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ABSTRACT

Background: Prostate cancer (PCa) is one of the most common malignancies in men and the fifth
leading cause of cancer-related deaths worldwide. In 2022, over 1.4 million new cases and 0.4
million deaths were reported globally, with Asia accounting for 26.3% of cases and 30.3% of
deaths. Gleason grading remains the standard histopathological prognostic system, while prostate-
specific antigen (PSA) is the most useful diagnostic tumor marker. Immunohistochemistry (IHC)
markers such as estrogen receptor (ER), progesterone receptor (PR), androgen receptor (AR), and
HER-2/neu may provide additional prognostic and therapeutic information.

Materials and Methods: This study included 50 histopathologically confirmed cases of prostate
carcinoma diagnosed in the Department of Pathology of a tertiary care institute in North India. All
cases underwent IHC evaluation for ER, PR, HER-2/neu, and AR expression. Marker expression
was correlated with Gleason grade groups.

Results: Patients were aged 55-88 years. Urinary retention was the most common presenting

symptom, and 94% of cases were diagnosed on tru-cut biopsy. PSA levels ranged from 13.4 to 1480
ng/dL. Gleason grade group 5 was the most frequent (34%). ER epithelial positivity was observed in
24% of cases, ER stromal positivity in 36%, PR positivity in 32%, HER-2/neu positivity in 6%, and
AR positivity in 82%. A significant association was found between ER stromal positivity and
Gleason grade (p = 0.027), whereas no significant correlation was observed for the other markers.

Conclusion: IHC markers may have prognostic and therapeutic significance in prostate carcinoma.
Larger studies are required to validate their role as prognostic indicators and potential therapeutic

targets.

Keywords: Prostate carcinoma, estrogen receptor, progesterone receptor, androgen receptor, HER-
2/neu, Gleason grade.
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INTRODUCTION

Prostate cancer (PCa) is one of the disease with increasing significance worldwide. Worldwide it is one of
the most common cancers and is the fifth leading cause of cancer deaths in males. The incidence is
continuously rising with over 1.4 million new cancers and 0.4 million deaths in the year 2022 out of which
26.3% cases and 30.3% deaths were seen in Asia alone. The worldwide PCa burden is expected to grow to
2.6 million new cases and 813744 deaths in 2050 mainly due to the growth and aging of the global
population.!

Previously it was thought, that prevalence of PCa is lower in India as compared to the western countries but
with the increasing migration of rural population to the urban areas, changing life style, increasing
awareness, and easy access to medical facility, more new cases of prostate cancer are being diagnosed and it
being observed that India is not very far behind from the western countries. Out of the total 120377 deaths in
Asia in 2022, 15.3% deaths were seen in India.'

Gleason grading is the most widely used, and accepted histopathological method for providing information about
the prognosis of prostate carcinoma.

This grading system is based on the histological pattern of differentiation and arrangement of carcinoma cells
and cell groups in H&E-stained sections. Five basic patterns (scored 1-5) are used to generate a histological sum
score (summed from scores of two most dominant patterns), which can range from 2 to 10.?

Important primary diagnostic tests are Digital rectal examination (DRE), Transrectal ultrasound (TRUS), and
prostate specific antigen (PSA) level. Additional tests, which can be done are open perineal biopsy, prostatic
acid phosphatase level, computed tomography and magnetic resonance imaging studies.’

PSA is the most useful tumor marker in the diagnosis of PCa. PSA is serine protease produced by ductal and
acinar epithelial cells of normal, hyperplastic, and malignant tissue of the prostate. The upper normal limit
for PSA values is generally considered to be 4.0 ng/mL; between 4 and 10 ng/mL is considered borderline
and more than 10 ng/mL is considered high.*

Besides these, immunohistochemistry (IHC) plays a major role and the important tumor markers are
androgen receptor (AR), progesterone receptor (PR), ER (estrogen receptor), H2N (HER-2/neu), p53, ki-67
and bcl-2 and helps to predict the prognosis and to decide the treatment modalities. Many benign mimickers
of PCa are benign hyperplasia, prostatitis, atrophy, adenosis, atypical adenomatous hyperplasia (AAH) and
nephrogenic adenoma.’

