
Hepatocyte nuclear factors (HNFs) were identified
through their interaction with DNA sequences.
These sequences are essential for the liver-specific
transcription of genes. Many of HNFs are also ex-
pressed in other tissues of endodermal origin [1]. Mu-

tations in the HNF-4a gene are associated with a
subtype of maturity-onset diabetes of the young
(MODY) denoted MODY1 [2], those in the HNF-
1a gene are associated with MODY3 [3] and those
in the HNF-1b gene with MODY5 [4]. In addition to
an early onset ( < 25 years of age) and an autosomal
dominant inheritance, MODY1 and MODY3 are
characterized by a primary defect in pancreatic beta-
cell function. These findings raise the possibility that
mutations in related transcription factors as well as
in transcription factors implicated in the same regula-
tory cascade could cause other forms of Type II dia-
betes. Hepatocyte nuclear factor-6 which defines the
new ONECUT class of homeodomain proteins [5],
contains a bipartite DNA-binding region consisting
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Abstract

Aims/hypothesis. The transcription factor hepatocyte
nuclear factor (HNF)-6 is an upstream regulator of
several genes involved in the pathogenesis of maturi-
ty-onset diabetes of the young. We therefore tested
the hypothesis that variability in the HNF-6 gene is
associated with subsets of Type II (non-insulin-de-
pendent) diabetes mellitus and estimates of insulin
secretion in glucose tolerant subjects.
Methods. We cloned the coding region as well as the
intron-exon boundaries of the HNF-6 gene. We then
examined them on genomic DNA in six MODY pro-
bands without mutations in the MODY1, MODY3
and MODY4 genes and in 54 patients with late-onset
Type II diabetes by combined single strand confor-
mational polymorphism-heteroduplex analysis fol-
lowed by direct sequencing of identified variants. An
identified missense variant was examined in associa-
tion studies and genotype-phenotype studies.

Results. We identified two silent and one missense
(Pro75Ala) variant. In an association study the allelic
frequency of the Pro75Ala polymorphism was 3.2%
(95 % confidence interval, 1.9±4.5) in 330 patients
with Type II diabetes mellitus compared with 4.2%
(2.4±6.0) in 238 age-matched glucose tolerant control
subjects. Moreover, in studies of 238 middle-aged glu-
cose tolerant subjects, of 226 glucose tolerant off-
spring of Type II diabetic patients and of 367 young
healthy subjects, the carriers of the polymorphism
did not differ from non-carriers in glucose induced se-
rum insulin or C-peptide responses.
Conclusion/interpretation. Mutations in the coding
region of the HNF-6 gene are not associated with
Type II diabetes or with changes in insulin responses
to glucose among the Caucasians examined. [Dia-
betologia (1999) 42: 1011±1016]
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of a cut domain and of a variant homeodomain [6].
This factor stimulates the transcription of the HNF-
4a gene [7]. It also stimulates the transcription of the
HNF-3b gene [7, 8], whose product in turn stimulates
the transcription of the insulin promoter factor-1
gene [9], in which mutations are linked to MODY4
[10]. During pancreas development HNF-6 is ex-
pressed in the protodifferentiated epithelium, which
contains the precursors of the beta-cells and which
coexpresses HNF-3b and insulin promoter factor-1
[7, 8]. In liver, HNF-6 controls the synthesis of en-
zymes that regulate glucose metabolism [6]. The hu-
man HNF-6 gene has been assigned to chromosome
15 [11] but only a cDNA corresponding to part of
the coding region of the HNF-6 mRNA has been re-
ported in humans [8]. The purpose of this study was
to clone the complete coding region of the human
HNF-6 gene as well as exon-intron junctions and to
determine whether mutations in this gene are associ-
ated with Type II diabetes or with changes in the
function of beta-cells in glucose tolerant Danish Cau-
casians.

