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Abstract Polymorphic variation of genes encoding the
glucose transporters glycoproteins (GLUT) may contrib-
ute to the genetic susceptibility to type 2 (non-insulin-de-
pendent) diabetes. In this study we evaluated the allele and
genotype frequencies of GLUT1 and GLUT4 restriction
fragment length polymorphism (RFLP), revealed by diges-
tion with Xbal for GLUTI and Kpnl for GLUT4, in Cau-
casian, Chinese, Japanese, Asian Indian and American
black populations. No differences of the Kpnl GLUT 4
RFLP were found between control and diabetic subjects in
any ethnic group or when all data are combined. In con-
trast, positive results were found for the Xbal RFLP: (1)
most ethnic groups showed an association of allele | with
type 2 diabetes, and this association was maintained when
all groups were analysed together; (2) after stratifying for
sex and obesity, this association was significant only for
overweight/obese women. This joint analysis suggests that
GLUT1 polymorphism may contribute to susceptibility to
type 2 diabetes in some populations, and especially in over-
weight/obese women.
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Introduction

In the last years cloning and sequencing of the genes en-
coding the facilitative glucose transporter glycoproteins
(GLUT) have allowed the study of polymorphic variants
of these genes in non-diabetic and diabetic populations [1,
2]. For the HepG2/erythrocyte gene, which encodes a high-
affinity glucose transporter (GLUT1), some authors de-
scribed a significant difference of x 1x1 plusx x1x2 vs x2x2
genotypes between North European and Japanese non-di-
abetic subjects, although this was not the case in West In-
dians and Caucasian controls [3, 4]. Li et al. also demon-
strated a significant increase of the genotype and allele |
frequencies in diabetic North European, South European
and Japanese subjects as compared with non-diabetic sub-
jects [3]. However, these results are not consistent, as no
association with type 2 diabetes was found in American
blacks [5, 6] and Chinese Americans [7]. Our previous
study [8] indicated no significant differences in the allele
and genotype frequencies of GLUT] in non-diabetic and
diabetic subjects of an Italian population, probably because
of the small sample examined; however, by stratifying this
population, we observed a trend to association between
GLUT! allele 1 frequency and overweight/obese diabetic
patients. Another candidate that might contribute to sus-
ceptibility to type 2 diabetes is GLUT4, the glucose trans-
porter specific for skeletal muscle and adipose tissue. Mo-
lecular scanning has revealed one mutation and one silent
polymorphism [9-11], but no strong association with type
2 diabetes.

The aims of this study were to compare allele and gen-
otype frequencies of GLUTI and GLUT4 in different eth-
nic groups, and to evaluate a possible association between
polymorphism of these genes and type 2 diabetes.
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Materials and methods
Subjects

Original data regarding American Chinese subjccts, normal and di-
abetic. were made available by G.1. Bell and K. Xiang; data regard-
ing British Caucasoid, European and Asian Indians were provided
by J. U. Weaver, G. A. Hitman, V. Mohan and Dr M. Viswanathan:
M. Baroni provided data on the Halian population studied in Rome.
Details of the ftalian population studied in Milan had already been
published |8]: data regarding American blacks, Japanese and North
Europcan subjects were derived from published papers {3, 5, 12].
Criteria for the selection of diabetic patients and non-diabetic con-
trols have already been published 3. 5, 8]. According to Foster [13]
the limit between normal body weight and overweight/obesity, based
on the body mass index (BMI. kg/m?), was set at 25.0 for men and
24.0 Tor women. Table 1 gives the clinical details of all subjects under
study. ’

