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ABSTRACT 

Emerging evidence indicates that the prostate, liver, and immune system are linked through common molecular 
and cellular pathways that influence disease development beyond organ-specific boundaries. Traditionally, benign 
prostatic hyperplasia (BPH) has been viewed as an isolated urological condition of aging males, while 
hepatotoxicity is considered a consequence of toxic exposures and metabolic stress. However, systemic 
inflammation, immune dysregulation, metabolic alterations, and redox imbalance contribute to both prostate 
enlargement and liver injury. Shared mechanisms include chronic low-grade inflammation, cytokine networks, 
oxidative stress, influence of metabolic syndrome, gut–liver–prostate interactions, and roles of innate and adaptive 
immunity. Understanding the prostate–liver–immune axis provides a unified framework to explain overlapping 
risk factors and comorbidities, with implications for early diagnosis, integrated therapeutic strategies, and 
biomarker discovery. Addressing systemic inflammatory drivers rather than isolated organ pathology may 
improve outcomes in patients with co-existing BPH and liver dysfunction. 
Keywords: prostate–liver axis; benign prostatic hyperplasia; hepatotoxicity; systemic inflammation; 
immunometabolism 

 
INTRODUCTION 

Benign prostatic hyperplasia (BPH) and hepatotoxicity appear, at first glance, to be distinct clinical entities 
affecting different organs[1-4]. Yet, both conditions often share similar risk factors, including age, metabolic 
syndrome, systemic inflammation, and exposures that perturb immune homeostasis. BPH is a non-malignant 
enlargement of the prostate that can lead to lower urinary tract symptoms, while hepatotoxicity refers to liver 
injury resulting from drugs, toxins, or metabolic disturbances[5-7]. Systemic inflammation and immune signaling 
interconnect these conditions, suggesting the existence of a biologically relevant prostate–liver–immune 
axis[8-9]. concept of an organ axis describes bidirectional communication between organs mediated by circulating 
factors (cytokines, hormones, metabolites), shared immune pathways, and metabolic networks. In this review, we 
explore evidence supporting the liver’s influence on prostate health and vice versa through immunometabolic and 
inflammatory pathways. We also examine how disruptions in redox balance, innate and adaptive immune 
responses, and gut-derived signals contribute to disease progression in both tissues[10-15]. Recognizing these 
shared mechanisms fosters integrated approaches to prevention, diagnosis, and therapy that go beyond 
single-organ treatment. 
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2. Benign Prostatic Hyperplasia: Immune and Metabolic Underpinnings 
2.1 Clinical Features and Pathophysiology 
Benign prostatic hyperplasia (BPH) is one of the most common urological disorders affecting aging men, with 
prevalence rising sharply after the fifth decade of life[16-18]. Clinically, BPH manifests with lower urinary tract 
symptoms, including urinary frequency, nocturia, weak stream, and incomplete bladder emptying, which can 
significantly impair quality of life. Pathologically, BPH is characterized by hyperplasia of both stromal and 
epithelial cells, predominantly in the transition zone of the prostate, leading to progressive enlargement and 
potential obstruction of the urethra[19-24]. While hormonal regulation, particularly by androgens such as 
dihydrotestosterone (DHT), has long been considered central to BPH pathogenesis, hormonal factors alone cannot 
fully account for variability in disease onset, progression, or severity[25-29]. Increasing evidence highlights that 
BPH arises from a multifactorial process integrating hormonal, immune, and metabolic influences, suggesting that 
systemic factors beyond local androgen signaling are crucial contributors to prostate enlargement. 
2.2 Inflammation in BPH 
Chronic inflammation has emerged as a key driver of prostatic hyperplasia. Histological studies consistently 
demonstrate infiltration of BPH tissue by immune cells, including macrophages, T lymphocytes, and mast cells 
[30-34]. These cells secrete a variety of pro-inflammatory and pro-fibrotic cytokines, such as interleukin-6 (IL-6), 

