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Summary. The significance of insulin receptor gene variants
in the actiology of Type 2 (non-insulin-dependent) diabetes
mellitus has been investigated by analysis of restriction frag-
ment length polymorphisms in a genetically homogeneous
Swedish population. Seven polymorphisms were analysed,
spanning functionally important regions of the insulin recep-
tor locus. Four of these polymorphisms were mapped more
accurately within the gene compared to previous studies. The
genotype distribution was compared in 76 Type 2 diabetic pa-
tients and 84 healthy control subjects. No significant differen-
ces were found in the distribution of genotypes between
diabetic and control subjects at the p <0.01 level. In order
to study the possible association between quantitative

measures of glucose metabolism and these DN A polymorph-
isms, the fasting glucose and insulin concentrations were
compared in the different genotype groups of control sub-
jects and mildly diabetic patients treated with diet. No dif-
ferences in fasting glucose or insulin concentrations were
found at the p <0.005 level of significance. In conclusion, no
significant associations were found between insulin receptor
gene DNA polymorphisms and glucose intolerance.

Key words: Type 2 (non-insulin-dependent) diabetes melli-
tus, insulin receptors, restriction fragment length poly-
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Several studies have shown that decreased insulin sensi-
tivity is animportant feature in the development of Type 2
(non-insulin-dependent) diabetes mellitus [1, 2], and that
insulin sensitivity is to a large extent genetically regulated
[3-7].

Theoretically, structural or regulatory variants of many
genes may determine insulin sensitivity. One obvious can-
didate is the insulin receptor gene. The importance of this
gene for glucose tolerance is illustrated by findings of se-
vereinsulinresistance inindividuals withmutantinsulinre-
ceptors [8]. However, none of these mutated insulin recep-
tor genesisknown to occur frequently in the population.

Association studies in different racial groups have
shown a correlation between Type 2 diabetes and certain
DNA polymorphisms of the insulin receptor gene in some
populations but not in others [9-13]. We performed a
screening study of a genetically homogenous Swedish
population with seven restriction fragment length poly-
morphisms (RFLPs) that span functionally important re-
gions of the insulin receptor gene. The aim was to investi-
gate whether any common genetic variants of the receptor
gene — in linkage disequilibrium with these DNA markers
- are associated with Type 2 diabetes or variables charac-
terizing glucose intolerance.

Subjects and methods

Subjects

The 76 diabetic patients and 84 control subjects in this study were un-
related individuals of Scandinavian origin. All individuals gave in-
formed consent to the study. Characteristics of the two groups are
summarized in Table 1. Since genetic factors are more prominent in
lean than in obese diabetic subjects [14], we selected mainly lean
diabetic patients. The diagnosis of Type 2 diabetes was performed
according to WHO criteria: all subjects with Type 2 diabetes had
either a fasting blood glucose exceeding 7.0 mmol/l at repeated
measurements, or a blood glucose of at least 10 mmol/l 2 h after a
75 g oral glucose load. None had shown a tendency to ketoacidosis
during at least two years of anti-diabetic treatment without insulin.
The mean age at the onset of disease was 49.9 years (range 29-

Table 1. Subjects studied.
No M/F Age BMI*

Diabeticpatients 76 57/19  56.9 (39.0-74.0) 26.1 (18.1-39.0)
Controlsubjects 84 56/28 582 (45.0-78.0) 24.4 (18.1-42.8)

Values are means with ranges within brackets
¢ Body mass index (BMI) was calculated as weight in kg/(height
in m)?
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Table 2. Restriction fragment length polymorphisms (RFLPs) at
the insulin receptor locus used in this study

RFLP Probe Allele Frequency Reference

No. Size* Pa- Control
tients  subjects

PstI  18-2 1 1.8 0.15 0.14 [18]
2 1.5 0.85 0.86

Xbal 13-14 1 180 0.61 0.64 [13]
2 115 0.39 0.36

Rsal  13-14 1 6.7 0.60 0.55 [19]
2 6.2 0.39 0.42
3 6.3 0.007  0.006
4 5.8 0.007 O
5 5.6 0 0.012
6 3.4 0 0.012

