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ABSTRACT

Benign prostatic hyperplasia (BPH) is a prevalent non-cancerous enlargement of the prostate that affects a
significant proportion of aging men, often resulting in bothersome lower urinary tract symptoms (LUTS). While
traditionally linked to hormonal imbalances, particularly dihydrotestosterone (DHT), emerging evidence has
increasingly highlighted the critical role of chronic inflammation and immune dysregulation in BPH pathogenesis.
Inflammatory infiltrates comprising immune cells such as macrophages, lymphocytes, and neutrophils are
frequently observed in the prostates of men with BPH. This inflammatory response promotes cellular
proliferation, disrupts apoptosis, and induces fibrosis, leading to prostate enlargement. Factors such as infections,
autoimmune reactions, and oxidative stress contribute to this chronic inflammatory environment, which is further
exacerbated by systemic inflammation associated with aging and metabolic disturbances. This review explores the
mechanisms by which chronic inflammation drives BPH progression, including cytokine-mediated cell
proliferation and growth factor-induced fibrosis, as well as the imbalance between pro-apoptotic and anti-apoptotic
signaling in prostate tissues. Furthermore, it delves into the potential of immune-targeted therapies as a novel
approach to treating BPH, focusing on cytokine inhibitors, immune modulation, and anti-inflammatory agents.
These therapies, which address the underlying inflammatory processes in BPH, offer promise in not only
alleviating symptoms but also in slowing disease progression. By understanding the role of inflammation and
immune dysregulation in BPH, novel therapeutic strategies may emerge, potentially revolutionizing the
management of this common condition.
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INTRODUCTION
Benign prostatic hyperplasia (BPH) is one of the Traditionally, the etiology of BPH has been closely
most prevalent urological conditions among aging linked to hormonal imbalances, particularly
men, significantly impacting their quality of life [17] involving androgens [5]. Dihydrotestosterone
It is a non-cancerous enlargement of the prostate (DHT), a potent derivative of testosterone, has long
gland, typically occurring in men over the age of 50. been recognized as a major driver of prostatic
The condition is characterized by the proliferation of growth. The aging process, coupled with increased
both stromal and epithelial cells within the prostate, activity  of  5-alpha-reductase  (the enzyme
leading to compression of the urethra and causing responsible for converting testosterone to DHT),
bothersome lower urinary tract symptoms (LUTS) was thought to contribute primarily to the
such as urinary frequency, urgency, nocturia, and development of BPH [67]. However, as our
difficulty initiating urination [2,37. Although BPH understanding of the condition has evolved, it has
is not life-threatening, the chronic nature of its become increasingly clear that BPH is a
symptoms can significantly impair daily functioning, multifactorial disease. Beyond hormonal influences,
leading many men to seek medical intervention [4]. genetic  predispositions, lifestyle factors, and
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metabolic disorders have been implicated in its
pathogenesis [77].

In recent years, a growing body of evidence has
highlighted the crucial role that chronic
inflammation and immune dysregulation play in the
development and progression of BPH. Inflammatory
infiltrates have been commonly observed in the
prostates of men with BPH, with a variety of
immune cells, including macrophages, lymphocytes,
and neutrophils, found within prostatic tissues [8,97].
The presence of these cells suggests that the
prostate is not merely undergoing a benign
hyperplastic process, but is also responding to an
ongoing inflammatory stimulus, which may act as a
key driver of hyperplasia [10]. Chronic
inflammation has been shown to stimulate cellular
proliferation, impair apoptotic processes, and induce
fibrotic changes within the prostate [117]. Immune
cells within the inflamed prostate release a variety of
cytokines, growth factors, and reactive oxygen
species (ROS) that create a pro-inflammatory
microenvironment, promoting tissue remodeling and
hyperplasia [127]. This inflammatory response may
be triggered by a range of stimuli, including
infections, autoimmune reactions, oxidative stress,
and metabolic disturbances. Importantly, systemic
low-grade inflammation, often seen in aging and
obesity, may exacerbate local inflammation within

