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Summary Variations in the coding regions of the in- 
sulin receptor substrate-1 (IRS-1) gene have recently 
been suggested to contribute to the susceptibility of 
non-insulin-dependent diabetes mellitus (NIDDM). 
The purpose of this study was to examine the role of 
the IRS-1 missense mutations at codons 972 (glycine 
to arginine) and 513 (alanine to proline) in two di- 
verse populations from South India and Finland at 
high risk for NIDDM. D N A  was amplified and di- 
gested with restriction enzymes BstN1 to detect the 
codon 972 mutation and Dra III to detect the co- 
don 513 mutation. The codon 513 mutation was not 
found in the study subjects. The codon 972 mutation 
was present in 10.3 % of 126 middle-aged NIDDM 
subjects and 5.3 % of 95 matched control subjects in 
the South Indians (p = 0.17). In elderly Finnish sub- 
jects the frequency of the mutation was 7.5 % in 
40 N I D D M  subjects and 7 % in 42 matched control 

subjects. The frequency of codon 972 mutation in the 
South Indian N I D D M  subjects was very similar to 
the two previously published studies in Danish and 
French subjects although each study individually 
fails to reach conventional levels of significance. The 
data from all four ethnic groups were analysed to- 
gether after ascertaining that significant heterogene- 
ity did not exist between the studies. Overall, the fre- 
quency of the codon 972 mutation is found in 10.7 % 
NIDDM subjects and 5.8% control  subjects (p = 
0.02). These studies suggest that the codon 972 muta- 
tion of the IRS-1 gene might act as a susceptibility 
gene predisposing to N I D D M  in certain ethnic 
groups. [Diabetologia (1995) 38: 481-486] 
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Despite intensive investigation few candidate gene 
mutations have been identified that have a definite 
role in non-insulin-dependent diabetes mellitus 
(NIDDM). Approximately 5 % of cases are associat- 
ed with mutations of the glucokinase gene, insulin re- 
ceptor gene, insulin gene and mitochondrial D N A  [1- 
3]. Another  subset of NIDDM subjects demonstrate 
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similarities with insulin-dependent diabetes with 
H L A  associations [4, 5]. 

Many groups have shown that insulin resistance is 
one of the earliest features of NIDDM, preceding de- 
tectable abnormalities of insulin secretion [6]. The 
degree of insulin resistance varies in different ethnic 
groups; patients with N I D D M  from the Indian sub- 
continent have been found to be more insulin-resis- 
tant compared to Europids [7-9]. In longitudinal 
studies the first metabolic abnormality in the Pima 
Indians is insulin resistance and there is at least one 
insulin resistance gene located to chromosome 4, pos- 
sibly fatty acid binding protein 2 gene or a closely- 
linked locus [10, 11]. 

The insulin receptor substrate-1 (IRS-1) gene is a 
plausible candidate locus for insulin resistance in 
NIDDM. After  insulin binds to the a subunit of the in- 
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Table 1. Clinical characteristics of the study subjects 

n Age BMI Age of on- 
(years) (kg/m 2) set (years) 

South Indians 
Controlsubjects ~ 58 39.7 (13.5) 24.3 (2.7) 
Proband group 61 36.5 (6.7) 25.2 (3.6) 
Clinic group 65 51.8 (10.4) 25.1 (3.6) 

Finns 
Control subjects 42 75.8 (4.0) 25.5 (4.6) 
NIDDM 40 77.2 (4.5) 27.2 (3.4) 

32.9 (6.3) 
44.9 (9.5) 

Data given as mean + (SD). 
Full clinical details were only available for 58 of 95 control 

subjects, the rest being blood donors without a personal or fa- 
mily history of diabetes 

