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Introduction
Gestational hypertension, defined as new-onset high blood 

pressure during pregnancy without the presence of proteinuria, is a 
common pregnancy complication that affects approximately 6-8% 
of pregnant women worldwide. Although often considered a benign 
condition, gestational hypertension can progress to more severe forms 
such as preeclampsia, and it is associated with long-term cardiovascular 
risks for both the mother and the offspring. Despite its high prevalence 
and clinical significance, the molecular mechanisms underlying 
gestational hypertension remain poorly understood. Advances in 
genomic and transcriptomic technologies have provided new insights 
into the complex molecular pathways involved in the development of 
gestational hypertension. By examining the genetic and transcriptomic 
alterations in maternal and placental tissues, researchers are beginning 
to uncover the biological underpinnings of this condition. This review 
explores how genomic and transcriptomic approaches have contributed 
to our understanding of gestational hypertension, focusing on the 
identification of key molecular pathways and potential biomarkers for 
early diagnosis and therapeutic intervention [1].

Genomic Insights into Gestational Hypertension
Genomic studies have played a critical role in elucidating the 

genetic factors that contribute to the development of gestational 
hypertension. Although the exact cause of gestational hypertension is 
multifactorial, genetic predisposition is thought to play a significant 
role in its onset and progression. Twin studies and family-based 
studies have suggested that there is a genetic component to gestational 
hypertension, with heritability estimates ranging from 30% to 60%. 
Several candidate genes related to vascular function, inflammation, and 
the regulation of blood pressure have been implicated in gestational 
hypertension. One of the most studied genetic pathways in gestational 
hypertension involves the renin-angiotensin-aldosterone system 
(RAAS), which regulates blood pressure and fluid balance. Genetic 
variations in genes encoding components of this system, such as 
angiotensinogen (AGT), angiotensin-converting enzyme (ACE), 
and aldosterone synthase (CYP11B2), have been associated with an 
increased risk of hypertension during pregnancy. Polymorphisms in 
these genes can influence the responsiveness of the vascular system to 
hormonal signals, contributing to increased peripheral resistance and 
elevated blood pressure. Other genetic loci involved in endothelial 
function, vasodilation, and inflammation have also been linked to 
gestational hypertension. For example, variations in genes encoding 
nitric oxide synthase (NOS), which regulates vascular tone, and pro-
inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) 
and interleukin-6 (IL-6) have been associated with altered vascular 
responses and endothelial dysfunction in pregnant women. These 
alterations may contribute to the pathophysiology of gestational 
hypertension by impairing the ability of blood vessels to relax and dilate 
in response to changing blood flow demands [2]. Genomic approaches, 
particularly genome-wide association studies (GWAS), have identified 
additional genetic variants associated with gestational hypertension. 
By comparing the genomes of women with and without gestational 

hypertension, GWAS have uncovered novel loci that may contribute to 
the condition. These studies have expanded our understanding of the 
genetic basis of gestational hypertension and pointed to new potential 
targets for therapeutic intervention.

Transcriptomic Approaches in Gestational Hypertension
Transcriptomics, the study of the complete set of RNA molecules 