Rukundo
the prostate, further contributing to its enlargement
[1387. The involvement of inflammation and immune
dysregulation in BPH pathogenesis opens up
exciting new avenues for therapeutic intervention.
Traditional treatments for BPH, such as alpha-
blockers and 5-alpha-reductase inhibitors, focus
primarily on relieving urinary symptoms or
reducing the size of the prostate [147]. However,
they do not address the underlying inflammatory
processes that contribute to the disease's
progression. As a result, immune-targeted therapies,
including anti-inflammatory agents and immune
modulators, are emerging as potential novel
treatment options for BPH [157]. Understanding
how chronic inflammation and immune responses
contribute  to  prostate  enlargement  could
revolutionize the management of BPH, offering
more targeted and effective treatments aimed at
modifying the disease process itself, rather than
merely controlling symptoms. This review delves
into the critical role of inflammation and immune
dysregulation in the pathogenesis of BPH. It
examines how chronic inflammation contributes to
prostate enlargement and explores the potential of
immune-targeted therapies in treating BPH, offering
hope for more effective, long-term management of
this common condition.

Understanding BPH Pathogenesis

BPH is characterized by the proliferation of stromal
and epithelial cells within the transition zone of the
prostate, leading to the formation of large nodules
that compress the urethra [167]. This compression
results in lower urinary tract symptoms (LUTS),
such as increased urinary frequency, nocturia, and
difficulty initiating urination. Traditionally, BPH

pathogenesis has been attributed to androgen
signaling, specifically the role of dihydrotestosterone
(DHT), an active metabolite of testosterone that
stimulates prostatic cell growth [177]. However, it
has become evident that inflammation and immune
responses are critical in the progression and severity
of BPH.

Inflammation and Immune Dysregulation in BPH

The Role of Inflammation in BPH

Chronic inflammation is frequently observed in the
prostates of men with BPH, often associated with
histological evidence of inflammatory infiltrates
consisting of lymphocytes, macrophages, and
neutrophils [187]. Inflammatory processes within the
prostate are thought to result from a variety of
stimuli, including:

1. Infections: Bacterial infections (e.g.,
Escherichia coli and Enterococcus species)
can trigger chronic prostatitis, leading to
sustained inflammatory responses.

2. Autoimmune Reactions: Some studies
suggest that autoimmunity may play a role
in BPH, where autoantigens trigger T-cell
activation  and  subsequent  chronic
inflammation.
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3. Oxidative Stress: Reactive oxygen species
(ROS) generated by inflammatory cells can
cause tissue damage, stimulating fibroblast
activity and promoting hyperplasia [19-217]

Inflammation within the prostate can induce the
release of cytokines and growth factors, such as
interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a), and transforming growth factor-beta
(TGF-B) [227. These signaling molecules stimulate
fibroblast and smooth muscle cell proliferation,
leading to prostatic enlargement. Additionally,
inflammation may disrupt the balance of pro-
apoptotic and anti-apoptotic  factors, further
promoting cellular hyperplasia.

Immune Dysregulation and BPH Progression
Beyond localized inflammation, BPH has been linked
to systemic immune dysregulation. Immune cells
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infiltrating the prostate may alter the local tissue
environment, initiating and sustaining inflammation
through an interplay between innate and adaptive
immune responses. The infiltration of T cells,
especially CD4+ and CD8+ T lymphocytes, is
frequently noted in BPH tissues [2387. Thi, The,
and Th17 cells play different roles in the immune
landscape of BPH:

Th1 Cells: These cells secrete pro-inflammatory
cytokines, including interferon-gamma (IFN-y) and
TNF-a, which exacerbate local inflammation.

Th17 Cells: Associated with autoimmune responses,
Th17 cells promote the recruitment of neutrophils
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and macrophages, further enhancing inflammatory
processes.

Regulatory T Cells (Tregs): Reduced numbers of
Tregs in the prostate microenvironment have been
associated with excessive inflammation, as Tregs
typically act to suppress immune responses and
maintain tolerance [247].

This immune dysregulation, coupled with chronic
inflammation, leads to the remodeling of prostate
tissue, which may facilitate hyperplasia. Moreover,
systemic low-grade inflammation, often seen in
aging men, can exacerbate local prostate
inflammation, creating a vicious cycle that
perpetuates BPH development [257].