__DNA studics

DNA was extracted from whole blood, digested with endonuclease
according to the manufacturer’s instructions. clectrophoresed in
0.8% agarose gel and blotted on nylon membranes. Filters were hy-
bridised with specific probes that were previously radiolabeled by a
random primer DNA labelling system with [**P|dCTP and autora-
diographed for 1-3 days at -80°C. Two cDNA probes of the trans-
porter gene Tamily were used. GLUT4: phJHT-3 (vector pBR327)
contains a 1.7-kb FcoR1 insert and includes 145 bp of 5" untranslat-
ed region, 1326 bp encoding amino acids 1-442 and 267 bp of an in-
tron following codon 442, phJHT-3 encodes the major insulin re-
sponsive glucose transporter which is expressed in skeletal muscle.
heartand adipocytes. GLUTI consists of a cDNA subclone (pGT255)
isolated from the HepG2 ¢DNA library and extends from bp 179 to
281 (5-cDNA). Both probes were kindly provided by G. 1. Bell. The
DNA sequence polymorphism, revealed by digestion of genomic
DNA with the cndonuclease XBal and hybridisation with GLUT]I,
detects two alleles of 6.2 (allele 1) and 5.9 kb (allele 2) | 14]. Kpnl
digestion and hybridisation with GLUT4 detect a two-allele poly-
morphism with fragment sizes of 6.5 (allele 1) and 5.8 kb (allele 2)
HIS].
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Statistical analysis

The Hardy-Wcinherg equilibrium in different ethnic groups was as-
sessed by chi-square test of observed versus expected genotype Ire-
quencies. Frequencies of alleles and genotypes of GLUTI and
GLUT4 were computed in diabetic patients and in non-diabetic con-
trols. Statistical significance of the differences in genotype frequen-
cies was assessed by the chi-square test, while trends were checked
by the chi-square test for trends | 16]. The association between allele
I and type 2 diabetes mellitus was also measured by the odds ratios
(OR) of allele frequency: the OR indicates how many times more
frequent allele | is among diabetic patients than among controls. In-
dividual OR were computed for cach ethnic group (Oriental, North
European, ltalian and American black) and for each stratum of sex
and obesity: common OR was computed by pooling all subjects to-
gether. Adjusted OR. according to Mantel-Haenszel | 17], was also
computed after stratification for ethnic group. in order (o avoid any
potential bias duc to different proportions in cases and controls in
different populations. When considering the significance of OR in
the individual groups after stratification for sex and obesity. we ap-
plied Bonferroni's correction for multiple tests | 18], in order to pre-
serve experiment-wise statistical significance. We use 95% confi-
dence intervals (CI). Age and BMI are reported as mean +standard
deviation.

Results
GLUTI

GLUT]I polymorphism was assessed in the following pop-
ulations: Japanese, Chinese. North European (including
British), Italian and American blacks. After grouping con-
trol subjects into three large strata (Orientals=groups 142;
Europeans=groups 5+6+7+8; and American blacks=group
9), we observed a significant difference of allele | fre-
quency (0.18, 0.30 and 0.45. respectively: y*=22.4,
P<0.001),

Table I Clinical details of

control and diabetic subjects Group Ethnic C/DM Age BMI GLUTI GLUT4 Sex
considered for the joint analy- group (years) (kg/m”) () (n) (M. W)
sis. Data regarding sex and
body mass index (BMI) are (3] Japanese  C 37.546.5 49 33,16
missing for some ethnic groups DM 57.1£10.0 45 3510
and are not available for all pa- 2 Chincse C 42.6%1.7 22.3+0.3 73 32,41
tients in others. C=Control sub- DM 64.1£1.1 23.7x0.3 92 39,53
Jjects: DM=subjects with type 2
diabetes: n=number of subjects ?:;"" ) E) 37'?*‘:" g: I+ "% 43 26.7
tested. Mean +SE for age and ndians M 51.7£1.7 5.6+0.° 47 3313
BMI: absolute numbers for sex. 4 European C 37929 23.7+0.6 24 16,8
GLUTI and GLUT4 DM 64.0+1.8 27.7+1.0 35 18. 17
513] North C 55.9+0.9 24.8+0.2 104 104.0
European DM - 64.3x1.2 27.320.5 89 51,38
6 Italian C 54.0%1.0 25.7+0.6 91 53 35,56
{Rome) DM 60.1%1.1 28.1£0.4 93 42 50, 43
718] ltalian C 57.9=x1.5 25.3+0.6 66 66 38,28
(Milan) DM 58.7+1.5 24.7+0.6 68 68 41.27
8 British C 314208 33.0%1.0 84 101 0. 104
DM 64.0x1.1 27.8+0.8 47 28 3241
915.12] American C 61.3£2.2 28.1+£0.9 44 42 3301
blacks DM 57.6+2.0 31.3+09 63 37 50,13
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Fig. 1 Odds ratios (OR), confidence intervals (95% CI) and P val- '
ues for allele | of GLUTI frequencies in different populations and
common OR

