
Abstract

Aims/hypothesis. Beta cell loss in Type 1 and Type 2 
diabetes mellitus may result from apoptosis and necrosis
induced by inflammatory mediators. The suppressor 
of cytokine signalling (SOCS)-3 is a natural inhibitor 
of cytokine signalling and also influences insulin sig-
nalling. SOCS3 could therefore be a candidate gene in
the development of Type 1 and Type 2 diabetes mellitus.
Methods. Mutation analysis of the SOCS3 gene was
performed in 21 patients with Type 1 diabetes mellitus
and in seven healthy subjects. An identified promoter
variant was examined in (i) 250 families with Type 1
diabetic family members (1097 individuals); (ii) 212
glucose-tolerant first-degree relatives of Type 2 dia-
betic patients; and (iii) 370 population-based young,
healthy subjects who were unrelated.
Results. Three mutations were identified in the promoter
region, but none in the coding region or the 3′UTR.

Two of the three mutations had allele frequencies below
1% whereas the C −920→A substitution had a minor
allele frequency of 8%. In the group of young healthy
subjects the insulin sensitivity index was higher among
homozygous carriers of the A-allele than among hetero-
zygous and wild-type subjects (p=0.027, uncorrected).
The same trend was found in the group of first-degree
relatives of Type 2 diabetic patients. No association or
linkage was found to Type 1 diabetes mellitus.
Conclusions/interpretation. Homozygosity for the 
A-allele of the C −920→A promoter polymorphism of
the SOCS3 gene may be associated with increased
whole-body insulin sensitivity, but deserves further 
investigation.
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Introduction

In terms of aetiology, genetics and pathogenesis, Type
1 and Type 2 diabetes mellitus are considered to be
two distinct diseases. There is, however, accumulating
evidence that inflammatory mediators are important in
the pathogenesis of both diseases. Beta cell loss in
Type 1 and Type 2 diabetes mellitus may be a conse-
quence of apoptosis and necrosis induced by inflam-
matory mediators. In Type 1 diabetes mellitus, beta
cell destruction results from an immune-mediated re-
action towards the beta cell. Proinflammatory cy-
tokines are released during inflammation of the pan-
creatic islets and in synergy they lead to apoptosis and
necrosis of beta cells [1]. In Type 2 diabetes mellitus,
beta cell deficit and increased beta cell apoptosis have



also been reported [2], as well as elevated circulating
levels of proinflammatory cytokines in patients with
recent onset of the disease [3, 4, 5]. In addition, hy-
perglycaemia in Type 2 diabetic patients is accompa-
nied by increased levels of proinflammatory cytokines
[6]. Finally, numerous studies have shown that several
proinflammatory cytokines induce insulin resistance
[7, 8, 9]. Thus, cytokines that are produced locally as
part of the autoimmune infiltrate in Type 1 diabetes
mellitus or are expressed in beta cells and/or at high
levels in circulation in response to hyperglycaemia 
in Type 2 diabetes may be a common pathogenetic 
denominator in beta cell failure in the two diseases.

A number of natural inhibitors of cytokine sig-
nalling have recently been characterised. The suppres-
sor of cytokine signalling (SOCS) family is a group of
proteins originally identified as negative feedback reg-
ulators of IFN- γ signalling [10]. We recently reported
that SOCS3 also down-regulates IL-1 signalling [11].
Interestingly, SOCS3 up-regulation in response to IL-1
in native rat islets is delayed and may therefore be in-
sufficient to down-regulate IL-1-mediated signalling
and thereby increase beta cell sensitivity to cytokines
[11]. TNF-α induces insulin resistance both indirectly
by stimulating stress hormone production, and directly
by sustained induction of SOCS3, which decreases in-
sulin-induced IRS1 tyrosine phosphorylation and its
association with the p85 regulatory subunit of phos-
phatidylinositol-3 kinase [7]. SOCS3 was shown to
modulate insulin signalling by targeting IRS1 and
IRS2, the two key signalling proteins in insulin action
[12]. It has also been proposed that the adipocyte 
hormone leptin, which induces SOCS3, impedes in-
sulin signalling. Growth hormone (GH) also induces
SOCS3, thereby leading to insulin resistance [13].

