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Polymorphism of the 3'-Untranslated
Region of the Leptin Receptor Gene, but
Not the Adiponectin SNP45 Polymorphism,
Predicts Type 2 Diabetes

A population-based study
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tor for the development of type 2

diabetes, genes involved in the
pathogenesis of obesity might also play a
role in type 2 diabetes (1). In obese sub-
jects, heterozygous carriers of a pen-
tanucleotide insertion in the 3'-
untranslated region (UTR) of the LEPR
gene had lower serum insulin concentra-
tions than subjects homozygous for the
more common deletion allele (2,3). Fur-
thermore, in a population-based prospec-
tive study of a small number of healthy
subjects, carriers of the insertion allele of
the 3'-UTR LEPR polymorphism had a re-
duced risk of incident type 2 diabetes over
4 years compared with subjects with the
deletion allele; the former also had lower
fasting serum insulin levels than the latter
4.

Plasma adiponectin levels are re-
duced in patients with obesity (5) and
type 2 diabetes (6). Data from two linkage
studies suggest that genetic variants of the
LEPR gene are associated with insulin re-
sistance and type 2 diabetes (7,8). Fur-
thermore, two single nucleotide
polymorphisms (SNPs) in the APM1 gene,
a silent T to G substitution in exon 2
(45T/G) and a G to T substitution in in-
tron 2 (276G/T), have been found to be

B ecause obesity is a powerful risk fac-

associated with type 2 diabetes in Cauca-
sian and Japanese subjects (9-11).

Our aim was to evaluate the role of the
I/D-LEPR polymorphism and the SNP45-
APMI in the development of impaired
glucose tolerance (IGT) and type 2 diabe-
tes in the Mexico City Diabetes Study
(12), a prospective population-based
study with a high prevalence of type 2
diabetes.

RESEARCH DESIGN AND
METHODS — Anthropometric and
clinical parameters were measured as de-
scribed elsewhere (12). At baseline and
follow-up, case subjects were classified as
having IGT or type 2 diabetes, according
to American Diabetes Association criteria
(13). The present analysis is based on the
1,485 subjects in whom DNA was avail-
able. In 1993, a first follow-up screening
was performed; in 1997, 1,141 subjects
completed a second follow-up examina-
tion. The protocol was approved by the
American British Cowdray Hospital in
Mexico City, and all the subjects gave in-
formed consent.

DNA was isolated from peripheral
blood leukocytes (14), and a fragment in
the LEPR of 114 (D/D) or 119 (I/I) bp was
generated by PCR using the forward
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primer 5'-CATGCCTCAATTCCAA
AC-3" and reverse primer 5'-GAGAGAA
CAAACAGACAACATT-3'. Amplification
was performed using 200 ng DNA and 1
pmol/l of each primer using a GeneAmp
PCR-System 2400 (Perkin-Elmer, Nor-
walk, CT). Then, amplicons were ana-
lyzed by single-strand conformation
polymorphism, performing an electro-
phoresis on 6% polyacrylamide gel with
10% glycerol at room temperature and
silver stained. Fragments showing varia-
tions were reamplified by PCR and elec-
trophoresed onto 3.5% agarose gels. A
difference of 5 bp between the carriers of
the insertion allele (D/I or I/I) and carriers
of the deletion allele (D/D) was revealed.

A DNA fragment of 264 bp was gen-
erated by PCR using the primer 5'-TGT
GTGTGTGGGGTCTGTCT-3" and 5'-
TTCTCACCCTTCTCACCAGG-3' for
SNP45-APM1. PCR was performed using
100 ng DNA and 0.2 pmol/l of each
primer. Then, PCR products were di-
gested with BspH I enzyme and electro-
phoresed on 6% polyacrylamide gel and
silver stained. Wild-type allele (T/T) was
digested in fragments of 158 and 106 bp,
whereas mutated alleles (G/G) were not
digested (264 bp).

Statistical analysis

Logistic regression was carried out by
standard methods; results are expressed
as the odds ratio (OR) with 95% Cls. Ge-
netic data are presented according to both
genotype and allele frequency. x* analysis
was used to test for Hardy-Weinberg
equilibrium within the normal glucose
tolerance (NGT), IGT, and type 2 diabetic
groups.

RESULTS — The distribution of the
I/D-LEPR genotypes was in Hardy-
Weinberg equilibrium in all groups (x* =
0.17,P = NS). The I/I genotype tended to
decrease across IGT and type 2 diabetes
(as did the allele frequency), but the trend
fell short of statistical significance (Table
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LEPR polymorphisms and type 2 diabetes

