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ABSTRACT

Benign prostatic hyperplasia (BPH) is a prevalent condition in aging men, characterized by the non-cancerous
enlargement of the prostate gland, leading to bothersome lower urinary tract symptoms (LUTS) such as urinary
urgency, frequency, and incomplete bladder emptying. While environmental and hormonal factors like androgen
activity and chronic inflammation are well-known contributors to BPH development, genetic predisposition is
increasingly recognized as a critical factor. A growing body of research has identified several genetic markers that
may influence an individual's susceptibility to BPH. This review explores the current understanding of these
genetic markers, focusing on key findings from genome-wide association studies (GWAS), single nucleotide
polymorphisms (SNPs), and the role of epigenetic modifications such as DNA methylation and non-coding RNAs
in the pathogenesis of BPH. Additionally, the review discusses the potential application of these genetic markers in
the early prediction of BPH, which could facilitate more personalized and targeted approaches to treatment.
Despite the advances in this field, challenges such as the clinical translation of genetic findings and the integration
of genetic screening into routine practice remain. The future direction of BPH research will likely focus on
refining predictive models and exploring novel therapeutic avenues based on genetic insights.
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INTRODUCTION
Benign prostatic hyperplasia (BPH) is a progressive, non-cancerous enlargement of the prostate gland, typically
seen in aging men [17]. This condition is a major cause of lower urinary tract symptoms (LUTS), which include
increased urinary frequency, urgency, nocturia (frequent urination at night), a weak urinary stream, and
incomplete bladder emptying [27]. As the prostate enlarges, it can compress the urethra and obstruct urinary flow,
leading to bothersome symptoms that significantly impact the quality of life. The prevalence of BPH increases
with age, with approximately 50% of men over the age of 50 showing histological evidence of BPH, a number that
rises to nearly 90% by the age of 80 [3,47. Although not all men with histological BPH will develop symptomatic
disease, BPH remains a leading cause of morbidity, with an estimated 30 million men worldwide affected by
symptomatic BPH. The pathophysiology of BPH is multifactorial and complex. It is believed to result from a
combination of hormonal dysregulation, chronic inflammation, and tissue remodeling [57]. As men age, the balance
between androgens (such as testosterone and dihydrotestosterone) and estrogens shifts, promoting prostate tissue
growth. In addition, chronic inflammation within the prostate may contribute to tissue remodeling and fibrosis,
further exacerbating the enlargement of the gland [67]. Growth factors and cytokines involved in inflammatory
and immune responses are thought to play significant roles in the progression of BPH [77]. Despite these well-
established environmental and biological factors, it is increasingly evident that genetics also plays a critical role in
the development and progression of BPH. Family studies and large-scale epidemiological research have provided
strong evidence for a genetic predisposition to BPH. Men with a family history of BPH are at an increased risk of
developing the condition, and studies involving twins have shown higher concordance rates among monozygotic
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twins, reinforcing the notion that genetic factors contribute to the risk of developing BPH [8,97. As the field of
precision medicine continues to expand, understanding the genetic basis of BPH is of particular interest. Genetic
markers offer the potential to identify individuals at higher risk for BPH earlier, allowing for more targeted
prevention and personalized treatment strategies [107]. This review will summarize the current knowledge of
genetic markers associated with BPH and explore their potential for early prediction and improved clinical
management of the condition.
Overview of Genetic Factors in BPH Development
1. Genetic Predisposition to BPH
Genetic susceptibility to BPH has been demonstrated in familial studies, where men with a family history of BPH
are more likely to develop the condition. The heritability of BPH is estimated to be 40-50%, indicating that genetic
factors contribute significantly to its onset [117]. Large population-based studies have further reinforced the role
of genetics in BPH, showing that men with first-degree relatives affected by BPH are at a higher risk of
developing the condition [12].
2. Twin Studies and Population-Based Genetic Studies
Twin studies have provided compelling evidence for the genetic basis of BPH. In particular, monozygotic twins
exhibit higher concordance rates for BPH compared to dizygotic twins, supporting the hypothesis of genetic
inheritance [137. Population studies, such as those conducted in large cohorts, have also identified familial
clustering of BPH cases, suggesting that specific genetic variants may predispose individuals to the condition.
Advances in Genetic Markers for BPH Prediction
1. Single Nucleotide Polymorphisms (SNPs)
SNPs are variations at single nucleotide positions in the DNA sequence that can have functional consequences on
gene expression and protein function [147]. Several SNPs have been associated with BPH risk. For example,
polymorphisms in the SRD5A2 gene, which encodes the enzyme 5-alpha reductase responsible for converting
testosterone to dihydrotestosterone (DHT), have been linked to BPH susceptibility [157. Variations in the
androgen receptor (AR) gene, which mediates the action of androgens in the prostate, are also implicated in BPH
risk. Recent studies have identified SNPs in genes like GATAS, which is involved in immune regulation, and
TGF-beta, a growth factor critical to prostate tissue remodeling [167. These SNPs may provide valuable insights
into the molecular mechanisms driving BPH and offer potential biomarkers for early detection.
2. Genome-Wide Association Studies (GWAS) in BPH
GWAS have revolutionized the study of complex diseases, including BPH. By scanning the entire genome for
genetic variations associated with disease, GWAS have identified several loci linked to BPH risk [177]. Notably,
genetic variants near the FGFR2 gene, which encodes a receptor involved in cell growth and differentiation, have