Insulin resistance, which often precedes the onset
of Type 2 diabetes mellitus by several years, affects a
large segment of the general population. There is in-
creasing evidence that genetic components code for
insulin resistance [14, 15, 16], which is a feature of
the offspring of parents with Type 2 diabetes mellitus
and, as shown by longitudinal studies of families 
affected by the disease, a major risk factor for devel-
oping Type 2 diabetes mellitus [17].

For these reasons, we consider SOCS3 to be a can-
didate gene in the pathogenesis of Type 1 diabetes and
insulin resistance. SOCS3 maps to chromosome 17q25
and consists of only one exon spanning 850 nucleo-
tides. The upstream sequence is a G/C rich region and
the promoter area is by definition a GpC island [18].
In the present study we performed a mutation scan-
ning of the promoter region, the exon and the 3′UTR
of the human SOCS3 gene. We also examined the
identified variants for an association with Type 1 dia-
betes mellitus and insulin sensitivity.

Subjects, materials and methods

Subjects. Mutation scanning was performed in seven control
subjects and 21 Type 1 diabetic patients by single-strand con-
formational polymorphism (SSCP) and direct sequencing. To
estimate the frequencies of minor alleles, the single nucleotide
polymorphisms (SNPs) identified were tested further in a panel
of 100 Type 1 diabetic patients. An identified promoter variant
was examined in three separate groups of subjects involving:

1. A collection of families affected by Type 1 diabetes melli-
tus. This group comprised 250 Danish families (1097 indi-
viduals), consisting of 99 simplex and 151 multiplex fami-
lies. The median age (range) at onset for probands was 
11 years (0–29 years) [19, 20]. HLA stratification was per-
formed for all probands and/or affected offspring, who were
subsequently divided into high-risk DR3/4 heterozygous and
non-high-risk (non-DR3/4 heterozygous) HLA-types.

2. A group of 212 glucose-tolerant Danish first-degree rela-
tives of Type 2 diabetes mellitus patients. This group was
examined by a 75-g OGTT and an IVGTT in combination
with an intravenous tolbutamide injection .The detailed
phenotypic characteristics of this population sample have
been reported previously [21].

3. A random population-based sample of young, healthy, un-
related Danish subjects (n=370) from Copenhagen. Aged
18 to 32 years, these subjects underwent an IVGTT in com-
bination with an intravenous tolbutamide injection [22].

Because the penetrance of a single allele on a physiological
trait like insulin sensitivity levels is likely to be higher in glu-
cose-tolerant subjects than in patients with a complex metabol-
ic disorder like Type 2 diabetes mellitus, we chose to investi-
gate offspring of Type 2 diabetes mellitus subjects and healthy
unrelated subjects. The subjects of the study gave informed
consent and the investigations were approved by the responsi-
ble ethics committee and carried out in accordance with the
Declaration of Helsinki as revised in 2000.

