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Summary
Objective: SH2B1 has been identified as an interesting 
candidate gene for complex obesity through genome-
wide association studies. Therefore, we set out to rep-
licate the reported association with rs7498665 in our 
Belgian study population and to extend our study with 
an additional tagSNP for the SH2B1 gene region. Meth-

ods: We genotyped both rs7498665 and rs7201929 in a 
population of 1,045 obese adults and 317 healthy lean 
individuals. Statistical analyses were performed to eval-
uate the role of these polymorphisms in the develop-
ment of obesity. Results: We found that the rs7498665 
minor allele increases obesity risk by 26% (ORage-sex adj = 
1.26, 95% CI 1.04–1.52, nominal p = 0.016). Logistic 
 regression showed that the rs7201929 minor allele 
 decreases obesity risk by 24% in the population inves-
tigated (ORage-sex adj = 0.76, 95% CI 0.61–0.94, nominal 
p = 0.011). Conditional analyses showed that both 
associations represent the same association signal 
(rs7498665 ORadjusted for rs7201929 = 1.17, 95% CI 0.95–1.45, 
nominal P = 0.14; rs7201929 ORadjusted for rs7498665 = 0.82, 
95% CI 0.65–1.04, nominal p = 0.10). Conclusion: With 
the current study we were able to replicate and confirm 
that the SH2B1 gene locus is significantly associated 
with complex obesity in a Caucasian population.

Introduction

Recent genome-wide association studies (GWAS) have iden-
tified the Src homology 2 (SH2) B adaptor protein 1 (SH2B1) 
gene as a novel susceptibility locus for complex obesity [1, 2]. 
SH2B1 is a member of the SH2B protein family of adaptor 
proteins involved in a variety of signaling pathways. The pro-
tein was initially identified as a JAK2-interacting protein 
through a yeast two-hybrid screen [3]. Further investigations 
demonstrated that SH2B1 enhanced JAK2 activation after 
binding of leptin to its receptor [4, 5], demonstrating that the 
protein is important in the regulation of food intake by leptin. 
SH2B1 has also been shown to bind to the insulin receptor 
and enhance insulin sensitivity [6].

Further evidence implicating SH2B1 in the development of 
obesity comes from animal models. SH2B1 null mice demon-
strate a phenotype of obesity with severe hyperphagia, hyper-
leptinemia, hyperinsulinemia, hyperlipidemia, hepatic steato-
sis, hyperglycemia, and glucose intolerance. The expression of 
orexigenic neuropeptide Y (NPY) and Agouti-related pep-
tide (AgRP) was also elevated in SH2B1 null mice [7,8]. Hy-
pothalamic restoration of SH2B1 rescues the hyperphagia, 
obesity, hyperglycemia, and glucose intolerance seen in 
knock-out (KO) mice. These SH2B1TgKO mice also showed 
improved leptin signaling and protection against high fat 
 diet-induced obesity [9].

Recent genetic studies have strengthened the evidence that 
SH2B1 may play a key role in the development of obesity. In 
2008, two GWAS identified rs7498665 (A484T) in SH2B1 as a 
novel susceptibility SNP for complex obesity [1, 2]. The obes-
ity risk increased by 11% per allele of rs7498665 (OR = 1.11, 
95% CI 1.06–1.17, p = 0.000022). BMI increased by 0.15 units 
per allele in the populations from the GIANT consortium, 
and 0.08% of variance in BMI was explained by rs7498665 [1]. 
Similar results were obtained in the deCODE GWAS [2]. 

http://dx.doi.org/10.1159%2F000335305
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Previously, the same polymorphism had already been linked 
to serum leptin, total fat mass, waist, and weight in a UK 
 female twin population [10].

Furthermore, a 220 kb deletion on 16p11.2 was found in 
several obese individuals. This deletion encompasses the 
SH2B1 gene. Patients carrying the SH2B1-containing deletion 
have a phenotype of early-onset obesity with hyperphagia and 
severe insulin resistance [11].

Together these studies demonstrate that SH2B1 is a sus-
ceptibility gene for common obesity. In the present study, we 
aimed to replicate the previously reported association of 
rs7498665 with complex obesity. Furthermore, we also ex-
tended our study to include all tagSNPs for the SH2B1 region 
as indicated by HapMap.

Material and Methods

Population
We recruited a population of 1,045 obese individuals (486 men and 559 
women, BMI ≥ 30 kg/m2; table 1) from consecutive patients consulting the 
outpatient obesity clinic at the Antwerp University Hospital (a tertiary 
referral facility). Inclusion criteria were obesity (BMI ≥ 30 kg/m2) and age 
21–69 years. Exclusion criteria were pregnancy, diabetes, or impaired 
 glucose tolerance. 

