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Hypertension (HTN) and Blood Pressure (BP) Control

cdc.gov/bloodpressure/infographic

Roger VL et al. Circulation. 2012. 125: 188-197. 

Most common medical condition among American adults

1 in every 3 US adults

Contributes to ~1,000 deaths/day

47%
53%

Only about half
of patients treated with 

antihypertensive drugs achieve 
BP control

Controlled

Uncontrolled

Materson BJ. The Am J Med. 2007;120:S10-20

Materson BJ, et al. NEJM 1993;328:914-21



34 BP signature genes explain ~ 9% of BP variability

Hypothesis

Genes associated with BP/HTN are also associated 

with BP response to thiazide diuretics

Study Objective

To identify genes differentially expressed in 

responders and non-responders to thiazide diuretics, 

based on the selected panel of BP signature genes 
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Examining the role of genetic variability on BP response 

to thiazides and/or β-blocker
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Pharmacogenomic Evaluation of Antihypertensive 

Responses (PEAR) 

 RNA sequencing (Illumina HiSeq) in whole blood samples from 150

HTN participants

 Sample selection – extreme of BP response to thiazides (HCTZ and

chlorthalidone)

 ~ 40 million RNA-Seq reads aligned to the human reference

genome (hg19) with TopHat2

 Comparisons in gene expression abundances by Cufflinks / Cuffdiff

 Meta-analysis of differential expression: p-value combination

method (Fisher) by MetaRNASeq

 P-values from independent studies were standardized into a

distribution with mean of 0 and standard deviation of 1
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At 5 % false discover rate (FDR), we identified 12 genes that were 

differentially expressed in relation to thiazide diuretics BP response in 

one of the 3 groups

Results

All gene expression measurements (FPKM) > 24

Fold change: responders (FPKM)/ non-responders FPKM)



*Westra et al. Nature Genetics 2013 45, 1238–43

FOS and PPP1R15A trans eQTLs



Discussion

 Expression of FOS: neuronal 

activation of vasomotor areas 

 Blockade of FOS expression 

attenuates high BP in HTN induced 

and spontaneously HTN mice

Minson et al. Hypertension. 1996; 27: 433-41

Rao et al. Circulation. 2007; 116: 993–1006

 PPP1R15A and DUSP1: no direct 

evidence of involvement in HTN or 

thiazides BP regulation

 DUSP1 inhibits ERK signaling in vitro

potential effect on angiotensin II-

mediated vasoconstriction

 PPP1R15A: regulatory subunit of PP1 

may activate myosin light chain kinase 

(MLCK), leading to vasoconstriction

 Future studies with mouse models or 

Induced Pluripotent Stem Cells (iPSCs)

*ERK: Extracellular Regulated Kinase

Touyz RM, et al. J Hypertens. 2002;20(6):1127-34

Huveneers et al. Circ Res. 2015; 116: 895-908



Conclusion & Future Directions

 This study reveals differences in FOS, DUSP1 and

PPP1R15A gene expression underlying thiazides BP

response, and provides insights into new potential

mechanisms involved in BP regulation

 Conduct functional studies to further investigate the

potential role of these genes in the mechanisms for

thiazides BP regulation
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