Subjects and methods

Subjects. In the primary screening for mutations, combined sin-
gle strand conformational polymorphism(SSCP)-heteroduplex
analysis followed by nucleotide sequencing of migration vari-
ants was carried out on genomic DNA from six unrelated Cau-
casian MODY patients without mutations (examined by direct
sequencing of the respective genes) in the MODY1, MODY3
and MODY4 genes and 54 patients with Type II (non-insulin-
dependent) diabetes mellitus of late onset. The Type II diabetic
patients were those with the lowest concentrations of fasting se-
rum C peptide selected from a group of 330 Danish Type II dia-
betic patients. The subsequent association study was done on
this group of 330 unrelated Caucasian patients who were re-
cruited from the outpatient clinic at Steno Diabetes Center, Co-
penhagen. It was also done on 238 age-matched and glucose tol-
erant Danish Caucasian control subjects traced randomly in the
Danish Central Population Register. They lived in the same
area of Copenhagen as the Type II diabetic patients but were
not related to them or to each other. Type II diabetes was diag-
nosed by the 1985 World Health Organisation criteria. The
Type II diabetic patients (141 women, 189 men) had a clinical
onset of diabetes of 54.9 � 10.7 years (mean � SD), an average
duration of diabetes of 9.6 ± 5.9 years, fasting plasma glucose
of 9.9 ± 3.5 mmol/l, fasting serum C peptide of 678 ± 301 pmol/l
and HbA1 c of 8.4 ± 1.6 % (interval for normal subjects:
4.1±6.4 %). They all tested negative for GAD65 antibodies.
The effect of genetic variants on beta-cell function was mea-
sured in 238 normal glucose tolerant middle-aged subjects, 226
glucose tolerant offspring of Type II diabetic probands from 62
Danish Caucasian families and in a population-based sample
of 367 Danish Caucasians aged 18±32 years (Table 1). The study
protocols were approved by the ethics committee of Copenha-
gen and were in accordance with the principles of the Declara-
tion of Helsinki II. Prior to participation in the study informed
consent was obtained for all subjects.

Biochemical variables. The plasma concentration of glucose
was determined by an automated glucose oxidase method

(Granutest: Merck, Darmstadt, Germany). The concentration
of insulin (excluding des(31, 32)- and intact proinsulin) in se-
rum was measured by ELISA and the concentration of serum
C peptide was determined by radioimmunoassay (RIA) using
Steno Diabetes Centre routine methods [12±15].

Measurements of beta-cell function and insulin sensitivity index.
The 238 control subjects and the 226 offspring of Type II dia-
betic patients in the case-control studies underwent a stan-
dard 75-g OGTT. Each of the 367 young subjects and the 226
glucose tolerant offspring in the phenotype studies underwent
an intravenous glucose tolerance test (IVGTT, 0.3 g glucose
per kg body weight) in combination with intravenous injec-
tion of 3 mg tolbutamide per kg body weight at time 20 min)
after a 12-h overnight fasting period as described [16]. Im-
mediate serum insulin and C peptide responses (0±8 min) in-
duced by glucose were calculated by means of the trapezoidal
rule as the incremental values (area under the curve when ex-
pressed above basal values). The insulin sensitivity index was
calculated in accordance to Bergmann's minimal model as de-
scribed [16].

Radiation hybrids. The human HNF-6 gene was mapped by
PCR using genomic DNA from a panel of 93 radiation hybrids
(human ´ hamster; Genebridge 4 Radiation Hybrid panel, Re-
search Genetics). Genomic DNA (50 ng) was added in each
PCR reaction (50 ml) containing 1.25 U of Taq polymerase
(Qiagen, Leusden, The Netherlands) with the buffer condi-
tions indicated by the supplier. We did 35 cycles (95 °C, 30 s;
60 °C, 30 s; 72 °C, 60 s) and the products were made visible
on ethidium bromide-stained agarose gels. Two primer
sets were used. The primers in set 1 were 5 ¢-AGGAAAG-
AACAAGAACATGGGAAGG-3 ¢ (HNF-6.3) and 5 ¢-GCT-
AGACGAAAATCACACTCC-3 ¢ (HNF-6.6). The primers
in set 2 were 5 ¢-AAACCAAAGACTTAGCTCACCTGCA-
3 ¢ (HNF-6.5) and primer HNF-6.6.

