R Ogawa et al.
Keloid Severity and SNPs

Table 1. Association between single-nucleotide polymorphisms and keloid
susceptibility in the Japanese population keloid patients (all) versus HapMap

controls

SNP Allele (risk) Mode Odds ratio (95% CI) P-value Power

15873549 T/C (C) Dominant 2.09 (1.19-3.65) 5.42x1073 0.79
Recessive 4.8 (1.942-14.19) 1.82x10~* 0.99
Allele 2.14 (1.45-3.19) 6.00%107% 0.98

151511412 G/A (A) Dominant 1.01 (0.53-2.00) 9.77x 107" 0.05
Recessive Inf (0.61—Inf) 820x1072 NaN
Allele 1.20 (0.66-2.25) 5.41x107" 0.09

15940187 /T (T) Dominant 0.85 (0.42-1.8) 6.33%107" 0.08
Recessive Inf (0.50-Inf) 1.08x 107" NaN
Allele 1.04 (0.54-2.11) 8.94x 107" 0.05

8032158  T/C (C) Dominant 3.020 (1.71-5.31) 3.19x 1075 0.98
Recessive 2.09 (1.06-4.33) 235x10°2 0.63
Allele 2.17 (1.47-3.21) 3.65x107° 0.99

Abbreviations: Cl, confidence interval; Inf, infinity; NaN, not a number; SNP, single-nucleotide

polymorphism.

study (GWAS) identified four single-
nucleotide  polymorphisms  (SNPs)
in Japanese patients with keloids
(Nakashima et al, 2010), namely,
rs873549, rs1511412, rs940187, and
rs8032158 in three chromosomal
regions (1g41, 3g22.3-23, and 15g21.3).
However, whether these SNPs asso-
ciate with keloid severity has not yet
been studied. Thus, in the present study,
the relationships between keloid severity
and these four SNPs were assessed in
204 Japanese patients. In this study,
SNPs were found to associate with the
clinical severity of keloids. This pros-
pective study was approved by the
ethics committee of Nippon Medical
School. The tenets of the Declaration
of Helsinki were followed and written
informed consent was given by the
patients.

Comparison of the patients with
keloids and the HapMap Japanese con-
trols (Tokyo, Japan) revealed that the
patients differed from the controls in
terms of rs873549 and rs8032158 allele
frequencies, Differences between the
cases and controls in terms of genotype
frequency were tested by using the chi-
squared test and by calculating odds
ratios (ORs) and 95% confidence inter-
vals (Cls) (Table 1). With regard to
rs873549, the ORs were large, especially
in the recessive mode of inheritance,

where the odds of the homozygous risk
allele (C/C) were compared with the
odds of T/T+C/T (OR: 4.8, 95% ClI:
1.94-14.19; P-value by Fisher's exact
probability test 1.81 x 10 ~#). This result
suggested that there is a significant
relationship between inherited pattern
C/C and keloid susceptibility. The
rs8032158 SNP also had large ORs,
especially in the dominant mode of inheri-
tance, where the odds of C/T+C/C
(containing the risk allele) were com-
pared with the odds of T/T (without
the risk allele) (OR: 3.02, 95%
Cl: 1.71-5.31; Pvalue 3.19x107°).
These differences were maintained after
Bonferroni’s correction. The results with
rs873549 and rs8032158 are consistent
with those of the previously described
GWAS study. However, the rs1511412
and rs940187 SNPs did not associate
significantly with keloid susceptibility.
In this study, the power of the
rs1511412 and rs940187 analyses was
poor, whereas that of the rs873549
and rs8032158 was much higher
(Table 1). This may explain why only
rs873549 and rs8032158 associated
strongly with keloid susceptibility in
our study.