interleukin-8 (IL-8), tumor necrosis factor-α (TNF-α), and transforming growth factor-β (TGF-β). These 
cytokines stimulate stromal fibroblast proliferation, extracellular matrix deposition, and tissue remodeling, 
creating a microenvironment conducive to sustained cellular proliferation and organ enlargement[35-38]. 
Persistent inflammatory signaling also contributes to oxidative stress, DNA damage, and senescence-associated 
secretory phenotypes in epithelial and stromal cells, further amplifying prostatic growth. 
2.3 Metabolic Syndrome and Prostatic Growth 
Metabolic syndrome significantly influences the development and progression of BPH. Central obesity, 
dyslipidemia, insulin resistance, and hypertension collectively create a pro-inflammatory and pro-proliferative 
systemic milieu[10,39-43]. Hyperinsulinemia and elevated insulin-like growth factor levels act as mitogens in 
prostatic tissue, enhancing stromal and epithelial cell proliferation. Adipokines, including leptin and adiponectin, 
modulate cell growth, angiogenesis, and inflammatory signaling within the prostate[44-48]. Additionally, 
systemic insulin resistance promotes chronic low-grade inflammation, which interacts with local prostatic immune 
responses to accelerate tissue remodeling and hyperplasia[49-51]. This integrated immune-metabolic network 
helps explain the strong association between metabolic disorders and increased BPH risk and severity. 
3. Hepatotoxicity: Immune and Metabolic Contributors 
3.1 Overview of Hepatotoxicity 
Hepatotoxicity refers to liver injury due to chemical exposures (drugs, herbals, toxins), viral infections, or 
metabolic stress[52-55]. Liver injury ranges from asymptomatic elevations in liver enzymes to acute liver failure. 
The liver’s central role in detoxification exposes it to a constant influx of xenobiotics, reactive metabolites, and 
microbial products from the gut, making it a hub for immune and metabolic integration. 
3.2 Immune-Mediated Liver Injury 
Like BPH, chronic inflammation is fundamental in many forms of liver injury. Kupffer cells (liver-resident 
macrophages), recruited monocyte-derived macrophages, and lymphocytes produce pro-inflammatory cytokines in 

response to hepatocellular stress[56-59]. Cytokine signaling through NF-κB and JAK/STAT pathways 
propagates inflammatory cascades that can progress to steatohepatitis and fibrosis. 
3.3 Metabolic Stress and Oxidative Injury 
Metabolic conditions such as obesity and type 2 diabetes predispose individuals to non-alcoholic fatty liver disease 
(NAFLD) and its progressive form, non-alcoholic steatohepatitis (NASH)[15,60]. Excess lipid accumulation in 
hepatocytes leads to oxidative stress, endoplasmic reticulum (ER) stress, and mitochondrial dysfunction[61]. 
Reactive oxygen species (ROS) not only damage hepatocellular components but also act as signaling molecules 
that activate immune cells. 
4. Shared Mechanisms Linking Prostate and Liver Pathology 
4.1 Chronic Low-Grade Inflammation 
Chronic low-grade inflammation is a unifying feature of BPH and hepatotoxic processes[17]. Systemic 

inflammatory mediators such as IL-6 and TNF-α, elevated in metabolic syndrome and age-related immune 
dysregulation, can affect multiple organs[18]. IL-6, for example, promotes hepatic acute phase responses and 
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supports prostatic cell proliferation. TNF-α contributes to insulin resistance and exacerbates inflammatory loops 
in both liver and prostate tissues[19]. 
4.2 Oxidative Stress and Redox Imbalance 
Oxidative stress, defined by an imbalance between ROS production and antioxidant defenses, underlies many 
chronic diseases[20]. In the prostate, ROS contribute to DNA damage and pro-inflammatory signaling, 
promoting stromal proliferation. In the liver, oxidative stress from metabolic overload or toxic metabolites 
triggers immune activation and cell death[21]. Shared redox pathways involve activation of transcription factors 

such as NF-κB and AP-1, linking oxidative signals to inflammatory gene expression. 
4.3 Innate Immune Activation and Pattern Recognition 
Pattern recognition receptors (PRRs) such as Toll-like receptors (TLRs) detect microbial and damage-associated 
molecular patterns (DAMPs)[22]. Activation of TLRs on liver and prostate cells triggers pro-inflammatory 
signaling. Gut-derived microbial products that reach systemic circulation due to increased intestinal permeability 
can stimulate TLRs in distant organs, creating a gut-liver-prostate axis of immune activation[23]. 
5. Metabolic Syndrome: A Central Driver of Systemic Inflammation 
5.1 Insulin Resistance and Cytokine Networks 
Metabolic syndrome drives systemic inflammation through adipose tissue-derived cytokines (adipokines), free fatty 
acids, and altered glucose metabolism[24]. Insulin resistance is associated with elevated circulating levels of IL-6, 