Cloning of the human HNF-6 gene. To clone the exon/intron
junctions, human genomic DNA (600 ng) was cut with BanII
or Sau3AI and the fragments were circularized through liga-
tion. The 5 ¢-exon/intron junction was amplified with primers
VLIIB (5 ¢-CAGCCACTTCCACATCCTCCG-3 ¢) and 260 S
(5 ¢AGCCGGAGTTCCAGCGCATGTC-3 ¢) using the circu-
larized BanII-cut genomic DNA as a template. The intron/3 ¢
exon junction was amplified with primers HNF-6-RKE (5 ¢-
CTTCCCGTGTTCTTGCTCTTTCC-3 ¢) and HNF-6.5 using
the circularized Sau3AI-cut genomic DNA. The PCR amplifi-
cations were done with Expand High Fidelity polymerase
(Boehringer, Brussels, Belgium) according to the supplier's in-
structions. The PCR products were subcloned in pBluescript
KS (Stratagene, Amsterdam, The Netherlands) and se-
quenced. The 5 ¢-end of the coding sequence was cloned after
screening of 3.75 ´ 105 plaque forming units of a human ge-
nomic library in Lambda Dash II (Stratagene). The library
screening procedure followed the supplier's instructions and
was done using a 320-bp human cDNA fragment that spans
residues 232 to 339 as a probe. Five clones were obtained and
fragments were subcloned in pBluescript KS (Stratagene) to
enable sequencing. These sequences have been deposited in
the GenBank. (accession no. Y17 739 and Y17 740).

Primary analysis of the HNF-6 gene for mutations. The coding
region as well as the intron-exon boundaries were examined
in 8 segments of 200±350 bp by combined SSCP and hetereo-
duplex scanning with two different experimental settings as de-
scribed previously [18]. The segments were amplified using
specific primers as follows: segment 1: HNF6±1 f, 5 ¢-GCCA-
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CATCGATGTTGTGT-3 ¢, HNF6±1 r, 5 ¢-TCCAGCAGGG-
ACGCCATG-3 ¢; segment 2: HNF6±2 f, 5 ¢-CGGCAGCCA-
CCTGCCCCCCG-3 ¢, HNF6±2 r, 5 ¢-TGGTGGGGGAACT-
TGTCCGAG-3 ¢; segment 3: HNF6±3 f, 5 ¢-CCTACAC-
CACCTTGACCCCTC-3 ¢, HNF6±3 r, 5 ¢-TGCTGCCCAGA-
CCGGAGCT-3 ¢; segment 4: HNF6±4 f, 5 ¢-TACCCCCTAC-
CACAAGGAC-3 ¢, HNF6±4 r, 5 ¢-AGGAAGGCCGTTGAT-
GGGCAC-3 ¢; segment 5: HNF6±5 f, 5 ¢-TCGGCCGCCACG-
GGGAGC-3 ¢, HNF6±5 r, 5 ¢-GTAGCGCTTGAGCTCGG-
TGGT-3 ¢; segment 6: HNF6±6 f, 5 ¢-GATGGAAGAGA-
TCAATACC-3 ¢, HNF6±6 r, 5 ¢-GGCTTTCGTGTACCTTA-
TC-3 ¢; segment 7: HNF6±7 f, 5 ¢-TCTCCCCTAGACCAT-
CTGTT-3 ¢, HNF6±7 r, 5 ¢-CGTTCATGAAGAAGTTGCT-
G-3 ¢; segment 8: HNF6±8 f, 5 ¢-GCAAATCACCATTTCC-
CACC-3 ¢, HNF6±8 r, 5 ¢-TCTAAGTATAAACCTGCTATC-
3 ¢. Polymerase chain reaction was carried out using AmpliTaq
polymerase (Perkin Elmer, Foster City, Calif., USA) according
to suppliers instructions. The conditions were: denaturation at
94 °C for 3 min followed by 35 cycles of denaturation for 30 s,
annealing at 58 °C (segment 6), 60 °C (segments 1, 7, 8), 64 °C
(segment 5), 65 °C (segments 2, 4), or 66 °C (segment 3) for 30
s and extension at 72 °C for 30 s, with a final extension at

72 °C for 9 min. Variants identified by the SSCP and heterodu-
plex scanning were examined by nucleotide sequencing. PCR-
products used for sequencing were amplified applying the
above mentioned primers except for the addition of a 21M13
tail at the 5 ¢end of the forward primer and a M13 reverse tail
at the 5 ¢end of the reverse primer. The PCR products were se-
quenced on both strands using an ABI Prism Dye Primer Cy-
cle Sequencing Kit with Amplitaq DNA Polymerase FS and
ABI Prism 373 (Perkin Elmer).