Table 2 shows allele and genotype frequencies of
GLUTI in diabetic and non-diabetic subjects among
Orientals, North Europeans, Italians and American blacks;
in all the populations observed, except for American
blacks, the genotype frequencies were not significantly dif-
ferent from those expected according to the Hardy-Wein-
berg equilibrium. OR for allele | frequency are shown in
Fig. I: the frequency of allele 1 is significantly higher in
type 2 diabetic patients than in controls in all groups ex:
cept American blacks. The common OR is 1.508 (CI
1.248-1.823), which is highly significant (P<0.001). Ad-
justed OR according to Mantel-Haenszel is almost identi-
cal (1.526, CI 1.260-1.849).

In three of the four groups studied, a significant differ-
ence in genotype frequencies is observed in diabetic and
control subjects; even more significant is the trend when
genotypes are ordered according to the number of allele |
types (x1x1, x1x2, x2x2), suggesting an increasing risk of
type 2 diabetes mellitus proceeding from none to one to

Table 2 GLUTI genotypes in different ethnic groups
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H p value
X1x1 va xtx2 H————i 0.14
X1x2vaxzx2 | F—a— 0.001
x1xt va x2x2 F * —A 0.001
0 1 2 3 4
Odds Ratio (95% C.1.)

Fig.2 OR and confidence intervals (95% CI) for genotypes of
GLUT! freq ies. Data are obtained by combining all populations

two copies of allele 1 in the genotype. This trend is main-
tained when the occurrence of type 2 diabetes is compared
within single genotypes: the OR are 1.41 (CI 0.89-2.23,
P=0.14) for x1x1 vs x1x2; 1.60 (CI 1.23-2.08, P<0.001)
for x1x2 vs x2x2; and 2.26 (CI 1.44-3.55, P<0.001) for
xIx1 vs x2x2, when all groups are analysed together
(Fig. 2).

The diabetic sample of the American black data is not
in Hardy-Weinberg equilibrium for GLUT1 genotypes. As
stated above, the genotypes were obtained from a published
paper, so that details about the collection of this sample are
not available. This group was not taken into consideration
for further statistical analysis.

Only ethnic groups with all data (Orientals, North Eu-
ropeans and Italians) were analysed by stratifying for sex
and BMI; the OR for allele 1 frequency was considerably
higher in women with BMI>24 (OR=2.05, CI 1.32-3.18,
P=0.004 after Bonferroni’s correction) than in lean
women, obese men and lean men (Fig. 3). The strong as-
sociation in the obese women subgroup is maintained af-
ter ‘controlling for population affiliation (adjusted
OR=2.62, CI 1.59-4.31, P<0.001). Similar results are ob-
tained when genotypes instead of allele frequencies are an-
alysed (Table 3).

Groups Alleles Genotypes 7 £ for trend
> .
Al All2 XIX1  X1X2  X2x2
(%) (%) (%) (%) (%)
Orientals C 18 82 5 i3 84
(1+2) DM 29 71 8 64 65 P=0.002 P=0.002
North Europeans (o 29 71 11 88 89
(5+8) DM 39 61 18 70 48 P=0.02 P=0.007
Ttalians o 31 69 13 71 73
(6+7) DM 41 59 29 75 57 P=0.017 P=0.007
American blacks C 45 55 6 14 9
9 DM 37 63 4 37 20 P=0.13 P=0.26
Overall C 28 72 35 206 255
DM 37 63 59 246 190 P<0.001 P<0.001
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Odds Ratio {95% C.1}

Fig. 3 OR and confidence intervals {95% CI) for allele | of GLUT}
frequencies according to gender and obesity strata. * P value aftq
Bonferroni's correction for multiple tests=0.004

