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Type 2 diabetes mellitus (T2DM) is strongly inherited, but the major genes for this disease have been elusive. In contrast, 
early-onset, autosomal-dominant diabetes results from at least 5 loci, of which hepatocyte nuclear factor 1~ (HN FI(~ or TCF1 ) is 
the most common cause. Mutations in HNFlet also cause later-onset diabetes in some Caucasian populations, but the role of 
these mutations has not been tested in African American populations. We used a variety of screening methods, including both 
single-strand conformation polymorphism (SSCP) analysis and dideoxy fingerprint analysis, to search for mutations in 51 
African American subjects with onset of diabetes before age 50 years. Potential mutations were confirmed by direct 
sequencing. We identified 21 different variants, of which 11 were unique to African Americans. Four mutations either altered 
the amino acid sequence (Gly52Ala and Gly574Ser) or were close to a splice site (intron 1 and intron 10). A 5-nucleotide 
insertion in intron 1 was present in both diabetic members of a small family, but Gly52Ala, Gly574Ser, and the intron 10 
mutation did not segregate with diabetes. Gly574Ser was present in 2 large families and 5% of controls, all of which appeared 
to share the same common HNFI~  haplotype. Surprisingly, radioactive SSCP analysis under 2 room-temperature conditions 
performed as well as methods using fluorescent labeling that were expected to be more sensitive. We conclude that in African 
American individuals under age 50, variation in the HNFI=  gene is common but unlikely to be a significant cause of T2DM. 
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T WIN STUDIES and a strong familial aggregation suggest a 
major inherited susceptibility to typical type 2 diabetes 

mellitus (T2DM). Nonetheless, probable heterogeneity and 
epistasis (multiple interacting loci) conspire to make identifica- 
tion of the predisposing genetic loci challenging. In contrast, at 
least 5 loci have been implicated in early-onset, autosomal- 
dominant diabetes (maturity-onset diabetes of the young 
[MODY]). t'5 Of these loci, MODY3, which results from muta- 
tions in hepatocyte nuclear factor let (HNFIet) and is encoded 
by the TCFI gene, is the most common cause of early-onset 
T2DM (MODY) outside of France. 6'7 Over 41 mutations in 
HNFlet  have been identified. 8 The same mutations have arisen 
independently in several unrelated families, thus suggesting a 
number of potential mutational hotspots. Furthermore, individu- 
als carrying high-penetrance HNFlet mutations such as a 
common frameshift have presented with a variable age of onset 
and therapy ranging from diet only to insulin. 9 These observa- 
tions suggested that HNFIct mutations might be a significant 
cause of relatively early-onset typical T2DM that does not meet 
criteria for MODY. In support of this hypothesis, Kaisaki et al 6 
reported mutations in 9 of 25 German subjects with T2DM 
onset before age 35, Frayling et al 7 found HNFl et mutations in 2 
of 32 English subjects with T2DM onset before age 40, and we 
reported mutations that altered conserved amino acids in 2 of 36 
Caucasian families in which 1 subject had diabetes onset before 
age 40 years. 9 

Linkage studies have provided additional evidence for a 
T2DM locus at or near the HNFlct gene on chromosome 12q. 
Mahtani et al ~° reported a linkage to this region in a subset of 
Botnian Finnish families with the lowest insulin secretory 
response, and others also suggested a linkage of T2DM to 
markers near MODY3.1u2 However, linkage studies would not 
detect the small but significant subset of families with HNFI et 
mutations reflected in the studies by Kaisaki et al, 6 Frayling et 
al, 7 and our group. 9 

African American individuals are a unique population in 
which Caucasian and African genetic backgrounds are admixed. 
African Americans are characterized by a higher risk of T2DM, 
an earlier onset, a higher rate of complications, especially 
nephropathy, and possibly a relative reduction in insulin secre- 
tion. j3.j5 The role of HNFIet mutations in populations of 
African origin has not been characterized. Given the earlier 
onset and possible insulin deficiency, we hypothesized that 
mutations of HNFlet were a significant cause of T2DM in 
African Americans. To test this hypothesis, we used a variety of 
molecular scanning methods to search for variation in the 
HNFlet gene among African American subjects ascertained in 
Arkansas whose T2DM was diagnosed at or before age 50 
years. We have identified 21 different HNFIet variants in this 
population, of which 11 are unique to African Americans. 
However, in contrast to our studies of Northern European 
Caucasians, HNFlet  mutations do not appear to be an important 
cause of diabetes in this population. 
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SUBJECTS AND METHODS 

