene, which lies in the tyrosine kinase
2 (TK2) region of the RET protein. Its mutation appears to
exist as an active monomer as it does not require dimeriza-
tion to be activated, and ligand binding does not further
enhance autophosphorylation or downstream signalling
(Plaza Menacho et al. 2005; Wagner et al. 2012). It
belongs to those RET mutations with low (p.E768D,
p.V804L, p.S891A and p.A919P) rather than high
(p.A883F, p.M918T and p.E768D) transforming activity
(Iwashita et al. 1999). This mutation is the first to be
reported in Asian, to our knowledge.

Prior studies have shown that intracellular p.S891A mu-
tation is rare, accounting for less than 5% of all patients withT
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RET mutations (Schulte et al. 2010). It was found in three of
141 German RET mutation families (2.1%) and 17 of 356
Continental European RET mutation families (4.8%)
(Machens and Dralle 2008; Machens et al. 2009). Mutation
of S891A was initially recognized as an FMTC mutation, but
recently has been linked to MEN 2A features (Jimenez et al.
2004). Until now, 85 carriers of the intracellular RET muta-
tion p.S891A had been summarized (Blom et al. 2012):
MTC in 72.9% (62/85), PHEO in 3.5% (3/85), HPT in
3.5% (3/85) and CNT in 3.5% (3/85). The mean age of
MTC diagnosis in that group was 42.3 years. In Schulte’s
report (Schulte et al. 2010), age-related penetrance of MTC
in 36 RET mutation S891A patients was 20.0%, 71.4%,
92.3% and 100.0% in those aged 0–20 years, 21–40 years,
41–60 years, and >60 years, respectively. In our pedigree
with p.S891A mutation, the mean age of MTC onset in five
of six affected individuals, excluding one patient (III-6, age
44 years), was 41.2 years (range: 24–62); 83.3% (5/6) ex-
hibited the typical presentation of MTC as the only clinical
symptom with no evidence of PHEO, HPT, CNT or HD. The
reason for these differences compared with previous results
may be related to the ethnicity, regional distribution and
small sample. Additionally, four patients presented with
lymph node or bone metastases (80%, 4/5; 2 with
T1N1bM0, 1 with T2N1bM0, and 1 with T2N1bM1, respective-
ly), which is consistent with previous clinical data (Schulte et
al. 2010). Furthermore, we found five SNPs (p.A45A,
IVS4+48A>G, p.A432A, p.G691S and p.L769L) and a variant
p.T278N. These SNPs have been associated with modification
of disease susceptibility and the clinical phenotype of C-cell
hyperplasia, sporadic MTC, papillary thyroid carcinoma, HD,
MEN 2A and FMTC in some populations (Fitze et al. 2003;
Sangkhathat et al. 2006; Chang et al. 2009; Figlioli et al. 2013;
Lantieri et al. 2013). However, no association between these
SNPs and phenotypes in this family was found to date. Addi-
tionally, the p.T278N did not report to play a role in MEN2-
related MTC, to our knowledge (Chang et al. 2009; http://
arup.utah.edu/database/MEN2/MEN2_welcome.php). In our
pedigree, the p.S891A/p.T278N mutations carrier (III-6, 44
years) who only presented with elevated Ct (range5.97–6.72
ng/L) without evidence of clinical symptoms, two unaffected
members (IV-1 and IV-3, 26 years and 25 years, respectively)
with p.T278N had no abnormal consistently, and all other
family members presented no p.T278N including III-2 (IV-
1’mother), which seems that the p.T278N may play potential
inhibitorymodified or may benign, or may be a SNP in essential
(http://asia.ensembl.org/Homo_sapiens/Variation/
Mappings?db=core;g=ENSG00000165731;r=10:43572475–
43625799;source=dbSNP;v=rs35118262;vdb=variation;
vf=11442193). Therefore, further studies are needed involving
the tracking of more samples throughout theRET gene p.S891A
and p.T278N and follow-up studies on FMTC initiation and
aggressiveness of this mutation.