sulin receptor ,  the tyros ine  kinase of  the ~ subuni t  un- 
dergoes  au tophosphory la t ion .  This in tu rn  phos-  
phory la tes  o the r  endogenous  p ro te in  substrates  [12, 
13]. The  first d i rect  subst ra te  for  the  insulin r e cep to r  
kinase is IRS-1 which is a hydrophi l ic  p h o s p h o p r o t e i n  
that  conta ins  20 po ten t ia l  tyros ine  phosphory la t ion  
sites [14]. Six of  the  tyros ine  residues are  found  in 
Tyr -Met -X-Met  motifs  which bind with pro te ins  con- 
taining s rc-homology-2  (SH2)  domains.  Tyr-Met-X-  
Me t  motifs  in IRS-1 undergo  tyros ine  phosphory la -  
t ion af ter  insulin s t imulat ion and bind with several  
kinases including phosphat idyl inos i to l  3 ' -kinase (PI 
3' k inase)  [15]. PI  3' k inase plays an impor t an t  role  in 
the regula t ion  of  cell growth  [16] and is c o m p o s e d  of  
two subunits  - a 110 k D a  catalyt ic  subuni t  and an 
85 k D a  regu la to ry  subuni t  which conta in  SH2 do- 
mains that  med ia t e  p ro te in  - p ro te in  in terac t ions  by  
binding to phospho ty ros ine  residues in var ious pro-  
teins [17]. The  PI  3' k inase  is ac t iva ted  when  the SH2 
domains  of  the regu la to ry  subuni t  b ind to phos-  
pho ry l a t e d  Tyr -Met -X-Met  motifs  in IRS-1. The  bind- 
ing of  IRS-1/PI  3' k inase complexes  to the  insulin re- 
cep tor  m a y  play  a critical ro le  in t ransmiss ion of  insu- 
lin signal [18]. IRS-1 also undergoes  phosphory l a t i on  
af ter  ac t ivat ion of  the  insulin-like growth  factor-1 re- 
cep tor  k inase  [19]. Recen t l y  in Danish  subjects two 
muta t ions  of  the IRS-1 gene  were  found  to  be  in- 
c reased  in N I D D M  c o m p a r e d  to cont ro l  subjects, al- 
t hough  each  var iant  by itself was not  significantly dif- 
f e ren t  f r om the  f r equency  in cont ro l  subjects [20]. Mu-  
ta t ions were  descr ibed  in codon  972 (a he te rozygous  
missense mu ta t ion  with a p red ic ted  amino  acid 
change  of  glycine to arginine)  p resen t  in 11.6 % of  
N I D D M  and 3.9 % of  con t ro l  subjects and in co- 
don  513 (a he t e rozygous  missense mu ta t i on  with a 
p red ic ted  change  of  alanine to prol ine)  p resen t  in 7 % 
N I D D M  subjects and 2.6 % of  con t ro l  subjects. 

The  purpose  of  this s tudy was to s tudy the  role  of  
IRS-1 muta t ions  in two diverse popula t ions  at high 
risk of  N I D D M  and t he r eby  to ident i fy  the  contr ibu-  
t ion of  these  muta t ions  in o the r  e thnic  groups: "With- 
in the South  Indian  subjects, N I D D M  probands  of 
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61 nuclear  families were  s tudied allowing the remain-  
der  of  the  family to be  s tudied if muta t ions  were  iden- 
tified. 

Subject and methods 

South Indian subjects 

Population and family study. All diabetic patients were Dra- 
vidian (South Indian) subjects recruited via the Diabetic Re- 
search Centre of the MV Hospital for Diabetes in Madras. 
NIDDM was defined by an insidious onset of the disease; if 
the patient was receiving insulin, this treatment had not been 
initiated within 5 years of the diagnosis. No subject was insu- 
lin-dependent or suffered an episode of diabetic ketoacidosis. 
The NIDDM patients were derived from two groups: 
(a) 65unrelated subjects recruited from the clinic (clinic 
group) and (b)61 unrelated probands from nuclear families 
(proband group) recruited for segregation analysis as previ- 
ously described [21]. All available non-diabetic family mem- 
bers were tested with an oral glucose tolerance test (OGTT) 
and diabetic, impaired and normal glucose tolerance were de- 
fined by World Health Organization criteria. Paternity was 
verified by typing at a number of polymorphic markers 
(HLA-DQA1, tyrosine hydroxylase and glucokinase). 