317 lean control individuals (101 men and 216 women, BMI 18.5–25 
kg/m2; table 1) were recruited among the university and hospital person-
nel and among couples seeking prenatal counseling at the Department of 
Medical Genetics (due to high maternal age or increased triple test). Cou-
ples seeking prenatal genetic counseling because of familial disease his-
tory were excluded. All subjects were Caucasian, and at enrolment none 
were involved in an ongoing weight management program. Newly diag-
nosed or treated diabetics and individuals with impaired glucose toler-
ance were excluded. The study protocol was approved by the local ethics 
committee; all subjects gave their written informed consent. The study 
protocol was in accordance to the Declaration of Helsinki.

Anthropometry
Height was measured to the nearest 0.5 cm; body weight was measured 
with a digital scale to the nearest 0.1 kg. BMI was calculated as weight  
(in kg) over height (in m) squared.

Genotyping
Genomic DNA was extracted from whole blood by a method adapted 
from Miller et al. [12]. We selected 2 single nucleotide polymorphisms  
in SH2B1 to cover genetic variation in the SH2B1 gene region. The 
rs7498665 polymorphism was selected because of previously reported 
 associations with obesity in two genome-wide association studies [1, 2]. 
Rs7201929 was identified as tagSNP through Haploview analysis of Hap-
Map data (HapMap Phase II Nov08, region chr16: 28772815..28797309) 
[13, 14]. We included the entire SH2B1 gene plus a 10 kb upstream and 
3.9 kb downstream region (up to the ATP2A1 gene) in the analysis. Only 
SNPs with a minor allele frequency (MAF) ≥ 0.05 were included in the 
Tagger analysis, using aggressive tagging of 2- and 3-marker haplotypes 
and with r2 and LOD thresholds at 0.8 and 3.0, respectively [13]. This 
analysis showed that only rs7201929 was necessary as an additional SNP 
to cover most of the genetic variation in the SH2B1 gene and the sur-
rounding region (rs7498665 was force-included in the analysis). TaqMan 
Pre-Designed Genotyping Assays (Applied Biosystems Inc., Foster City, 
CA, USA) were used to genotype the two selected SNPs, according to the 
manufacturer’s protocol, on a Lightcycler 480 Real-Time PCR System 

(Roche, Penzberg, Germany). Blank samples were included as negative 
controls. Rs7498665 is a A/G SNP (A recoded to allele 1, G recoded to 
allele 2), while rs7201929 is a T/C SNP (T recoded to allele 1, C recoded 
to allele 2).

Statistical Analyses
Hardy-Weinberg equilibrium was checked for all individual SNPs using 
the HWE program from LINKUTIL [15]. Comparison of population 
characteristics was performed with an independent samples t-test. Logis-
tic regression with age and sex as covariables was used to calculate odds 
ratios for all SNPs. To quantify the effect of a SNP on height, weight, and 
BMI, we performed linear regressions with age and sex as covariates. 
Conditional analysis to see whether rs7498665 and rs7201929 had inde-
pendent effects was performed with a likelihood ratio test. All analyses 
were performed under an additive mode of inheritance. Significance level 
was set at 0.05. All statistical analyses were performed with SPSS version 
15.0 (IBM, Armonk, NY, USA). Power calculations were performed 
using Quanto and with our population we have 80% power to detect  
a risk of 1.3–1.5 with a SNP with MAF of 10–35% [16]. Correction for 
 multiple testing was performed using the false discovery rate (FDR) as 
 described by Benjamini and Hochberg [17].

Results

In the current study we set out to replicate the previously 
found association between obesity and the rs7498665 SNP in 
the SH2B1 gene [1, 2]. Furthermore, we extended the study by 
also genotyping a second tagSNP for the SH2B1 gene region 
(rs7201929). Hardy-Weinberg equilibrium was present for 
both polymorphisms (rs7468665 p = 0.66; rs7201929 p = 0.06).

Both SNPs were genotyped in a population of 1,045 obese 
patients and 317 lean control individuals. Genotype and allele 
frequencies in both populations are given in table 2.

When performing logistic regression analysis to determine 
the obesity risk associated with the mutant allele, we found 
that the rs7498665 minor allele increases obesity risk by 26% 
(ORage-sex adj = 1.26, 95% CI 1.04–1.52, nominal p = 0.016; table 2). 
Each allele increases BMI by 0.89 units (95% CI 0.24–1.54, 
nominal page-sex adj = 0.007; table 3). Weight increased by 
2.56 kg per mutant allele (95% CI 0.68–4.44, nominal page-sex 

adj = 0.008; table 3). Rs7498665 explained 0.5% of variance  
in BMI and 0.5% of variance in weight in our population.

