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Osteopontin  (OPN) is secreted non-collagenous, sialic acid rich, chemokine like, matricellular
phosphoglycoprotein that facilitates cell matrix interactions and promotes tumour progression. OPN is
expressed by most of the immune cells. It is a cytokine & chemoattractant, and activates T-cells as well as
macrophages. Osteopontin has been implicated in the pathogenesis of multiple fibrotic diseases. OPN, being a
secreted protein, thus has also been explored for its function and diagnostic or prognostic potential in several
cancers. Recently, it has been recognised that prostatic collagen accumulation is associated with lower urinary
tract symptoms (LUTS) severity and treatment resistance. Also, Osteopontin has been found to increasingly
expressed in the prostatic stroma of these patients. OPN is expressed across diverse prostate cell types
including immune, epithelial, stromal and endothelial cells. Primarily, epithelial cells secrete OPN and stromal
cells respond by up-regulating pro-inflammatory cytokines, in turn inducing more OPN secretion by epithelial
cells. Abundance of inflammatory infiltrates in the prostate also correlates with symptom score and prostate
volume. In the present study we have evaluated the expression of Osteopontin in relation to symptomatic
benign adenoleiomyomatous hyperplasia.

opyright© Copyright© The author(s) 2025, This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium,
provided the original work is properly cited.
INTRODUCTION diverse prostate cell types including immune cells, epithelial cells,

Osteopontin (OPN) is secreted non-collagenous, sialic acid rich,
chemokine like, matricellular phosphoglycoprotein that facilitates
cell matrix interactions and promotes tumour progression.' It
is a cytokine, chemoattractant, and activates T-cells as well as
macrophages.>** OPN is expressed in a variety of tissues and bodily
fluid, and associated with multiple pathologies including tissue injury,
infection, auto-immune disease and cancer.! It has been implicated
in the pathogenesis of multiple fibrotic diseases including benign
prostatic hyperplasia.*®” OPN is a 34KDa protein that is extensively
modified post translationally, it presents as a 60KDa, phosphoprotein
initially called as transformation associated gene and a major
sialoprotein in the extracellular matrix of bone." It is a member of
small integrin binding ligand N-linked glycoproteins (SIBLINGS), a
family of five integrin binding glycophosphoproteins. The SIBLING
family also encompasses bone sialoprotein (BSP), dentin matrix
protein 1 (DMP1), dentin sialophosphoprotein (DSPP), and matrix
extracellular phosphoglycoprotein (MEPE)' (fig.1). Osteopontin has
been found to increasingly expressed in the prostatic stroma of these
Benign prostatic hyperplasia (BPH) patients.’ It is expressed across

*Corresponding author: Dr. Santhoju Kalyani

stromal cells and endothelial cells.™ Primarily, epithelial cells secrete
OPN and stromal cells respond by up-regulating pro-inflammatory
cytokines, in turn inducing more osteopontin secretion by epithelial
cells™ (fig.2). Abundance of inflammatory infiltrates in the prostate
also correlates with symptom score and prostate volume."

Recently, it has been recognised that prostatic collagen accumulation
is associated with lower urinary tract symptoms (LUTS) severity and
treatment resistance. Thus, benign prostatic hyperplasia (BPH) is one
of the most common causes of LUTS.®

In the present study we have evaluated the expression of osteopontin
in relation to symptomatic benign adenoleiomyomatous hyperplasia
of prostate. A positive association of osteopontin expression and
symptom severity in these patients implies that the use of osteopontin
inhibitors would benefit the symptomatic patients of benign prostatic
hyperplasia.

AIM & OBJECTIVES

Aimiis to study the expression of prostatic Osteopontin in symptomatic
benign prostatic hyperplasia in relation to the severity of the disease.

Objectives

To study the expression of Prostatic Osteopontin in symptomatic
patients with Benign Prostatic Hyperplasia.

To compare the Osteopontin expression in relation to the severity
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of the symptoms in symptomatic patients with Benign Prostatic
Hyperplasia.
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Figure 1 Primary structure and post-translational modifications
of osteopontin.
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Figure 2 OPN exacerbates inflammation and fibrosis in the

prostate.'

MATERIAL AND METHODS

The present study is an observational study conducted at the
Department of Pathology, Gandhi Medical college/Hospital for a
period of 24 months i.e., December 2020 to November 2022.

