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Association of A Common Haplotype of Hepatocyte Nuclear Factor 1a With
Type 2 Diabetes in Chinese Population®
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Objective  To analyze the association of variants of hepatocyte nuclear factor-la (HNF-la) gene with type 2
diabetes in Chinese population. Methods In 152 unrelated type 2 diabetes patients and 93 unrelated controls, eleven
single nucleotide polymorphisms (SNPs) were identified and genotyped. Statistical analyses were performed to investigate
whether these SNPs were associated with diabetes status in our samples. Results In the individual SNP study, no SNP
differed significantly in frequency between type 2 diabetes patients and controls. In the haplotype analysis, two haplotype
blocks were identified. In haplotype block 1, no evidence was found between common HNF-/a haplotypes and type 2
diabetes. However, in haplotype block 2, a common haplotype GCGC formed by four tagging SNPs (tSNPs) was found to
be associated with decreased risk of type 2 diabetes (odds ratio [OR] 0.6011, 95% confidence interval [CI] 0.4138-0.8732,
P=0.0073, empirical P=0.0511, permutation test). A similar trend was also observed in the diplotype analysis, indicating
that the increasing copy number of the haplotype GCGC was associated with the decreased frequency of diabetes

(P=0.0193). Conclusion The results of this study provide evidence that the haplotype of HNF-la decreases the risk of

type 2 diabetes in Chinese individuals.
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INTRODUCTION

Hepatocyte nuclear factor-la (HNF-Ila, also
known as TCF1) is a homeodomain-containing
transcription factor which was originally identified in
liver. HNF-1a gene is expressed in tissues of liver,
kidney, intestine, pancreas, and plays an important
role in the development and differentiation of these
organs''. HNF-Ia, together with other transcription
factors, constitutes a complicated network that
controls organ-specific gene expression during
embryonic development and in adult tissues.

Mutations of the HNF-lo gene lead to B-cell
dysfunction and maturity-onset of diabetes in the
young (MODY 3). In the British population, HNF-1a
mutations account for nearly two-thirds of all MODY

families, while they are not a major cause of
early-onset and/or multiply affected diabetic
pedigrees in Chinese population®?!. Meanwhile,
some common amino acid variants of HNF-/o have
been identified to be associated with type 2
diabetes'™® and related intermediate traits'’"'?.
Recently, Jackson e al!"! have also found that the
variant A98V of HNF-1a, together with other variants
of NEURODI and NEUROG3, has a combined effect
on glucose tolerance in the South Indian population.
These studies suggest that HNF-1a might play a role
in the pathogenesis of common type 2 diabetes.
Linkage disequilibrium (LD) and haplotype
analysis have been used to test the association of
single nucleotide polymorphisms (SNPs) of candidate
genes with type 2 diabetes within the case-control
population in recent studies!'*'*). The new statistical
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methods provide more information than before. Even
if no individual SNPs are associated with disease
status, it may be possible to identify haplotypes that
are significantly associated with increased or
decreased disease risk.

The promoter, coding and flanking intron regions
of HNF-1a was scanned in our previous study and
several variants have been identified”. In this study,
analyses of the variants were performed to assess
their association and potential role in type 2 diabetes
in Chinese population.

SUBJECTS AND METHODS

Two hundred and forty-five unrelated Chinese
residents in Shanghai were selected in this
case-control study. The type 2 diabetes patients
included one hundred and fifty-two unrelated
probands from early-onset and/or multiplex diabetes
families. Glucose tolerance status was identified
according to the 1999 WHO criteria®. Diabetic
patients who had antibodies to  tyrosine
phosphatase-like protein (IA2-Ab) or GAD were
excluded. Mutation carriers of MODY genes
(MODY1-6) or mitochondrial nucleotide 3243
A-to-G substitution were also excluded by genetic
testing. The age of diabetes patients at diagnosis was
46.41+10.57 years, and BMI was 24.08+3.30 kg/m’.
Ninety-three unrelated controls were selected from a
community-based survey for type 2 diabetes. All the
controls were old “super normal” individuals (age >
65 years, BMI < 25 kg/m?®) without hyperglycemia,
hypertension or dyslipidaemia®. These controls had
no family history of diabetes. This study was
approved by the Institutional Review Board of Shanghai

Jiaotong University Affiliated Sixth People’s Hospital.

Informed consents were obtained from all the
participants.

Genotyping

The promoter, coding regions, and flanking
intron regions of HNF-lo gene were screened by
PCR-SSCP and sequencing analysis. Eleven variants
were identified in the initial research™™ which covered
nearly 22kb of HNF-1a gene. These SNPs were typed
by direct sequencing or PCR-RFLP in all the diabetes
patients and controls. The sequencing reactions were
analyzed with the Applied Biosystems 3100 Genetic
Analyzer in both directions. The primers were

described in a previous study'?.

Statistical Analysis

Allele frequencies were determined by gene
counting, and observed genotypes were tested for fit

to the expectations of Hardy-Weinberg equilibrium
using the y test.