Sacl-A 13-16 1 5.8 6.15 0.15 [20]
2 53 0.85 0.85

Dral 13-16 1 2.9 041 0.36 [21]
2 1.4 0.59 0.64

Sacl-B 13-16 1 9.4 0.89 0.91 [20]
2 7.0+24 0.11 0.09

HindIII 13-16 1 23 0.17 0.15 f21]
2 20 0.83 0.85

2 Size is expressed in kb (kilobase-pairs)

66 years). At the time of the study, 43 of the patients were treated
with diet only, 17 also received antidiabetic drugs, and 16 were onin-
sulin treatment. The control subjects were healthy, above 44 years of
age with a fasting blood glucose less than 5.2 mmol/l (mean value
4.3 mmol/l, range 3.0-5.1 mmol/l). Venous blood samples were ob-
tained after overnight fasting for determination of glucose and im-
munoreactive insulin [15, 16]. The study was approved by the Ethics
Committees at Karolinska Hospital and Uppsala University.

RFLP analysis

DNA was extracted from leucocytes by proteinase K digestion in
SDS followed by ethanol precipitation of DNA [17]. Seven ug of
DNA was cleaved with a ten-fold excess of restriction enzyme (New
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England Biolabs, Beverly, Mass., USA; or Amersham, Buckingham-
shire, UK) for 16-20 h, under conditions specified by the manufac-
turer. The cleaved DNA was separated on 0.6-1.2% agarose gelsand
transferred to GeneScreen Plus membranes (DuPont, Wilmington,
Del., USA), using 0.4 mol/l NaOH and 0.6 mol/l NaCl as transfer
medium.

The insulin receptor cDNA clones pHINSR 18-2 [18] and
phINSR 13-1 [19] were kindly provided by Dr. G.I.Bell, University
of Chicago. Two subfragments of phINSR 13-1 were used: a
1360 base pair (bp) Bgll/Bgll fragment, called 13-14, to detect the
Xbal and Rsal polymorphisms; and a 1599 bp PstI/Pstl subclone,
called phINSR 13-16, to detect the SacI-A and B, Dral, and HindIII
polymorphisms (Table 2) [13, 18-21]. The probes were labelled with
[0¥P] dCTP to aspecific activity of 108-10° cpm/iLg DNA by random
priming [22]. Prehybridization was carried out at 42 °C, for 8-20 hin
6x SSC, 10x Denhardt’s Solution, 1% SDS, and 100 pg/ml dena-
tured salmon sperm DNA. Hybridization was performed at 65 °C
for 20 hin 6 x SSC, 5% dextran sulphate, 1% SDS, and 100 pg/ml de-
natured salmon sperm DNA. The membranes were washed twice
for 15 minin 0.1 x SSC and 0.1% SDS at 65 °C.

Identification and localization of RFLPs at the insulin
receptor locus

Seven insulin receptor specific RFLP markers were used in this
study (Table 2, Fig.1). The PstI polymorphism has previously been
localized to exons 1-3 [18]. The 6.5 kilobase (kb) fragment gener-
ated from the 2-allele of the Xbal RFLP (11.5 + 6.5 kb) can only be
detected with probe phINSR 13-1 covering exons 4-22, but not with
probe 13-14 covering exons 7-15. Probe phINSR 13-16, covering
exons 14-22, cannot detect this Xbal RFLP at all. Therefore, we lo-
calized the Xbal 18/11.5 + 6.5 kb RFLP to the region from exon 4 to
5 of exon7 (Fig.1). The Rsal polymorphism has earlier been
mapped to DNA sequences between exons 9 and 12 of the insulin re-
ceptor [20]. We have found that the same polymorphism was also de-
tected with EcoRI (6.0 and 5.5 kb), Dral (5.5 and 5.0 kb), HindIII
(10.7 and 10.2 kb), Xbal (9.9 and 9.4 kb), Sacl (4.9 and 4.4 kb) and
PstI (9.8 and 9.3 kb). For these enzymes the analyses were per-
formed on DNA from at least 20 individuals. A few individuals had
uncommon Rsal allele-sizes of 6.3, 5.8, 5.6 and 3.4 kb (Table 2). The
6.3 and 5.6 kb alieles were verified with Dral and HindIIl, in contrast
to the 5.8 kb allele that we were not able to verify with these
enzymes. No attempt was made to verify the 3.4 kb allele. The Rsal
RFLP can be mapped to the proximity of exons 10 and 11 (Fig. 1), by
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B e ceptor gene and restriction fragment