Ninety-five unrelated Dravidian control subjects without 
personal or first-degree family history of diabetes were recruit- 
ed from among blood donors (n = 37) of from staff and spouses 
of patients at the MV Hospital for Diabetes (n = 58). All the 
latter subjects had random blood glucose estimation which 
were all below 6.7 retool/1. Characteristics of the different 
groups are given in Table 1. All studies were approved by the 
ethical committee of the MV Hospital for Diabetes, Madras, 
and subjects gave informed consent before venipuncture. 

Finnish subjects. The Finnish subjects represent survivors of a 
population-based cohort of men born in two circumscribed 
areas of Finland between 19013 and 1919 and recruited into the 
Seven Countries study (a prospective study of cardiovascular 
mortality) from 1959 onwards [22]. Cohort members were test- 
ed for glucose tolerance for the first time in 1984 and again in 
1989 (by 75 g OGTr)  [22]. The survey procedures have been 
described elsewhere in detail [23]. As correspondence be- 
tween the results of the two OGTTs was not exact, a compos- 
ite classification based on the results of both tests was de- 
rived. Normal glucose tolerance was defined as a normal 
OGTT on both occasions in the absence of hypoglycaemic 
medication and diabetic glucose tolerance was assigned where 
an individual attained World Health Organisation criteria for 
diabetes at either OGTT or was receiving anti-diabetic drugs 
[5]. The mean (SD) age of all subjects at the 1989 test was 
76.6 (4.4) years and the BMI 26.2 (3.6) kg/m2: the two subject 
groups (diabetic and normal) did not differ significantly for 
these parameters (Table 1). In the current study, analysis was 
performed in a random selection of diabetic (n = 40) and non- 
diabetic subjects (n = 42: Table 1). 

Laboratory methods. The coding regions of IRS-1 were ampli- 
fied from either genomic DNA or crude lysates using primers 
which encompass the codon 972 and 513 variants, respectively. 
The experimental conditions were those as previously de- 
scribed [20]. The primers used were for Codon 513: 
Forward primer 1953 5' gcg gtg agg agg agc taa gc 3" 1972 
Reverse primer 2200 3' ggg cag ggt cag gag tca ccg 5' 2220 
and for Codon 972: 
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Table 2. IRS-1 Codon 972 mutation; frequency in the present 
and published studies 

Ethnic group Frequency of IRS-1 codon 972 variant 

NIDDM Control LRCS p w 
subjects w 

South Indian 13/126 (10.3 %) 5/95 (5.3 %) 1.93 0.18 
Finnish 3/40 (7.5 %) 3/42 (7.0 %) 0.04 0.84 
Finnish [27] a 11/112 (9.8 %) 9/104 (8.7 %) 0.09 0.73 
Danish [20]  a 10/86 (11.6 %) 3/76 (3.9 %) 3.42 0.06 
French [29]" 26/233 (11.2%) 9/130 (6.9%) 1.80 0.17 
Combined 63/597 (10.6 %) 29/447 (6.5 %) 0.026 b 

a Reference number from which data has been taken. 
b Homogeneity test for the four studies p = 0.75) i. e. no signifi- 
cant hetereogeneity between the studies). Overall odds ratio 
(Mantel-Haenszel) 1.7; 95 % confidence limits 1.1-2.7; p = 
0.026. ~ LRCS, Likelihood ratio chi square; the previously 
published data sets were recalculated using the LRCS and the 
p values calculated by exact permutational methods 
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scores were calculated using the LINKAGE package accessed 
remotely at the Human Genome Mapping Project Resource 
Centre, Harrow, UK. Parameters for the models used were de- 
rived from previous segregation analysis in the South Indians 
consisting of autosomal dominant and oligogenic models [21]. 

Results 

513 mutations. Two pat terns were observed after  
D N A  was digested with Dra  III; wild-type gene, one 
band sized 286 bp and in a sample f rom a subject 
who was heterozygous for the muta t ion  three  bands 
sized 268, 168 and 100 bp. The codon 513 muta t ion  
was not  found in any of the s tudy subjects. The pres- 
ence of a positive control  in each gel conf i rmed our 
potent ial  to detect  the muta t ion  under  the experi- 
menta l  condit ions used. 