Estrogen Receptor

The estrogens play an important role in the male sex hormone secretion as well as growth, differentiation and
homeostasis of normal prostate tissue. Estrogen effects are mediated by two estrogen receptors that are
Estrogen receptor o and Estrogen receptor  (ERa and ERPB) which are products of genes localized on
different chromosomes. During the malignant transformation of the prostatic epithelium, ERa gene
expression extends from the basal cells to the luminal cells, in which the dysplastic changes occur.* there are
studies that indicate that ERa in the human prostate acts like an oncogene which is overexpressed during the
malignant transformation of the prostatic epithelium.®

Progesterone Receptor

Progesterone receptor (PR) belongs to steroid receptor superfamily. Among the PR isoforms (PRA, PRB,
and PRC), PRA and PRB which represents the major functional isoforms, are derived from a single gene by
alternative transcription initiation. some of the studies done on prostate cancer show that PR in cancer cells
and the associated stromal cells distinctly regulate prostate cancer pathogenesis. Studies show that PR
expression increases with the gleason grade of the tumor.’

HER-2/neu Receptor

HER-2/neu is an oncoprotein. It is one of the four transmembrane receptors that belong to the erB family. It
forms heterodimers by binding to specific ligands, enhancing cell signaling and assisting in cell growth and
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differentiation. Studies show that HER-2/neu overexpression was associated with poor prognosis
and that it causes cancer cells to proliferate more aggressively.®
Androgen receptor

The androgen receptor (AR), also known as NR3C4 (nuclear receptor subfamily 3, group C, member 4), is a
type of muclear receptor that is activated by binding either of the androgenic hormones, testosterone, or
dihydrotestosterone in the cytoplasm and then translocating into the nucleus. Androgen regulated genes are
critical for the development and maintenance of the male sexual phenotype.'® in a study done by Linja et al,
it was seen that, the decreased expression of PIAS1 and SRCI(AR coreceptors) could be involved in the
progression of prostate cancer. Higher degree of AR positivity correlates with a greater degree of
differentiation or lower Gleason Score.’

MATERIAL AND METHODS

This study was conducted on 50 cases of histopathologically proven cases of Prostatic carcinoma diagnosed
in Department of Pathology, in a tertiary care institute in North India. Detailed clinical data was recorded.
The tissue was formalin fixed and paraffin embedded and was then stained with haematoxylin and eosin for
histopathological typing and grading.

All the cases then were subjected to immunohistochemistry for Estrogen Receptor, Progesterone Receptor,
HER-2/neu and Androgen Receptor expression.

For ER, >1% immunoreactivity was taken as positive and scoring was done as per Allred score which
includes score for %staining and intensity.

For PR, scoring for staining % was done as 0,1,2 and 3 for 0%, <5%, 5-50% and >50% respectively. And
scoring for staining intensity was done as 0,1,2 and 3 for negative, week, moderate and strong.

For HER-2/neu both cytoplasmic and membranous staining patterns were considered intensity was recorded
as mild, moderate and strong. According to %, case were scored as 1+, 2+ and 3+ for 10-40% stained cells,
40-70% stained cells and >70% stained cells respectively.

For AR, score for %positivity was calculated as 0, +1, +2, +3 and +4 for <10%, >10-<25%, >25-<50%, >50-
<75% and >75% stained cells respectively. On the basis of staining intensity cases were scored as +1,+2 and
+3 for weak, moderate and strong staining intensity. Integrated score was calculated as staining intensity X
score of positive cells. Finally <I is taken as negative and >2 as positive.