Mutation scanning and genotyping. SSCP and sequencing
were performed as described previously [23, 24]. Sequence
data were analysed using SeqScape version 2.0 (Applied
Biosystems, Foster City, Calif., USA). Genotypings of poly-
morphisms were done by primer extension using the SnapShot
Multiplex Kit (Applied Biosystems). In the PCR reaction the
following primers were used 5′CTCCGCGCTCAGCCTTT-
CTCTGC 3′ and 5′TACCTGGTCCCGAATCGAAGTCT 3′.
As a template we used 100 ng DNA in a total volume of 25 µl
in a thermal cycler (Perkin Elmer, Boston, Mass., USA). In 
addition the PCR mixture contained 1.75 units Herculase-
enhanced DNA polymerase (Stratagene, La Jolla, Calif., USA),
1× Herculase PCR buffer (Stratagene), 1 µmol/l of each prim-
er, 25 µmol/l deoxynucleoside (5′-)triphosphate, DMSO 8%
and H2O. Denaturing, annealing and extension temperatures
were 95 °C, 64 °C and 72 °C respectively, for 30 seconds each
for a total of 35 cycles. In the last 25 cycles 10 seconds were
added to each cycle, followed by a final extension for 10 min
at 72 °C. Primer extensions were performed according to 
the manufacturer’s instructions, using the following primer 
5′ CGGGAGCTGGGCCGGGCGGGCGGC 3′, terminating one
nucleotide before the polymorphism. The assay was performed
on an ABI Prism 3100 (Applied Biosystems) and analysed us-
ing Genemapper version 2.0 (Applied Biosystems). Evalua-
tions of the SNP database (NCBI [25]) revealed three rare vari-
ations of the SOCS gene region. One of these (rs 1061489),
which causes a tyrosine to histidine substitution (Y125H), was
also evaluated by RFLP-PCR assay in the current study.
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Phenotypic characterisation. In Groups 2 and 3, comprising
glucose-tolerant first-degree relatives of Danish Type 2 diabet-
ic patients and healthy, unrelated, Danish subjects respectively,
the insulin sensitivity index (SI) was measured applying Berg-
man’s minimal model computing data, obtained during an in-
travenous glucose and tolbutamide tolerance test. The insulino-
genic index for insulin was calculated as (insulin t=30 min−
insulin t=0 min/glucose t=30 min). The insulinogenic index for
C-peptide was calculated as (C-peptide t=30 min−C-pep-
tide t=0 min/glucose t=30 min).

Statistical analysis. The families with Type 1 diabetes mellitus
were evaluated by the Sib Transmission Disequilibrium Test
(Sib-TDT) [26, 27]. In relatives of Type 2 diabetic patients and
healthy glucose-tolerant subjects, differences in continuous
variables between carriers of the polymorphism were tested us-
ing a general linear model or a mixed model for analysis of
variance with age, BMI and sex as covariates. All residuals
were tested for normal distribution and proper transformation
of the variables was made if necessary (log-transformation).
SPSS for Windows version 11.0 (SPSS, Chicago, Ill., USA) or
the SAS System for Windows version 8.2 (SAS Institute, Cary,
N.C., USA) were used for statistical analysis. We considered
p values of less than 0.05 statistically significant. All genotype
distributions were tested for Hardy Weinberg equilibrium us-
ing a likelihood ratio test.

Results

Mutation scanning. Three novel mutations were iden-
tified in the promoter region, but none in the coding or
3′UTR region. Two mutations (C −1044→A and G 
−202→A) had allele frequencies below 1% in the
group of 100 Type 1 diabetic individuals and were not
tested further. The third, a C −920→A substitution in
the putative promoter had an allele frequency of 8%.
Two different software analyses [28, 29] demonstrated
that the mutation causes deletion of an activator pro-
tein 2 (AP2) transcription factor binding site within
the sequence encompassing the polymorphism. AP2 is
involved, for example, in angiogenesis, tumour inva-
sion/metastasis, and chronic inflammation [30]. Sib-
TDT analysis showed no significant linkage to Type 1
diabetes mellitus in the 250 families with Type 1 dia-
betes (Table 1). Stratification by high- and low-risk
HLA-type also failed to reveal significant differences
(data not shown). In addition the dbSNP (rs1061489)
in the coding region (Y125H) was genotyped by
RFLP in a group of 100 Danish Type 1 diabetic pa-
tients. None carried this mutation. Two other dbSNPs
(rs 12059, rs 2280148) were not identified in the

group screened, preventing construction of haplotypes
covering the region.

For offspring of Type 2 diabetic patients and the
control subjects, phenotypic data stratified according
to genotype are shown in Tables 2 and 3.

