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Germline mutations in the RET proto-oncogene are the cause of multiple endocrine neoplasia type
2 (MEN 2A and 2B) and familial medullary thyroid carcinoma (FMTC). Some cases of sporadic
medullary thyroid carcinoma (MTC) have also been reported to have mutations in the RET gene.
However, two previous reports have given discrepant results on the frequency of the mutations in
RET in sporadic MTCs in Japan. To clarify this problem, we analyzed mutations in RET exon 16
in 72 sporadic MTCs by means of the two methods used in the previous studies, direct sequencing
and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). Mutations
in exon 16 were detected in only 2 of 72 cases of sporadic MTC. These results suggest that when a
MTC has a mutation in RET exon 16, it is more likely to be a hereditary MTC than a sporadic one
in Japan.
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Sporadic medullary thyroid carcinoma (MTC) is charac-
terized by a negative family history in patients who are
usually in their fifties or sixties when MTC is diagnosed.1)

Mutation of the RET proto-oncogene is involved in the
pathogenesis not only of hereditary MTCs, such as multi-
ple endocrine neoplasia (MEN) type 2 and familial medul-
lary thyroid carcinoma (FMTC), but also of sporadic
MTC.2, 3) Recent studies have revealed that germline muta-
tions in codons 609, 611, 618, 620, 634, and 768 have
been discovered predominantly in MEN 2A and FMTC,
whereas germline mutations in codon 918 are common in
MEN 2B.4–6) Sporadic MTCs have also been reported to
have somatic mutations in codon 918.7) For example,
tumor-specific ATG to ACG mutations at codon 918 are
found in about one-third of European and American spo-
radic MTCs.8–12) The fact that the MEN 2B phenotype has
a less favorable clinical outcome than the MEN 2A and
FMTC phenotypes has raised the possibility that a codon
918 mutation may be related to much more severe pheno-
types of sporadic MTC, such as those with early onset,
rapid progress or poor prognosis.13, 14) However, whether or
not there is a difference in the clinical outcome of sporadic
MTC with or without a codon 918 mutation is still contro-
versial. In addition, the frequency of codon 918 somatic
mutation in sporadic MTC has varied greatly in the litera-
ture for reasons, which are still not clear, although some
authors have speculated that this discrepancy is due to eth-
nic or environmental factors or simply due to differences
in detection methods or techniques. In the Japanese popu-

lation, there have been two studies that have reported dis-
crepant results concerning the frequency of codon 918
mutation in the RET gene.15, 16) One reported a frequency
of 5.9% and the other that of 30%. Further, these two stud-
ies used different methods; one used direct sequencing and
the other used polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP). In this study, in
order to analyze the frequency of mutations in exon 16 in
the RET gene in 72 sporadic medullary carcinomas, we
performed both direct sequencing and PCR-RFLP, and the
reason for the discrepancy in the previous reports is dis-
cussed.

PATIENTS AND METHODS

Patients  Seventy-two cases (between 20 and 76 years of
age, 11 males and 61 females) surgically treated as spo-
radic MTC were analyzed for RET gene mutations. These
cases had undergone surgery between 1967 and 1999 at
Kuma Hospital. There was no apparent family history of
hereditary MTC, pheochromocytoma or parathyroid dis-
ease at the time of initial evaluation. No other diseases,
including pheochromocytoma, hyperparathyroidism, skele-
tal abnormalities, mucosal neuromas or Hirschsprung’s
disease, coupled with MTC had been detected in these
cases.
DNA extraction  Genomic DNA was extracted from par-
affin blocks using a TaKaRa DEXPAT kit (TaKaRa, Otsu)
according to the manufacturer’s protocols. Corresponding
nonneoplastic thyroid tissues were used as controls to
determine the presence or absence of germline mutations.
PCR  PCR amplifications were carried out in a final vol-
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ume of 50 µl using the primers 16F: 5′-AGGGATA-
GGGCCTGGGCTT-3′ and 16R: 5′-TAACCTCCACCC-
CAAGAG-3′ for the first 40 cycles. For the second 40
cycles, 2 µl of the PCR product was used as a template
with the nested primers 16NF: 5′-AGAGTTAGAGTA-
ACTTCAATGTC-3′ and 16NR: 5′-TAACCTCCACCC-
CAAGAGA-3′. The fragment sizes of the PCR products
were 192 bp and 151 bp, and the annealing temperatures
were 58°C and 55°C, respectively.
Direct sequencing  After 2% agarose gel electrophoresis
and ethidium bromide staining, the PCR products were cut
out from the gel and purified with SUPREC-01 (TaKaRa).
For nonisotopic sequencing, PCR products were subjected
to 25 PCR cycles with either primer 16NF or 16NR by
fluorescence-based dideoxy terminator cycle sequencing
(Applied Biosystems, Foster City, CA). Data collection
and analysis were performed on an automated DNA
sequencer (Model 373S, Applied Biosystems). When a
mutation was present, DNA from corresponding nonneo-
plastic thyroid tissues were similarly examined.
RFLP  The PCR products (6 µl) were digested for 4 h
with 20 U of the restricted enzyme FokI (TaKaRa).
Restriction fragments were analyzed by 8% polyacrylam-
ide gel electrophoresis and ethidium bromide staining. If

