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Mutations in the hepatocyte nuclear factor-1α gene (MODY3) are not a
major cause of early-onset non-insulin-dependent (type 2) diabetes
mellitus in Japanese

Abstract Maturity-onset diabetes of the young (MODY3),
a monogenic subtype of non-insulin-dependent diabetes
mellitus (NIDDM) with an early age of onset, is character-
ized by a primary defect in insulin secretion. Recently, it has
been shown that mutations of the gene encoding the tran-
scription factor hepatocyte nuclear factor-1α (HNF-1α)
cause MODY3. Since NIDDM in Japanese is characterized
by insulin secretory defects due to primary â-cell dysfunc-
tion, we screened 60 Japanese nonobese subjects with early-
onset NIDDM for mutations in this gene, 45 of whom had a
first-degree relative with NIDDM. Direct sequencing of the
ten exons and flanking introns of the gene in these subjects
identified eight nucleotide substitutions including two
amino acid changes, Ile-27-Leu and Ser-487-Asn, the fre-
quencies of which were not significantly different in subjects
with early-onset NIDDM and nondiabetic subjects. These
results suggest that mutations in the HNF-1α gene are not a
major cause of early-onset NIDDM in Japanese.
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Introduction

Non-insulin-dependent (type 2) diabetes mellitus
(NIDDM) is a heterogeneous disorder of glucose homeo-
stasis characterized by defects in the secretion and action of
insulin, and is a major public health problem affecting
approximately 4% of the population in Japan. Genetic
factors contribute to its development, in concert with
environmental factors. Maturity-onset diabetes of the
young (MODY) is a monogenic subtype of NIDDM
characterized by an early age of onset, often in childhood or
adolescence, and inherited as an autosomal dominant trait
(Fajans 1990).

Recent genetic studies have identified three distinct loci
associated with the development of MODY (Bell et al.
1991; Vionnet et al. 1992; Vaxillaire et al. 1995). Clinical
studies of MODY3 show that insulin secretory defects are
the primary cause of the hyperglycemia in patients
(Vaxillaire et al. 1995; Byrne et al. 1996). Recently,
Yamagata et al. (1996) have shown that mutations in the
gene encoding hepatocyte nuclear factor-1α (HNF-1α)
(TCF1) are the defects which cause MODY3. HNF-1α is a
homeodomain-containing transcription factor first identi-
fied in liver and also expressed in some other tissues and in
an insulin-producing cell line (Frain et al. 1989; Tronche
and Yaniv 1992; Emens et al. 1992). However, the molecu-
lar mechanism by which mutations in this gene elicit the
symptoms of NIDDM is still unknown.

Recent studies of subjects with MODY in UK, France,
Denmark, USA, and Japan indicate that mutations in the
HNF-1α gene are commonly the cause of this autosomal
dominant form of familial diabetes (Frayling et al. 1997;
Vaxillaire et al. 1997; Hansen et al. 1997; Yamagata et al.
1996; Iwasaki et al. 1997). Since mutations in this gene
are not a major cause of late-onset NIDDM (Yamada et
al. 1997a; Iwasaki et al. 1997; Urhammer et al. 1997;
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Glucksmann et al. 1997), they appear to be most strongly
associated with early-onset diabetes. Because the clinical
profiles of MODY3, including the age at onset, penetrance
of phenotype, and the severity of diabetes and its complica-
tions, are heterogeneous, regardless of the location of the
mutations on the gene (Vaxillaire et al. 1997), it is impor-
tant for diagnosis to know the prevalence of mutations of
this gene in other forms of early-onset diabetes. Genetic
studies of Western Finnish subjects suggest that NIDDM
associated with low insulin secretion is associated with the
MODY3 locus in this population (Mahtani et al. 1996).
Since NIDDM in Japanese is characterized by primary de-
fects of insulin secretion in pancreatic â-cells, rather than
insulin resistance with a primary defect in the insulin action
pathway (Kosaka et al. 1977), it is interesting to know the
prevalence of HNF-1α mutations in the more common
types of early-onset NIDDM in Japanese. In the present
study, we screened 60 Japanese subjects with early-onset
NIDDM, who were randomly selected from an epidemio-
logical survey, for mutations in the HNF-1α gene.

Subjects and methods

Subjects

Gunma Prefecture, 100km north of Tokyo, has a popula-
tion of two million (1995). An epidemiological survey of
diabetes in youth was conducted in the prefecture in 1994
(Ishiyama et al. 1995). According to the survey, the preva-
lence of diabetes in youth was 0.5% (48) in those 10–19
years of age, 1.0% (99) in those 20–29 years, and 2.6% (245)
in those 30–35 years in 9522 diabetic patients selected from
22 clinics in Gunma. Sixty-four of the young patients had
insulin-dependent diabetes mellitus (IDDM) and were not
included in this study. IDDM in these patients was diag-
nosed on the basis of markedly elevated blood glucose lev-
els, sudden onset of symptoms, and dependency on insulin
treatment to sustain life. One hundred and twenty-four
nonobese patients (body mass index␣ ,25) were diagnosed
with NIDDM before the age of 30 years; NIDDM was
diagnosed by a 75-g or 1.75-g per kg body weight oral
glucose tolerance test. Of these patients, 48 were available
to be subjects in this study (body mass index 21.7␣ 6 ␣ 3.1),
and they represented approximately 5% of the entire popu-
lation of early-onset (␣ ,30 years) NIDDM patients with no
obesity in the prefecture (48/124 [fraction of subjects with
early-onset — ␣ ,30 years — NIDDM involved in this
study]␣ 3 ␣ 9522␣ /␣ 80,000 [9522 diabetic subjects were selected
for the survey from a diabetic population of 80,000 in
Gunma Prefecture]␣ 3 ␣ 100).

