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Abstract

Hypertension is a major health problem of largely unknown genetic origins. To identify new genes responsible for
hypertension, genetic analysis of recombinant inbred strains of mice followed by human association studies might prove
powerful and was exploited in our current study. Using a set of 27 recombinant BXD strains of mice we identified a
quantitative trait locus (QTL) for blood pressure (BP) on distal chromosome 9. The association analysis of markers
encompassing the syntenic region on human chromosome 3 gave in an additive genetic model the strongest association
for rs17030583 C/T and rs2291897 G/A, located within the UBP1 locus, with systolic and diastolic BP (rs17030583:
1.360.4 mmHg p,0.001, 0.860.3 mmHg p = 0.006, respectively and rs2291897: 1.560.4 mmHg p,0.001, 0.860.3 mmHg
p = 0.003, respectively) in three separate studies. Our study, which underscores the marked complementarities of mouse
and human genetic approaches, identifies the UBP1 locus as a critical blood pressure determinant. UBP1 plays a role in
cholesterol and steroid metabolism via the transcriptional activation of CYP11A, the rate-limiting enzyme in pregnenolone
and aldosterone biosynthesis. We suggest that UBP1 and its functional partners are components of a network controlling
blood pressure.

Citation: Koutnikova H, Laakso M, Lu L, Combe R, Paananen J, et al. (2009) Identification of the UBP1 Locus as a Critical Blood Pressure Determinant Using a
Combination of Mouse and Human Genetics. PLoS Genet 5(8): e1000591. doi:10.1371/journal.pgen.1000591

Editor: Gregory S. Barsh, Stanford University School of Medicine, United States of America

Received May 18, 2009; Accepted July 10, 2009; Published August 7, 2009

Copyright: � 2009 Koutnikova et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by grants from the NIH (DK59820 and DK069966, DA21131, U24 RR021760, and U01AA13499), the EU FP6 programme
(EUGENE2; LSHM-CT-2004-512013), the EU Ideas programme (Sirtuins; ERC-2008-AdG-23118), the Ecole Polytechnique Fédérale de Lausanne, the CNRS, the
INSERM, the ULP, NIAAA grants U01AA13499, and grant support from the Academy of Finland (no. 124243). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: admin.auwerx@epfl.ch

Introduction

Elevated arterial blood pressure is a major health problem

accounting for a large proportion of cardiovascular morbidity and

mortality world-wide. It is estimated that over one billion people

are hypertensive, and its prevalence is continuously increasing [1].

Elevated BP is a major risk factor for the development of

cardiovascular disease, including coronary heart disease, conges-

tive heart failure, ischemic and hemorrhagic stroke, renal failure,

and peripheral arterial disease [2]. BP is modulated by both

genetic and environmental factors, including NaCl intake, alcohol

consumption, physical inactivity, and stress. Several genes

responsible for rare Mendelian forms of hypertension have been

identified (CYP11B1, CYP11B2, HSD11B1, MR, SCNN1B,

SCNN1G, WNK1, WNK4) and shown to play a significant role in

the renal control of BP [3–9]. In addition, rare independent

mutations in salt handling genes SLC2A3, SLC12A1 and KCNJ1

have been shown to reduce BP and protect from the development

of hypertension [10]. However, common genetic variants that are

associated with BP remain to be identified.

Using a set of recombinant BXD strains of mice we identified a

quantitative trait locus for blood pressure. To validate the role of

this QTL in blood pressure control in man we used an association

analysis of markers encompassing the syntenic region in humans

and confirmed UBP1 locus as a critical blood pressure determi-

nant.

Results

We have exploited a genetic reference panel of recombinant

inbred strains of mice to map chromosomal regions that influence

blood pressure under tightly controlled baseline laboratory
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