Subjects 

Subjects were selected for (1) African American ancestry, (2) 
diabetes diagnosis before age 50 years, and (3) family history of 
diabetes in a first-degree relative. Of 51 subjects meeting these criteria, 
44 were selected from our ongoing studies of families ascertained for 
T2DM in 2 siblings and no more than 1 parent known to have 
diabetes, z6 An additional 7 individuals were chosen for a family history 
of diabetes, but no other family members were available for study. In 
total, 32 families were represented, of which 25 met our strict criteria 
for familial T2DM (2 affected siblings and no more than 1 affected 
parent). For all families studied, any available siblings of the proband 

280 Metabolism, Vo149, No 2 (February), 2000: pp 280-284 



HNFle MUTATIONS IN AFRICAN AMERICANS 281 

sibling pair and any offspring of a diabetic subject were tested by a 
standard 75-g oral glucose tolerance test. The diagnosis was based on a 
history of diabetes and current therapy, and a fasting glucose over 7.8 
mmol/L, or for subjects not previously on therapy, a 2-hour glucose of 
I I.I mmol/L, according to World Health Organization criteria. ~7 
Patients represented a range of obesity (body mass index. 21.4 to 49.4 
Kg/m2: mean, 31.5), age of onset (range, 20 to 50 years; mean, 39.6). 
and therapy (27 insulin-treated, 22 treated with oral agents, and 2 newly 
diagnosed or diet-treated). The population contained 22 men and 29 
women. No family met typical criteria for MODY. The control 
population was 49 healthy African American subjects (mean age, 39.8 
years; mean body mass index, 28.3 Kg/m2: range, 19.8 to 47.0; 32 males 
and 17 females) who had no known family history of diabetes in a 
first-degree relative. All subjects provided informed consent according 
to a protocol approved by the University of Arkansas for Medical 
Sciences Human Resource Advisory Comminee. 

Molectdar Screening 

We used polymerase chain reaction-single-strand conformation 
polymorphism analysis (PCR-SSCP) to screen all 10 exons and the 
minimal promoter region as described previously. 9 In previous studies, '~ 
we used 4 gel conditions. Prior to initiating the current studies, we 
performed experiments to determine the minimal number of conditions 
for good sensitivity by testing 19 variants from the promoter, exons I, 4, 
7, 8, and 9, and introns 2, 5, 7, 9, and 10 under SSCP conditions (room 
temperature and 4°C with 0%, 5%, and 10% glycerol and 0.5X mutation 
detection enhancement (MDE) gel at room temperature). We were able 
to detect all known HNFIct variants at room temperature (25°C) with 
5% acrylamide (Accugel; National Diagnostics, Atlanta. CA)in  IX 
Tris-borate-EDTA (TBE) buffer or 0.5x MDE gel (FMC, Rockland. 
ME) in 0.6X TBE buffer. All products were labeled by incorporation of 
3~-P-dCTP (ICN Pharmaceuticals. Irvine. CA; 3,000 Ci/mmol) and 
separated on 20-cm x 25-cm gels at 25 W constant wattage for 6 to 8 
hours. 9 All amplification products larger than 300 base pairs (bp) 
underwent restriction enzyme digestion prior to gel electrophoresis so 
that the largest fragment analyzed was 319 bp. 

In addition to PCR-SSCP analysis, we examined each exon by 
BESS-T scan mutation detection (Epicentre Technologies, Madison, 
WI) using the manufacturer's protocol. This method incorporates UTP 
in place of TTP followed by specific enzymatic cleavage at each UTP 
site, thus providing the equivalent of a thymidine sequencing ladder 
under denaturing conditions. Forward and reverse MI3 primers were 
appended to these primer sequences, The exon was first amplified 
without label, and this amplification product was subsequently reampli- 
fled using M 13 forward and reverse sequencing primers differentially 
labeled with LI-COR 700- and 800-nmol/L fluorescent dyes (LI-COR. 
Lincoln, NE). Each product was examined by polyacrylamide gel 
electrophoresis under both denaturing and nondenaturing conditions 
(0.5X MDE) with detection on a LI-COR GR-4200 Sequencer. Each 
exon thus generated 4 images: a dideoxy fingerprint gel for each 
strand, ~s and a T-ladder for each strand. Resultant gels were examined 
visually for deviant banding patterns. Nondenaturing conditions could 
not be interpreted for I or both strands for exons 3 and 4. 

