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B-Cell Transcription Factors and Diabetes

No Evidence for Diabetes-Associated Mutations
In the Hepatocyte Nuclear Factor-3 Gene (HNF3B)
In Japanese Patients With Maturity-Onset Diabetes

of the Young

Yoshinori Hinokio, Yukio Horikawa, Hiroto Furuta, Nancy J. Cox, Naoko Iwasaki, Masashi Honda,

Makiko Ogata, Yasuhiko lwamoto, and Graeme |. Bell

Mutations in the transcription factors hepatoctye
nuclear factor (HNF)-4a and -1e, insulin promoter fac-
tor-1, and HNF-1p are the causes of four forms of
maturity-onset diabetes of the young (MODY1 and 3-5,
respectively). The winged-helix transcription factor
HNF-38 has been implicated in the regulation of
expression of each of these MODY genes, suggesting
that mutations in the HNF-3 gene (HNF3B) may also
cause MODY. We have tested this hypothesis by screen-
ing a panel of 57 unrelated Japanese subjects with a
clinical diagnosis of MODY for mutations in HNF3B.
This analysis revealed four frequent polymorphisms
that were not associated with MODY, including one in
the promoter region (-213A/G), two silent mutations in
the codons for Ala 97 (291C/T) and Gly 279 (837A/G),
and one in the 3’-untranslated region (1424C/T). Two
rare substitutions in the 5’-untranslated region,
-156C/T and -67A/C, were found in a heterozygous state
in two subjects, and two subjects were heterozygous
for putative missense mutations, S109N (326G > A) and
A328V (983C > T). The two missense mutations were not
found in 106 normal chromosomes from nondiabetic
subjects. It was not possible to test for co-segregation
of these mutations with diabetes and thus, it is unclear
whether or not these mutations can cause MODY. The
results of our study suggest that mutations in HNF3B
are not a common cause of MODY in Japanese subjects.
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ecent studies have shown that heterozygous

mutations in the transcription factors hepatocyte

nuclear factor (HNF)-1a (1), -18 (2), -4« (3), and

insulin promoter factor-1 (IPF-1) (4) can cause
maturity-onset diabetes of the young (MODY), a form of dia-
betes characterized by the following: 1) autosomal domi-
nant inheritance; 2) onset usually before 25 years of age; and
3) pancreatic B-cell dysfunction (5,6). In addition to mutations
in these four transcription factors, mutations in the gene
encoding the glycolytic enzyme glucokinase and down-
stream target gene of IPF-1 have been associated with MODY
(7,8). These findings highlight the importance of transcription
factors expressed in the pancreatic B-cell and altered target
gene expression in the development of diabetes and
prompted us to examine other transcription factors
expressed in the B-cell for mutations in patients with MODY.
The HNF-3 proteins were originally identified as factors
mediating liver-specific transcription of the transthyretin
gene (9). Subsequent studies have shown that they are
involved in the regulation of expression of the MODY-asso-
ciated genes HNF-1q, -1B, -4«, and IPF-1 (10-13). There are
three structurally related HNF-3 proteins in mammals («, B,
and v) and they bind to DNA as monomers through a 100
amino acid winged-helix DNA binding domain, a motif found
in the product of fork head, a gene required for terminal seg-
ment differentiation including gut invagination in Drosophila
(9). HNF-3¢, -3p3, and -3y are expressed in islets and insuli-
noma cells (14). Each of these genes has been knocked out
in mice. Knockout of the HNF-3a gene results in decreased
glucagon expression and hypoglycemia (15). Inactivation of
the HNF-3vy gene has no apparent effect on glucose homeo-
stasis, possibly because of compensation due to increased
expression of HNF-3a and -3 (16). The HNF-3 knockout is
an embryonic lethal (17). These findings suggest that the
HNF-3 proteins, at least HNF-3a and HNF-38, may be nec-
essary for normal islet development and function. Moreover,
they suggest that mutations in these genes may be associated
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with MODY or another form of diabetes. To test this hypoth-
esis, we screened a group of subjects with MODY for muta-
tions in the HNF-33 gene, HNF3B.

The exon-intron organization and partial sequence of
HNF3B was determined by analysis of P1-derived artificial
chromosome clones 34P11, 56E3, 90P17, and 231N19
(Genome Systems, St. Louis, MO). Physical mapping using the
G3 Radiation Hybrid Mapping Panel (Research Genetics,
Huntsville, AL) localized HNF3B near D20S184 in chromo-
some band 20p11, and this polymorphism can be used as a
marker for HNF3B in linkage studies. The HNF3B consists
of three exons spanning ~4.5 kb, the complete sequence of
which has been determined as well as 0.6 kb of the promoter
region. This sequence has been deposited in the GenBank
database with accession number AF147787 (this sequence is
available also in an online appendix [Fig. Al] at www.diabetes.
org/diabetes/appendix.asp). Exon 1 encodes the majority of
the 5’-untranslated region, exon 2 encodes one nucleotide of
the 5’-untranslated region and amino acids 1-23 with intron
2 following codon 23, and exon 3 encodes amino acids
24-457 and the 3'-untranslated region. The predicted amino
acid sequence of human HNF-38 is highly conserved, having
96.7 and 97.8% identity with the mouse and rat orthologues,
respectively (Fig. A2 in the online appendix at www.diabetes.
org/diabetes/appendix.asp). The promoter region of HNF3B
has binding sites for several transcription factors, including
Nkx-2, cyclic AMP response element binding protein, HNF-
6, and HNF-3.

