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Lifestyle Factors and Biological 
Mechanisms

Hypertension, also known as high 
blood pressure, is an increasingly 
common condition. Astonishingly, an 
estimated one-half of adults in the USA 
have hypertension. Blood pressure is 
measured in millimetres of mercury 
(mmHg) representing systolic pressure 
in the arteries when the heart beats 
versus diastolic pressure in the arteries 
when the heart rests between beats. 
A healthy blood pressure reading for 
systolic versus diastolic pressure should 
be between 90/60 mmHg and 120/80 
mmHg whilst a measurement of 140/90 
mmHg or higher tends to indicate 
hypertension.

Many factors can increase a person’s risk 
of high blood pressure including but not 
limited to being overweight, smoking, 
being sleep deprived, and being over 
65 years old. Because hypertension 
increases the strain on blood vessels 
as well as organs such as the heart, 
kidneys, eyes and brain, it can result in 
serious co-morbidities. Heart disease, 
attack or failure may occur, and strokes, 
kidney disease and vascular dementia 
are also potential risks.

Fortunately, introducing healthy lifestyle 
changes can bring down high blood 
pressure and prevent it from becoming 
a problem in the first place. Increasing 
exercise, reducing salt, alcohol and 
caffeine intake, increasing fruit and 
vegetable consumption, and stopping 
smoking are all key interventions. There 
are also a number of drugs, usually in 
the form of pills, that clinicians use to try 
to control hypertension. ACE inhibitors, 
calcium channel blockers, diuretics, 
beta-blockers, and angiotensin-II 
receptor blockers, are all frequently 
prescribed to patients.

In particular, angiotensin II receptor 
blockers target the AT1-receptor, thus 
directly blocking the vasoconstrictive 
effect of its ligand angiotensin II, which 
is a part of the renin-angiotensin-
aldosterone system that regulates 
blood pressure. When angiotensin-II is 
activated, it creates vasoconstriction 
(the narrowing of blood vessels) which 
causes elevated blood pressure. It 
also stimulates the release of another 
hormone called aldosterone which 
encourages sodium retention within the 
kidneys, increasing the overall blood 
volume and therefore, increasing blood 
pressure. 

The angiotensin-II activation for these 
processes to take place comes via 
receptors called angiotensin 1 receptors 
(AT1R for short). This receptor and the 
biological activities it promotes are the 
focus of Dr Sudhir Jain’s research at 
New York Medical College in the USA.

Utilising Mice Models 

Dr Jain studies how genetic differences 
(more formally and precisely referred 
to as genetic heterogeneity) impact 
illness, specifically diseases of the 
cardiovascular-renal systems – those 
of the heart and blood vessels and the 
kidneys. Every human’s genetic makeup 
is unique and this is in part due to 
genetic mutations; some of these are 
harmless but some result in a higher 
risk of disease. This is because our 
genes are read by cellular machinery 
to produce proteins and a consequent 
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wrong amount or wrong types of protein can cause issues. One 
of the most common mutations in humans are called single 
nucleotide polymorphisms (SNPs – pronounced ‘snips’). These 
are characterised by a single nucleotide, a DNA building block, 
being altered within the genetic sequence. For example, a 
cytosine nucleotide being swapped for a guanine nucleotide.

Dr Jain researches SNPs within the renin-angiotensin-
aldosterone system because they can give insight into how 
and why hypertension develops. In turn, this will help him 
to identify novel molecular targets within the system which 
tailored drugs for hypertension and its co-morbidities could be 
aimed towards. 

To this end, Dr Jain and his colleagues have genetically 
engineered mice models with the human angiotensinogen 
gene (the precursor to angiotensin-II) and human AT1R gene 
variants. These mice are used to investigate how SNPs that 
are reported in the human population may result in altered 
regulation of the renin-angiotensin-aldosterone system and 
predisposition to hypertension.

Inducing SNPs in Angiotensin 1 Receptor Genes

One of Dr Jain’s studies built on the evidence that increased 
AT1R expression contributes to the onset of high blood 
pressure. An increase in a receptor’s expression can be due to 
SNPs appearing on the promoter region of the gene. This is a 
section of DNA adjacent to the gene of interest to which the 
DNA transcription machinery will bind and initiate the process 
of protein synthesis. Therefore, Dr Jain chose a promoter region 
on the AT1R gene, and its common SNPs, to study in relation to 
hypertension.

He discovered two separate sets of four specific SNPs that 
always occur together and named them haplotype-I and 
haplotype-II; a haplotype is the name for a set of DNA 
variations. Previous research had revealed that haplotype-I 
results in increased promoter activity and is associated with 
hypertension within the Caucasian population. The mice that 
Dr Jain and his team engineered had either haplotype-I or 
II in their AT1R genes. They discovered that, in comparison 
to mice with haplotype-II, those with haplotype-I had higher 
levels of the mRNA that would go on to aid the synthesis of 
AT1R proteins. They also showed an increased expression of 
inflammatory markers, high oxidative stress and higher blood 
pressure.

