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Background: Inositol polyphosphate phosphatase-like 1
(INPPL1, SHIP2) is a negative regulator of insulin signalling
and has previously been found to be associated with
hypertension, obesity and type 2 diabetes in a cohort of
families with diabetes in the UK presenting features of
metabolic syndrome. In particular, a haplotype of three genetic
polymorphisms (rs2276047, rs9886 and an insertion/deletion
polymorphism in intron 1) was found to be strongly associated
with increased susceptibility to hypertension.
Objective and methods: To assess if INPPL1 variants play a
direct role in the development of essential hypertension, we
genotyped the three previously associated INPPL1 polymorph-
isms in a cohort of 712 families with severe hypertension from
the BRIGHT study transmission disequilibrium test cohort.
Results: We found no evidence of significant association
between hypertension and any of the three INPPL1 polymorph-
isms or haplotypes (p.0.1).
Conclusion: These results suggest that INPPL1 variants may be
involved in mechanisms causing hypertension in metabolic
syndrome patients specifically.

I
nositol polyphosphate phosphatase-like 1 (INPPL1, also
known as SHIP2) is a member of the inositol polyphosphatase
5-phosphatase family, and is expressed in a wide range of

tissues.1 INPPL1 has been reported to play a critical role as a
negative regulator of insulin signalling, by inhibiting phos-
phoinositide 3-kinase through dephosphorylation of its active
product, phosphatidyl inositol-3,4,5-trisphosphate. Its role in
the insulin pathway has been demonstrated directly by in vivo
studies; Inppl1 knockout mice have increased insulin sensitivity
via increased insulin signalling.1–3

INPPL1 maps to human chromosome 11q13-14, a region with
suggestive linkage to both hypertension and insulin resistance.4–6

In rats, Inppl1 maps to an interval of chromosome 1, exhibiting
synteny conservation with human 11q13-14. This region of rat
chromosome 1 is linked to a blood pressure quantitative trait
locus in the spontaneously hypertensive rat (SHR),7 and to
glucose intolerance and adiposity in the spontaneously diabetic
(type 2) Goto–Kakizaki (GK) rat.8 9 Furthermore, a coding variant
found in both SHR and GK strains induces impaired insulin
sensitivity in vitro.9 These studies indicated INPPL1 as a good
candidate gene for metabolic syndrome (type 2 diabetes, obesity,
dyslipidaemia and hypertension).

Single nucleotide polymorphisms (SNPs) of INPPL1 have been
identified and tested for association with metabolic syndrome in a
cohort of families in the UK of white European ancestry (Diabetes

in Families (DIF) study collection). Families were ascertained
through type 2 diabetes probands.10 This study showed that three
INPPL1 polymorphisms (two SNPs, rs2276047 in intron 9 and
rs9886 in the 39 untranslated region and an insertion/deletion
polymorphism in intron 1), were significantly (p,,0.0001)
associated with obesity, type 2 diabetes and hypertension
(components of the metabolic syndrome) in patients in the DIF
study. The same polymorphisms were subsequently genotyped in
905 French patients with type 2 diabetes and 305 controls without
diabetes. Analysis of genotype and haplotype frequencies found no
association with type 2 diabetes in the case–control study.
However, comparison of the French patients with diabetes with
and without hypertension demonstrated significant association
between the insertion allele of the insertion/deletion polymorph-
ism and hypertension (p = 0.01). In addition, the most common
haplotype was significantly (p,0.01) more frequent in French
patients with diabetes and hypertension compared with patients
with hypertension who did not have diabetes.10 In the current study
we investigated if the three previously associated INPPL1
polymorphisms were directly associated with essential hyperten-
sion (EH), in order to assess if the gene also has a role in the
development of hypertension in families without diabetes.

The transmission disequilibrium test (TDT) resource of the
Medical Research Council British Genetics of Hypertension
(BRIGHT) study currently consists of 712 families, all of white
European ancestry. These were recruited via a severely
hypertensive proband. None is obese or has diabetes. Detailed
information on the resource characteristics have been described
previously11 and the inclusion/exclusion criteria can be found at
www.brightstudy.ac.uk.

METHODS
Study population
Full ethics approval was obtained for this study. In total, 712
severely hypertensive families from the MRC BRIGHT study
TDT resource were enrolled. This resource consists of 367
standard trios (affected proband and both parents) and 345
trios with a single parent, the affected proband and affected or
unaffected siblings. Demographics of the hypertensive pro-
bands are presented in table 1.

In summary, patients were included in the study if their age of
diagnosis for hypertension was ,60 years, blood-pressure read-
ings were .150/100 mmHg, (single reading), or .145/95 mmHg

Abbreviations: BRIGHT, British Genetics of Hypertension; CEPH, Centre
d’Etudes du Polymorphisme Humain; DIF, Diabetes in Families; EH,
essential hypertension; GK, Goto–Kakizaki; HWE, Hardy–Weinberg
equilibrium; SHR, spontaneously hypertensive rat; SNP, single nucleotide
polymorphism; TDT, transmission disequilibrium test
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(mean of three readings), body mass index ,35 kg/m2 and there
were no secondary causes of hypertension, diabetes, intrinsic
renal disease or any coexisting confounding illness.
Socioeconomic, personal medical history, genealogy, family
history of cardiovascular disease, medication and phenotypic
measurements were all recorded.

