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Abstract

Aims/hypothesis. The recently identified aternative
promoter (P2) of HNF-4a is the major HNF-4a tran-
scription start site in pancreatic beta cells. The signifi-
cance of the P2 promoter was shown by the identifica-
tion of a mutation in the IPF-1 binding site of the al-
ternative promoter which cosegregated with diabetes
in alarge MODY family. The role of the P2 promoter
and the associated alternative exon 1 in both MODY
and polygenic Type Il (non-insulin-dependent) diabe-
tes mellitus is not known. Linkage to this region in
studies of Type Il diabetes makes the P2 region a
strong candidate for arole in Type Il diabetes suscep-
tibility.

Methods. To assess the role of the P2 region we
screened MODY, young-onset Type Il diabetic sub-
jects, and probands from Type Il diabetes families
linked to chromosome 20 for variants of the P2 pro-
moter and associated exon of HNF-4a.

Results. Two variants were found that were not pres-
ent in the control subjects. The —79C/T substitution
was present in a MODY family but did not perfectly
cosegregate with diabetes. A —276G/T substitution
was identified in two UK young-onset diabetes pro-
bands but did not co-segregate with diabetes. Reporter
gene studies did not indicate changes in transcription-
al activity caused by either the —79C/T or —276G/T
single nucleotide substitutions.
Conclusion/interpretation. We found no evidence to
suggest that variation in the P2 proximal promoter re-
gion and associated alternative exon 1 of HNF-4a
contribute to young onset Type Il diabetes susceptibil-
ity in Northern Europeans. [Diabetologia (2002)
45:1344-1348]
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Mutations in the transcription factor genes hepatic nu-
clear factor (HNF) -1a, HNF-18 and HNF-4a and in-

Received: 18 March 2002 / Revised: 21 May 2002
Published online: 19 July 2002
© Springer-Verlag 2002

Corresponding author: T. M. Frayling, PhD, Department of
Diabetes and Vascular Medicine, University of Exeter, Barrack
Road, Exeter, UK, EX2 5AX, E-mail: t.m.frayling@exeter.ac.uk

sulin promoter factor 1(IPF-1) cause the majority of
cases of MODY [1]. The mechanism by which HNF-
la, HNF-183, HNF-4a, IPF-1 and other genes interact
to result in normal beta-cell function is uncertain.
Recently it has been recognised that in the beta cell
the predominant isomer of HNF-4a is HNF-4a7
which utilises a far upstream promoter of HNF-4aq,
P2, with an alternative exon 1 that in humansis 45 kb
5' to the previously identified P1 promoter [2, 3, 4].
The P2 promoter contains functional binding sites for
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HNF-1a, HNF-183 and IPF-1 [3, 4]. This suggests that
HNF-1a, HNF-183 and IPF-1 could regulate HNF-4a
through the P2 promoter in the pancreas, in contrast to
the situation in the liver where HNF-4a regulates
HNF-1a. Consistent with this, HNF-1a was recently
found to be essential for P2 promoter activity and nu-
cleosomal histone hyperacetylation in mice [4]. Fur-
thermore, we identified a large MODY family with a
—146T/C nucleotide substitution in the IPF-1 binding
site of the P2 promoter, which cosegregated with dia-
betes (LOD3.25) [3]. This mutation was shown to re-
duce transcriptional activity in a beta-cell line by re-
ducing the binding of IPF-1 [3].

HNF-4a is located on chromosome 20g12-g13.1.
Several groups have reported linkage of Type Il (non-
insulin-dependent) diabetes mellitus to this region.
These include studies of US Caucasians, Finnish and
French Type Il diabetes families [5, 6, 7, 8, 9, 10, 11].
As a strong candidate gene, HNF-4a exons and pro-
moter P1 have been screened in a number of these
studies but not the P2 promoter. Common variants in
the P1 promoter and the downstream exons did not
explain the observed linkages to thisregion [8, 11].

The role of genetic variation in the P2 promoter
and the associated exon in non-MODY Type |l diabe-
tes has not been studied. Given the evidence for link-
age to the genomic region of HNF-4a and its crucial
regulatory role in the pancreas it represents a strong
candidate for arole in Type Il diabetes susceptibility.
Although we identified one co-segregating mutation
in one of seven MODY families[3], the role of the P2
promoter and associated exon has not been evaluated
in further MODY familiesin whom a mutation has not
been found. We therefore screened Northern European
subjects with Type |l diabetes or MODY for variation
in the P2 promoter and associated exon of HNF-4a.

Subjects and methods

Subjects. The first group we studied comprised: 25 MODY
probands that were previously found to have no mutations in
the five known MODY genes [12, 13, 14]: one South African
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of Indian origin, one Spaniard, two Italians, two Danes, two
Swedes, four Finns and 13 French probands meeting MODY
criteria (autosomal dominant inheritance of Type |l diabetes
with at least one family member diagnosed before 25 years of
age) (Table 1). Of these 25 families, seven had LOD scores at
the HNF4a locus of less than —2.0. All other families were ei-
ther too small for linkage analyses (n=8) or could not be ex-
cluded at LOD less than —2.0 (LODs ranged from —1.92 to
+1.01). In one family we identified a mutation in the HNF4a
P1 promoter but given this promoter does not act in the beta
cell the proband from this family was included.