Table 1—3”-UTR I/D polymorphism of the LEPR gene and SNP45 of the APM1 gene according to glucose tolerance status and diabetes

progression

Type 2 IGT Type 2 diabetes
NGT 1GT diabetes x>, P Nonprogression — progression progression X, P
LEPR genotype frequency
D/D 606 (69) 157 (72) 288(73) 7.6,0.11 413 (68) 67 (71) 84 (78) 6.5,0.17
1/D 234 (27) 56 (26) 103 (26) 167 27) 26 27) 21 20)
171 33 (4) 4 5(1) 29 (5) 2(2) 2(2)
LEPR allele frequency
D 1,446 (83) 370(88) 679(85 4.1,0.12 995 (82) 160 (84) 189 (88) 6.1, 0.046
I 300 (17) 64 (15) 113 (15) 225 (18) 30 (16) 25(12)
APM]1 genotype frequency
/T 582 (67) 145(67) 262(66) 4.9,0.29 414 (68) 61 (64) 72 (67) 1.3,0.86
T/G 261 (30) 59 27) 123 (31) 176 (29) 32 (34 31 (29
G/IG 30 (3) 13 (6) 11 (3) 19 (3) 2(2) 4
APMI allele frequency
T 1,425 (82) 349(80) 647(82) 0.4,0.83 1,004 (82) 154 (81) 147 (79) 1.3,0.51
G 321 (18) 85(20) 145 (18) 214 (18) 36 (19) 39 (21)

Data are n (%) unless otherwise indicated. Nonprogression refers to subjects with NGT at baseline and both follow-up visits. IGT progression refers to subjects with
NGT at baseline and IGT at either or both follow-up visits. Type 2 diabetes progression refers to subjects with NGT or IGT at baseline and type 2 diabetes at either

or both follow-up visits.

1). The SNP45-APM1 genotypes also were
in Hardy-Weinberg equilibrium in all
three groups (x> = 0.4, P = NS). No dif-
ference was found in either genotype dis-
tribution or allele frequency across
glucose tolerance status or for obesity and
body weight.

Over 7 years of follow-up, 95 subjects
progressed to IGT and 107 developed
type 2 diabetes. The I allele was signifi-
cantly less expressed in subjects who pro-
gressed to type 2 diabetes than in subjects
who remained normal glucose tolerant
(x2 = 58, P = 0.016). In contrast, no
association was found between the
SNP45-APM1I and incident IGT or type 2
diabetes (Table 1). For type 2 diabetes,
incidence was twice as high in DD (1.6%
per year) than 1T (0.8% per year).

In a multiple logistic regression
model adjusting for sex, age, BMI, waist
circumference, blood pressure, triglycer-
ide, HDL cholesterol, and 2-h plasma in-
sulin concentrations, the presence of the I
allele of LEPR was a significant predictor
of the combined outcome of type 2 diabe-
tes or IGT (OR 0.66 [95% CI1 0.45-0.96])
together with BMI (1.32 [1.16-1.50] for
every three BMI units), systolic blood
pressure (1.17 [1.05-1.29] for every 10
mmHg), 2-h plasma insulin (1.06 [1.04-
1.09] for every 60 pmol/l), or HDL cho-
lesterol 0.87 [0.79- 0.97] for every 5 mg/
dD). In the same model, the SNP45-APM]1
polymorphism was unrelated to worsen-
ing glucose tolerance.

CONCLUSIONS — The main find-
ings of the present study were that the 1)
Iallele of the 3"UTR-LEPR gene signaled a
reduced risk of development of diabetes,
2) the SNP45-APM1 did not predict inci-
dent diabetes, and 3) no effect of either
LEPR or APMI polymorphism on obe-
sity and body weight was found in this
population.

Several polymorphisms in LEPR have
been identified (15-18), and recently,
two studies carried out in obese subjects
reported that heterozygous carriers of the
I/D-LEPR had lower serum insulin con-
centrations than DD carriers (2,3); this
finding has been interpreted to indicate
that defects of LEPR could play a role in
the etiology of diabetes rather than obe-
sity (2). In agreement with this sugges-
tion, Lakka et al. (4) described an
association between I/D-LEPR and risk of
type 2 diabetes in a prospective, case-
control study in healthy men.

In our general population, the associ-
ation between I/D-LEPR and prevalent
IGT or type 2 diabetes did not reach sta-
tistical significance, and we did not find
significant associations with other fea-
tures of the metabolic syndrome; how-
ever, the I allele did predict incident
diabetes independently of confounders,
in agreement with data from Lakka et al.
4.

The mechanism underlying the asso-
ciation between this polymorphism and
the risk of diabetes is not clear. Leptin
receptors are present on pancreatic

B-cells, whereby leptin could modulate
glucose-induced insulin secretion
(15,16). It has been suggested that I/D-
LEPR could affect RNA stability and, pos-
sibly, the rate of degradation and/or
translation of mRNA (3,17). However, di-
rect data on the effects of the polymor-
phism on leptin action or insulin
secretion are not available.

Recently, SNP45 and -276, in exon 2
and intron 2 of APM1I, respectively, have
been found to be associated with type 2
diabetes in Japanese patients (9), but this
association has not been confirmed in
French or Swedish populations (18,19).
We therefore evaluated the role of SNP45-
APMI on the susceptibility to diabetes
and/or the linkage with I/D-LEPR. The
current results were negative on the pre-
diction of diabetes. However, it is impor-
tant to note that in complex traits such as
diabetes, the absence of association does
not necessarily indicate a lack of effect be-
cause the susceptibility to disease may be
conferred by combinations of variants
rather than a single SNP.
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