been strongly associated with BPH [187. Other GWAS findings point to regions involved in immune response
and inflammation, reinforcing the role of chronic inflammation in BPH pathogenesis. GWAS have also uncovered
multiple loci that overlap with other prostate conditions, such as prostate cancer, suggesting shared genetic
pathways between BPH and malignancy [197. These discoveries hold promise for developing risk prediction
models based on polygenic risk scores.
3. Epigenetic Modifications and Their Role in BPH
Epigenetic modifications, such as DNA methylation, histone modifications, and non-coding RNA activity, play a
key role in gene expression regulation without altering the underlying DNA sequence [207]. Epigenetic changes
can be influenced by environmental factors and aging, which are critical in BPH development. For instance,
aberrant DNA methylation patterns in genes involved in inflammation and growth regulation have been
associated with BPH [217. Non-coding RNAs, particularly microRNAs, have also emerged as regulators of
prostate growth and may serve as biomarkers for BPH [227]. Altered expression of specific microRNAs has been
linked to prostate tissue hyperplasia, highlighting the potential for epigenetic markers in BPH prediction.
Key Genetic Pathways Involved in BPH Pathogenesis
1. Androgen Receptor (AR) Pathway
Androgens, particularly DHT, are central to prostate growth and maintenance. The androgen receptor (AR)
pathway is critical in mediating the effects of androgens on prostate cells [237. Variations in the AR gene,
particularly in its CAG repeat region, have been associated with altered androgen sensitivity and increased risk of
BPH. Genetic studies have shown that individuals with shorter CAG repeats may be more prone to developing
BPH due to enhanced AR activity [247].
2. Inflammation and Immune-Response Genes
Chronic inflammation is a well-recognized factor in BPH development. Several genetic markers related to
inflammatory pathways have been identified in association with BPH. Variants in the IL-6 and TNF-alpha genes,
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both of which encode pro-inflammatory cytokines, have been linked to increased prostate inflammation and BPH
progression [257]. The role of immune regulation in BPH highlights the complex interplay between genetic
predisposition and environmental triggers such as infection or hormonal imbalances.
3. Growth Factors and Cellular Proliferation Pathways
Growth factors such as fibroblast growth factor (FGF) and transforming growth factor-beta (TGF-beta) play a
role in tissue remodeling and cellular proliferation in the prostate. Genetic variants in these pathways, particularly
involving FGFR2 and TGF-beta signaling, have been associated with increased risk of prostate tissue overgrowth
[267]. These pathways represent potential targets for future therapeutic interventions aimed at regulating
abnormal prostate growth in BPH.
Clinical Application of Genetic Markers in BPH Prediction
1. Genetic Risk Scores for Predicting BPH
The concept of polygenic risk scores (PRS) has gained traction in predicting the risk of complex diseases like BPH.
PRS combines the effects of multiple SNPs to estimate an individual’s genetic predisposition to a condition [277].
By integrating genetic data from GWAS, PRS can stratify individuals into risk categories, identifying those at
higher risk for BPH who may benefit from early screening and preventive interventions.
2. Personalized Medicine and Targeted Screening
The identification of genetic markers for BPH opens the door to personalized medicine. Genetic testing could be
used to tailor screening protocols for individuals with a high genetic risk of BPH, allowing for earlier intervention
and potentially reducing the need for invasive treatments later in life [287. Personalized treatment approaches,
such as targeting specific genetic pathways involved in prostate growth, could improve therapeutic outcomes and
reduce side effects [297].
3. Challenges and Limitations in Clinical Implementation
Despite the potential benefits, there are significant challenges to the clinical implementation of genetic markers in
BPH prediction. These include the cost of genetic testing, the need for large-scale validation of genetic risk
models, and the ethical concerns surrounding genetic screening. Additionally, the multifactorial nature of BPH
means that genetic markers alone may not be sufficient to predict disease with high accuracy, necessitating the
integration of environmental and lifestyle factors into predictive models.
Future Directions in Genetic Research on BPH
1. Emerging Technologies in Genetic Research
The advent of new technologies such as CRISPR and next-generation sequencing offers exciting opportunities for
advancing BPH research. These tools allow for the precise editing and analysis of genetic sequences, enabling
researchers to identify and study rare variants that may contribute to BPH [807]. Future studies using these
technologies could provide deeper insights into the genetic basis of BPH and identify novel therapeutic targets.
2. Integration of Multi-Omics Approaches

Combining genomics with other omics technologies such as transcriptomics, proteomics, and metabolomics may
provide a more comprehensive understanding of BPH pathogenesis [317]. Systems biology approaches that
integrate multi-omics data can help unravel the complex interactions between genes, proteins, and metabolites
that drive prostate enlargement, potentially identifying new biomarkers and therapeutic targets [327].

3. Potential for Gene Therapy in BPH Management
Gene therapy, though in its infancy for BPH treatment, holds potential as a future therapeutic option [837. By
targeting specific genetic pathways involved in prostate growth, gene therapy could offer a more precise and less
invasive treatment option for BPH. However, the ethical and practical challenges of gene editing in prostate health
require careful consideration before clinical application.

CONCLUSION
The identification of genetic markers associated with BPH represents a significant advancement in understanding
the genetic basis of this common condition. Genetic risk scores and personalized medicine approaches could
revolutionize BPH management, offering more accurate risk prediction and tailored treatment options. However,
further research is needed to validate these markers and overcome the challenges of clinical implementation
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