The 204 cases were then divided
according to keloid severity (severe vs.
mild) or keloid number (multiple vs.
single) (see Supplementary Informa-
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tion online). Keloid severity was classi-
fied on the basis of the Japan Scar
Workshop Scar Scale (Ogawa et al.,
2012b) as mild (0~15 points) or severe
(16-25 points). Assessment of rs8032158
revealed that in the dominant mode of
inheritance  (where  C/T+C/C s
compared with T/T), the severe keloid
group had significant ORs compared
with both the controls (see Table 2) and
the mild keloid group (Table 2). The ORs
were maintained after Bonferroni’s cor-
rection (OR: 4.73, 95% Cl: 2.38-9.48,
P-value 8.34 x 1077, respectively). The
ratio of the severexmild OR for
rs8032158 (dominant model) leads
directly to that presented in Table 2
(i.e. 4.73/1.84=2.57) (Supplementary
Information online). Thus, rs8032158
associated strongly with severe keloids.
Similar associations were not seen for
mild, single, or multiple keloids com-
pared with the control group. Associa-
tions between keloid number or severity
relative to the controls were not
observed for the other three SNPs (see
Table 2 and Supplementary Information
online). However, different relationships
may emerge if ‘severe keloid occurrence’
is defined as the presence of more than
three keloids.

The 1s8032158 SNP is located
in intron 5 of the neuronal precursor
cell-expressed developmentally down-
regulated 4 (NEDD4) gene on chromo-
some 15 (Nakashima et al, 2010).
NEDD4 expresses an E3 ubiquitin
ligase with a HECT domain that is
involved in ubiquitin-mediated protein
degradation (Chung et al, 2011).
NEDD4 activation is reported to
affect the subcellular localization and
protein stability of p27, which suggests
that it has a critical role in contact
inhibition. It also induces the accumu-
lation of B-catenin in the cytoplasm and
activates TGFp-catenin transcriptional
activity. Furthermore, NEDD4 acti-
vation upregulates the expression of
fibronectin - and type 1 collagen
and may thereby contribute to the
excessive accumulation of extracellular
matrix. Thus, the rs8032158 SNP
may have a role in the aberrant cell
proliferation and matrix accumu-
lation seen in keloids, although further
studies are needed to test this
notion.



Table 2. Associations between single-nucleotide polymorphisms and
keloid susceptibility in the Japanese population relative to the HapMap

controls

SNP Allele (risk) Mode QOdds ratio (95% Cl) P-value Power

1) Mild keloids vs. HapMap

rs873549 T/C (C) Dominant 2.01 (1.02-4.00) 3.01x1072 0.58
Recessive 4,66 (1.66-14.777) 837x107* 0.92

~ Allele 2.09 (1.31-3.32) 1.01x 1073 0.91

rs1511412 G/A (A) Dominant 1.02 (0.46-2.27) 9.69x 107! 0.05
Recessive Inf (0.19-Inf) 1.53%x 107" NaN
Allele 1.14 (0.55-2.29) 7.02x 107" 0.07

15940187 T m Dominant 1.01 (0.43-2.41) 9.72x 107" 0.05
Recessive Inf (0.42-Inf) 7.88x 1072 NaN
Allele 1.24 (0.57-2.75) 559%x 107" 0.09

rs8032158  T/C (O) Dominant 1.84 (0.95-3.58) 5.08x 1072 0.50
Recessive 1.38 (0.60-3.25) 412x 107" 0.13
Allele 1.52 (0.96-2.41) 6.25x 1072 0.46

2) Severe keloids vs. HapMap

15873549 T/C (C) Dominant 2.15 (1.15-4.04) 9.97x 1073 0.73
Recessive 4.90 (1.88-15.01) 2.94x107* 0.97
Allele 2.19 (1.449-3.187) 1.67x 1074 0.97

rs1511412 G/A (A) Dominant 1.01 (0.48-2.12) 9.89x 107" 0.05
Recessive Inf (0.67-Inf) 543x1072 NaN
Allele 1.23 (0.64-2.44) 5.06x 107" 0.10

15940187 /T Dominant 0.74 (0.32-1.71) 431x107" 0.13
Recessive Inf (0.30-Inf) 1.38x 107" NaN
Allele 0.91 (0.42-1,99) 7.89x 107" 0.06

18032158  T/C (Q) Dominant 4.73 (2.38-9.48) 834x 1077 0.99
Recessive 2.70 (1.30-5.81) 3.75%102 0.84
Allele 2.81 (1.83-4.32) 5.18x 1077 0.99

Abbreviations: Cl, confidence interval; Inf, infinity; NaN, not a number; SNP, single-nucleotide

polymorphism.