Sequence Analysis 

Standard amplification primers were modified as already described to 
include forward and reverse MI3 primer sequences appended to the 5' 
and 3' primers, respectively. The initial amplification product was 
column-purified (Qiaquick PCR purification kit; Qiagen, Chatsworth, 
CA). Simultaneous sequencing was performed using cycle sequencing 
with thermostable polymerase and differentially labeled forward and 
reverse M13 primers as described before. Additionally, the intron 1 
insertion (GAGCC) and exon I codon 52 variant (Gly52Ala) were 
blunt-cloned into vector pT7 Blue (Novagen, Madison, WI), and the 
sequence variation was confirmed from cloned DNA for both alleles. 

Allele Typing 

Variant alleles were typed by restriction digest or by SSCP (Table I ). 
All available family members were typed for newly described variants 
that alter the amino acid sequence, for the intron 1 insertion, and for the 
intron I0 +6 variant. The frequency of these and other unique variants 
was determined in 49 control individuals with no family history of 
diabetes (Table I ). 

Because the exon 9 (Gly574Ser) variant was unique to African 
Americans yet present in several families, we sought to determine 
whether this variant arose on a single haplotype by typing 7 common 
polymorphisms that have been described previously: exon I codons 17 
and 27 fdetected by Xhol and Sau3 AI digests, respectively), exon 7 
codons 459 and 487 (detected by enzymes Pstl and XmnI. respectively), 
exon 8 codon 515 (detected by enzyme Snd), and intron 7 (+7) and 
intron 9 ( -24)  variants (detected by enzymes Heal) and NheI, 
respectively). Haplotype phase was established by segregation among 
family members. 

RESULTS 

We found 21 variant sequences among the 51 African 
American members  of  32 different families using our 3 
screening methods (Table l). Variant sequences were identified 
in all PCR fragments except those amplifying exons 5 and 8. 
Screening detected 11 variants that appear to be unique to 
African Americans. Among the base changes that alter the 
amino acid sequence, lle27Leu, Ala98Val, and Asn487Ser were 
reported previousIy 2'6 and were not associated with diabetes or 
impaired insulin secretion in previous studies. 19 Additional base 
changes in the promoter region, exon 1 (codons 17 and 92), 
exon 4 (codon 288), exon 7 (codons 441 ,459 ,  and 482), and 
introns 1, 2, 6, 7, 9, and 10 would not be predicted to alter the 
protein structure or the known splice consensus sequences,  and 
thus were not expected to alter gene function. The single 
promoter mutation was outside the conserved minimal promoter  
region, and not likely to alter gene expression. One common 
polymorphism in Caucasians (exon 8 codon 515, ACG ~ ACA) 
was not present in African Americans.  Among the newly 
identified base changes were 2 missense mutations (Gly52Ala 
in exon 1 and Gly574Ser in exon 9) and 2 variants that were 
near the splice-site consensus sequence (intron 1 +5 insertion 

and intron 10 +6  A/G). 
Gly52Ala was present in 2 of  4 diabetic siblings and 1 

nondiabetic sibling in a single family. Surprisingly, this variant 
required changes in 2 adjacent nucleotides, neither o f  which is 
commonly altered. The presence of  both nucleotide changes on 
the same allele was confirmed by sequencing cloned DNA. 
Although a lack of  segregation with diabetes in the single 
family argues against a causative role for this mutation in 
diabetes, the glycine at this position is invariant in human, 
mouse, rat, and hamster. The Gly574Ser variant in exon 9 has 
not been reported in Caucasians, but was present in 4 families 
and in 5% of  the controls and thus appears to be common among 
African Americans.  This polymorphism did not segregate with 
diabetes in 2 large families and, unlike Gly52Ala, is not in a 
highly conserved region of  the gene. Haplotype analysis 
suggested that the Ser574 allele arose on the most common 
haplotype o f  the 7 polymorphisms examined. However,  because 
this haplotype is very common,  the analysis does not exclude 
the possibility that this polymorphism arose on several indepen- 

dent occasions. 
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Table 1. Nucleotide Changes in HNFlo~ Gene in African Americans 

Detection Typing Minor Allele 
Location Position Nucleotide Change Method Method Frequency 