Screening for amino acid polymorphisms in the HNF-6 gene.
Polymerase chain reaction amplification of the DNA segment
containing the Pro75Ala polymorphism was done using the
forward primer 5 ¢-CTGCCCCCCGCGCACCCGGGCCCC-
3 ¢ and the reverse primer 5 ¢-GTAGGTGGTGGGCATGCT-
CATAC-3 ¢. Restriction fragment length polymorphism anal-
ysis was applied after digestion with Bsp120I, which cuts
both the wildtype allele and a control site introduced by the
forward primer (mismatched bases indicated by bold letters).
Polymerase chain reaction fragments were separated on 4 %
agarose gels and made visible by staining with ethidium bro-
mide.
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Table 1. Clinical and biochemical characteristics of 238 mid-
dle-aged glucose tolerant Danish Caucasians, 367 young heal-
thy Caucasian subjects and 226 glucose tolerant Caucasian off-

spring of Type II diabetic probands when classified according
to genotype of the Pro75Ala polymorphism of the HNF-6 gene

Wild type Heterozygous p value

Middle-aged glucose tolerant subjects
Number (men/women) 218 (110/108) 20 (11/9)
Age (years) 52.1 (13.8) 50.5 (12.2)
Body mass index (kg/m2) 25.4 (3.9) 24.8 (3.7) 0.44
Fasting plasma glucose (mmol/l) 5.1 (0.5) 5.1 (0.4) 0.82
Fasting serum insulin (pmol/l) 42 (22) 38 (14) 0.39
Fasting serum C peptide (pmol/l) 558 (162) 538 (129) 0.59
Plasma glucose 30 min (mmol/l) post OGTT 7.7 (1.4) 7.9 (1.9) 0.60
Serum insulin 30 min (pmol/l) post OGTT 259 (139) 297 (196) 0.44
Serum C peptide 30 min (pmol/l) post OGTT 1642 (485) 1834 (707) 0.20

Young healthy subjects
Number (men/women) 352 (172/180) 15 (10/5)
Age (years) 25.1 (3.5) 28.5 (2.3)
Body mass index (kg/m2) 23.4 (3.6) 26.4 (4.7) 0.003 (0.04)
Fasting plasma glucose (mmol/l) 5.0 (0.5) 5.0 (0.5) 0.99
Fasting serum insulin (pmol/l) 37 (22) 49 (36) 0.23
Fasting serum C peptide (pmol/l) 470 (159) 540 (190) 0.13
Acute serum insulin response (0±8 min) (min × pmol�1 × l�1) 2207 (1586) 3057 (1711) 0.02 (0.47)
Acute serum C peptide response (0±8 min) (min × pmol�1 × l�1) 7012 (3310) 8636 (3927) 0.12 (0.25)
Insulin sensitivity (10�5 (min × pmol�1 × l�1)) 15.5 (9.3) 11.8 (10.5) 0.04 (0.04)

Glucose tolerant offspring of Type II diabetic probands
Number (men/women) 205 (118/87) 21 (7/14)
Age (years) 38.5 (8.7) 42.9 (9.2)
Body mass index (kg/m2) 25.7 (4.6) 27.1 (4.1) 0.13 (0.66)
Fasting plasma glucose (mmol/l) 5.2 (1.2) 5.3 (0.7) 0.81 (0.52)
Fasting serum insulin (pmol/l) 39 (26) 46 (29) 0.41 (0.74)
Fasting serum C peptide (pmol/l) 492 (168) 532 (212) 0.04 (0.21)
Plasma glucose 30 min (mmol/l) post OGTT 8.1 (1.5) 8.5 (2.2) 0.82 (0.91)
Serum insulin 30 min (pmol/l) post OGTT 300 (180) 358 (250) 0.42 (0.55)
Serum C peptide 30 min (pmol/l) post OGTT 1489 (490) 1514 (526) 0.82 (0.51)
Acute serum insulin response (0±8 min) (min × pmol�1 × l�1) 2014 (1425) 3299 (2882) 0.14 (0.16)
Acute serum C peptide response (0±8 min) (min × pmol�1 × l�1) 5901 (2845) 8151 (5379) 0.10 (0.40)
Insulin sensitivity (10�5 (min × pmol�1 × l�1) ) 11.5 (6.1) 9.3 (5.1) 0.14 (0.88)

Data are means (SD). P values compare wild-type subjects to
heterozygous carriers of the Pro75Ala variant in the HNF-6
gene with regard to specific phenotypes. For young healthy
subjects: p values in parentheses were obtained after correc-
tion in a multiple regression analysis for differences in age,