Results:

For this study, a total of 50 cases of prostate carcinoma were taken up. The age ranged from minimum of
SSyears to a maximum of 82 years. The most common age group affected was 61-70 years with 44% cases
in this group. The most common symptom was retention of urine seen in 42% cases, followed by dysuria in
32%, frequency of urination in 26% and urgency in 22% cases.

Family history of prostatic carcinoma was found in only 4% of the cases rest all were sporadic. In 94% cases,
diagnosis of carcinoma was made on tru-cut biopsy, only 6% cases were diagnosed on TURP specimen.
PSA levels varied from 13.4 to 1480ng/ml. an attempt was made to correlate the amount of PSA with the
increase in Gleason’s score, although no direct association was seen but still it was seen that Gleason’s score
10 had the maximum median PSA that is 533(with interquartile range of 480.25 to 602.25 ng/dl), followed
by 164 ng/ml for score 8, 114 ng/dl for score 7, 96 ng/dl for score 9 and a minimum median value of 22 ng/dl
for score 6. The most common Grade Group was 5 with 34% cases followed by 2 with 30% cases, 3 with
18% cases, 4 with 12% cases and minimum no of cases were seen in Grade Group 1 that is 6%.

On immunohistochemical staining, it was seen that ER(epithelial) was positive in 24% cases with most of
them (14%) showing mild intensity. Most (14%) of the ER positive cases had the Gleason’s Score 7
followed by 6% with score 9 and 2% each with score of 8 and 10. Although no statistically significant
correlation was seen between ER positivity and Gleason’s score, but it was seen that all the cases with score
6 were negative for ER. ER stromal staining was positive in 36% cases. ER stromal staining intensity
increased significantly as the Gleason’s score increased. However the percentage stromal ER positivity
showed no significant increase with Gleason’s score.

On staining for PR, it was seen that PR was positive in 32% cases with most of them (18%) showing
moderate intensity. Most (18%) of the PR positive cases had the Gleason’s Score 7 followed by 8% with
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score 9 and 4% with score of 10 and 2% with score 8. Although no statistically significant correlation was
seen between PR positivity and Gleason’s score, it was seen that all the cases with score 6 were negative for
PR.

On staining for HER-2/neu, it was seen that HER-2/neu was positive in only 6% cases with all of them
showing moderate intensity. Amongst the positive cases, 2% each had Gleason’s score of 6,7 and 8.

On staining for AR, it was seen that AR was positive in 82% cases with most of them (48%) showing strong
intensity. Most (40%) of the AR positive cases had the Gleason’s Score 7 followed by 20% with score 9 and
12% with score of 10 and 10% with score 8 and 4% with score 6. Although, no statistically significant
correlation was seen between AR positivity and Gleason’s score.

An attempt was made to correlate the positive case percentage with the age group of the cases. It was seen
that all the cases >80 years of age stained positive for AR.

Out of the total 50 cases, 5 cases were negative for all 4 markers, also 18 cases were positive for AR and
negative for all the other markers.

Discussion:

As in the present study, the most common age group of patients with prostate carcinoma was 61-80 years
constituting 78% of cases. Similar results were seen by a study done by Naskar S et al, it was seen that most
common age group was 71-80 years constituting 59%.°

In the present study, all cases were of Adenocarcinoma. Most common gleason score was 7(44%cases) and
the most common pattern observed was (3+4) seen in 30% cases. This was in concordance with the study
conducted by Darnel AD et al which also showed that 39.3% of the PCa patients were having gleason score
of 7 and the most common pattern observed was 3+4 (40.7% cases).!!

PSA levels varied from 13.4 to 1480ng/ml. Gleason’s score 10 had the maximum median PSA that is 533
(with interquartile range of 480.25 to 602.25 ng/dl)although no direct correlation was seen. However in a
study done by

Kundu et al, it was seen that high PSA levels were seen in patients with High gleason score and this
correlation was statistically significant.'”

For epithelial and stromal ER staining, it was seen that the results of the present study were almost similar to
the study conducted by Horvath LG et al in which ER epithelial cell positivity was seen in 11.3% cases
having PCa and adjacent stromal positivity was seen in 35% cases.'?