Exon 1 2 3 4 567 8 9 10 11 1
Eothibe - |

DY
-——n A

length polymorphisms (RFLPs). The
filled boxes denote exons and the thin
line denotes introns with interruptions

14 15 16
NSNS
| G
| L

Pstl Xbal Rsal

10 kb
e

Pstl Xbal Rsal

Sacl-A and B
-e 138 - - -18.0 - -6.7

P8 -
-e-62

' -11.5 5 -7.0-B
' -(9.9)

9.
el » -58-A
PP ™ 53

- - -1.5

[ ] -24-B

indicating as yet uncharacterized re-
gions of the gene. Below the gene are
shown the approximate location of the
used RFLP markers. The autoradio-
grams of Southern blots show the frag-
ment pattern of the different RFLP
genotypes. Background information
for this figure was taken from refer-
ences [23-25]. The lanes show, Pst; a,
2/2 homozygote; b, 1/2 heterozygote;c,
1/1 homozygote: Xbal;a, 1/1; b, 2/2; c,
1/2 (the Xbal polymorphic fragments
of lengths 9.9 kilobases (kb) and 9.4 kb
correspond to the Rsal RFLP): Rsal;
a,1/1;b,1/2; ¢,2/2: Sacl-A and B; a,
A-2/2 and B-1/2; b, A-2/2 and B-1/1; c,
A-1/2 and B-1/1: Dral; a, 2/2; b, 1/2; ¢,
1/1: HindI; a, 1/1; b, 2/2; ¢, 1/2. Frag-
ments without indicated lengths are
non-polymorphic DNA fragments

A e sl

Sacl-A  Dral Sacl-B HindIII

Dral HindIII

Q. -29 -

o @
13

- -23
o -2

[ 1 Bl



M. Sten-Linder et al.: Insulin receptor RFLPs and glucose intolerance

comparing with the EcoRI map of the human insulin receptor gene
described by Seino et al. [23]. The SacI-A insertion/deletion poly-
morphism has earlier been characterized in detail [24]. It was also de-
tected with Dral (4.1 and 3.6 kb), HindIII (14.0 and 13.5 kb), Xbal
(5.8 and 5.3 kb) and BamHI (7.4 and 6.9 kb). The Rsal and Sacl-A
RFLPs were the only RFLPs studied that were detected with
multiple restriction enzymes.

The Dral 2.9/1.4 kb RFLP was mapped to the intron between
exons 17 and 18 (Fig. 1), based on the following results: both the 2.9
and the 1.4 kb fragments were detected with PCR amplified probes
for exons 18 and 19 [25], respectively; an exon 20 specific probe hy-
bridized only to a 4.5kb constant band; and the intron between
exons 17 and 18 is the only intron in this region long enough [25] to
include the difference between the long and the short Dral alleles
(1.5 kb). The Sacl-B RFLP with allele sizes 9.4 and 7.0 + 2.4 kb could
be localized to the intron between exons 21 and 22 by a similar exon
specific hybridization analysis (Fig. 1).

The HindIII RFLP with alleles 0f23/20 kb was localized approxi-
mately 20 kb 3’ of exon 17, as the 20kb fragment was the only
HindIII fragment detected 3" of the known HindIII site in intron 17
[24].

Statistical analysis

Averages are presented as arithmetic means for normally dis-
tributed continuous variables, and when indicated, as medians for
variables deviating from the normal distribution. Genotype fre-
quencies of the diabetic and control subjects were compared using
2x3 or 2x2 contingency tables and chi-square analysis of inde-
pendence. The fasting concentrations of blood glucose and insulin in
the different genotype groups were compared using the non-par-
ametric Kruskal-Wallis one-way analysis of variance.