expressed in a cell or tissue, has provided valuable insights into 
the molecular mechanisms underlying gestational hypertension. 
By analyzing the transcriptomes of maternal and placental tissues, 
researchers can identify differentially expressed genes that may 
contribute to the development of the condition. Several studies have 
employed transcriptomic approaches to examine gene expression 
patterns in the placenta, which plays a central role in regulating 
maternal blood pressure and vascular function during pregnancy. One 
of the key features of gestational hypertension is impaired placental 
function, which can lead to altered blood flow and endothelial 
dysfunction. Transcriptomic studies have shown that the placental 
expression of genes involved in angiogenesis, vascular remodeling, and 
immune regulation is altered in women with gestational hypertension. 
For instance, the expression of genes encoding vascular endothelial 
growth factor (VEGF), a key mediator of angiogenesis, is often reduced 
in placentas from women with gestational hypertension. This reduction 
in VEGF expression may contribute to insufficient placental blood 
flow and increased vascular resistance, both of which are hallmarks of 
gestational hypertension [3]. In addition to angiogenesis-related genes, 
inflammatory pathways also play a critical role in the pathogenesis of 
gestational hypertension. Elevated levels of inflammatory cytokines 
such as TNF-α, IL-6, and C-reactive protein (CRP) have been observed 
in women with gestational hypertension, and transcriptomic analyses 
have revealed an upregulation of genes involved in the inflammatory 
response in both maternal blood and placental tissues. These findings 
suggest that gestational hypertension may be driven, at least in part, 
by a pro-inflammatory state, which impairs endothelial function and 
contributes to the elevation of blood pressure. Further transcriptomic 
studies have also identified alterations in genes involved in oxidative 
stress, endothelial nitric oxide production, and blood pressure 
regulation in women with gestational hypertension. For example, 
studies have shown reduced expression of eNOS (endothelial nitric 
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identify key molecular networks and regulatory pathways involved in 
gestational hypertension. These insights could lead to the identification 
of novel therapeutic targets and biomarkers for early detection, as well 
as improved management strategies for women at risk of developing 
the condition [6].

Conclusion
Genomic and transcriptomic approaches have significantly 

advanced our understanding of the molecular mechanisms underlying 
gestational hypertension. Genetic studies have identified several 
loci associated with hypertension during pregnancy, particularly 
those involved in vascular function, blood pressure regulation, and 
inflammation. Transcriptomic analyses have revealed altered gene 
expression patterns in maternal and placental tissues, highlighting key 
pathways such as angiogenesis, inflammation, and oxidative stress in 
the pathogenesis of the condition. Furthermore, these studies have 
identified potential biomarkers that may enable earlier diagnosis 
and intervention, ultimately improving maternal and fetal outcomes. 
Future research integrating genomic, transcriptomic, and proteomic 
data will provide a more comprehensive understanding of gestational 
hypertension and help guide the development of personalized 
treatments for affected women.
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oxide synthase) in placental tissues, which may contribute to impaired 
vasodilation and increased blood pressure. Similarly, altered expression 
of genes involved in the renin-angiotensin system has been observed in 
placental tissue from women with gestational hypertension, providing 
further support for the role of this pathway in the pathogenesis of the 
condition [4].

Placental Transcriptomic Biomarkers for Gestational Hy-
pertension

One of the major challenges in the management of gestational 
hypertension is the lack of reliable early biomarkers for diagnosis. 
Current methods of diagnosing gestational hypertension rely on 
the measurement of blood pressure and the presence of proteinuria, 
but these indicators may not be detectable until the condition has 
already progressed. Transcriptomic analyses offer the potential for 
identifying novel biomarkers that could facilitate earlier detection and 
intervention. Several placental genes have been identified as potential 
biomarkers for gestational hypertension. For example, alterations 
in the expression of genes involved in angiogenesis, such as VEGF, 
placental growth factor (PlGF), and endoglin, have been associated 
with gestational hypertension. Reduced levels of PlGF and VEGF in 
maternal circulation have been shown to correlate with the severity 
of gestational hypertension and may serve as predictive biomarkers. 
Additionally, the upregulation of inflammatory markers such as TNF-α 
and IL-6 in maternal blood and placental tissue may also serve as early 
indicators of gestational hypertension [5].

Integrating Genomic and Transcriptomic Data
The integration of genomic and transcriptomic data holds great 

promise for understanding the molecular mechanisms of gestational 
hypertension. By combining genetic information from GWAS with 
transcriptomic profiles from maternal and placental tissues, researchers 
can gain a more comprehensive understanding of the pathways involved 
in the condition. For example, integrating gene expression data with 
genetic variation in key pathways, such as the RAAS, endothelial 
function, and inflammation, may reveal how genetic predisposition 
interacts with environmental factors to promote the development of 
gestational hypertension. Furthermore, systems biology approaches 
that integrate genomic, transcriptomic, and proteomic data can help 
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