In a study done by Bankhoff H et al, it was seen that PR expression increased with the gleason grade of the
tumor in primary prostatic tumors however, no such correlation was seen in the present study.’

As in the present study, a study done by N Ady et al, also showed that HER-2/neu positivity was seen in 9%
cases."?

In case of AR staining, Theodoropoulos et al, in their study revealed that well-differentiated tumors were
associated with a high percentage of stained cells, as well as a high staining intensity, compared with
moderately and poorly differentiated tumors this was not the case in the present study.'*

All the cases of prostate cancer should be subjected to ER, PR, HER-2/neu and AR expression. It is very
essential to identify tumor markers which can act as targets for new therapeutic strategies and can act as
prognostic indicators in Prostatic Cancer management and disease free or relapse-free survival. Also if
expressed, these patients respond well to anti-androgen and anti- progesterone therapy; thus helping in a
better overall survival.

Conclusion

Prostate carcinoma predominantly affected elderly males, with most cases presenting as high-grade
adenocarcinoma and elevated PSA levels. Immunohistochemical evaluation demonstrated positivity for
androgen receptor (82%), stromal estrogen receptor (36%), progesterone receptor (32%), epithelial
estrogen receptor (24%), and HER-2/neu (6%). Among all the markers studied, only stromal ER expression
showed a statistically significant association with higher Gleason grade (p = 0.027), suggesting its possible
role in tumor progression. No significant correlation was observed between epithelial ER, PR, HER-2/neu, or
AR expression and Gleason grade. Despite the lack of significant associations for most markers, their
expression highlights the biological heterogeneity of prostate carcinoma and their potential utility as
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prognostic biomarkers and therapeutic targets. Routine assessment of hormone receptor status,
particularly AR and stromal ER, may contribute to personalized treatment strategies. However, larger
multicentric studies with long-term follow-up are required to validate these findings and establish the
prognostic and therapeutic significance of these immunohistochemical markers in prostate carcinoma
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Tables:
GLEASON SCORE 3+3=6 3+4=7 4+4=8 4+5=9 5+5=10 X2 Value/
4+3=7 5+4=9 P value
NUMBER OF CASES 3(6%) 15(30%) 6(12%) 4(8%) 6(12%) -
9(18%) 7(14%)
PSA MEDIAN 22 114 164 96 533 -
PSA INTERQUARTILE | 21-46 38.75- 106.25- 60-333 480.25- -
RANGE 38.75 377.75 602.25
ERe POSITIVE 0% 29.2% 16.7% 27.3% 16.7% 1.717
NEGATIVE 100% 70.8% 83.3% 72.7% 83.3% 0.787
ERs POSITIVE 66.7% 44% 33.3% 20% 16.7% 4.022
NEGATIVE 33.3% 56% 66.7% 80% 83.3% 0.403
PR POSITIVE 0% 37.5% 16.7% 36.4% 33.3% 2.494
NEGATIVE 100% 62.5% 83.3% 63.6% 66.7% 0.645
H2N POSITIVE 33.3% 4.2% 0% 9.1% 0% 5.069
NEGATIVE 66.7% 95.8% 100% 90.9% 100% 0.28
AR POSITIVE 66.7% 75% 83.3% 90.9% 100% 3.19
NEGATIVE 33.3% 25% 16.7% 9.1% 0% 0.526

Table 1: Correlation between Gleason’s score with the number of cease, PSA of cases and overall
positivity of cases for all markers.
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Grade group 1<=6 2(3+4) 3(4+3) 4(4+4) 5>=9
Negative
ERe/ERs/PR/H2N/AR 3/1/3/2/1 9/11/10/15/3 8/2/5/8/1 5/4/5/6/1 13/14/11/16/1
Mild ERe/ERs/PR/H2N/AR