As keloid scars may be the result
of abnormal and pathological wound
healing, it is important to manage the
wound carefully, especially in patients
who are genetically predisposed to
keloid development. For example,
if a genetic analysis shows that a patient
bears genetic markers of susceptibility to
severe keloids, certain actions can
be taken to prevent the development
of keloids after surgery. These
actions include administering adjuvant
therapies (Ogawa, 2010) such as

corticosteroids  or radiation therapy
immediately after surgery.

In summary, although systemic and
local factors may promote keloid sever-
ity, our study shows that genetic factors,
specifically the rs8032158 SNP, may
also influence keloid severity. To the
best of our knowledge, it is previously
unreported that an association between
SNPs and keloid clinical severity has
been detected. This SNP may be a
biomarker for the prevention of keloids
in clinical situations.
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A newly identified missense mutation in RET codon 666
is associated with the development of medullary thyroid

carcinoma
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Abstract. A 38-year-old woman with a thyroid nodule measuring approximately 2 cm was suspected to have medullary
thyroid carcinoma (MTC) because of markedly elevated serum calcitonin and carcinoembryonic antigen levels. There
were no signs of pheochromocytoma, whereas primary hyperparathyroidism was suspected based on the findings of
inappropriate hypersecretion of parathyroid hormone although no parathyroid tumor was detected with imaging studies.
RET mutation analysis revealed a novel germline missense mutation in codon 666, ¢.1997A>G (p.K666R). She underwent
total thyroidectomy with lymphadenectomy and simultaneous total parathyroidectomy with autotransplantation of
parathyroid tissne. She was given calcium lactate and alfacalcidol to prevent postoperative hypocalcemia. Pathological
findings of the thyroid tumor were compatible with MTC, but the resected parathyroid glands were intact. To our
knowledge, ¢.1997A>G (p.K666R) is a new RET mutation. This is a minor variant, but it is significant because of the
possible pathogenicity in tumor formation. It is often difficult to determine whether MTC is generated as part of MEN2-
related disease or familial MTC when it is a unique manifestation. In addition, it is still unclear whether all missense
mutations in this codon reported previously will lead to the same clinical course and prognosis. Further careful observations

of clinical presentation are required to determine the clinical features associated with this variant.

Key words: Medullary thyroid carcinoma, RET mutation, Multiple endocrine neoplasia type 2

MEDULLARY THYROID CARCINOMA (MTC)
is a thyroid C cell-derived malignancy accounting for
1.4% — 4% of all thyroid cancers and is characterized
by hypersecretion of calcitonin and carcinoembry-
onic antigen (CEA) [1, 2]. Most cases of MTC show
slow progress, but sometime aggressiveness of the
tumor can lead to persistent, recurrent, or metastatic
disease. The majority of MTCs are found as sporadic
tumors, whereas around 20% — 40% are hereditary,
such as multiple endocrine neoplasia type 2 (MEN2)
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and familial MTC (FMTC) [2-4]. MEN2 (MEN2A and
2B) is an autosomal dominant endocrine tumor syn-
drome defined as the presence of MTC, seen mostly in
affected individuals, and pheochromocytoma, hyperse-
creting catecholamine from unilateral or bilateral adre-
nal medullary tumors, in about 50% — 70% of patients.
Primary hyperparathyroidism (PHPT), caused by para-
thyroid tumors with excessive parathyroid hormone
(PTH) secretion can develop. in 10% — 20% of MTC
2A patients. Meanwhile, mucosal neuromas of the
lips and tongue, intestinal ganglioneuroma and mar-
fanoid habitus appear characteristically in MEN2B [5].
FMTC, characterized by the presence of MTC alone,
has a late age of onset and a less aggressive clinical
course compared with MEN2, but it is difficult to dis-
tinguish between FMTC and MEN?2 in the early stages
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Fig. 1 Pedigree of the patient’s family
The proband is indicated by the black arrow.

of the disease or when insufficient data are available
regarding family members with MEN2 [2, 5].