SNPs with a minor allele frequency (MAF) over
1% were selected for analysis. Pairwise linkage
disequilibrium was calculated from the combined
data of patients and controls by using [D’| and r*.
Haplotype blocks were defined according to the
confidence interval algorithm® and haplotype
frequencies were estimated for the combined set of
patients and controls using the expectation-maximization
algorithm and performed in Haploview (v 3.2)1%.
Tagging SNPs (tSNPs) were chosen for further
analysis. Diplotype of each subject was inferred by
PHASE (v 2.1)*?* Differences in SNP, haplotype
and diplotype distribution between patients and
controls were tested using y* test. Odds ratios (ORs)
and P values were determined by SAS for
WINDOWS (v 6.12).

Permutation tests were implemented by
Haploview (v 3.2)1* to estimate the probability of a
similar number of associated individual SNPs or
haplotypes due to chance alone. Ten thousand
permuted samples were created by randomly
shuffling genotypes. The overall P value was
computed as the proportion of permuted samples
having at least individual SNPs or halplotypes with P
values less than or equal to the least significant P
value in the original data.

RESULTS

Association Analysis of Individual SNPs

Nine common variants with MAF >1% were
used in the present study. All SNPs were in
Hardy-Weinberg equilibrium. The allele frequency of
each SNP did not differ significantly between type 2
diabetes patients and controls (Table 1).

Association Analysis of Haplotype/diplotype

Table 2 shows the pairwise LD (|D’| and r’)
among the genotyped SNPs in Chinese subjects. Two
haplotype blocks were observed in the HNF-la
region in the studied subjects (Fig. 1). In block 1, two
tSNPs (rs1169289 and rs1169288) that defined three
haplotypes with a frequency >5%, accounted for
99.6% of all haplotypes across the HNF-la region,
while in block 2, four tSNPs (rs1169294, rs3751156,
rs1169301, rs2259820) that defined six haplotypes
with a frequency >5%, accounted for 93.8% of all
haplotypes across the region (Table 3).

In haplotype block 1, no haplotype differed
significantly in frequency between patients and
contros (Table 3A), while in haplotype block 2, a
significant difference was found in the frequency of
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TABLE 1

Type 2 Diabetes Association Analysis of Nine Individual SNPs in Patients and Controls
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*SNP Position Major/Minor Minor Allele Frequency Case-control
SNP Name (bp) Alleles , Chi-square P Value
Patients Controls
rs1169289 119879342 C/G 0.405 0.344 1.791 0.1808
rs1169288 119879370 A/C 0.454 0.382 2.461 0.1167
rs1169294 119889314 G/A 0.414 0.344 2.408 0.1207
rs1169301 119894020 C/T 0.477 0.419 1.545 0.2139
rs3751156 119897022 G/T 0.141 0.108 1.185 0.2763
12259820 119898062 C/T 0.487 0.419 2.115 0.1459
1s2464196 119898147 G/A 0.477 0.419 1.545 0.2139
rs2464195 119898195 G/A 0.473 0.419 1.375 0.2410
rs735396 119901564 T/C 0.484 0.419 1.915 0.1664

Note. "SNP positions are indicated in base pair from the p-terminus of chromosome 12, Haplotype tagging SNPs are shaded.

TABLE 2

Pairwise Linkage Disequilibrium Among ANF-1o SNPs in the Studied Subjects

SNP Name  rs1169289  rs1169288  rs1169294  rs1169301  rs3751156  1rs2259820 152464196  rs2464195 15735396
rs1169289 - 0.80 0.73 0.53 0.05 0.57 0.60 0.60 0.62
rs1169288 0.98 - 0.62 0.47 0.02 0.47 0.51 0.50 0.52
rs1169294 0.86 0.85 - 0.62 0.09 0.66 0.68 0.69 0.70
rs1169301 0.84 0.72 0.90 - 0.11 0.79 0.82 0.82 0.84
3751156 0.74 0.41 1.00 0.94 - 0.10 0.10 0.10 0.10
12259820 0.89 0.73 0.94 0.89 0.89 - 0.96 0.97 0.94
152464196 0.90 0.75 0.94 0.90 0.89 0.99 - 0.99 0.98
1s2464195 0.89 0.74 0.94 0.90 0.89 1.00 1.00 - 0.98
1rs735396 0.92 0.77 0.96 0.92 0.89 0.97 1.00 1.00 -
Note. |D’| values are shown in the lower left, while 1* values are shown in the upper right.
TABLE 3A
Association Analysis of Haplotype Frequencies and Type 2 Diabetes in Haplotype Block 1
151169289 151169288 Frequency ) P *Empirical
Chi-square OR (95%CI) Value
C/G A/C Case Control P Value
C A 0.539 0.618 2.921 0.7223(0.4979-1.0477) 0.0874 0.5550
G C 0.398 0.344 1.430 1.2587(0.8609-1.8402) 0.2319 0.9139
C C 0.056 0.038 0.823 1.5241(0.6203-3.7452) 0.3642 0.9960
TABLE 3B
Association Analysis of Haplotype Frequencies and Type 2 Diabetes in Haplotype Block 2
Haplotype rs1169294  rs1169301 rs3751156  1s2259820 Frequency Chi- “OR (95%CI) p ‘Empirical
GIA o GIT CT  Case Control S92 Value P Value
htl G C G C 0.340 0461  7.192 0.6011(0.4138-0.8732) 0.0073  0.0511
ht2 A T G T 0.384 0333 1.334 1.2509(0.8532-1.8340) 0.2481 0.9206
ht3 G C T C 0.130  0.107  0.539 1.2359(0.6975-2.1899) 0.4628  0.9995
ht4 G T G T 0.053  0.086  2.102 0.5942(0.2900-1.2175) 0.1427  0.8111