The following inclusion and exclusion criteria were considered for the
study.

Inclusion criteria — All properly labelled and fixed prostatic samples
which showed benign adenoleiomyomatous hyperplasia on
routine H&E sections, Total prostatectomy specimens with benign
adenoleiomyomatous hyperplasia have been included.

Exclusion criteria — All prostatic samples with malignancy have
been excluded, Patients on chemotherapy or radiotherapy has been
excluded.

A total of 100 cases which fulfilled inclusion criteria were included in
the study group. The relevant clinical data pertaining to these cases
including age and clinical symptoms was compiled.

Depending on the nature and severity of the symptoms, these patients
were categorised into 2 groups:
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Group 1 — Mild/moderate symptoms like hesitancy, weak
flow, dribbling after urination, dysuria.

Group 2 — Severe symptoms like urinary tract infections
(UTI), haematuria, inability to urinate.

The slides were stained with primary Ihc antibody, Osteopontin,
monoclonal IgG antibody from Gene tex company.

RESULTS
Positive staining — Brown (due to DAB chromogen)

Osteopontin — Cytoplasmic positivity of glandular luminal epithelial
cells was considered positive.

«  The glandular luminal epithelial cells of BPH tissue showing
cytoplasmic positivity were counted. Whereas, diffuse
positivity in the stroma was ignored.

«  The intensity of the staining was classified by the proportion
of the cells stained.

«  For each slide, 10 random microscopic fields were chosen
and 100 cells counted in each field.®

+  The percentage of the stained cells was decided by calculating
the average of the 10 fields.

+  Tissues stained with less than 1% of the cells were classified
as negative stain or unstained (-) and more than 1% of the
cells were classified as positive stain and further categorized
(Table 1).°

«  Those with 1-30% of the cells stained were classified as
weakly positive stain (+).°

+  Tissues stained 30-70% were categorised as moderately
positive stain (++) and more than 70% of the cells were
classified as and strongly positive stain (+++) (Table 1).°

Table 1 Grading of Opn Staining Intensity®
percentage of stained

S.no. Grade
cells
Negative (-) <1% cells are positive
2. Positive >1% cells are positive

2a. Weakly positive (+)
% Moderately positive

1-30% cells are positive

30-70% cells are positive

(+4)
Strongly positive
(+++)

OBSERVATION AND RESULTS

Atotal of 100 cases were included in the study.

2c. >70% cells are positive

The majority of the cases in our study falls between the age group of
61-70 years (56%), followed by >70 years (25%) and then by 50-60
years (19%). No cases were identified below the age of 50 years.
This suggests that the incidence of BPH is much higher in elderly
individuals.

We have categorised the cases into two groups depending on the
severity of symptoms.

Group 1 — Mild/moderate symptoms like hesitancy, weak
flow, dribbling after urination, dysuria.

Group 2 — Severe symptoms like UTI, haematuria, inability
to urinate.

The majority of the cases falls under group 2 (70%) out of which 38%
patients had the symptom of UTI, 19% had haematuria and 13% have
the inability to urinate.
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Remaining 30% cases have mild or moderate symptoms thus
categorised into group 1.

Out of 100 cases, 14 cases showed <1% cells stained positive for
OPN, thus, considered as negative (-) and 86 cases have shown >1%
cells stained positive for OPN, thus considered as positive (+). Out of
86 cases which are positive for OPN, 20 cases (23.2%) had group 1
symptoms whereas 66 cases (76.8%) had group 2 symptoms. Out
of 20 positive cases in group 1, all 20 were showing weak positivity
(+) with 1-30% of the cells staining positive for OPN. No cases have
shown moderate (++) and strong (+++) positivity for OPN in this
group. Out of 66 cases in group 2, 23 cases were weakly positive (+),
40 cases were moderately positive (++) and 3 cases were strongly
positive (+++) for OPN. Thus, majority of the Group 2 cases showed
moderate positivity. Overall, the cases of group 1 majorly shown weak
positivity (+) whereas, majority cases of group 2 had shown moderate
positivity (++) for OPN.