In the 370 young healthy Danish Caucasians (Ta-
ble 3) the SI-values using IVGTT and Bergman mini-
mal modelling were significantly higher among homo-
zygous carriers of the A-allele than among heterozy-
gous and wild-type subjects (AC and CC), despite
higher BMI. In the offspring of Type 2 diabetic pa-
tients the same trend was found (Table 2). However,
due to the low number of homozygous subjects, we
were unable to perform any valid statistical analyses
in this group of subjects. In the phenotype variables
describing beta cell function there was a tendency to-
wards lower acute insulin response (AIR) in the A/A
groups with higher SI-values.

Discussion

We performed a mutation scanning of approximately
1000 bp upstream of the 5′UTR region, and of the
coding region and approximately 200 bp of the 3′UTR
region of the human SOCS3 gene. Three mutations
were found in the promoter region of subjects of 
Danish Caucasoid origin. The most frequent polymor-
phism was tested in three different groups of individu-
als. In a population-based family collection no signifi-
cant linkage to Type 1 diabetes mellitus was observed.
Because of the known effects on IRS1 and IRS2 and
the fact that prolonged cytokine stimulation leads to
insulin resistance [31], this promoter polymorphism
was also tested in a group of glucose-tolerant off-
spring of Type 2 diabetic patients (Group 2) and a
group of young healthy subjects (Group 3). Compar-
ing insulin sensitivity values from wild-type, hetero-
zygous and homozygous carriers of the polymorphism
in Group 3, the allele dose response suggests a reces-
sive mode of inheritance of this relatively rare insulin-
sensitive phenotype. Although the number of homozy-
gous subjects was small, the observation was statisti-
cally significant (p=0.027), and a trend towards higher
insulin sensitivity in subjects homozygous for the A
allele was also found in Group 2. In the phenotype
variables describing pancreatic beta cell function, the
tendency towards lower AIR in the AA groups with
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Table 1. Sib Transmission Disequilibrium Test (of the C −920→A polymorphism of SOCS3) in the 250 families with Type 1 dia-
betes mellitus (1097 individuals)

Allele C, T (%) Allele A, T (%) Z′/χ2 p value

Affected 68 (56) 53 (44) Z′=0.019 NS (0.98)
Unaffected 17 (53) 15 (47) χ2=0.125 NS (0.72)

T, number of transmissions



higher SI-values is consistent with the known correla-
tion between these variables. Because the phenotype
data are not independent of each other, a conservative
Bonferroni correction was not performed.

The presence of the AA genotype is compatible
with a protective mechanism against the development
of diabetes and even though this group had a higher
BMI, insulin sensitivity was above normal. Whether
the mutation in the promoter region influences the 
level of SOCS3 expression in beta cells when ex-
posed to cytokines is still under investigation, but a
possible molecular mechanism of the A-allele could

be decreased SOCS3 expression leading to less deg-
radation of IRS1 and IRS2 in insulin-sensitive tis-
sues. Functional studies are being carried out to ad-
dress this possibility. De novo methylation of the
GpC island and the following silencing of neighbour-
ing genes could be part of the reason for the effect of
SOCS3 over-expression in beta cell lines and this
also needs to be evaluated experimentally. Taking the
data together, it could be hypothesised that homozy-
gosity for the A-allele is a marker for insulin sensitiv-
ity, independent of genetic risk of getting Type 2 dia-
betes mellitus.
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Table 2. Clinical and biochemical data of 212 glucose-tolerant first-degree relatives of Type 2 diabetic patients, stratified accord-
ing to the C −920→A polymorphism of SOCS3

CC CA AA pa pb pc

Number (men/women) 177 (80/97) 34 (12/22) 1 (1/0)
Age (year) 40±9 39±7 37
BMI (kg/m2) 25.6±4.3 24.7±4.2 25.4 0.80 0.85 0.53
Waist-to-hip ratio 0.85±0.09 0.83±0.07 0.92 0.81 0.87 0.55
Fasting p-glucose (mmol/l) 5.05±0.44 5.00±0.38 5.05 0.84 0.91 0.55
Fasting s-insulin (pmol/l) 38.1±24.5 35.6±18.9 15.7 0.23 0.15 0.47
Fasting s-C-peptide (pmol/l) 495±166 444±129 267 0.31 0.20 0.35
Acute insulin response (0–8 min) 2355±1769 1852±1083 517 0.18 0.07 0.55
Insulin sensitivity 10.9±6.08 12.0±7.0 20.7 0.25 0.11 0.49
Insulinogenic index for s-insulin 35.1±21.4 28.7±13.8 11.1 0.14 0.07 0.28
Insulinogenic index for s-C-peptide 130±52 122±50 34 0.11 0.05 0.46

