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一、 Background 
1. Blood pressure (BP) is a highly heritable physiological trait 

that is regulated through the interactions of numerous 
genes and environmental factors. Over one billion people 
worldwide suffer from hypertension (systolic BP [SBP] ≥ 140 
mm Hg or diastolic BP [DBP] ≥ 90 mm Hg) (Kearney et al, 
2005). 

 

2.   BP elevation contributes to nearly half the deaths from 
cardiovascular disease (CVD) (Lawe set al, 2006; Ehret & 
Caulfield, 2013). 
 

 



一、 Background 
Purpose： 

       

           BP control in hypertensive individuals , in turn, is an effective intervention for 
reducing CVD risk (Lewington et al, 2002). 

          It is hoped that advances from understanding the molecular underpinnings of 
BP regulation will improve the prediction of CVD susceptibility and offer insights 
into personalized treatments for hypertension that can reduce the risk of its 
sequelae。 



一、 Background 

Developed： 
        1.Genome-wide association studies (GWAS) have identified numerous 
loci associated with blood pressure (BP).  

 

        2.A recent genome-wide association study (GWAS) meta-analysis of up 
to 200,000 people identified 29 genetic variants (at 28 loci) associated with 
BP (Ehret et al, 2011). However, the proportion of interindividual BP 
variability explained by these genetic variants was only about 1% (Ehret et al, 
2011). 

 It has been increasingly recognized that genes, instead of working in 
isolation, interact with other genes in complex regulatory networks 



二、 Method 
 

We designed a systems biology framework to integrate gene expression (in this 
study, gene expression refers to mRNA expression) profiles with BP GWAS and 
cellular network models as a means to explore molecular mechanisms 
influencing BP regulation  



二、 Method 



三、 Results 
1. Clinical characteristics of study participants 

 

High-throughput gene expression profiles from whole-blood-derived 
RNA were generated in 5,626 individuals of European ancestry from the 
FHS offspring (n = 2,446) and the third-generation (n = 3,180) cohorts 



三、 Results 
2. Influence of blood cell types on BP-associated gene 

expression differences 

     

     

We found that approximately 42% of genes were significantly correlated with cell-type 
proportions at Bonferroni-corrected P < 0.05, suggesting a major impact of blood cell 
types on gene expression。As results from both cell type-adjusted and cell type-
unadjusted analyses could be biologically relevant，we report both sets of results but 
focus our discussions on the adjusted analysis to simplify results interpretation。 



三、 Results 

3.  Identification of transcriptome-wide gene expression 
signatures for BP 

HTN 

SBP 

DBP 

3 68 

26 

5 

正相关 负相关 

65 8 

Unadjusted 
analysis 

adjusted 
analysis 

 
55 11 

17 



三、 Results 
4.  Construction of coexpression networks and identification of BP-associated gene 

coexpression modules 

adjusted analysis 

 



三、 Results 
adjusted 
analysis 

 

Unadjusted 
analysis 



三、Results 
 5.Gene ontology (GO) enrichment analysis 

 

These results suggest that genes involved in multiple biological 
processes are tightly coregulated in relation to BP. 

adjusted analysis 

 



三、Results 
 

Unadjusted analysis 



三、Results 
 
6.Inferring causal modules using SNP set enrichment analysis (SSEA) 

To explore which top genes contributed to the overall enrichment for 
BP-related genetic variants in the four genetically inferred causal 
coEMs, we retrieved the ICBP GWAS P-values for the blood eSNPs 
within these gene sets. 

adjusted analysis 

 



三、Results 
 



三、Results 
 

Unadjusted analysis 



三、Results 
 
7. Identification of key drivers (KDs) 
原因：Recent studies have shown that disease genes (or functionally correlated 

genes) are not distributed randomly in cellular or molecular interaction networks 

假设：the graphic structure of the corresponding network models may help prioritize 
candidate genes for disease 

网络模型：Bayesian networks (BNs)、protein–protein interaction (PPI) networks 

过程：we took each gene in a given network as a candidate KD and tested whether the 
network neighborhood of the candidate KD was enriched for gene members of the 

genetically inferred causal BP gene set using Fisher’s exact test 

准确性：We further tested the reliability of these PPI KDs using an independent PPI 
database 



三、Results 
 
7. Identification of key drivers (KDs) 



三、Results 
 
7. Inferring BP gene regulatory subnetworks driven by top key drivers 



三、Results 
 
7. Inferring BP gene regulatory subnetworks driven by top key drivers 

1. In order to systematically check whether the SH2B3-derived 
PPIsubnetwork showed any enrichment for literature-based BP-related 
genes, we created a list of 657 BP-related by searching Gene-
Rif .GeneRif includes literature descriptions of 14,069 unique human 
genes in total.  
2. We found that 41 of the 657 genes were present in the SH2B3-
derived PPI subnetwork, which consisted of 362 genes in 
total.Comparison of the two ratios 656/14,069 and 41/362 yielded P = 
5.5e-8 (by the hypergeometric test) and 2.43-fold enrichment.  
 
3.This result indicates that the SH2B3- derived PPI subnetwork is 
enriched for known BP-related genes. 



三、Results 
 

8. Validation of the SH2B3 subnetworks in a Sh2b3/ mouse model 

1. As stated above, we identified SH2B3 as a putative KD for BP, and       
subnetworks based on SH2B3 revealed molecular interactions between this KD 
and many genes and multiple pathways related to BP regulation. 
2. In a related study (Saleh et al, 2015), we found that Sh2b3/Mice had normal 

baseline BP but markedly elevated blood pressure in response to a low dose 
of angiotensin II (Ang II; 140 ng/kg/min) that did not affect BP in wild-type 
(WT) mice.  
 

3. This suggests a key role of Sh2b3 in BP regulation, and that loss or changes to 
this gene exacerbate response to hypertensive stimuli. 



三、Results 
 

these signature genes significantly overlapped with those 
in the SH2B3 genetic subnetwork 



三、Results 
 

It showed significant enrichment for intracellular 
signaling cascade (P = 9.4e-16) and T-cell activation (P = 
5.0e-6). 



三、Results 
 

8. Validation of the SH2B3 subnetworks in a Sh2b3/ mouse model 

1. These results strongly support our predicted 
SH2B3 subnetworks.  
 

2. Consistent with our prediction, Saleh et al (2015) 
also confirmed the exacerbation of inflammation 
and T-cell activation in Sh2b3/mice. 



四、Discussion 
结论：In conclusion, our integrative and systems biology analysis, which 
leveraged transcriptional profiling, GWAS, and network modeling, revealed 
multiple biological processes that contribute to BP regulation 

 

创新点：用多种假设，最后还增加了一个概念验证，增加研究的可信度；
把微观分子机制网络结构化，使之间的关系更加明朗。 

 

启发：处理数据要多方面考虑，还要用多种检验方法；学会网络模块化处
理数据，从大方向了解整体关系。 

 

需要改进的问题：数据量太少，并且应该增加药物影响的对照组。 

 