Results
RFLPs at the insulin receptor locus

The approximate localizations of the seven RFLP mar-
kers at the insulin receptor locus used in this study are
shown in Figure 1. Four of these RFLPs (Xbal, Dral,
Sacl-B, HindIII} were mapped more accurately com-
pared to previous studies as described in Subjects and
methods. The Sacl-A polymorphism has previously been
shown to be an insertion/deletion polymorphism [24].
During the course of these studies we found that at least
the 1, 2,3 and 5 alleles of the Rsal polymorphism behave
as an insertion/deletion polymorphism also detectable
with a number of other restriction enzymes. For further
details on the RFLPs, see Subjects and methods.

Distribution of RFLP-genotypes in Type 2 diabetic
patients and control subjects

The study comprised 76 patients with Type 2 diabetes and
84 control subjects. The control subjects were selected for
fasting blood glucose levels below 5.2 mmol/l and age
above 44 years. Characteristics of the study groups are
presented in Table 1. For the seven RFLP markers used,
nosignificant differences were foundin the allele frequen-
cies between the diabetic and control subjects (Table 2).
Since we comnsider it more informative to compare geno-
type distributions rather than allele frequencies when the
mode of transmission is unknown, we also compared the
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Table 3. Distribution of genotypes in patients with Type 2 (non-in-
sulin-dependent) diabetes and healthy control subjects

Genotypes Patients Control subjects
n (fre- n (fre-
quency) quency)

Pstl: 171 0 (0.00) 3 (0.04) =032
1/2 23 (0.30) 18 (0.21) p=057
202 53 (0.70) 63 (0.75)

Xbal: 1/1 28 (0.37) 34 (0.40) ¥:=0.19
172 37 (0.49) 39 046y p=091
202 11 (0.14) 11 (0.13)

Rsal: 171 25 (0.33) 31 (0.37) =522
12 39 (0.51) 29 (035) p=007
212 10 (0.13) 20 (0.24)
1/3 1 (0.01) 1 (0.01)
/4 1 (0.01) 0 (0.00)
2/5 0 (0.00) 2 (0.02)
6/6 0 (0.00) 1 (0.01)

Sacl-A: 171 2 (0.03) 1 (0.01) ¥2=0.002
172 19 (0.25) 23 (0.27) p=0.96
212 55 (0.72) 60 (0.71)

Dral: 11 135 (0.20) 12 014)  ¥*=094
12 33 (0.43) 37 044y p=062
212 28 (0.37) 35 (0.42)

Sacl-B: 1/1 60 (0.79) 72 (0.86) ¥*=0.84
12 15 (0.20) 9 0.11)  p=036
212 1 (0.01) 3 (0.04)

HindIII: 1/1 2 (0.03) 2 (0.03) ¥2=0.17
1/2 22 (0.29) 21 (025)  p=0.68
212 52 (0.68) 61 (0.73)

When the number in one homozygote group was less than 3, this
group was added to the heterozygote group before performing the y*
analysis. For the Rsal genotypes, the analysis was carried out on the
three most common genotype groups

distribution of the RFLP genotypes between the diabetic
and control subjects (Table 3). Four of the RFLPs showed
very rare homozygotes that were pooled with the hete-
rozygotes before the chi-square analysis. The level of sig-
nificance was chosen as p < 0.01 in order to correct for the
number of comparisons made. None of the RFLPs
showed any significant difference in the genotype dis-
tribution between patients and control subjects. The Rsal
polymorphism was closest to the significance level, with
p =0.07. In the control subjects, a certain deviation from
Hardy-Weinberg equilibrium in the distribution of Rsal
genotypes, (=545, 1df, p <0.025), parallelled the dif-
ference in genotype distribution between diabetic and
control subjects. However, neither the distribution of Rsal
genotypes or any other RFLP genotypes differed signifi-
cantly from the expected Hardy-Weinberg distribution at
the p < 0.01 level.