Mechanisms Linking Chronic Inflammation to Prostate Enlargement

Cytokine-Mediated Cell Proliferation

Cytokines such as IL-6, IL-8, and TNF-a play
pivotal roles in mediating inflammation-induced cell
proliferation. IL-6, in particular, is a known driver of
prostatic epithelial cell proliferation and has been
found at elevated levels in patients with BPH. IL-6
can activate downstream signaling pathways,
including the Janus kinase-signal transducer and
activator of transcription (JAK-STAT) pathway,
which promotes the transcription of genes involved
in cell survival and proliferation [267].

Growth Factors and Fibrosis
Chronic inflammation also leads to the upregulation
of growth factors such as TGF-, which induces
fibrosis within the prostate. Fibrosis contributes to
the stiffening of prostate tissue and may compress
the urethra, exacerbating LUTS. TGF-$ has been
shown to stimulate fibroblast proliferation and
differentiation into myofibroblasts, a key cell type
involved in fibrosis [277].

Disrupted Apoptosis and Tissue Homeostasis
In a healthy prostate, tissue homeostasis is
maintained through a balance between cell
proliferation and apoptosis. Chronic inflammation
disrupts this balance, favoring hyperplasia. Pro-
inflammatory cytokines can inhibit apoptotic
pathways, leading to an accumulation of stromal and
epithelial cells, a hallmark of BPH [28]

Potential for Immune-Targeted Therapies in
BPH

Given the emerging evidence linking inflammation
and immune dysregulation to BPH pathogenesis,
immune-targeted therapies hold promise as a novel
treatment strategy. Several potential therapeutic
avenues are under investigation:

Cytokine Inhibitors

Targeting specific cytokines involved in the
inflammatory  cascade may reduce prostatic

inflammation and slow disease progression. IL-6
inhibitors, for example, have been explored in
various  inflammatory  conditions, and their
application in BPH is being considered. TNF-a
blockers, which are used in autoimmune diseases like
rheumatoid arthritis, may also hold potential in
reducing prostatic inflammation [297].

Immune Modulation
Restoring immune balance in the prostate
microenvironment through the modulation of T
cells is another potential therapeutic approach.
Therapies aimed at increasing the number or
function of Tregs could help suppress excessive
inflammation and prevent hyperplasia. Additionally,
strategies to inhibit Thi17-mediated inflammation
could provide therapeutic benefits [307.

Antioxidants and Anti-inflammatory Agents

Given the role of oxidative stress in promoting
inflammation and fibrosis, the use of antioxidants
and anti-inflammatory agents is an area of growing
interest. Non-steroidal anti-inflammatory drugs
(NSAIDs) and selective COX-2 inhibitors have
shown promise in reducing BPH-related symptoms
by targeting inflammatory pathways. However, their
long-term use carries potential side effects,
necessitating the development of safer alternatives
[s1].

Phytotherapeutics
Certain plant-based compounds have been explored
for their anti-inflammatory and immunomodulatory
properties in BPH. For instance, saw palmetto
extract, derived from Serenoa repens, is widely used
for managing BPH symptoms. Its mechanism of
action is thought to involve inhibition of 5-alpha-
reductase, reduction of pro-inflammatory cytokine
production, and suppression of immune cell
infiltration in the prostate [327].

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.


http://www.idosr.org/

www.idosr.org

Rukundo

CONCLUSION

The role of inflammation and immune dysregulation
in the pathogenesis of BPH is gaining increasing
recognition, offering new insights into the
mechanisms driving prostate enlargement. Chronic
inflammation, fueled by immune cell infiltration and
cytokine production, promotes cell proliferation,
fibrosis, and disrupted apoptosis, contributing to the
development of BPH. Immune-targeted therapies,
including cytokine inhibitors, immune modulators,

and anti-inflammatory agents, represent promising
strategies  for  addressing  the  underlying
inflammatory processes in BPH. Future research
aimed at elucidating the complex interplay between
inflammation, immune responses, and prostate tissue
remodeling will be essential in developing effective
therapies that not only manage symptoms but also
target the root causes of BPH progression.
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