Table 1. Description of the study groupa

Parameter Cases Controls p value

N 1045 317     –
Age, years 42 ± 12 35 ± 7 <0.001
Male/female 486 / 559 101 / 216     –
Height, m 1.71 ± 0.09 1.72 ± 0.10     0.16
Weight, kg 111.5 ± 21.8 65.2 ± 9.0 <0.001
BMI, kg/m2 38.2 ± 6.2 22.1 ± 1.7 <0.001

aMean ± SD for age, height, weight, and BMI is given for cases and 
controls separately. Characteristics of cases and controls were compared 
using an independent samples t-test (SPSS v15.0).
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that may be involved in the development of common obesity. 
One of these is the SH2B1 gene [1, 2]. This gene was immedi-
ately identified as a very good candidate gene for obesity be-
cause of prior knowledge about the obese SH2B1 knock-out 
mouse [7, 8]. These mice which completely lack SH2B1, are 
obese and display severe hyperphagia, hyperleptinemia, 
 hyperinsulinemia, hyperlipidemia, hepatic steatosis, hyper-
glycemia, and glucose intolerance. Furthermore, SH2B1 is a 
known downstream signaling molecule in the leptin receptor 
signaling cascade that enhances JAK2 activation [4, 5]. There-
fore, we decided to design a replication study to confirm that 
SH2B1 variants are associated with complex obesity. We also 
expanded our study to include tagSNPs covering the entire 
SH2B1 gene region and flanking sequences. Based on Hap-
Map data, it was clear that we could capture most of the 
 genetic variation in this region by genotyping the previously 
 associated rs7498665 coding variant (A484T) and rs7201929 
(3.3 kb upstream of the SH2B1 gene). We are confident that 
our population is suited for a replication study as we have 
been able to replicate the associations at the FTO [29] and 
near MC4R loci [30] in the past.

In the present study we replicated the results that 
rs7498665 is associated with an increased obesity risk. We also 
found that rs7201929 is associated with a reduction in the risk 
for obesity. Conditional analyses showed that both association 
signals are linked and can thus be considered to be the result 
of the same causal variant. Whether this variant is either one 
of the genotyped SNPs or a variant in linkage disequilibrium 
(LD) with them remains to be determined. However, since 

Logistic regression showed that the rs7201929 minor allele 
decreases obesity risk by 24% in the population investigated 
(ORage-sex adj = 0.76, 95% CI 0.61–0.94, nominal p = 0.011; table 
2). BMI decreased by 1.06 units per minor allele (95% CI 
–1.82 to –0.30, nominal page-sex adj = 0.006; table 3). No asso-
ciation with weight was found. Rs7201929 explained 0.5% of 
variance in BMI in the investigated population. All asso-
ciations with rs7498665 and rs7201929 remain significant after 
multiple testing corrections by FDR.

Neither SNP was associated with height (rs7498665 nominal 
page-sex adj = 0.27; rs7201929 nominal page-sex adj = 0.34; table 3).

Conditional analyses were performed to investigate 
whether the effects of both SNPs were independent. These 
analyses showed that both associations represent the same 
 association signal as the observed associations are no longer 
significant if the other SNP is included as covariate in the 
analysis (rs7498665 ORadjusted for rs7201929 = 1.17, 95% CI 0.95–
1.45, nominal P = 0.14; rs7201929 ORadjusted for rs7498665 = 0.82, 
95% CI 0.65–1.04, nominal p = 0.10).

Discussion

Since 2007, when the FTO locus was first discovered [18–20], 
genome-wide association studies have identified several new 
susceptibility loci for complex obesity [1, 2, 21–23]. The most 
replicated loci remain FTO [reviewed in 24] and the chromo-
some 18 locus near MC4R [1, 2, 23, 25–28]. However, these 
studies have also raised interest in other, less known genes 

Genotype frequency Allele frequency OR 95% CI p value

11 12 22 1 2

Rs7498665
 Cases (%) 359 (34.4) 505 (48.3) 181 (17.3) 1,223 (59) 867 (41) 1.26 1.04–1.52 0.016
 Controls (%) 129 (40.7) 143 (45.1)  45 (14.2) 401 (63) 233 (37)

Rs7201929
 Cases (%) 659 (63.1) 333 (31.9)  53 (5.1) 1,651 (79) 439 (21) 0.76 0.61–0.94 0.011
 Controls (%) 181 (57.1) 111 (35.0)  25 (7.9) 473 (75) 161 (25)

aGenotype and allele frequencies are shown as absolute numbers (% in parentheses). OR, 95% CI and nominal p value are 
as calculated by logistic regression with age and sex as covariates (using SPSS 15.0). 