Table 3 GLUTI genotype frequencies in different strata

Lean Obese
(BMI <24) (BMI >24)
Genotype: xIxl x1x2 x2x2  xIxl  xIx2  x2x2
Women C 5 45 i3 4 49 65
DM 7 21 24 12 36 28
Chi-square 3.55 12,19
P value 0.17 0.008*
Lean Qbese
(BMI <25) {BMI >25)
Genolype: xIxl  xIx2 x2x2  xIx]  x1x2  x2x2
Men C 7 23 33 4 16 I8
DM 9 £ 3 4 28 24
Chi-square 1.024 0.71
P value 0.60 0.70 -

* Significance level allowing for multiple testing (Bonferroni's cor-
rection)

GLUT4

The frequency of allele | in the control subjects showed
no significant changes, through all the populations exam-
ined. Neither in single groups nor in general is allele 1 of

GLUT4 associated with a significant risk of type 2 dia- -

betes, even after stratifying for sex and BMI (common OR
for GLUT4 allele 1=0.95, y*=0.16, P>0.7).

Discussion

Type 2 diabetes mellitus is characterised by reduced insu-
lin release and by reduced insulin sensitivity: the two de-
fects lead to hyperglycaemia that in turn impairs both in-
sulin release and insulin sensitivity. It is a heterogeneous
disease in terms of pathogenesis, clinical course and
chronic complications; as to pathogenesis, recent studies
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indicate that in lean patients the primary defect is defec-
tive-insulin release, while in obese patients the primary de-
fect is insulin resistance in the presence of maintained in-
sulin release, even several years after diagnosis [19-21].
Among the different molecular defects considered recently
to explain insulin resistance in type 2 diabetes, glucose
transporters were extensively studied, in particular the iso-
form 4 (GLUT4). Some authors described decreased lev-
els of MRNA GLUT4 in muscles [22, 23], but no correla-
tion was found between insulin resistance and the total
level of mRNA GLUT4 protein [24]. We evaluated in this
study. the allele and genotype frequencies of GLUTI and
GLUT4 in Oriental, Caucasian and American black con-
trol and diabetic subjects, in order to identify a possible
genetic marker of susceptibility to type 2 diabetes. Qur data
indicate that GLUT4 polymorphism is not associated with
type 2 diabetes in any of the populations studied, in con-
trast to previous reports [10-12], and the allele frequency
of GLUT4 is not diffcrent either in men and women or in
subjects with BMI lower or higher than 24/25.

In contrast, our results indicate that there is a different
interethnical frequency of allele | of GLUTI, increasing
from Orientals through Caucasians to American blacks;
since contro! subjects were chosen for matching with type
2 diabetic patients, this result should be interpreted with
caution, and not be considered fully representative of the
different ethnic groups; in addition, the group of Ameri-
can blacks is too small to draw any definitive conclusion.
With the exception of American.blacks, the allele | fre-
quency is higher in diabetic than in control subjects. and
this difference is maintained when all groups are consid-
ered together. Allele [ frequency is significantly associated
with type 2 diabetes, and this association is stronger in
overweight/obese women. The frequency of the three gen-
otypes is also associated with type 2 diabetes, and the re-
sults suggest an effect dependent on the number of allele
| copies in the genotype.

The different OR observed in sex and obesity strata em-
phasise the concurrent contribution of genetic and envi-
ronmental background to the susceptibility to type 2 dia-
betes. This can explain different results previously pub-
lished, showing a significantly increased frequency of al-
lele 1 of GLUT in the diabetic subjects only in some pop-
ulations, but not in others [3, 5-7].

In conclusion, this study indicates genetic heterogene-
ity of type 2 diabetesin lean and in overweight/obese pa-
tients, possibly also in men and women, and suggests that
allele 1 of GLUTI, overweight/obesity, and female sex
may all interact in modifying the susceptibility to type 2
djabetes.

Lastly, a speculation can be proposed: it has been shown
{25, 26] that the rat obesity gene (fa) and the mouse dia-
betic gene (db) mutations are in a gene cluster containing .
the GLUT! gene, and both present a similar obesity syn-
drome. If these genes (fa or db) occur in man, the most syn-
tenic region is probably 1p 31-34, which also contains the
GLUT! gene. This would indicate in humans the existence
of other loci linked to GLUT1, and it might be possible
that the differences in GLUT frequencies in obese women
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are due to the hypothetical presence of a db mouse homo-
logue.
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