Promoter*  - 8 9  T ~ C SSCP, FP SSCP 0% 

Exon 1 Codon 17 CTC ~ CTG SSCP Xhol 37% 

Exon 1 Codon 27 ATe ~ CTC Ile27Leu SSCP Sau3AI 18% 

Exon 1" Codon 52 GGC ~ GCT Gly52Ala SSCP, BT, FP SSCP 0% 

Exon 1" Codon 92 CTC ~ CTT SSCPt -- -- 

Exon 1 Codon 98 GCC ~ GTC Ala98Val SSCP, BT, FP Haelll 4.4% 

Intron 1 +5 ins GAGCC SSCP, BT, FP SSCP, BT 1% 

Intron 1 +20 C ~ A BT, FP -- - 

Intron 1 - 4 2  G ~ A SSCP, BT, FP -- -- 

Intron 2* +53 G ~ C SSCP -- - 

Intron 2 - 2 3  C ~ T SSCP, BT$ -- -- 

Exon 4 Codon 288 GGG ~ GGC SSCP$ -- - 

Intron 6 +26 C ~ T SSCP, BT, FP -- -- 

Exon 7* Codon 441 ACG ~ ACA SSCP, BT -- -- 

Exon 7 Codon 459 CTG ~ TTG SSCP, BT, FP -- -- 

Exon 7* Codon 482 AGC ~ AGT SSCP, BT, FP -- - 

Exon 7 Codon 487 AAC ~ AGC Asn487Ser SSCP, FP§ Xmnl  12% 

Intron 7 +7 A ~ G SSCP, FP§ Heall -- 

Exon 9* Codon 574 GGC ~ AGC Gly574Ser SSCP, BT, FP SSCP 5.7% 

I ntron 9 - 2 4  T ~ C SSCP, FP Nhel 10% 

Exon 10" 3' UT (nt 130) G ~ A SSCP, BT, FP SSCP 0% 

NOTE. Table summarizes the screening of 51 African American subjects with onset of diabetes before age 50 years. Location is the gene 
fragment; position is the codon or position relative to the exon included in the amplified fragment. Nucleotide (nt) changes did not alter the amino 
acid sequence unless noted. Detection method indicates the conditions for screening: SSCP, PCR-SSCP under either or both conditions; FP, 
fluorescent fingerprint analysis using BESS-T product under nondenaturing conditions; BT, BESS-T product under denaturing conditions. Typing 
method is the method for determining the status of other family members and controls for the amplified product by restriction digest (enzyme 
listed) or SSCP. Frequency in controls is based on 49 unrelated nondiabetic individuals. Family segregation and control frequencies were not 
determined for variants that were not expected to alter gene function. 

*Variant unique to this population. 
1"Variant found by sequencing unique SSCP pattern caused primarily by variation at codons 17 and 27. 
$Fingerprint gels not interpretable for this fragment. 
§lntron 7, +7 was found primarily on sequencing gels together with codon 459 and 487 mutations, and may not have been detected alone. 

The 5-nucleotide insertion (GCGCC) in intron 1 appeared to 
represent an exact duplication of an adjacent 5-nucleotide 
sequence, resulting in a tandem repeat potentially affecting the 
donor splice-site consensus sequence. The insertion was present 
in both available diabetic members of a single family, but no 
nondiabetic siblings or older offspring were available for study. 
No other family but 1 of 49 control individuals carded this 
variant. The intron 10 +6  variant, which was also near a splice 
donor site, was present in only 2 of 4 diabetic family members 
and 1 nondiabetic member of a single family. No other family 
members or control individuals carded this base change. 

DISCUSSION 

Mutations of HNF1 et are the most important cause of MODY 
identified to date in Caucasian and Asian families. 2° The role in 
other populations, particularly US minority populations, is 
unclear. Several studies have suggested that early-onset T2DM 
that does not meet criteria for MODY may nonetheless result 
from HNFlet mutations in Caucasians, 6,9 but no role has been 
found in older adults and in other populations. 2°-22 We are 
unaware of published reports in populations of African descent. 
The tendency to an earlier onset of diabetes in African American 
individuals might suggest a higher prevalence of HNF1 et gene 
mutations versus the rate in Caucasians, but these individuals 

also tend to be obese, in contrast to typical subjects with HNFlct 
gene mutations. 

The amount of variation in the HNFhx gene among African 
Americans was striking. In total, 21 variants were identified in 
51 individuals representing only 32 families, and l l variants 
were unique to this population. Several variants are intriguing. 
Three sets of 3 polymorphisms occurred together in the same 
individual, suggesting linkage disequilibrium between variants 
and necessitating sequence analysis of these alleles to detect 
mutations. The mutations occurring together included polymor- 
phisms at codons 17, 27, and 98 in exon I, codons 17, 27, and 
92 in exon 1, and codons 457 and 459 and intron 7 in the exon 7 
fragment. The 5-nucleotide insertion in intron 1 represents a 
duplication of an adjacent sequence that has not been reported 
elsewhere. Although this variant segregates with diabetes in a 
sib pair, it was also present in a control individual. We did not 
determine whether mRNA splicing and gene function are 
altered. The exon 1 Gly52Ala variant required changes in 2 
adjacent nucleotides (GGC to GCT). This region contains 3 
adjacent glycines. A mutation in codon 53 (GGT) would require 
only a single nucleotide change. The repetitive nature of the 
sequence in this region may represent another mutational 
hotspot leading to this seemingly unlikely event. This variant is 
in a conserved region of HNFIct but was present in only 2 of 4 
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diabetic family members, was not present in an individual with 
impaired glucose tolerance, and was carried by a 41-year-old 
woman with normal glucose tolerance. Both diabetes from other 
causes (sporadic cases) and nonpenetrance have been described 
in true MODY families. 9.2° Nonetheless, this mutation seems 
unlikely to cause diabetes. 