Currently, early and normative surgery is the most effec-
tive treatment and offers the best results for patients with
MTC (Vierhapper et al. 2005). Screening of RET and pre-Ct
level is an excellent method for obtaining an earlier diagno-
sis of MTC (Qi et al. 2013). Thus, surgical resection should
be based on the management guidelines of aggressive MTC
after a systematic screening for RET and pre-Ct detection in
at-risk patients and their families. The 2009 ATA stratified
mutations at codon p.S891A as ATA-A level with a lower
transforming activity of RET and a milder form of disease
(Kloos et al. 2009). However, total thyroidectomy with
unilateral/bilateral neck dissection and VI compartmental
dissection is needed if clinical lymph node metastases is
present, and prophylactic total thyroidectomy at age 5 or
earlier is recommended, performed in an experienced tertiary
care setting. Unfortunately, no significant clinical symptoms
are noted for earlier stages of FMTC at diagnosis. After the
disease has developed with lymph node metastasis or elevat-
ed Ct, the prognosis remains poor and the disease-free sur-
vival of patients has not increased significantly in recent
decades (Kebebew et al. 2005; Roman et al. 2006). In the
present series, only one patient (III-2) had a palpable neck
mass in the right thyroid, another was (III-10) found by US
and CT, and RET mutations were confirmed in four patients
(II-3, III-3, III-6 and IV-2) after the family investigation and
RET gene scanning. Regrettably, two patients (III-2 and III-
10; T2N1bM0 and T1N1bM0, respectively) had undergone
multiple non-normative surgery at initial treatment, and
post-Ct levels were still elevated. Meanwhile, despite the
performance of relative normative surgery in another patient
(III-3) with elevated pre-Ct (8763.94 ng/L), distant posterior
rib MTC metastasis (T2N1bM1) still appeared unavoidably.
Moreover, recurrence of MTC was not revealed in two
affected individuals (II-3 and IV-2; T1N1bM0 and T1N0M0,
respectively) with elevated pre-Ct (478.00 and 12.60 ng/L,
respectively) by biochemical (post-Ct: 2.92 and <2.00 ng/L,
respectively) and imaging examinations after total thyroid-
ectomy and modified bilateral neck dissection (II-3) or
prophylactic VI compartmental dissection (IV-2, tumour
size: 0.5 cm × 0.5 cm × 0.4 cm). Total thyroidectomy
and modified bilateral lymph node excision are curative
in FMTC patients with cervical lymph nodes metastases
(Wells et al. 2013).

However, as with other lower-risk mutations, it is unclear
whether these patients should receive prophylactic VI com-
partmental dissection when no clinical or imaging evidence
of lymph nodes metastases is found. The 2009 ATA recom-
mendations for MEN 2A or FMTC patients with thyroid
nodules ≥ 5 mm in size at any age, or Ct > 40 ng/L, are that
they should undergo prophylactic level VI lymph node dis-
section. Other studies suggest that surgery can be individu-
alized for RET mutation carriers with pre-Ct < 60 ng/L or
pre-Ct < 71.4 ng/L and they may forgo lymph node
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dissection (Kloos et al. 2009; Elisei et al. 2012; Qi et al.
2013). Thus, treatment of patient IV-2 in the present series,
who received prophylactic VI compartmental dissection,
may be controversial or there may have been no need to
implement prophylactic VI compartmental dissection. Elisei
et al. (2012) also further substantiated that the timing of
prophylactic total thyroidectomy in mutation carriers with
negative Ct can be individualized and safely planned when
stimulated Ct becomes positive, independent of the type of
RET mutation and the patient’s age. However, in the present
study, the proband’s sister (III-6), who was a RET mutation
carrier, refused prophylactic thyroidectomy for lack of clinical
symptoms even though Ct was elevated, which highlights the
importance of increasing patients’ awareness in order to avoid
delaying timely treatment. Meanwhile, this suggests that dif-
ferences inMTC progression exist among individuals, and that
genetic modifiers such as RET variants/SNPs and marked
heterogeneity may influence the transforming activity and the
progression of MTC (Sakorafas et al. 2008; Qi et al. 2012). It
is suggested, therefore, that individual treatment of MEN
2-related FMTC should be based on predictive RET screening
and pre-Ct levels.

In conclusion, based on the results of the present study,
screening of RET and pre-surgical Ct levels in the manage-
ment of FMTC patients is essential for earlier diagnosis and
more normative initial treatment.
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