Family no 004 059 043 101 

/d;~years) 715~625 515~523 713~528 616~622 
Genotype ~ ~ ~ 1-1(~) i ] 1-2 

Id no. 3 4 3 4 5 3 4 3 4 
Age (years) 42 38 29 28 26 40 29 45 40 
Genotype 1-1 1-2 1-2 1-2 1-2 1-2 1-1 1-2 1-2 

Fig. 1. South Indian pedigrees in which the NIDDM proband 
possessed the IRS-1 codon 972 variant, id. no., identity num- 
ber; genotype; 1=normal sequence at IRS-1 codon972, 
2 = IRS-1 codon 972 variant. NGT, normal glucose tolerance 
test; IGT, impaired glucose tolerance 

Forward primer 3339 5" ctt ctg tca ggt gtc cat cc 3' 3358 
Reverse primer 3582 3' cga tgc acc tgt gga gcg gt 5' 3601 
Restriction enzyme digestion was carried out using the appro- 
priate restriction enzyme; Bst N1 for the codon 972 mutation, 
and Dra III for the codon 513 mutation. The fragments were 
analysed after electrophoresis on a 4.5 % agarose gel and al- 
leles sized by reference to i kb marker (BRL, Paisley, Strath- 
clyde, UK). A positive control for each IRS-1 variant was in- 
cluded in all experiments. 

Statistical analysis 

Significance between test groups were tested using the Likeli- 
hood ratio statistic (LRCS) using 2 x 2 chi square tables. Ex- 
act permutational methods (StatXact-Turbo; Cytel Corpora- 
tion, Cambridge, Mass., USA) were preferred over asymptot- 
ic tests in view of the small expected frequencies in some cate- 
gories. The Homeostatic Model of Assessment (HOMA) mea- 
sures of beta-cell function and insulin sensitivity were calculat- 
ed from fasting plasma insulin and glucose levels [24]. Signifi- 
cance between continuous variables and genotype was tested 
by an analysis of variance (SPSS Windows; release 6). Lod 

972 mutation 

(i) South Indian subjects 

Two pat terns were observed after  D N A  was digested 
with Bst NI; the wild-type gene 3 bands sized 23, 81 
and 158 bp whilst a sample f rom a subject who was 
heterozygous for the muta t ion  was characterised by 
5 bands sized 23, 81, 158, 107 and 51 bp. The co- 
don 972 muta t ion  was identif ied in 9 out  of 65 
(13.8 %) diabetic subjects in the clinic group and 4 
out  of 61 (6.6 %) of the N I D D M  probands (total dia- 
betic subjects 13/126; 10.3 %) but  only 5/95 (5.3 %) 
control  subjects (Table 2). This did not  reach signifi- 
cance at the 5 %  level L R C S  (;(2=1.9; exact 
p = 0.18). A l though  the f requency of the 972 muta-  
t ion was increased in the clinic group compared  to 
the p roband  group, it was not  statistically significant 
(p = 0.2). The f requency of the muta t ion  in the clin- 
ic group compared  to control  subjects just missed 
convent ional  levels of significance (p = 0.06). No dif- 
ferences were found  be tween  N I D D M  subjects 
(clinic group plus p roband  group) with or wi thout  
the muta t ion  for body  mass index, t rea tment ,  age of 
onset  of N I D D M  or cholesterol  and triglycerides at 
diagnosis. The family trees of the four probands 
who possessed the codon 972 muta t ion  are present- 
ed in Figure 1. In all families, at least one diabetic 
parent  possessed the mutat ion.  The muta t ion  was 
also present  in siblings with normal  glucose toler- 
ance (family 059; id no 3 and 5) and impaired glu- 
cose tolerance (family 101; id no 3). Lod  scores for 
l inkage be tween  N I D D M  and the 972 muta t ion  
were calculated for a variety of genetic models  as- 
suming a zero recombinat ion  fract ion and con- 
f i rmed the l imited informat ion  content  of these par- 
t icular families which is apparent  on inspection. The 
max imum (positive or negative) lod score obta ined  
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was 0.23 for family 004 under a dominant model of 
inheritance. 