The Gly574Ser was described previously but not character- 
ized in an individual of Afro-Caribbean descent. 23 We found this 
polymorphism both in families ascertained on a diabetic sibling 
pair and in 5% of the control population. Based on the 
frequency among normal control individuals, the nonconserved 
nature of the protein sequence in this region, the conservative 
nature of this substitution, and the lack of segregation with 
diabetes, we propose that this variant has no effect on HNFla  
function. Nonetheless, the origin of this very common, private 
polymorphism is intriguing. Because this variant is both 
common among unrelated individuals from Arkansas and 
present in an individual of African descent residing in France, 23 
it may be common among native African populations. 

Because of the large amount of genetic variation in HNFla ,  
this gene provides an excellent test of methods for mutation 
screening. We based our SSCP conditions on an analysis of 7 
gel conditions, including 4 conditions used in our previous 
studies. 924 The 2 conditions used here detected all known 
variants. Nonetheless, for the present study, we examined 2 
fluorescent-based methods that offer the theoretical advantage 
of higher sensitivity. The commercial BESS-T method incorpo- 
rates UTP in place of TTP during PCR, followed by enzymatic 
cleavage that results in a thymidine sequencing ladder when 
analyzed on a standard sequencing gel. We also examined a 
variation in which this product is analyzed on a nondenaturing 
MDE gel, thus resulting in the equivalent of a dideoxy 
fingerprint analysis. ~8 By differentially labeling forward and 
reverse primers and using both detection channels of the 
LI-COR sequencer, we were able to examine both strands 
simultaneously. In published reports using radioactive methods, 
the sensitivity of dideoxy fingerprint analysis approached 
100%. ts.25 We thus anticipated that combined analysis of the 
same fluorescently labeled PCR product on denaturing and 
nondenaturing gel electrophoresis would provide a convenient 
and sensitive means to detect nearly all sequence variation. 
Surprisingly, neither fluorescent method surpassed radioactive 

PCR-SSCP for HNFlct. Indeed, PCR-SSCP under these 2 
conditions detected at least 18 of 21 sequence variations (86%). 
Two additional variants (codon 92 and intron 7) were present 
with other mutations and did not generate unique patterns. Thus, 
only the intron 1 +20 variant was not easily detectable by 
SSCP. In contrast, fluorescent fingerprint analysis detected only 
13 variants (62%), while the T-ladder alone detected only 12 of 
21 (57%) with analysis of both strands, Both methods together 
detected 15 of 21 variants (71%). The unexpectedly low 
sensitivity of the fingerprint methods was due to the difficulty in 
analyzing the large, complicated fluorescent images, the inabil- 
ity to interpret images for exons 3 and 4, and the difficulty in 
detecting a second mutation in the presence of 1 mutation. Thus, 
individual mutations in exons 1 and 7 were difficult to detect on 
fingerprint analysis. Under denaturing conditions, the appear- 
ance of a new adenine or thymidine was easy to detect but the 
heterozygous loss of a single adenine or thymidine was difficult 
to discern. Furthermore, under denaturing conditions, BESS-T 
analysis cannot detect a change from guanine to cytosine or 
from cytosine to guanine. We also found several variant patterns 
on fluorescent analysis under both denaturing and nondenatur- 
ing conditions for which we could find no sequence variant, 
thus suggesting a substantial false-positive rate for fluorescent 
detection methods. These fluorescent methods might be more 
effective for genes with much less variation and where the 
expected patterns are easier to interpret. 

In conclusion, we have used several methods to search for 
variants in the HNFlet gene in African Americans. We have 
identified l 1 variants that are novel to African Americans, 
including 2 potential missense mutations. Segregation and 
population analyses do not suggest an important role for most of 
these variants in T2DM. Nonetheless, lean African American 
individuals with an onset of diabetes before age 25 are 
underrepresented in this study, and H N F l a  mutations might 
explain a more substantial proportion of the diabetes in that 
subgroup. 
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