Table 2 Overview of distribution of cases based on staining
intensity and symptom severity
) Stain intensity
Tissues Number of cases
- + ++ +++
BPH with
group-1 symp- 30 10 | 20 0 0
toms
BPH with
group-2 symp- 70 4 123 40 3
toms

Thus, there is a significant correlation between OPN expression and
symptom severity with a p value <0.0000001.In our study, the group
2 cases with severe symptoms had shown higher positivity rate (94%)
compared to group 1 cases with mild/moderate symptoms (66.6%).
This suggests that OPN positivity rate increases with symptom
severity.
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Figure 3a & b. IHC stain: Prostatic glandular epithelial cells

weakly positive for OPN antibody
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Figure 4a & b. IHC stain; Prostatic glandular epithelial cells
moderately positive for OP N antibody
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Figure 5a & b. IHC stain: Prostatic glandular epithelial cells
strongly positive for OPN antibody

DISCUSSION

Benign prostatic hyperplasia (BPH) refers to non-malignant growth or
hyperplasia of prostatic tissue. It is a common cause of lower urinary
tract symptoms (LUTS) in men. Disease prevalence has been shown
to increase with advancing age. The histological prevalence of BPH
at autopsy is as high as 50-60% for males in their 60s, increasing to
80-90% over 70 years of age."

Several definitions in literature when describing BPH includes bladder
outlet obstruction (BOO), lower urinary tract symptoms (LUTS),
benign prostatic enlargement (BPE). BPH describes the histological
changes, BPE describes the increased size of the gland (usually
secondary to BPH) and BOO describes the obstruction to flow. Those
with BPE along with BOO are termed Benign Prostatic Obstruction™,
LUTS includes urinary symptoms shared by disorders affecting the
bladder and prostate (in reference to men).

«  The development of BPH is characterized by stromal and
epithelial cell proliferation in the prostate transition zone
(surrounding the urethra), this leads to compression of the
urethra and development of BOO which results in LUTS, urinary
retention or infection due to incomplete bladder emptying. The
aetiology of BPH is influenced by a variety of risk factors like
old age, metabolic syndrome, obesity, hypertension and genetic
factors. There is a direct hormonal effects on prostate mainly
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dihydrotestosterone (DHT) derived from testosterone secreted
by testis."

The evaluation of BPH includes investigations like renal function tests,
urinalysis, post-void residual, prostate specific antigen, ultrasound,
urine flow studies, cystoscopy and IPSS.

International prostate symptom score (IPSS):'¢
«  Utilized to measure the severity of LUTS.

« It is a validated, reproducible scoring system to assess
disease severity and response to therapy.

« It is not a reliable diagnostic tool for LUTS suggestive of
BPH, but can be used to quantitatively measure LUTS after a
diagnosis is made.

« ltis made up of 7 questions related to voiding symptoms.
*  Questions include:

*  Incomplete emptying

+  Frequency

*  Intermittency

«  Urgency
+  Weak stream
+  Straining
«  Nocturia

« A score of 0-7 indicates mild symptoms, 8-19 indicates
moderate symptoms and 20-35 indicates severe symptoms. 6

Treatment for BPH includes, medical and surgical management.
Medical therapy involves alpha blockers (tamsulosin-400mcg OD),
5 alpha-reductase inhibitors (finasteride-5mg OD), antimuscarinics.
Surgical procedure involves transurethral resection/incision of
prostate (TURP/TUIP), Holmium laser enucleation of the prostate
(HoLEP), Urolift."

In the present study, we have made an effort to categorise the patients
who shall be benefit from medical management instead of going for
invasive procedures. Thus, we have evaluated the expression of
Osteopontin in relation to symptomatic benign adenoleiomyomatous
hyperplasia. A positive association implies that the use of osteopontin
inhibitors would benefit the symptomatic patients of BPH.

OPN is found in bone, breast, kidney, lung, nerve, pancreas, and skin
tissues and is present in body fluids such as bile, blood, cerebrospinal
fluid (CSF), milk and urine. It is also produced by epithelial cells,
endothelial cells, fibroblasts, pericytes, hepatocytes, lens cells,
tubular cells, immune cells (such as T cells, B cells, macrophages,
NK cells, Kupffer cells), neural cells (such as neurons, glial cells,
and schwann cells), osteoblasts, osteocytes, and vascular smooth
muscle cells.

The OPNs produced by those cells are involved in various
physiological and pathological processes including wound healing,
biomineralization, bone remodelling, vascularization, diabetes,
obesity, inflammation, fibrosis, urolithiasis, autoimmune diseases,
tumorigenesis, and cancer invasion & metastasis.