Data are means ± standard deviation. pa, comparison of sub-
jects who were wild-type, heterozygous and homozygous for
the polymorphism. pb, indication of effect, if polymorphism is
recessive. pc, indication of effect, if polymorphism is domi-
nant. We obtained p values using a general linear model (SAS)
with age and BMI as covariates, sex and genotype as fixed fac-
tors, and family effect as random effect on variables or loga-
rithmically transformed variables (fasting s-insulin, fasting 

s-C-peptide, acute insulin response [0–8 min], insulin sensitiv-
ity, insulinogenic index for s-insulin, and insulinogenic index
for s-C-peptide). All residuals for the variables or transformed
variables were normally distributed. Acute insulin response
(0–8 min) was calculated by the trapezoidal rule as the incre-
mental values (AUCs when expressed above basal values)
[21]. s-C-peptide, serum C-peptide; p-glucose, plasma glucose;
s-insulin, serum insulin

Table 3. Clinical and biochemical data of 370 young healthy Danish Caucasians stratified according to the C −920→A polymor-
phism of SOCS3

CC CA AA pa pb pc

Number (men/women) 305 (151/154) 61 (30/31) 4 (2/2)
Age (years) 25±4 25±3 26±3
BMI (kg/m2) 23.5±3.5 23.8±4.8 24.5±2.5 0.72 0.71 0.44
Waist-to-hip ratio 0.82±0.07 0.82±0.07 0.81±0.10 0.77 0.49 0.69
Fasting p-glucose (mmol/l) 4.98±0.466 5.08±0.56 4.72±0.30 0.12 0.14 0.29
Fasting s-insulin (pmol/l) 37.1±22.1 39.1±24.5 33.8±12.3 0.96 0.85 0.82
Fasting s-C-peptide (pmol/l) 472±153 493±200 463±72 0.78 0.71 0.62
Insulin sensitivity 15.2±9.1 14.6±9.7 22.8±9.0 0.064 0.027 0.79
Incremental AUC for insulin (0–8 min) 2276±1609 2191±1603 1510±1121 0.23 0.19 0.075
Incremental AUC for C-peptide (0–8 min) 7143±3373 6853±3267 6031±3402 0.51 0.45 0.30

Data are means ± standard deviation. pa, comparison of sub-
jects who were wild-type, heterozygous and homozygous for
the polymorphism. pb, indication of effect, if polymorphism is
recessive. pc, indication of effect, if polymorphism is domi-
nant. We obtained p values using a general linear model
(SPSS) with age and BMI as covariates, and sex and genotype
as fixed factors on variables and logarithmically transformed
(fasting s-insulin and insulin sensitivity) or cubic root trans-

formed (incremental AUC for insulin [0–8 min]) variables. All
residuals for variables or transformed variables were normally
distributed. s-C-peptide, serum C-peptide; p-glucose, plasma
glucose; s-insulin, serum insulin
Incremental AUC for s-insulin and s-C-peptide (0–8 min) were
calculated by means of the trapezoidal rule as the incremental
values (AUCs when expressed above basal values) [22]



In conclusion, a mutation scanning of the human
SOCS3 gene identified no variations associated 
with Type 1 diabetes mellitus. Homozygosity for a 
C −920→A promoter polymorphism with a minor 
allele frequency of 8% was shown to be associated
with increased whole-body insulin sensitivity in a
population of young healthy unrelated individuals.
This finding should be interpreted with caution, and
large-scale genetic epidemiology and functional stud-
ies are needed to clarify the potential role of this vari-
ant in the regulation of whole-body insulin sensitivity.
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