Phenotypic characteristics of the different genotypes

Considering the heterogeneity and complex aetiology of
Type 2 diabetes, an attempt was made to associate insulin
receptor genotypes not only with Type 2 diabetes but also
with some phenotypic characteristics of this disease. We
compared the fasting glucose levels and insulin concentra-
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Table 4. Phenotypic characteristics of pa-
tients with Type 2 (non-insulin-dependent)
diabetes treated with diet and control sub-
jects divided into different genotype groups

M. Sten-Linder et al.: Insulin receptor RFLPs and glucose intolerance

Genotype n Fasting glucose Kruskal- Fasting IRT? Kruskal-
(mmol/l) Wallis test ~ (pmol/l x 10%) Wallis test

Diabetic patients

Pst]

11 0

12 14 6.7 (6.0- 8.3) p=0.63° 1.3(1.2-1.8) p=0.18°

212 29 7.7 (5.9~ 8.6) 1.1(0.7-1.4)

Xbal

1711 21 7.0 (5.9~ 8.5) 0.9(0.7-1.3)

172 19 7.0(6.1- 9.6) p=027 1.3(1.1-2.0) p=0.10

212 3 6.0(54- 6.3) 1.2(0.7-1.5)

Rsal

1”711 14 7.9 (6.6- 9.1) 1.3(0.9-2.2)

172 21 6.9(6.0- 8.7) p=0.02 1.2(0.9-1.6) p=0.18

2/2 8 5.7(4.6- 6.5) 1.0(0.7-1.3)

Sacl-A

171 1 8.6 0.6

172 14 7.3(5.6- 9.1) p=0.68 1.3(0.6-2.0) p=0.40

212 28 6.7 (6.0- 8.4) 1.2(0.8-1.4)

Dral

171 8 7.3(5.8- 8.6) 1.2(0.8-2.1)

12 21 6.8(5.3- 9.1) =092 1.3(0.7-1.5) p=095

272 14 7.0(6.2- 83) 1.2(0.8-1.4)

Sacl-B

n 34 7.0(5.9- 8.6) 1.2(0.8-1.8)

172 8 6.4(5.9- 9.7) p=043 1.2(0.8-1.4) p=0.87

22 1 9.7 11

HindIII

11 1 5.9 1.1

2 13 9.0(6.4-10.8) p=0.21 1.3(0.9-1.6) p=0381

2/2 29 6.9 (59- 83) 1.2(0.8-1.5)

Control subjects

Pstl

171 3 4.0(3.54.2) 1.3(1.0-1.4)

12 18 4.4(4.2-4.6) p=035 1.0(0.7-1.4) p=056

212 63 4.3(3.94.7) 0.9 (0.6-1.3)

Xbal

1711 34 45(4.0-4.7) 0.9(04-1.4)

172 39 4.2 (4.14.6) p=0.40 1.0(0.6-1.3) p=0.99

212 11 4.1(3.9-4.5) 0.9(0.7-1.2)

Rsal

11 31 4.5(4.0-4.8) 0.9 (0.6-1.4)

12 29 4.4(4.1-4.5) p=0.32 0.9 (0.7-1.3) p=0.69

22 20 4.2(3.8-4.6) 1.1(0.8-1.3)

Sacl-A

11 1 3.0 0.7

172 23 4.3 (4.2-4.5) p=023 1.0(0.7-1.4} p=051

2/2 60 4.4 (3.9-4.6) 1.0(0.6-1.3)

Dral

11 12 4.4(404.7) 1.1(0.8-1.4)

172 37 4.3(4.14.5) p=0.90 0.9 (0.7-1.3) p=0J55

2/2 35 4.4(3.94.6) 0.9(0.6-1.4)

Sacl-B

11 72 4.3(4.0-4.6) 1.0(0.6-1.3)

12 9 4.5(4.2-4.6) p=090 0.8(0.5-1.2) p=027

212 3 4.1(4.04.4) 1.1(1.1-1.6)

HindIII

171 2 4.0(394.1) 1.0(0.9-1.1)

12 21 4.5(4.2-4.6) p=0.39 0.8(0.6-1.2) p=046

212 61 4.3 (3.9-4.6) 1.0(0.7-1.4)

Values are medians with lower and upper quartiles within brackets.
2 JRI = immunoreactive insulin;

® a Mann-Whitney U-test was performed instead of a Kruskal-Wallis test in this case, since
there were no observations in the 1/1 homozygote group
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tions between the different genotype groups. In order to
avoid effects of the treatment on the fasting blood glucose
and insulin concentrations, diabetic patients treated with
insulin or oral antidiabetic agents were excluded from
these analyses.