RET oncogene located on chromosome 10 consists of
21 exons and encodes a tyrosine kinase receptor related
to the growth and differentiation of neural crest-derived
tissnes. Mutations of the gene are identified in more
than 90% of index cases of MENZ2 and FMTC, and in
about 4% ~ 12% of apparent sporadic cases [5-9].

Here, we report a novel mutation of codon 666 in
exon 11 of RET newly identified in a patients with MTC.

Case Report

A 38-year-old woman with a thyroid nodule found
during routine health screening was referred to the
department of endocrine surgery for further exam-
ination. There was no history of thyroid, adrenal or
parathyroid disease in the maternal family members.
Information on the paternal family members was not
obtained (Fig. 1). Ultrasonographic study revealed
irregularly shaped nodule was localized in the left lobe
of the thyroid. Serum calcitonin levels were markedly
elevated to 590 pg/mL (reference range at age of 30 —
49: 27.5 — 48.3 pg/mL) and serum CEA concentration
was also increased to 3.7 ng/mL (reference range: <3.4
peg/mL). These findings strongly suggested the develop-
ment of MTC. Urine metanephrine and normetaneph-
rine levels were 0.18 mg/gCr and 0.34 mg/gCr respec-
tively. Furthermore, abdominal MRI imaging revealed
no tumors in the adrenal glands or paraganglia. Based
on these results, the likelihood of pheochromocytoma
was low. An increase in plasma intact PTH (iPTH)
concentration was detected (86 pg/mL) although
serum corrected calcium concentration was within the
normal limits (9.0 mg/dL). There were no other fac-

tors that could have secondarily boosted plasma intact
PTH level, such as impaired renal function. Based on
these data, the presence of a syndrome of inappropri-
ate secretion of PTH (SIPTH) linked to primary hyper-
parathyroidism (PHPT) could not be denied although
no apparent parathyroid tumors were identified on
cervical ultrasonography and **®Tc-MIBI imaging.
Germline RET mutation analysis was made after pro-
viding genetic counseling for the patient. This genetic
testing revealed a missense mutation of codon 666 in
exon 11 (c.1997A>G, p.K666R) (Fig. 2). Moreover, it
also demonstrated that there was no G6918 polymor-
phism. In consideration of possible hereditary MTC
and PHPT, total thyroidectomy with lymphadenectomy
and total parathyroidectomy with autotransplantation
of the parathyroid tissue were conducted simultane-
ously. Pathologically, the solid thyroid tumor was 18 x
13 x 13 mm in size and fusiform-shaped atypical cells
were proliferated with stromal deposition of amyloid.
Immunostaining analysis confirmed that the tumor pro-
duced calcitonin and CEA. Although all four parathy-
roid glands were surgically resected, none of them had
pathological changes. After surgery, serum calcitonin
concentration fell to 39 pg/mL. Plasma iPTH level
also dropped to 5.5 pg/mL. However, administration
of calcium lactate and alfacalcidol prevented postoper-
ative hypocalcemia. Germline RET mutation analysis
m family members of the patient will be considered.

Discussion

RET mutation analysis is recommended in all cases
of MTC as the mutations are frequently detected in
cases of hereditary MTC, such as MEN2A [10]. Itis
also helpful to predict the disease prognosis because
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Fig. 2 RET mutation azﬁalysis
A missense mutation was identified in codon 666
(c.1997A>G, p.K6G6R).

the genotype-phenotype correlation is identified [2-3,
10]. To date, more than 200 RET mutations have been
reported. In patients with MEN2A, the mutations
oceur mainly in codons 609, 611, 618, and 620 in exon
10 or in codon 634 in exon 11, whereas in those with
MEN2B the mutations are seen in exon 16 (M918T)
and less often in exon 15 (A883F). The mutations in
individuals with FMTC affect extracellular cysteine
codons in exon 10 or intracellular codons other than
A883 and M918 [5]. Codon 666 is known to be related
to intracellular juxtamembrane domain of RET and is
a highly conserved residue among species [11]. Some
missense mutations in this codon have been reported,
as shown in Table 1. "Ahmed ef ol [12] identified a
variant ¢. 1996 A>G (p. K666E) in a total of 15 individu-
als in three unrelated families. Among these, eight had
clinical manifestations of either MEN2A or FMTC,
such as pheochromocytoma, MTC, C cell hyperpla-
sia, and positive pentagastrin stimulation test. Barrello
et al. [13] found the same germ-line transition in het-
erozygosity in a 48-year-old woman and her sisters.