Impact of a High-fat Diet 

A subsequent study by Dr Jain progressed this research 
further to look into how diet may impact the expression of 
the AT1R gene. His initial hypothesis was that a high-fat diet 
would increase AT1R gene expression via alterations in the 
transcriptional environment, dependent on the haplotype 
present. As a result of inflammation and oxidative stress, he 
predicted that hypertension would occur in haplotype-I mice. 
Metabolic syndrome, a combination of obesity and high blood 
pressure, is a known consequence of an overactive renin-
angiotensin-aldosterone system. Therefore, Dr Jain set out to 
understand how diet-induced metabolic syndrome impacts the 
cellular environment for transcription and its effects on AT1R 
expression.

Once again, he used engineered mice with haplotype I or II, 
and fed them a high-fat diet for 20 weeks. After this time, their 
blood pressure and tissue samples were analysed. In line 
with his previous results, Dr Jain found that haplotype-I mice 
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showed an increased expression of the AT1R gene, an increase 
in inflammatory molecules and suppression of antioxidant 
defences, compared to haplotype-II mice. Although the high-
fat diet increased blood pressure in both sets of mice, these 
factors resulted in more severe hypertension in the haplotype-I 
mice. This suggests that the presence of the haplotype-I 
mutations predisposes the mice, and likely humans as well, to 
hypertension, especially under poor diet conditions.

Older Age Is Also a Risk Factor 

This time focusing on a different risk factor for hypertension, Dr 
Jain carried out a study on the effect of age on AT1R expression. 
As we age, many of our biological processes alter in some way, 
so Dr Jain hypothesised that this would be another factor that 
changed the transcriptional environment for the regulation of 
AT1R gene expression. And once again, he believed that the 
haplotype present in the AT1R gene would impact the result of 
this.

The mice he and the team used for this experiment were 
either adults aged 10–12 weeks old or aged 20–34 months old. 
Haplotype I and II mice were present in both of these groups. 
The results were as he predicted. Aged (i.e., older) mice with 
haplotype-I displayed increased AT1R expression with higher 
blood pressure, in addition to suppressed antioxidant defences 
and anti-ageing molecules. These factors were coupled with 
elevated inflammatory molecule levels and increased insulin 
resistance (which can lead to diabetes).

Through these three studies, Dr Jain has revealed vital 
information that has pushed forward our understanding of 
hypertension. The results from his mice model experiments 
strongly suggest that humans who hold a haplotype-I mutation 
in their AT1R genes are much more likely to experience high 
blood pressure than those without. In addition, consuming 
a high-fat diet or being older is likely to increase the risk of 
hypertension more for these people than others.

Continuing to Investigate Hypertension

Although Dr Jain has already uncovered exciting new 
findings, he continues to research this important receptor 

and how different physiological conditions affect its role in 
hypertension. For example, a recent study examined the role of 
ageing and high blood pressure in lung pathologies. Perhaps 
unsurprisingly, aged haplotype-I mice showed worsened lung 
damage and high mortality after infection.

Another study looked at the impact of a typically Westernised 
high-fat diet on mice, revealing an increase in blood pressure 
for both haplotypes I and II mice, but more severely in 
haplotype-I. Consequent biological changes also resulted in 
kidney damage and even kidney failure. In his most recent 
paper, Dr Jain demonstrated how this westernised diet also has 
negative consequences for the heart in haplotype I and II mice.

Dr Jain has also completed a detailed gene expression analysis 
of the RNA sequencing data from the heart, kidney, and lung 
tissues of transgenic mice. This was completed using Ingenuity 
Pathways Analysis software from Qiagen, which is a web-based 
bioinformatics application that allows researchers to upload 
data analysis results from high-throughput experiments such 
as microarray and next-generation sequencing for functional 
analysis, integration and further understanding. 

Recent work with collaborator Dr Marcello Rotta has 
extended Dr Jain’s contribution to our understanding of heart 
pathophysiology. In one study, the researchers used an in 
vivo approach to explore electrical recovery and diastolic 
function at the cellular level, substantiating the role of sodium 
channel subunits. In another study, the researchers explored 
the alterations in heart rhythm dynamics associated with 
myocardial infarction in rodents, confirming the validity of this 
approach in researching the development and manifestation of 
cardiovascular conditions in humans.

Through his dedicated research, Dr Jain continues to explore 
the genetic markers regulated by diet, ageing and lifestyle 
to prevent high blood pressure and its associated health 
issues. By utilising a range of scientific approaches and 
methodologies as described here, his work is pioneering a 
better understanding of heart pathophysiology for the benefit 
of human health.  
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