Note. Haplotypes with estimated frequencies >5% are shown. "OR: odds ratio. CI: confidence interval. "P values <0.05 are shown in
bold. *Empirical P values are obtained from 10 000 permutation test.
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FIG. 1. Linkage disequilibrium (LD) plot and block structure of HNF-Ia region in the studied subjects. The block structure
based on confidence intervals [D’ | is shown as triangles. Each diamond represents the pairwise magnitude of LD, with
red indicating strong LD (|D’| > 0.8) and a logarithm of odds score =2.0.

TABLE 4

Type 2 Diabetes Association Analysis of GCGC Haplotype Combination (Diplotype)

Affection Status

Diplotype Distribution, 7 (%)

htl/ht1 ht1/- -/- P Value
Case 18(11.84%) 67(44.08%) 67(44.08%) 0.0193
Control 18(19.35%) 50(53.67%) 25(26.88%) ¥ =7.8936

Note. htl: GCGC haplotype.

the most common haplotype GCGC (htl) between
patients and controls (empirical P=0.0511,
permutation test). The frequency of htl haplotype in
the patients with type 2 diabetes was significantly
lower than that in the “super normal” controls (34.0%
vs 46.1%). The patients had an estimated OR
0.6011 (P=0.0073, 95%CI=0.4979-1.0477), indicating
a significant decrease of relative risk of type 2
diabetes with this haplotype (Table 3B). Since the
most common haplotype GCGC (htl) seemed to be
the protective haplotype, the haplotype combination
(diplotype) analysis was then performed. The
increasing copy number of the htl was found to be
associated with a lower frequency of type 2 diabetes
(P=0.0193) (Table 4).

DISCUSSION

In the present work, variants in the HNF-/a gene
promoter, coding and flanking introns were

delineated in type 2 diabetes patients and controls.
Two haplotype blocks containing three and six
common haplotypes respectively, were observed.
Using haplotype/diplotype analyses, a common
haplotype identified in the second block of the
HNF-la gene was found to be associated with
disease status. The GCGC haplotype, formed by
rs1169294, rs3751156, rs1169301, and rs2259820,
was associated with a low risk of type 2 diabetes
(OR=0.6011). Moreover, permutation tests indicated
that the observed association was unlikely to occur by
chance (empirical P=0.0511). The GCGC haplotype
covers the regions that encode DNA-binding domain
and transactivation domain of HNF-1a gene, which is
essential to the gene function. The significantly
different haplotype distributions in block 2 between
patients with type 2 diabetes and controls suggest that
the HNF-loo gene locus contributes to the
susceptibility to type 2 diabetes. In this study, no
individual SNP was associated with type 2 diabetes.
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One of the possible reasons is that the effects of
individual SNPs are relatively weak. On the other
hand, it is also possible that the GCGC haplotype tags
an additional locus not genotyped.

Although mutations HNF-1a are well recognized
to be one of the causes of MODY phenotype, recent
studies have shown that coding or noncoding variants
of MODY genes may be associated with type 2
diabetes. At least three individual SNPs of the
HNF-lo gene have been reported to be associated
with type 2 diabetes and related traits in some
populations. For example, the Ala98Val variant is
associated with type 2 diabetes and decreased insulin
secretion during OGTT in Finnish® and Danish
subjects, respectively™. The G319S and I27L
variants are associated with lipid levels in Canadian
Oji-cree subjects and Japanese, respectively!”'”. In
Chinese subjects, only 127L (rs1169288) variant has
been identified, which has no association with type 2
diabetes in individual SNP analysis. In particular,
there is evidence that the haplotype containing 127L
does not predispose to type 2 diabetes. However,
analyses to identify diabetes-related quantitative traits
remain necessary in future studies.

To our knowledge, the present study is the first to
report that the haplotype in HNF-1o gene may affect
the low risk of type 2 diabetes. Although two large
independent Caucasian studies showed that no
common haplotypes of HNF-Ia are associated with
type 2 diabetes'™ 2%, our findings are scientifically
justified because patients were enrolled from early
onset and/or multiplex diabetes families, which
means that they may be enriched for genetic effects.
Moreover, the normal glucose status of our controls
was confirmed after the age of sixty-five years,
which means that the controls unlikely develop
diabetes. However, the role of HNF-1a haplotypes
remains to be determined in large samples of our
population.

In conclusion, the variant combinations in the
HNF-1a gene are associated with a low-risk of type 2
diabetes in Chinese population. Further studies in
other populations and functional analysis, are
required to elucidate the role of variation in HNF-1a
in the pathogenesis of type 2 diabetes.
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