Previous studies of OPN in prostatic disease primarily focused on
malignancies and often used BPH prostate as a control. These
studies reported weak staining/expression of OPN in BPH specimens
compared to those with malignant diseases. However, very few
studies have reported the upregulation of OPN in BPH versus normal
prostate or healthy controls.™

In our study, there is an increased expression of OPN in patients with
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symptomatic BPH. Also studied that expression of OPN is higher in
patients of BPH with severe symptoms i.e., Group 2 cases compared
to the BPH with mild/moderate symptoms i.e., Group 1 cases. This
implies that OPN might play an important role in BPH progression.

Our study correlates with the study done by Petra Popovics et al.,
where they have evaluated the expression of OPN by western blot in
prostate stromal and epithelial cell lines of incidental-BPH (I-BPH) and
surgical-BPH (S-BPH). They concluded that the expression of OPN
is higher in S-BPH i.e., symptomatic patients who had to undergo
surgery. They have reported that, abundance of inflammatory infiltrate
in the prostate also correlates with symptom score and prostate
volume. They also commented that OPN stimulates the expression of
IL-6 and IL-8, which potentially leads to increased secretion of these
cytokines similarly to the action of IFNy and IL-17. Overexpression
of IL-8 in prostatic epithelial cells leads to hyperplasia and the
development of peri-glandular reactive stroma with increased pro-
collagen 1 and tenascin levels consistent with fibrosis.

Other study done by Shiva S. Forootan, the intensity of
immunohistochemical staining amongst the normal, BPH and
malignant carcinoma tissues has been compared so as to decide
whether OPN is overexpressed in prostate carcinomas. The staining
intensities of the tissue samples of low (Gleason score 2-4), moderate
(Gleason score 5-7) and highly (Gleason score 8-10) malignant
carcinomas have also been compared to assess whether the high
level of OPN expression is related to the degree of malignancy. In
this study, out of 36 BPH cases, 32 were weakly stained and 4 were
unstained whereas majority of the malignant cases were strongly
stained.® In our study, majority of the cases have shown moderately
positive with significant correlation between OPN expression and
symptom severity of BPH (p = <0.0000001).

OPN as a therapeutic target has been explored in various tumors
including cancers of breast, lung, head and neck, stomach, colon and
liver. The strategies often utilize OPN antibody to block its binding
to receptors so as to inhibit the downstream signal transduction
related to tumor growth and invasion, and deliver the small interfering
RNA (siRNA) targeting OPN to tumor cells to decrease directly the
expression of OPN and to reduce the effects triggered by elevated
OPN.*®

It is produced by various cells including tumour cells, endothelial
cells, immune cells and fibroblasts. It is also expressed in many
normal cells and plays an important role in physiological processes
such as cell adhesion, migration, proliferation, survival, differentiation
and immune modulation.

Accordingly, the anti-OPN drugs can target the OPN molecule not
only in the tumor tissues but also in normal tissues, which may
cause severe side effects because of the inhibitory effects on the
physiological activities of OPN. It is a biomarker which is associated
with the response to cancer chemotherapy. ®

Cetuximab, a monoclonal antibody targets EGFR thus increases
IL-33 level and decreases OPN in the peripheral blood. Other
neutralization monoclonal antibodies 100D3 and 100D6 are shown
to block the binding of OPN to T cells and significantly increase the
cytotoxic effects of tumor-specific CTLs and suppress tumor growth.
Brefelamide, a novel inhibitor of Osteopontin, has been identified to
reduce the invasion of human lung adenocarcinoma?.

Drugs targeting the OPN are in research stage for their role in cancers
and more studies are required to assess the importance of OPN in
benign conditions like benign prostatic hyperplasia. Further clinical
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studies are required to establish the use of these drugs in BPH.
CONCLUSION

BPH is one of the commonest diseases encountered in elderly
individuals and most of them are treated with surgery. Literature on
pathogenesis of BPH shows that the development of the disease is
multifactorial and several inflammatory markers play a pivotal role.
OPN is one such marker. In our study we have found that OPN is
associated with the severity of the disease. Hence these patients
would benefit with the usage of drugs targeting this molecule and
thereby surpassing the invasive surgical procedure. Our study shall
be a pilot study for further studies to be conducted in larger population
groups and can also be a base to conduct clinical trials on the drugs
targeting osteopontin in patients with BPH.
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