None of the genotype groups defined by the seven
RFLP markers demonstrated any significant differences
in the concentration of fasting glucose or immunoreactive
insulin (Table 4). Since age and BMI are variables known
to influence the blood glucose and insulin levels, we also
compared age and BMI between the different genotypes.
No significant differences were found for age and BMI be-
tween the genotype groups (data not shown). The non-
parametric Kruskal-Wallis one-way variance test was
used, since the values in some of the groups were not nor-
mally distributed. In order to compensate for multiple
comparisons, p <0.005 was chosen as the minimum re-
quirement for significance. Therefore the difference in the
fasting glucose levels observed in patients with different
Rsal genotypes was not significant (p = 0.02).

Discussion

The objective of the present study was to examine
whether any common genetic variants of the insulin re-
ceptor gene — in linkage disequilibrium with RFLP mar-
kers — are associated with Type 2 diabetes or phenotypic
variables characterizing glucose intolerance. No signifi-
cant associations between insulin receptor RFLPs and
Type 2 diabetes, or fasting glucose and insulin concentra-
tions, were found after screening 160 individuals. The
slight over-representation of homozygotes for the Rsal
6.2 kb 2-allele among control subjects (p = 0.07) is prob-
ably explained by the deviation from Hardy-Weinberg
equilibrium seen in this group, since the allele frequencies
are similar in the diabetic and control groups. The geno-
types defined by the Rsal marker showed a difference in
fasting glucose concentrations in patients treated with diet
only, in that the 2-allele was associated with lower blood
glucose (p = 0.02). However, this difference was non-signi-
ficant at a level adjusted for multiple comparisons. The
same tendency, to a lesser extent, was also seen in the con-
trol subjects (Table 4). In the statistical analyses, the levels
of significance were lowered in order to compensate for
the multiple comparisons made (several RFLPs and par-
ameters). Even if no significant association was found be-
tween RFLP markers and the disease at the level of signi-
ficance chosen, it is difficult to exclude contributions of
insulin receptor polymorphisms to Type 2 diabetes based
on a subject material of our size. Several factors influence
the possibility of detecting a linkage disequilibrium be-
tween a dysfunctional insulin receptor gene, involved as a
susceptibility factor for Type 2 diabetes, and an RFLP
marker. As discussed in detail by Cox and Bell [26], the
number of individuals required to detect a statistically sig-
nificant association depends on the frequency of the
RFLP allele, the degree of linkage disequilibrium, the
quantitative contribution of the locus to disease suscepti-
bility, as well as the mode of transmission of the suscepti-
bility.
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It is likely that Type 2 diabetes, due to differences in
actiology and linkage disequilibrium, is associated with
different genes, or different markers of the same gene in
different populations. An association between Type 2
diabetes and the 5.8 kb allele of the SacI-A RFLP of the
insulin receptor gene was observed in a study of White and
Hispanic subjects [11], while no such genotype differences
were observed in Japanese subjects [10], or in the present
study of Scandinavian subjects. A study including
394 Mexican-Americans indicated an increased risk for
homozygotes for the rare Rsal 3.4 kb 6-allele to be af-
fected with Type 2 diabetes [12]. The only subject in our
study of Scandinavians with this allele was a homozygote
with normal glucose tolerance. A recent study of Chinese-
Americans, where haplotypes at the insulin receptor locus
were constructed using a statistical method, showed an
overrepresentation of two haplotypes defined with the
three RFLP markers Xbal, Rsal and Kpnl among control
subjects as compared to patients with Type 2 diabetes [13].
No differences in allele frequencies for these RFLPs were
detected between patients and control subjects in that
study.

In conclusion, no significant associations could be
identified between RFLPs at the insulin receptor locus
and Type2 diabetes or phenotypic variables charac-
terizing glucose intolerance.
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