the 151 bp fragment was determined to be not cut, it was
considered mutant.
RFLP after gel-purification  The PCR products were run
on 2% agarose, and then they were cut out from the gel
and purified with SUPREC-01. The purified PCR products
were digested for 4 h with 20 U of FokI then analyzed by
8% polyacrylamide gel electrophoresis (PAGE).

RESULTS

A somatic mutation in RET exon 16 was found in two
cases by direct sequencing (Fig. 1). Both were an ATG to
ACG (Met to Thr) mutation at codon 918. This mutation
was not found in the corresponding normal thyroid tissue.
By means of RFLP, 26 of 72 samples were found to have

Fig. 1. Sequencing results of DNA from sporadic MTC tissues
with a mutation in exon 16 in the RET gene. Case 1 is a 62-year-
old man and case 2 is a 42-year-old woman. Sequencing of both
cases showed an ATG to ACG (Met to Thr) mutation at codon
918.

Table I. Summary of the PCR-RFLP of Codon 918

Gel purification

+ −

Cleaved 70 (97.2%) 46 (63.9%)
Uncleaved 2 (2.8%) 26 (36.1%)

M 1 2 3 4 5 6

151 bp

Fig. 2. Representative data of PCR-RFLP analysis. DNAs
extracted from a normal thyroid (lanes 1, 4) and two sporadic
MTCs (lanes 2, 3, 5, 6) were amplified by PCR, then before (4,
5, 6) and after (1, 2, 3) gel purification, PCR products were
digested with FokI and analyzed by 8% PAGE. M: 20 bp ladder
marker (TaKaRa).

Table II. Summary of the Reports on Mutations in Codon 918

Case Method
Mutation 
in codon 
918 (%)

Uchino et al. (1998) 34 Direct sequencing
and PCR-RFLP

5.9

Shan et al. (1998) 20 PCR-RFLP 30

Takano et al. (this work) 72 Direct sequencing 2.8
PCR-RFLPa) 36.8

a) The result of PCR-RFLP without gel purification.



RET Mutations in Sporadic MTCs

647

an uncleaved band. However, after gel purification, these
bands disappeared except in two cases (Table I, Fig. 2).
These cases were identical with those in which mutations
were detected by direct sequencing.

DISCUSSION

In this report, we analyzed the somatic mutation in RET
exon 16 in 72 sporadic MTCs. We detected mutation in
only two of 72 cases. The comparison of the present
results with those of the previous studies is summarized in
Table II. Interestingly, our study using direct sequencing
and PCR-RFLP gave similar results to those of Uchino et
al.16) and Shan et al.,15) respectively. Further, after gel puri-
fication, most of the uncleaved band was cleaved by FokI,
indicating that the enzymatic activity of FokI was inhib-
ited by something in the PCR reaction mixture. After gel
purification, both methods, direct sequencing and PCR-
RFLP, gave identical results. Considering the fact that
Shan et al. used clinical materials obtained in a region
similar to ours in Japan (Kansai area), it is possible that
the PCR-RFLP data obtained by Shan et al. may have

been modified by the inhibition of the enzymatic activity
of FokI, at least to some extent.

The results of the present study indicate that mutation in
RET exon 16, which is frequently observed in hereditary
MTCs, is rare in sporadic MTCs, and this suggests that
when we find a RET exon 16 mutation in an MTC, the
MTC is more likely to be hereditary than sporadic. In
other words, when a RET exon 16 mutation is found in an
MTC, we should carefully check the family history and
check for other diseases such as pheochromocytoma and
hyperparathyroidism to exclude the possibility of heredi-
tary MTC. In addition, it is recommended that a sequence
analysis of the RET gene using DNA from the peripheral
blood or the corresponding normal thyroid tissues be per-
formed in order to confirm the germline mutation.
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