Table 2. Comparison 
of genotype and allele 
frequencies between 
cases and controlsa

Rs7498665 Rs7201929

B (95% CI) p value B (95% CI) p value

Height, m 0.00 (–0.00 to 0.01) 0.27 –0.00 (–0.01 to 0.00) 0.34
Weight, kg 2.56 (0.68–4.44) 0.008 –1.90 (–4.12 to 0.32) 0.09
BMI, kg/m2 0.89 (0.24–1.54) 0.007 –1.06 (–1.82 to –0.30) 0.006

aData are shown as mean effect and 95% CI. B, 95% CI and nominal p values are as calculated by 
linear regression with age, and sex as covariates (using SPSS 15.0).

Table 3. Multiple regression analysis deter-
mining the change in height, weight and BMI  
per copy of the minor allele of each SNPa
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while we found an OR of 1.26 for the minor allele (95% CI 
1.06–1.52). Thorleifsson et al. [2] also found a combined OR 
of 1.08 (95% CI 1.03–1.13) which is in line with the results 
from Willer et al. [1]. These differences can be attributed to 
differences in population structure and selection of study sam-
ples. Our patients were recruited from an outpatient obesity 
clinic, while the cohorts used for the GWAS were mostly pop-
ulation-based studies, birth cohorts or case studies recruited 
for other diseases (e.g. type 2 diabetes) [1, 2]. Therefore, our 
population may be enriched in individuals carrying the risk 
allele.

Recently, Speliotes et al. [31] also confirmed the involve-
ment of SNPs in or near SH2B1 in complex obesity by dem-
onstrating that rs7359397 is also significantly associated with 
BMI. Rs7359397 is in absolute LD with rs7498665 (r² = 1;  
fig. 1) and thus represents the same association signal as 
 reported by the previous GWAS and the current study [31].

With the current study we were able to replicate and con-
firm that the SH2B1 gene locus is significantly associated with 
complex obesity in a Caucasian population. We could not 
only replicate the association with rs7498665 but also found 
evidence that rs7201929 is associated with obesity risk, 
strengthening the evidence that SH2B1 is linked to the devel-
opment of common obesity. The reported association with 
rs7201929, however, does require replication in an independ-
ent study group. Since the initially reported SNP rs7498665 is 
a non-synonymous coding variant, this polymorphism remains 
the best candidate to have a functional effect. Further func-
tional studies will be necessary to study the effect this varia-
tion has on protein function. The SH2B1 gene might also be a 
good candidate gene for mutation analysis in patients with 
early-onset monogenic obesity as deletions covering this gene 
were already shown to be associated with an obese phenotype 
[11]. Therefore loss-of-function mutations in this gene may 
also be a direct cause of obesity and further study in this 
 direction may be warranted.
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rs7498665 is a coding variant changing an alanine to a threo-
nine, this SNP is the most likely candidate at the moment. 
This variant is also in very high LD (r2 = 0.96–1.0, HapMap 
data; fig. 1) with several other SNPs in or near SH2B1: 
rs7205323, rs7187333, rs4788101, rs4788102, rs8055982, 
rs7359397, and rs3888190. Only rs8055982 is also located 
within the SH2B1 gene, but this SNP is an intronic variant and 
therefore less likely to be the causal variant. Several other 
coupled SNPs (rs7205323, rs7187333, rs4788101, rs4788102) 
are located upstream from SH2B1 and could thus possibly be 
located in the promoter region and influence gene expression. 
It is clear that further investigation will be required to identify 
which variant may cause the observed association, although 
rs7498665 itself remains the best candidate at the moment. 

When we compare our results to the previous studies re-
porting SH2B1 variants as obesity risk factors, we see some 
differences. In the GWAS by Willer et al. [1], rs7498665 was 
associated to obesity with an OR of 1.11 (95% CI 1.06–1.17), 

Fig. 1. Linkage disequilibrium and haplotypes for SNPs from the se-
lected region.
A Pairwise LD values (%; r²) are given for informative SNPs. Black 
shaded boxes indicate 100% LD. Figure based on Haploview LD plot.  
B Frequent haplotypes for informative SNPs from the covered region are 
shown (based on HapMap data). Frequency per haplotype is given. Only 
haplotypes with a frequency above 1% are included.
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