BMI and sex between the two groups. The p value in parenth-
eses for BMI was corrected for differences in age and sex be-
tween the two groups. For glucose tolerant offspring of Type II
diabetic probands: p values in parentheses were obtained in a
variance component model (see text)



Statistics. Chi-square analysis and Fishers exact test when ap-
propriate were applied to test for significance of differences
in allele frequencies. Differences in continuous variables be-
tween groups of subjects were tested with Student's t test
when the distributions of the variables or the logarithmic val-
ues of the variables were normal and when the variances of
the variables were equal in the groups compared. Otherwise
the Mann-Whitney test was used. To control for possible con-
founders on BMI, immediate serum insulin response, immedi-
ate serum C-peptide response and insulin sensitivity index,
multiple linear regression analyses were carried out. Sex, age
and BMI (only in the regression analysis of immediate serum
insulin response, immediate serum C-peptide response and in-
sulin sensitivity index) were entered as explanatory variables
and immediate serum insulin response, immediate serum C-
peptide response and insulin sensitivity index were entered as
response variables. Also, for the glucose tolerant offspring of
Type II diabetic patients, differences between groups were
analysed applying a variance component model (random ef-
fects model) [19] where an extra source of variation is allowed
to account for the fact that members of the same family might
be correlated. The variant of interest and sex were included as
fixed variables, age and BMI were included as covariates and
family was included as a random effect. A p value less than
0.05 (two-tailed) was considered significant.

Results

Using radiation hybrid analysis, we assigned the
HNF-6 gene to chromosome 15, 2.2 cR3000 down-
stream from marker WI2833 and 13.8 cR3000 upstream
from marker AFMB342WD9 (primer set 1; lod > 3.0).
Mapping with a second primer set located the HNF-6
gene at 5.55 cR3000 from WI2833 and 10.5 cR3000 from
AFMB342WD9 (lod > 3.0). We then cloned and se-
quenced the coding region and the exon/intron junc-
tions of the human HNF-6 gene. A comparison of the
full-length rat HNF-6 cDNA [6] and gene [17] with
the partial cDNA for human HNF-6 [8] showed that
this partial cDNA included the coding sequence
from amino acid 174 to the end (amino acid 465). It
also predicted that the coding portion of the human
gene was made of only two exons, with a splice site be-
tween residues 368 and 369. The first exon codes for
the NH2-terminal part of HNF-6, which includes the
cut domain (residues 292 to 357). The other exon
codes for the rest of the protein, which includes the
homeodomain (residues 385 to 444).

Single strand conformational polymorphism-het-
eroduplex analysis of the HNF-6 gene in 6 MODY
patients without mutations in the MODY1, MODY3
and MODY4 genes and in 54 patients with Type II
diabetes of late onset showed one missense variant
at codon 75 (Pro®Ala) and two silent variants at
codon 94, Pro(CCC®CCG) and at codon 287,
Gly(GGG®GGT). The Pro94Pro variant was a
common polymorphism and was found in 18 of the
60 patients examined. The Gly287Gly variant was
only identified in one of the patients examined.
None of the silent variants were examined further.

The allelic frequency of the Pro75Ala variant was
3.2% (95% confidence interval: 1.9±4.5) in 330 Type
II diabetic patients compared with 4.2% (2.4±6.0) in
238 glucose tolerant control subjects (p = NS). None
of the allelic frequencies were statistically significant-
ly different from Hardy-Weinberg equilibrium. No
homozygous carrier of this variant was identified. At
the phenotype level there were no statistically signifi-
cant differences in age of onset, BMI, fasting concen-
trations of plasma glucose, serum C peptide and se-
rum insulin between carriers and non-carriers of the
Pro75Ala variant within the group of 330 Type II dia-
betic patients (data not shown). Neither were there
any statistically significant differences between geno-
type groups in age, BMI, sex and 30-min concentra-
tions of plasma glucose, serum insulin and serum C
peptide during an OGTT in the group of 238 glucose
tolerant carriers and non-carriers of the Pro75Ala
polymorphism (Table 1).