The three exons, flanking introns, and minimal promoter
region were screened for mutations in 57 unrelated Japanese
subjects with MODY. This analysis revealed four frequent
polymorphisms (Table 1) that were not associated with
MODY, including one in the promoter (-213A/G), two silent
mutations in the codons for Ala 97 (291C/T) and Gly 279

TABLE 1
Mutations and polymorphisms in HNF3B

(837A/G), and one in the 3’-untranslated region (1424C/T).
Two rare substitutions in the 5’-untranslated region, -156C/T
and —67A/C, which do not disrupt any known transcription
factor binding sites, were found in a heterozygous state in two
subjects, and two subjects were heterozygous for putative
missense mutations, S109N (326G > A) and A328V (983C>T).
The first mutation, S109N, affects a conserved amino acid
located in the linker region between transactivation domain
region V and the winged-helix DNA binding domain; this
residue is Ser in the human, mouse, rat, and Xenopus (frog)
sequences and Thr in the zebrafish (Fig. A2 in the online
appendix at www.diabetes.org/diabetes/appendix.asp). The
second putative mutation, A328V, is located between the
DNA binding domain and transactivation domain region II;
this residue is Ala in the human sequence, Ser in the mouse
and rat, and GIn in Xenopus and zebrafish. Neither mutation
was found in 106 normal chromosomes from nondiabetic
Japanese subjects.

The S109N mutation was found in a male subject, J2-96,
diagnosed with diabetes at the age of 14 years. He has had dia-
betes for 17 years and is currently treated with insulin. This sub-
ject was heterozygous for a rare variant in the promoter region
of the HNF-4a gene (19). His mother and maternal grand-
mother also were diabetic, but they were not available for
study, and he had no siblings. The proband with the A328V
mutation, J2-12, was diagnosed with diabetes at 15 years of age.
She has had diabetes for 18 years and started insulin treatment
10 years after diagnosis. She currently requires 20 U
insulin/day. Her HbA, . is 6.5% and BMI is 21.6. In 1997, her fast-
ing serum C-peptide level was 0.9 ng/ml. She has proliferative
retinopathy and diabetic nephropathy with increased serum
creatinine (1.55 mg/dl). Her mother and father were both dia-
betic (ages at diagnosis, 40 and 54 years, respectively) as was
her maternal grandmother (age at diagnosis, 50 years). The

Nucleotide Amino acid Frequency of major allele
Location Nucleotide* change Designation change Designation MODY Nondiabetic
Promoter -213 (-4) AlG c.—213A/G A, 081 0.79
Exon 1
5-UTR -156 CIT c.-156C/T C,0.99 1.00
-67 AIC c.—67A/C A, 0.99 1.00
Exon 3
Codon 97 291 CIT c.291C/T Ala (GCC or GCT) C,0.79 0.77
Codon 109 326 G>A c.326G > A Ser (AGC) > Asn (AAC) S109N G, 0.99 1.00
Codon 279 837 AIG c.837A/G Gly (GGA or GGG) A, 0.79 0.77
Codon 328 983 C>T c.983C>T Ala (GCG) > Val (GTG) A328V C, 0.99 1.00
3'-UTR 1424 CIT c.1424CIT C,081 0.82

The polymorphism in the promoter region is located 4 bp upstream of the putative start of transcription. The frequency of each sub-
stitution was determined in 57 unrelated MODY patients and 53 unrelated nondiabetic (by oral glucose tolerance testing) subjects.
Both the patients and control subjects were ascertained through the Diabetes Center, Tokyo Women'’s Medical University. The poly-
morphisms —213A/G, 291C/T, 837A/G, and 1424C/T are in the Hardy-Weinberg equilibrium. There is highly significant linkage dise-
quilibrium among these polymorphisms with pairwise linkage disequilibrium coefficient D’ values in control subjects of —213A/G
and 291C/T, 0.93; —213A/G and 837A/G, 0.93; —213A/G and 1424C/T, 0.85; 291C/T and 837A/G, 0.87; 291C/T and 1424C/T, 0.84; and 837A/G
and 1424C/T, 1.00. Similar D’ values were observed in patients. *Nucleotide numbering: the A of the ATG of the initiator Met codon
of the cDNA sequence is denoted nucleotide +1, and the lowercase ¢ for cDNA in front of the nucleotide number indicates that the
reference sequence is the cDNA sequence (if the reference sequence was the genomic sequence, lowercase g for genomic would
precede the nucleotide number). The recommendations for a nomenclature system for human gene mutations suggest that these
mutations and polymorphisms should be described as HNF3B-c.[nucleotide number][nucleotide change], e.g., HNF3B-c.-213A/G.
UTR, untranslated region.
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mother (BMI, 19.8) is currently treated with oral hypoglycemic
agents: her HbA,, is 9.2%. The mutant allele, V328, was inher-
ited from her mother (the grandmother was deceased and no
maternal aunts or uncles were available for study). The genetic
studies are inconclusive with regard to whether or not these
mutations are the cause of diabetes in these two families.