0/0/0/0/1 3/0/0/0/1 0/0/0/0/2 1/0/1/0/1 3/1/1/0/2
Moderate
ERe/ERs/PR/H2N/AR 0/2/0/1/1 1/2/3/0/5 1/3/3/1/2 0/1/0/0/1 1/1/3/0/3
Strong
ERe/ERs/PR/H2N/AR 0/0/0/0/0 2/2/2/0/6 0/4/1/0/4 0/1/0/0/3 0/1/2/0/11

v Value P value

ER epithelial 10.363 0.951

ER stromal 31.117 0.027

PR 19.974 0.332

H2N 9.121 0.147

AR 13.631 0.804
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Table 2: Showing correlation Gleason Score with intensity of staining.

Gleasen ER epithelial percentage positivity

score 0 <l 1-10 11-33 34-66 >67 Total
3+3 3 0 0 0 0 . X
3+4 9 0 0 4 : 1 >
4+3 8 0 0 1 0 . 5
4+4 5 0 0 1 0 0 6
4+5 3 0 0 0 ) . p
5+4 5 0 0 1 : . ;
" 5 [0 ] 1 0 0 6
Total 38 0 0 g 3 : ”
¥ Value | 10.363

p value 0.951

Table 3: Showing correlation Gleason Score with ER epithelal percentage positivity.

Gleasen ER stromal percentage positivity

score 0 |<1 1-10 11-33 34-66 >67 Total
3+3 1 0 2 0 0 . .
3+4 11 |0 2 1 : . -
4+3 2 0 4 3 0 . 5
4+4 4 0 1 1 0 0 6
4+5 2 0 2 0 0 . ;
5+4 7 0 0 0 0 ; .
5+5 5 0 0 1 0 ; p
Total 32 |0 11 6 1 ; -
i Value | 22.653

p value 0.213

Table 4: Showing correlation Gleason Score with ER Stromal percentage positivity.

PR percentage positivity
Gleasen
score 0 [|<5% >51t0<50% >50% Total
3+3 3 |0 0 0 3
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3+4 10 |1 4 0 15
443 5 10 4 0 9
4+4 5 10 1 0 6
4+5 2 |0 1 1 4
5+4 5 1 1 0 7
5+5 4 0 2 0 6
Total 34 |2 13 1 50
y* Value |18.467

p value 0.438

Table5: Showing correlation Gleason Score with PR percentage positivity.

Gleasen H2N percentage positivity

score 0 10-40% 40-70% >70% Total
S 2 |9 ! 0 3
3+4 15 lo 0 , >
4+3 ? |1 . - :
4+4 6 lo . ; :
4+5 3 0 ) . ;
5+4 7 o . ; :
5+5 6 lo . ; :
Total 47 |1 5 ; ”
x> Value 17.686

p value 0.130

Table 6: Showing correlation Gleason Score with H2N percentage positivity.

AR percentage positivity
Gleasen |<
score 10% |>10t0<25% |>25t0<50% |>50to<75% |>75% |Total
3+3 1 0 1 1 0 3
3+4 4 7 2 1 1 15
4+3 2 2 4 1 0 9
4+4 1 2 2 1 0 6
4+5 1 0 1 2 0 4
5+4 0 2 1 2 2 7
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5+5 0 0 2 0 4 6

Total 9 13 13 8 7 50

v’ Value |35.045
p value 0.068

Table 7: Showing correlation Gleason Score with AR percentage positivity.

B

A-MICROPHOTOGRAPH SHOWING STRONG ER EPITHELIAL STAINING (NUCLEAR)
B-MICROPHOTOGRAPH SHOWING MC()I]?]SI;KX(")F(;EX%R EPITHELIAL STAINING (NUCLEAR)
C-MICROPHOTOGRAPH SHOWING M()(lg%%:Tog)gER-z/neu POSITIVITY (CYTOPLASMIC)

D-MICROGRAPH SHOWING MODE(&(T:EKXE( ])EPITHELIAL STAINING INTENSITY
(NUCLEAR)-(IHC;100X)
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