In the group of 367 young healthy Caucasians the
allelic frequency of the Pro75Ala variant was 2.0%
(1.0±3.0). No statistically significant differences be-
tween carriers and non-carriers of the variant were
identified in fasting concentrations of plasma glucose,
serum insulin and C peptide or immediate insulin and
C peptide responses after intravenous glucose injec-
tion (Table 1). In contrast, the variant was associated
with increased body mass index (p = 0.003) in this
population sample and when adjusting for differences
in age and sex in a regression analysis, the association
remained (p = 0.04). Likewise, young heterozygous
carriers of the variant had decreased insulin sensitivi-
ty compared with wild-type carriers (p = 0.04), a dif-
ference that remained after adjustment for differenc-
es between the two groups in age, sex and body mass
index (p = 0.04).

Among the 226 glucose tolerant offspring of Type
II diabetic patients the codon 75 polymorphism had
an allelic frequency of 4.6% (2.7±6.5). The variant
had no impact on the measured prediabetic pheno-
types (Table 1).

Discussion

To carry out an analysis for mutations of the HNF-6
gene in Type II diabetic patients, we have cloned the
coding region and characterized the exon/intron junc-
tions of the human HNF-6 gene. We found that the
HNF-6 protein is coded by two exons, with a splice
site between residues 368 and 369. The first exon
codes for the NH2-terminal part of HNF-6, which in-
cludes the cut domain (residues 292 to 357). The oth-
er exon codes for the rest of the protein, which in-
cludes the homeodomain (residues 385 to 444). The
chromosomal localisation of the human HNF-6 gene
has previously been established by fluorescence in
situ hybridization to 15q21.1±21.2 [11]. Our radiation
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hybrid analysis confirmed and extended these data
[11].

The sequences obtained allowed us to screen for
variability of the HNF-6 gene in 6 MODY patients
without mutations in the MODY1, MODY3 and
MODY4 genes and in 54 patients with Type II diabe-
tes of late onset. This showed one missense variant at
codon 75 (Pro®Ala) and two silent variants at codon
94 and at codon 287. The missense polymorphism re-
sults in replacement by an aliphatic amino acid of a
cyclic amino acid which is conserved in the human,
rat and mouse HNF-6. Residue 75 is located in the
sequence of the protein upstream from the two
DNA binding domains, in a region of HNF-6 of un-
known function. The allelic frequency of the
Pro75Ala variant were not statistically significantly
different between Type II diabetic patients and glu-
cose tolerant control subjects. The variant was asso-
ciated neither with differences in age at clinical dia-
betes onset, BMI, fasting concentrations of plasma
glucose, serum C peptide and serum insulin within
the group of 330 Type II diabetic patients nor with
differences in measurements of beta-cell function in
238 middle-aged, glucose tolerant subjects, in 226
glucose tolerant offspring of Type II diabetic patients
or in 367 young healthy subjects. The variant was,
however, associated with increased body mass index
in the group of young healthy subjects (p = 0.003);
the association remained after adjustment for sex
and age in a regression analysis (p = 0.04). Also,
young heterozygous carriers of the variant had de-
creased insulin sensitivity compared with wild-type
carriers (p = 0.04), a difference that remained statis-
tically significant after adjustment for differences be-
tween the two groups in age, sex and body mass in-
dex (p = 0.04). As our primary hypothesis in this
study was the existence of a relation between vari-
ability in the HNF-6 gene and insulin secretion, the
difference in BMI and insulin sensitivity between
carriers and non-carriers of the Pro75Ala variant
among the 367 young healthy subjects disappeared
after correction for multiple testing. Also, the differ-
ences in BMI and insulin sensitivity index could not
be found in the group of glucose tolerant offspring
of Type II diabetic probands. For this reason we con-
sider the positive associations in the group of young
subjects as incidental findings.

Assuming a 30% effect of the variant on the key
variables we have calculated the power of both groups
studied (young healthy subjects and first degree rela-
tives of Type II diabetic patients) to detect differences
in the variables to be between 40% and 80% for im-
mediate serum insulin and C-peptide responses.
Therefore, our study materials did not have sufficient
power to exclude a possible minor biological effect of
the Pro75Ala variant in heterozygous form.

In conclusion, we have examined the coding re-
gion and intron-exon junctions of HNF-6 for genetic

variability in Danish Caucasian Type II diabetic pa-
tients and have identified two silent and one missense
(Pro75Ala) polymorphisms. The Pro75Ala polymor-
phism was not associated with Type II diabetes or
with impaired insulin secretion in glucose tolerant
subjects.
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