These 48 subjects and an additional 12 subjects who pre-
sented with NIDDM between 31 and 35 years of age and
had a first-degree relative with NIDDM were examined
(Table 1). Five of them had at least three generations of
direct relatives with NIDDM, exhibiting an autosomal
dominant-like mode of inheritance of diabetes. Although
all the subjects examined were initially treated only by diet,

Table 1 Study group of subjects with early-onset non-insulin-
dependent diabetes mellitus (NIDDM)

Age at Number of Family Current
diagnosis subjects history therapy

Insulin Oral Diet
hypoglyce-
mic agent

,10 2 2 (1) 1 0 1
11–20 12 9 (8) 6 1 5
21–30 34 28 (24) 9 6 19
31–35 12 12 (12) 5 3 4
Total 60 51 (45) 21 10 29

Distribution of onset age of NIDDM, number of subjects examined,
number of subjects with a family history of diabetes, and the current
therapy are shown. The number of subjects with a first-degree
relative with NIDDM is indicated in parentheses. Subjects with an
onset age of less than 30 years were randomly selected from the
early-onset NIDDM survey program. Subjects with an onset age
between 31 and 35 years also were included in the study, if they had
a first-degree relative with NIDDM. Male/female 5 29/31.

31 of them developed diabetes; of these, 21 are currently
being treated with insulin and 10 with oral hypoglycemic
agents. None of them had autoimmune antibodies, such as
anti-GAD antibodies.

Screening of the HNF-1α gene

The ten exons and flanking introns of the HNF-1α gene
(TCF1) (Kaisaki et al. 1997) were screened for mutations by
direct sequencing of the polymerase chain reaction (PCR)
products using specific primers and the ABI PRISM Dye
Terminator Cycle Sequencing FS Ready Reaction Kit
[Perkin-Elmer (Applied Biosystems), Foster City, CA,
USA]. The sequencing reactions were analyzed by Applied
Biosystems DNA sequencers.

Results

Direct sequencing of the HNF-1α gene in these subjects
revealed eight nucleotide substitutions, of which two led to
amino acid replacements. These changes were Ile (ATC)-
27-Leu (CTC) and Ser (AGC)-487-Asn (AAC) in exons 1
and 7, respectively. The frequencies of these two mutations
were not significantly different in early-onset NIDDM and
nondiabetic Japanese subjects [27-Leu: 0.44 (NIDDM) vs
0.42 (normal); 487-Asn: 0.50 (NIDDM) vs 0.46 (normal);
100 nondiabetic subjects (200 chromosomes) were
genotyped]. The other six nucleotide substitutions were two
silent polymorphisms of Leu-17 (CTC-CTG) and Leu-459
(CTG-TTG), and four polymorphisms of nt-42 (G/A),
nt-23 (C/T), nt-51 (T/A), and nt-7 (G/A) in introns 1, 2, 2,
and 7, respectively, which have been described previously
at similar frequencies in white subjects (Yamagata et al.
1996).
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Discussion

Recent studies have shown that mutations in the HNF-1α
gene are a common cause of MODY in European Cauca-
sians and, to a lesser extent, in Japanese; 25%–50% in
France, 73% (11␣ /␣ 15) in UK, 56% (5␣ /␣ 9) in Denmark, and
15% (6␣ /␣ 41) in Japanese (Vaxillaire et al. 1997; Frayling et
al. 1997; Hansen et al. 1997; Iwasaki et al. 1997). Mutations
at a frequency of 9␣ /␣ 25 (36%) were reported in German
subjects who were diagnosed with NIDDM before 35 years
of age and had a first-degree relative with NIDDM, regard-
less of the relative’s age at onset; this suggests that many of
the familial early-onset NIDDM cases in Germany could be
a monogenic form (Kaisaki et al. 1997). Thus, it is important
to ascertain whether these findings pertain to other forms of
early-onset diabetes.

Recently, we have shown that mutations in the HNF-1α
gene are also an important cause of a subtype of insulin-
dependent diabetes mellitus (IDDM) in Japanese (Yamada
et al. 1997b). The present study group consisted of 60
Japanese subjects with NIDDM of onset before 35 years of
age, 51 of whom had a family history of diabetes (45 had a
first-degree relative with NIDDM). It has been estimated
that 13% of Caucasian families studied in France have a
form of MODY (Froguel et al. 1991). However, since
only a small fraction of the subjects studied in the current
report showed an autosomal dominant-like mode of
inheritance of the diabetes, most of the early-onset NIDDM
in Gunma Prefecture should be a non-MODY type of
familial diabetes or a low-penetration type of MODY. The
subjects were screened for mutations in the HNF-1α gene,
and none of the mutations that might lead to the develop-
ment of NIDDM were found, although only the coding
region and flanking introns of the HNF-1α gene were
examined. These results suggest that mutations in the HNF-
1α gene are not a major cause of early-onset NIDDM in
Japanese.
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