TNF-α, and C-reactive protein, which influence tissue inflammation in both liver and prostate[25]. These 
cytokines not only modulate immune cell activity but also interfere with insulin signaling, creating a feed-forward 
loop of metabolic and immune dysregulation. 
5.2 Hormonal Dysregulation and Steroid Metabolism 
Sex steroids such as testosterone and estrogen are altered in metabolic syndrome and influence both hepatic and 
prostatic biology[26]. Obesity and insulin resistance can lead to increased aromatization of androgens to 
estrogens, which affects prostate growth. In the liver, altered steroid metabolism affects bile acid synthesis and 
systemic energy balance, maintaining a cycle of metabolic stress. 
5.3 Lipotoxicity and Cellular Stress 
Free fatty acids and toxic lipid species accumulate in liver and peripheral tissues in metabolic syndrome. 
Lipotoxicity induces ER stress and mitochondrial dysfunction, thereby increasing ROS production and cytokine 
release [27]. These changes drive macrophage activation and further amplify inflammation that affects distant 
organs such as the prostate. 
6. Gut–Liver–Prostate Interactions 
6.1 Microbiome and Immune Modulation 
The gut microbiome influences systemic immune tone through metabolite production (short-chain fatty acids, bile 
acids) and modulation of intestinal permeability[28]. Dysbiosis increases translocation of microbial products like 
lipopolysaccharide (LPS), which activate TLRs on hepatic and prostatic cells, promoting inflammation[29]. 
Emerging evidence suggests that microbial metabolites may directly influence prostate cell proliferation and 
immune responses. 
6.2 Bile Acids as Signaling Molecules 
Bile acids, produced by the liver and modified by gut bacteria, act as signaling molecules regulating metabolic and 
immune pathways through receptors such as FXR and TGR5[30]. Altered bile acid profiles in metabolic 
syndrome can influence systemic inflammation, glucose metabolism, and cellular stress responses, linking liver 
metabolism with remote organ effects. 
7. Clinical Implications 
7.1 Comorbidity of BPH and Liver Disease 
Epidemiological data suggest increased prevalence of BPH and lower urinary tract symptoms in individuals with 
metabolic syndrome and chronic liver disorders[31]. While causal relationships remain under investigation, 
overlapping risk factors such as obesity and systemic inflammation likely contribute to this comorbidity. 
7.2 Biomarkers Across Organs 

Circulating markers of inflammation (IL-6, TNF-α), oxidative stress (malondialdehyde, 8-isoprostane), and 
metabolic dysfunction (insulin, adiponectin) may serve as shared biomarkers for liver and prostate pathology[32]. 
Integrated biomarker panels could enhance early detection of systemic inflammatory states affecting multiple 
organs. 
 



 

 

www.idosr.org                                                                                        Evelyn, 2026 

 
38 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 

 
 

7.3 Therapeutic Strategies Targeting the Axis 
Treating underlying systemic inflammation and metabolic dysfunction may yield benefits for both BPH and liver 
health[33]. Lifestyle interventions (diet, exercise) reduce adiposity, improve insulin sensitivity, and decrease 
systemic cytokines[34]. Pharmacologic agents targeting insulin resistance (metformin), inflammation (NSAIDs 
with caution), or oxidative stress (antioxidants) may attenuate disease progression in both organs[35]. 
Modulation of the gut microbiome through diet, probiotics, or prebiotics represents an emerging approach. 
8. Future Directions and Research Priorities 
Further research is needed to clarify the mechanistic links in the prostate–liver–immune axis[36]. Longitudinal 
studies assessing how metabolic syndrome and systemic inflammation mediate comorbid prostate and liver disease 
will inform prevention and management[37]. Multi-omics approaches (genomics, transcriptomics, metabolomics, 
microbiomics) can identify shared pathways and therapeutic targets[38]. Clinical trials evaluating integrated 
therapies that address systemic drivers rather than isolated organ symptoms are warranted. 

CONCLUSION 
The prostate–liver–immune axis highlights the interconnected nature of chronic diseases affecting different 
organs. Shared pathways involving immune activation, metabolic dysfunction, oxidative stress, and gut-derived 
signals underlie both BPH and liver injury. Embracing a systems-level view that transcends organ boundaries may 
improve diagnosis, risk stratification, and treatment strategies, ultimately leading to better outcomes for patients 
with co-occurring inflammatory and metabolic disorders. 
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