(ii) Finnish subjects 

The codon 972 mutation was present in equal num- 
bers of NIDDM subjects (7.5 %) and matched con- 
trol subjects (7.0%; Table 2). Fasting serum insulin 
levels in the three control subjects heterozygous for 
the 972 mutation were 8, 9 and 19 ~tU/ml: these did 
not differ from the values obtained in the other con- 
trol subjects (geometric mean, SD range: 6.5, 2.6- 
16.5). In addition, there were no differences between 
individuals with and without the mutation for 2-h ser- 
um insulin levels, or for H O M A  measures of beta-cell 
function and insulin sensitivity or BMI (control 
[n = 3] and diabetic [n = 3] subjects analysed sepa- 
rately). 

Discussion 

The study of the genetic determinants of NIDDM is 
complicated by the likelihood that NIDDM is a het- 
erogeneous disease both at the genotypic and pheno- 
typic levels. Insulin resistance is a prominent feature 
of NIDDM in South Indians and therefore this popu- 
lation is a good test for candidate genes associated 
with insulin resistance. In contrast, the elderly Finn- 
ish men have all survived the possibility of prema- 
ture ischaemic heart disease. Ischaemic heart disease 
is thought to cluster with NIDDM, dyslipidaemia 
and central obesity and is often characterised by insu- 
lin resistance; this aggregation has been called 'syn- 
drome X' or the 'insulin resistance syndrome' [25]. 
Diabetes in the elderly Finnish men is likely there- 
fore to represent 'non-syndrome X' disease (e. g. the 
aetiology is likely to be due to a predominant beta- 
cell defect). Indeed, a strong association has been 
found in this group between NIDDM and HLA and 
a weaker association with the glucokinase gene [3, 
26]. The possibility of a predominant beta-cell defect 
in the elderly Finns may explain the absence of an in- 
creased frequency of the IRS-1 variant 972 in that pa- 
tient population; however, the number of subjects 
studied is relatively small and it does not exclude the 
possibility of other IRS-1 variants. This has been lar- 
gely overcome by a recent study of middle-aged 
NIDDM subjects from Finland in whom both diabet- 
ic patients and control subjects were found to have 
very similar prevalence of the codon 972 variant as 
in our studies [27]. Although a number of other IRS- 
1 variants were found in this study, none accounted 
for more than 2.7 % of the diabetic subjects. 

The results in the South Indians are more difficult 
to interpret; the codon 972 mutation was found twice 
as frequently in the diabetic patients compared to 
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control subjects but this did not reach conventional 
levels of significance in this population alone. South 
Indian Dravidians are considered on anthropological 
and genetic grounds to share common ancestry with 
Europid and other Caucasoid groups [28]. Since the 
frequency of the mutation in the South Indian diabet- 
ic and control groups is similar to that found in other 
studies of Europid groups [20, 27, 29] it is instructive 
to estimate the number of subjects necessary to 
achieve conventional levels of significance, assuming 
the codon 972 mutation is present in 10 % of diabetic 
subjects and 5 % of non-diabetic subjects using exact 
permutational methods. To detect an association 
with a p value of 0.01, 380 diabetic patients and 
380 control subjects would need to be studied and 
for a p value of 0.05, 220 subjects would be required 
in each study group. Therefore, all the published stud- 
ies individually lack the power to detect an associa- 
tion of this magnitude between NIDDM and the co- 
don 972 IRS-1 mutation. When the data from all 
these studies is combined an overall association be- 
tween NIDDM and the IRS-1 codon 972 variant 
clearly emerges. Before data from the four ethnic 
groups were combined a homogeneity test (Zelen 
Statistic) confirmed the validity of the analysis 
(p = 0.75). The overall odds ratio (OR; Mantel-Hae- 
nszel) was significant (OR = 1.7; 95 % confidence 
limits 1.1-2.7; the exact p value = 0.026) the muta- 
tion being present in 10.6 % of NIDDM subjects and 
6.5% of control subjects. The combined analysis 
would therefore suggest that the IRS-1 codon 972 
missense mutation (glycine to arginine) might act as 
a gene variant in the predisposition for NIDDM in 
several ethnic groups. 

The codon 972 variant was present in about 5 % of 
South Indian control subjects. This may be explained 
by the admixture of subjects destined to develop dia- 
betes within our control groups, However, the fre- 
quency of this variant was similar (3.9 and 7.0 %) in 
the Danish and French control groups which were 
better characterised for glucose tolerance. 