The second group included: Young onset (non-MODY)
Type |l diabetic subjects: 48 white diabetic subjects from the
United Kingdom of British or Irish origin, who were GAD
negative with at least one Type |1 diabetic first degree relative,
and 38 French young onset Type Il diabetic subjects, in whom
linkage to chromosomal region 20913 had been found [7]
(Table 1).

The third group included: 48 white non-diabetic subjects
from the United Kingdom (HbA,-<6.0%) (Table 1). All sub-
jects gave informed consent and the investigations were car-
ried out in accordance with the Declaration of Helsinki.

Sequencing. We PCR-amplified and sequenced the P2 promot-
er, encompassing the HNF-1 and IPF-1 binding sites, and the
associated alternative exon 1 using genomic DNA [3]. The fol-
lowing overlapping primer pairs were designed and used sepa-
rately by the collaborating laboratories:

Forward 5'-CCAGGTTGGACTCTCACCTCTC-3 and Re-
verse 5'-GTGTCCCATGGCCTCCCAAAG-3 amplifying bas-
es —383 to 116 of the P2 promoter and exon (42786617 to
42787115 from the p-terminal of chromosome 20); or Forward
5'-TGACACACCCATAGTTTGGAG-3 and Reverse 5'-ATG-
GCCTCCCAAAGCTGAC-3 amplifying bases —418 to 109 of
the P2 promoter and exon (42786582 to 42787108 (UCSC Hu-
man Genome Project Working Draft, 22 December 2001 as-
sembly (hgl10) http://genome.cse.ucsc.edu/)).

Cell lines, transfections and reporter gene assays. Luciferase
reporter gene constructs were generated by introducing PCR
fragments containing the appropriate HNF-4a P2 promoter se-
quence into vectors pGL2-Basic (-=79C/T variant) or pGL3-Ba-
sicll (Promega) (—276G/T variant). For the —=79C/T constructs,
bases 54 to —371 of the P2 promoter were PCR amplified
with forward primer 5-TTTGAGCTCACCTCTCCAGCCC-
CTTCT-3' and two different reverse primers. 5'-GGACTCG-
AGCACAGCAGCAGCACAGCCACCAGGAACCCG-3 for
the T variant and 5'-GGACTCGAGCACAGCAGCAG-3 for

Table 1. Clinical characteristics of the subjects examined according to diabetes status

Clinical MODY X UK young onset diabetic ~ French young onset diabetic UK non-diabetic
characteristic subjects (non-MODY)) subjects (non-MODY)) subjects

N 25 48 38 48

Male/female 11/14 30/18 21/17 26/22

Agea (years) 16 (12-27) 36.0 (32.0-39.5) 36.0 (28.5-39.8) 70 (62—74)

BMI 24.7 (21.8-27.7) 29.6 (28.0-33.5) 26.1(23.4-29.3) 28.0 (24.4-31.6)
Treatment with diet (%) 9.5 354 63.2 -

Treatment with OHA (%) 14.3 47.9 26.3 -

Treatment with insulin (%)  76.2 16.7 105 -

aAge at diagnosis for Diabetic subjects, age at study for non-diabetic subjects

Data are n, % or medians (interquartile range)
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Table 2. Frequency of the HNF4a P2 variants identified in the four study groups

Mutation Allele frequency
MODY X UK young onset diabetic French young onset diabetic UK non-diabetic
subjects (non-MODY)) subjects (non-MODY) subjects
—79CIT C: 0.98T: 0.02 C:1.00T: 0.00 C:1.00T: 0.00 C:1.00T: 0.00
—276GIT G: 1.00 T: 0.00 G:0.98T: 0.02 G: 1.00 T: 0.00 G: 1.00 T: 0.00
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Fig. 1. Pedigree of MODY X family showing pattern of inher- Results

itance of the C/T nucleotide substitution at —79. Solid symbols
represent affected and open symbols unaffected individuals. In-
dividual mutation status is given: N = normal, M = C/T muta-
tion. For affected subjects: age at testing followed by age at di-
agnosis followed by treatment regime (OHA oral hypo-
glycaemic agents, INS = insulin) are given. For unaffected
subjects age at testing is given. The proband is indicated by an
arrow

the C variant. For the —276G/T variant, constructs were made
containing nucleotides —1 to —346 (P2/-346) or nucleotides —1
to —2200 (P2/-2200) of the P2 promoter to exclude the possi-
bility that the mutation influences more distal unidentified reg-
ulatory elements. PCR was carried out with forward primers
5'-CCGCTCGAGCGGCCCTGTCCTCAAATTG-3 for P2/-
346 and 5'-CCGCTCGAGGGAAGGCAATGTGAGA-3 for
P2/-2200 and the reverse primer 5-CCCAAGCTTGGG-
CCAAGCCCACCCAGC-3.