Genetic analysis
The two SNPs (rs2276047 and rs9886) were genotyped using the
Taqman assay developed by Applied Biosystems on DNA
previously extracted from the TDT resource, followed by allelic
discrimination on an automated sequencer (ABI Prism 7900HT
Sequence Detection System and SDS V.2.0 software, Applied
Biosystems, Foster City, California, USA). Alleles of the insertion/
deletion variation, 28 bp Ins/Del, in intron 1, were detected by
PCR and size separation using agarose gel electrophoresis. PCR
conditions and primer sequences have been described previously.10

Quality control assessment
Each family of the BRIGHT study TDT resource has previously been
genetically fingerprinted using five unlinked microsatellite mar-
kers distributed throughout the genome to confirm relationships
within families. For the three polymorphisms genotyped in this
study, quality control was performed for all genotypes. Each 96-
well plate included two positive control DNAs (the same CEPH
DNA was included in all plates) and two negative controls (water).
Plates were checked for negative signals in positions containing
negative controls and for known control genotypes. PedCheck was
used to check Mendelian inheritance incompatibility within the
families.12 Two separate interpretations of each genotype were
made and the data merged. Samples presenting with different
genotypes as judged by two independent observers were repeated;
if there was still no correlation, the genotypes were excluded from
the analysis. Each SNP was tested for Hardy–Weinberg equilibrium
(HWE) using a Mantel–Haenszel x2 test (which allows for
heterogeneity across geographical regions) programmed in R
software.13

Statistical analysis
Association analysis was conducted using transmission/disequili-
brium testing performed using TRANSMIT software.14 We used the
robust estimator of variance (which allows for more than one
affected offspring in any family) and bootstrap p values were
calculated using 10 000 bootstrap samples. We conducted power
calculations allowing for the non-standard structure of BRIGHT
TDT families using PBAT software (http://www.biostat.harvar-
d.edu/,clange/default.htm), which takes into consideration miss-
ing parental genotypes and additional offspring.15

RESULTS
A total of 2183 individuals were genotyped for the three
polymorphisms; success rate was .95%.

All polymorphisms were tested for HWE in the parents,
rs2276047 was found to be out of HWE, with an excess of
heterozygosity (p,0.01). The minor allele frequency for
rs2276047 was comparable to that observed in the type 2
diabetes cohorts studied by Kaisaki et al,10 in which HWE did
hold, suggesting that the apparent deviation from HWE is due
to random sampling variation rather than any genotyping error.
The two other polymorphisms were in HWE. Linkage disequili-
brium patterns were similar between the BRIGHT study TDT
families, the DIF families and the French cohort.

Single SNP and haplotype analysis found no association with
EH in the BRIGHT study TDT cohort (all p values .0.1). Table 2
presents the five most common haplotypes (frequency .1%) of
the three polymorphisms studied. Rare haplotypes were pooled
together. The global x2 test, using 6 degrees of freedom, was
5.75 (p = 0.45).

DISCUSSION
Our study implies INPPL1 does not have a marked influence on
blood pressure. This study had good power (73%), after
applying a conservative Bonferroni correction for three tests,
to detect a high risk haplotype of the same frequency (0.64) and
odds ratio of 1.6, as found previously by Kaizaki et al.10

The BRIGHT study TDT probands are all severely hyperten-
sive, and were selected to minimise obesity (median body mass
index of 27) and patients with diabetes were specifically
excluded. Therefore, this cohort does not possess most of the
features of metabolic syndrome, and the only common feature
between the BRIGHT and DIF study cohorts is high blood
pressure. Our findings suggest that there are different
mechanisms causing hypertension in patients with metabolic
syndrome and EH. Thus hypertension in metabolic syndrome
might be secondary to components of insulin and lipid
metabolism and could be triggered by these components.
However, the mechanism by which INPPL1 may lead to
hypertension in metabolic syndrome patients remains unclear.

In conclusion, we found no association of INPPL1 poly-
morphisms and EH, suggesting that association may be limited

Table 1 Demographics of the hypertensive probands

Characteristic

Pedigrees, n 712
Offspring with hypertension, n 728
Gender, M/F 329/399
Mean (SD) age at diagnosis, years 39 (9.8)
Mean (SD) blood pressure, mmHg

Diagnosis systolic 164.2 (15.8)
Diagnosis diastolic 103.3 (8.7)
Systolic at phenotyping 146.7 (17.7)
Diastolic at phenotyping 94.0 (10.4)

Body mass index, median (IQR) 25.0 (25–30)

Del, deletion, Ins, insertion; IQR, Interquartile range.

Table 2 INPPL1 haplotype analysis in the BRIGHT TDT resource

Haplotype
28 bp
Ins/Del rs2276047 rs9886 Freq (%) O E

Variance
(O2E) x2 statistic GRR (95% CI) p Value

H1 I A G 63 923 923 150.6 0.02 1.01
(0.86 to 1.19)

0.99

H2 I G G 16 245 243 90.6 0.08 1.03
(0.84 to 1.27)

0.74

H3 D A G 13 190 193 73.4 0.08 1.03
(0.82 to 1.30)

0.76

H4 I G C 4 54 60 24.3 1.55 1.29
(0.87 to 1.96)

0.20

H5 I A C 2 36 31 11.8 2.63 1.62
(0.92 to 3.11)

0.10

Del, deletion; E, expected; Freq, frequency; Ins, insertion; O, observed.
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to metabolic syndrome patients with hypertension as part of
the phenotype. This indicates that further work is required to
delineate the role of INPPL1 in the development of hyperten-
sion in metabolic syndrome.
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