Recent segregation analysis using the computeri- 
sed programme COMDS has indicated that the in- 
heritance of diabetes in the South Indians can be ex- 
plained by a combination of a gene contributing 
40 % to diabetes and the rest being explained by a 
polygenic effect affecting the range of glucose toler- 
ance [21]. The IRS-1 gene variant is clearly not act- 
ing as a major gene for NIDDM, but rather is likely 
to be a susceptibility locus, which is itself neither nec- 
essary nor sufficient for the development of NIDDM 
and is contributing to the polygenic effect. This ef- 
fect can be seen by inspection of the pedigrees in 
which the proband possessed the IRS-1 codon 972 
variant (Fig. 1). In all families the proband had an af- 
fected parent who also carried the variant; however, 
two siblings who also carried the variant had normal 
glucose tolerance (family 059; id no 3 and 5) and one 
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had impaired glucose tolerance (family 101; id no 3) 
suggesting that this variant by itself does not neces- 
sarily lead to N I D D M  at least in early life. 

These results raise the problem of assessing the rel- 
evance of mutations/variants identified in candidate 
genes for NIDDM;  particularly when these are infre- 
quent and seen in both diabetic patients and control 
subjects. Demonstrat ion of an excess frequency of 
the mutation in cases compared to control subjects, 
especially if reproduced in a number  of populations 
is clearly supportive that the mutation contributes to 
disease pathogenesis. However,  the effect of the mu- 
tation needs to be proven at the cellular level by ex- 
pression studies since until the variant is proven to 
be of physiological significance, the associations de- 
scribed could still reflect linkage disequilibrium with 
another mutation in that gene (in this case IRS-1) or 
in a closely linked gene. The detection of susceptibil- 
ity loci which only contribute a small proportion of 
disease pathogenesis may be best achieved by using 
well-constructed large population association stud- 
ies. In this type of study the diabetic and control sub- 
jects should come from the same sampling frame to 
minimise the chances of hidden population stratifica- 
tion between the test subjects. Whilst it is compara- 
tively easy to identify subjects with NIDDM,  it is far 
from clear how to define a control subject since the 
distribution of glucose tolerance is not a bimodal dis- 
tribution and the reproducibility of the O G T T  is rela- 
tively poor  within an individual [30]. If a large enough 
population is available, the best non-diabetic control 
subject might be an individual with a glucose toler- 
ance in the lowest decile of that population group; 
ideally the normal glucose status would be confirmed 
on repeat  testing. Population association studies 
could also be used to study genes contributing individ- 
ual traits leading to N I D D M ,  rather than to N I D D M  
itself. Thus, if the IRS-1 codon 972 mutation has a di- 
rect effect on insulin sensitivity, normoglycaemic sub- 
jects with and without the mutation could be studied 
for parameters of insulin resistance. 

An alternative strategy which overcomes the prob- 
lems of hidden population stratifications in popula- 
tion association studies is to use methods based on 
the haplotype relative risk [31]. In these experiments 
nuclear families with one affected offspring are used 
to test for deviations in linkage equilibrium. The 
'cases' are made up of the alleles transmitted to the 
affected offspring and the 'control '  alleles made up 
of the alleles not transmitted from the parent to the 
child. The statistical comparison is then between the 
transmitted and the non-transmitted alleles. If suffi- 
cient nuclear pedigrees can be obtained this may be 
the method of choice to demonstrate linkage disequi- 
librium. The problem with this method is that identi- 
fication of nuclear pedigrees is rendered difficult in a 
disease which is characterised by a late age of onset 
and premature mortality. Co-segregation of the mu- 
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tation with the disease in affected family members  is 
the classic means of proving linkage between the mu- 
tation and disease. However,  linkage analysis lacks 
the power to detect susceptibility loci (such as IRS-1 
is likely to be) which are neither necessary nor suffi- 
cient for disease expression [32]. If N I D D M  turns 
out to be a heterogenous disease, and especially if it 
has a significant polygenic component,  these prob- 
lems need to be addressed if we are going to make 
progress in identifying risk genes in this disease. 
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