To increase the possibility of testing the mutation in a rep-
resentative cellular context, two cell lines were used to test the
functional effect of each mutation. INS-1 and FT0-2B cells
[15] were cultured and transfected [3]. Min6 and CaCo2 cells
were cultured in DMEM with 50 mmol/l [3-mercaptoethanol
and 15% foetal calf serum. Transfections of MIN6 and CaCo2
cells were done using 0.4 pg of HNF-4a-P2 |uciferase reporter
gene constructs using Effectene (Qiagen) at a 1:10 ratio to
DNA.

We identified one variant in the MODY X subjects. a
—79 C/T nucleotide substitution (Table 2). The variant
did not co-segregate completely with diabetes but was
present in five of the seven diabetic family members
screened and was also present in two of the four non-
diabetic family members screened (Fig. 1). The —79
C/T variant was not seen in any of the non-diabetic
subjects from the UK.

The —79C/T variant is contained within the 5 un-
translated region of HNF-4a transcripts originating
from the P2 promoter, and is conserved in mice and
humans. To analyse its effect on transcriptional activi-
ty, we mutated this site in a luciferase reporter gene
construct containing the P2 promoter sequence. Tran-
sient transfections in mouse Min6 beta-cells and hu-
man colon-derived CaCo2 cells failed to show differ-
ences in transcriptional activity between the constructs
containing C or T at position —79 (Fig. 2).

In 2 of 48 UK young onset (non-MODY) Type Il
diabetic subjects we identified a —276 G/T nucleotide
substitution (Table 2). However, in each case it was
inherited from an unaffected parent and was not pres-
ent in an affected first degree relative. The —276 G/T
variant was not present in either the 38 French young
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Fig. 2. Luciferase reporter gene assays of transiently transfec-
ted Min6 and CaCo2 cells using P2 promoter constructs con-
taining either the C(P2/-371) or the T(P2/-371C-T) variants
at position —79 where —371 indicates the 5' extent of the pro-
moter used in the construct relative to the translation start site.
Fold induction refers to the activity of the pGL2-Basic vector.
Standard error bars were calculated from three different exper-
iments, each representing duplicate calculations of two inde-
pendent clones for each construct

onset (non-MODY) Type |l diabetic subjects, or in the
48 UK nondiabetic subjects. The previously reported
—146T/C substitution was not present in any of the
subjects studied.

The —276 T variant occurs in a potential metal re-
sponsive element (TGCRCNC) in the opposite strand
[16]. To assess whether variation at this site affects
transcriptional activity, we undertook luciferase re-
porter gene assays of transiently transfected insulino-
ma (INS-1) and hepatoma (FT0-2B) cell lines. We
used constructs containing the =276 G or T variant in
fragments of the P2 promoter containing bases —1 to
—346 or —1 to —2200 in front of the luciferase gene. No
difference in fold activity was seen between the con-
structs containing the G variant and those containing
the T variant in either of the cell lines (Fig. 3).

Discussion

Our results do not support the hypothesis that varia-
tion in the far upstream P2 promoter is an important
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Fig. 3. Luciferase reporter gene assays of transiently transfec-
ted INS-1 and FT0O-2B cells using the following reporter gene
constructs of the P2 promoter sequence of HNF-4a in front of
the luciferase gene: P2/-346, P2/-2200 as well as P2/-346G - T
and P2/-2200G - T containing the polymorphism —276 G- T
(where —346 or —2200 indicates the 5' extent of the promoter
used in the construct relative to the trandation start site). Fold
induction refers to the activity of the pGL3-Basic vector. The
error bars indicate standard deviations of six calculations
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cause of MODY or young onset Type Il diabetes even
in families showing linkage to this region. It remains
possible that variation in the P2 promoter and associ-
ated exon is a minor contributor to Type Il diabetes
susceptibility, although given their low frequency,
variants will only contribute to a small proportion of
the linkage results. However, the role of the P2 pro-
moter in the aetiology of Type Il diabetes should be
investigated in cohorts of late-onset Type Il diabetes
subjects. Although we have excluded up to 418 bp of
the P2 promoter region and the associated exon from a
role in our cohorts it remains possible that variation in
distant unidentified transcriptional control elements of
this promoter could be important in Type Il diabetes
susceptibility.

In conclusion, variation in the HNF-4a P2 promot-
er and the corresponding exon are not a common
cause of MODY or early-onset Type Il diabetes in-
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cluding those from families linked to chromosome 20.
It is not likely that variation in the P2 region of HNF-
4a accounts for the previously identified linkage be-
tween this region and Type Il diabetes athough it can-
not be excluded from arole in late onset Type Il dia-
betes.
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