Table 1 Missense mutation in RET codon 666
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In vitro transfection study to confirm the NIH3T3-
transforming ability revealed that the variant had onco-
genic potential, enhanced by the presence of the func-
tional non-oncogenic polymorphism G691S. Romei et
al. [14] reported a different variant, p.K666M, in 250
families with hereditary MTC followed up in 20 dif-
ferent Italian centers, with an overall prevalence of
0.4% (1/250). Muzza et al. [11] demonstrated a muta-
tion, ¢.1998G>T (p.K666N), in a 65-year-old MTC
patient without MEN2A features. In vitro assay using
HEK-293 cells transfected with a plasmid carrying the
RET variant p.K666N showed high kinase and trans-
forming activities. Moreover, a significant alteration
of the transmembrane a-helix was predicted by map-
ping of the mutant in the intracellular juxtamembrane
domain related to codon 666. Mastroianno et al. [15]
reported two germline mutations, K666M of RET and
IVS4+1G>T, located in the splice donor site of MEN]
Exon 4 in a 45-year-old proband. Four relatives car-
ried the same RET mutation, eight had the same MENI
mutation, and four had both mutations. Three individ-
vals with RET mutation alone developed C cell hyper-
plasia and one was asymptomatic. Among those with
MENT1 mutation alone, six had PHPT, three had insu-
linoma, one had Zollinger—Ellison syndrome, one had
glucagonoma, one had pituitary tumor, and two had
skin tumors. In cases with both mutations, the follow-
ing manifestations appeared: MTC (n=2), PHPT (n=3),
gastrinoma (n=1), pituitary tumor (n=2), Cushing syn-
drome (n=1), carcinoid (n=2), papillary thyroid carci-
noma (n=2), and skin tumors (n=1). Therefore, mis-
sense mutations in codon 666 are in the minority, but
play a pivotal role in tumor development. To our
knowledge, ¢.1997A>G (p.K666R) is a new novel
mutation that is pathogenic in C cell transformation.
While total thyroidectomy is strongly recommended in

Mutation Age/gender C cell status Comorbidity Reference
¢.1996A>G (p. K666E) 35y/M and 4 relatives MTC Pheochromocytoma, hypertension [12]
¢.1996A>G (p. K666E) 12 family members ggfwg;:i fgy;;?ﬁsei’ [12]
"¢.1996A>G (p. K666E) 64y/M and 1 relative MTC [12]
¢.1996A>G (p. K666E) 48y/F MTC, C cell hyperplasia [13]
¢.1996A>T (p. K666M) [14]
¢.1998G>T (p. K666N) 65y/F MTC [11]
: 8 relatives: positive MEN] mutation
c.1996A>T (p.K666M) 45y/M and relatives  C cell hyperplasia, MTC 4 relatives: positive RET mutation [15]
Proband and 3 relatives: positive both mutations
c.1997A>G (p.K666R) 38y/F MTC Present case
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patients harboring RET mutations, simultaneous para-
thyroidectomy with antotransplantation at the primary
surgery of MTC is controversial. There were two rea-
sons for the choice of total parathyroidectomy with
autotransplantation in the present case. One is that the
possibility of having MEN2A could not be excluded in
the presence of SIPTH. Another is that identification
of the parathyroid glands was anticipated to be diffi-
cult during operation for PHPT occurring after thyroid
surgery for MTC or reoperation for locally recurrent
MTC. Further discussion on whether this approach is
proper or not may be required.

In the management guidelines, missense mutations in
codon 666, which lead to the development of MEN2A

Yamazaki ef al.

or FMTC, are positioned at risk level A, or lowest risk
of aggressive MTC [3]. However, it is often difficult to
determine whether MTC is generated as part of MEN2-
related disease or FMTC when it is a unique manifesta-
tion. In addition, it is still not clear whether all missense
mutations in this codon will lead to the same clinical
course and prognosis. Further careful observation of
the patient’s clinical presentation is absolutely required
to elucidate the clinical behavior of this variant.
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