The functional properties of the two mutant forms of
HNF-33 were compared with those of the wild-type protein.
The wild-type HNF-3B protein stimulated transcription of
HNF-1a and HNF-4a promoter-reporter gene constructs by
6.4- and 1.7-fold, respectively, in HeLa cells (there was no signi-
ficant difference in the activity of proteins with or without the
NH,-terminal Xpress epitope tag). The wild-type and mutant
proteins had very similar activities, although HNF-33-S109N
consistently showed ~10% lower activity on both promoters
compared with wild-type protein. The physiological signifi-
cance of such a modest reduction in activity is unknown.

Transcription factors play a key role in the morphogenesis,
maturation, and normal function of pancreatic B-cells
(20,21). Heterozygous mutations in the transcription factors
HNF-1q, -1B, and -4a, and IPF-1 are associated with B-cell dys-
function and early-onset diabetes (1-4), and HNF-3p3 plays a
role in the regulation of expression of each of these genes
(10-13). As an upstream regulator of four genes associated
with MODY, HNF-38 is a candidate diabetes gene itself, and
this led us to screen it for mutations in patients with MODY.
Our results revealed four common polymorphisms and two
uncommon variants in this gene. We also identified two puta-
tive missense mutations that generate proteins with activities
similar to (A328V) or slightly less than (S109N) wild-type
HNF-3B. The present genetic and molecular biological analy-
ses do not allow us to ascribe a pathogenic role for either
mutation, and further studies are required to determine what
role they may have, if any, on normal B-cell function and the
development of diabetes. Although there is no evidence that
mutations in HNF-3B are a common cause of MODY in
Japanese, the mutations may be contributory in other popu-
lations. The information presented here will facilitate the
search for mutations in other populations and studies of the
role of HNF-3B in determining normal -cell function.

RESEARCH DESIGN AND METHODS

Study population. The study population consisted of 57 unrelated Japanese sub-
jects with a clinical diagnosis of MODY, the clinical features of which have been
described previously (18). These subjects were previously screened for mutations
in the HNF-1q, -1B, and -4a, IPF-1, NeuroD1/BETA2, and Nkx2.2 genes (18).

Screening for mutations in HNF3B. The three exons, flanking introns, and min-
imal promoter region were screened for mutations by amplifying specific regions
using the primers shown in Table 2 and then directly sequencing the polymerase
chain reaction (PCR) products using an ABI PRISM dRhodamine terminator

TABLE 2
Sequences of primers for amplification and sequencing of HNF3B

cycle sequencing ready reaction kit (PE Applied Biosystems, Foster City, CA).
Functional studies of wild-type and mutant forms of human HNF-38. The
human HNF-33 cDNA was generated by PCR and cloned into the mammalian
expression vectors pcDNA3.1 and pcDNA3.1/HisB (Invitrogen, Carlsbad, CA). The
S109N and A328V mutations were introduced by site-directed mutagenesis
(QuikChange mutagenesis Kit; Stratagene, La Jolla, CA) to generate pcDNA3.1-
HNF-33-S109N or -A328V. The reporter gene constructs pGL3-HNF-1a and pGL3-
HNF-4a were prepared by cloning fragments of the promoter regions of the
human HNF-1a (nucleotides 149-673, GenBank accession no. U73499) and
HNF-4a genes (nucleotides 549-1124, GenBank accession no. U72959) into the
firefly luciferase reporter gene vector pGL3-Basic (Promega, Madison, WI). The
sequences of all constructs were confirmed. HelLa cells were transfected with
FuGENE 6 (Boehringer Mannheim, Indianapolis, IN) with 500 ng of pGL3-HNF-1a
or -4a, 250 ng of pcDNA3.1-HNF-3B, -HNF-33-S109N or -A328V with and without
NH_-terminal Xpress-epitope tag, and 25 ng of pRL-SV40 to control for efficiency
of transfection. pcDNA3.1 DNA was added to each transfection so that the final
amount of DNA added was 2 ug. After 24 h, the transactivation activity of the nor-
mal and mutant HNF-33 proteins was measured using the Dual-Luciferase
Reporter Assay System (Promega). Firefly luciferase values were normalized
with the Renilla luciferase activity to correct for variations in transfection effi-
ciency. Transfections were carried out in triplicate and were repeated three times
with different plasmid preparations.
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