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H I G H L I G H T S A B S T R A C T

• PTEN expression suppressed in 
patients with prostate cancer.
• PTEN expression had significant 
association with clinicopathological 
parameters. 
• PTEN expression can be used 
a presictive biomarker in prostate 
cancer.
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Introduction
The current study examined the clinical impacts of phosphatase and tensin (PTEN) 
expression in prostate cancer (PCa) using immunohistochemistry. 
Methods
50 patients with mean age of 66.4±7.3 years who had undergone prostatectomy 
surgery with the diagnosis of PCa, were enrolled in the study. We collected 50 
paraffin blocks from the malignant part and 50 paraffin blocks from the healthy part 
of each patient’s prostate. We considered malignant and healthy parts as the case 
and the control, respectively. Clinical and pathological information of the patients 
were gathered and their associations with PTEN status were assessed using odds 
ratios (ORs) analysis.
Results
The significant associations between tumor stage, perivascular invasion, perineural 
invasion, marginal involvement, extraprostatic extension, and biochemical 
recurrence (as assed by post-surgical prostate-specific antigen (PSA)) and PTEN 
expression were detected. For patients negative for PTEN, the odds ratio of the 
higher stage, perivascular invasion, perineural invasion, marginal involvement, 
and extraprostatic extension in comparison to patients positive for PTEN were 
estimated 7.5 (95%CI: 2.01,27.86), (95%CI: 1.65-25.57), 7.8 (95%CI:1.54-40.09), 
9.78 (95%CI:2.33-41.08), and 4.84 (95%CI:1.07-21.84), respectively. Concerning 
biochemical recurrence, ORs was calculated 0.30 (95%CI:0.09-1.02) for PTEN 
positive patients compare to PTEN negative patients. 
Conclusions
Since PTEN loss was associated with fe¬atures of aggressive PCa, it can be 
concluded that loss of PTEN would lead to more aggressive PCa and thereby, lower 
clinical outcomes. 
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Introduction
Among cancers in men, prostate cancer (PCa) is the 
leading cause of mortality rate in the United States of 
America (USA). Consequently, there is a great amount 
of tendency towards the study of PCa‘s etiologies (1). 

The wide spectrum of factors mainly including age, race, 
hormonal factors, diet, lifestyle, and familial history can 
participate in the etiology of PCa (2, 3). Additionally, 
several genes have a well-known role in inducing PCa and 
can account for tumor invasion that leads to metastasis 
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and increase the odds of fatality (4). Although tremendous 
improvements in terms of early diagnosis of PCa have 
occurred a few molecular markers that can differ lethal 
disease from indolent one, are exist (5). Phosphatase and 
tension (PTEN) are tumor suppressor genes that are located 
on the chromosome of 10q23.3, and It has been proven 
that PTEN is part of the signal transduction pathways 
involved in cell growth, proliferation, apoptosis as well 
as cell cycle control. Mutation and loss of PTEN gene can 
contribute to interference in some crucial pathways which 
play pivotal roles in the initiation of cancers (6, 7). PTEN 
not only promotes the emergence of tumor cells but has 
a close association with a patient's survival and prognosis 
as well (8-10). Some works highlighted PTEN loos has a 
deleterious effect on the health of patients with PC through 
shortening time to metastasis, advancing disease's stages, 
decreasing time to disease recurrence, more resistance 
to hormone therapy, and the higher chance of invasion 
to extraprostatic tissues (17–19). We designed a study to 
evaluate the correlation of PTEN expression, which was 
assessed by immunohistochemistry staining, with features 
of aggressive PCa. 

Methods
This was a cohort retrospective study that investigated 
50 patients who had undergone radical prostatectomy 
with the diagnosis of prostate adenocarcinoma between 
2019-2020 in Sina Hospital. In this cohort, radical 
prostatectomy was conducted based on the procedure 
explained by Walsh et al (11). In this study, we collected 
50 paraffin blocks from the malignant part and 50 paraffin 
blocks from the healthy part of each patient’s prostate. 
We considered malignant and healthy parts as the case 
and the control, respectively. Initial patients’ information 
including age, smoking status, grade of tumor, stage of 
the tumor, Gleason score, perivascular and perineural 
invasion, and marginal involvement were extracted from 
patients’ records and pathological reports. For assessing 
biochemical recurrence, we measured serum PSA values 
1 month following radical prostatectomy and as cited 
above, serum values higher and lower than 0.2 ng. ml 
was considered as positive and negative, respectively. 
The samples of the prostate were evaluated twice by 
an expert pathologist. All PCa were adenocarcinoma, 
acinar type, and other types of PCa, and PCa with stage 
1 and 4 were excluded from the current study.  For 
immunohistochemistry (IHC) test and PTEN expression 
in the samples, first, the selected blocks were cuts to 3 
microns’ thickness and incubated for at least 12 hours 
in the incubator or for 20-22 minutes at 58-62 ° C and 
then, the tissues were placed in xylenol lol solution for 
paraffin removal. The alcohols were poured with 100% 
-100% -96% and 70% aliquots to be disinfected and 
washed with running water. They were then washed with 

phosphate buffer solution (PBS) and after that, immersed 
in 10% oxygen for 10 min under dark conditions. They 
re-wash with phosphate buffer solution and transfer to the 
citrate-containing container at pH = 6. Then, they were 
placed in the autoclave at 120 ° C for 30 minutes at a 
pressure of 1.5 bar, the slides were cooled after removal 
autoclave and tissue area were determined by IHC pen. 
Then, without washing, add anti-PTEN antibody and 
incubate for 60 minutes and then, they were washed twice 
with phosphate-buffered saline 2 times and at any time 
for 5 min and the secondary antibody (Envision solution) 
was added and incubated for 30 min, again they were 
washed twice with phosphate-buffered saline for 5 min, 
Chromogen and DAB (1ccDAB per 50 la) were added and 
incubated for 10 min, Rinse with running water to remove 
excess dyes for 1 minute and then hematoxylin dye was 
added and samples were washed with that. Of note, the 
anti-PTEN Antibody kits used for this project are from 
the brand of Master diagnosis (Spain) with Lot number 
05390005. The detection kit, which includes a chromogen 
– DAB and secondary antibody from the DBS brand (US) 
with Lot number J787 and also, the slides were silane-
coated (Cytoglass, China). The intensity of staining was 
graded on a scale of + 0-3. While 0 means no staining, +1 
very poor or minor cell staining, +2 good or most staining, 
and +3 total cytoplasm staining in most cells and High 
intensity. We considered 0 and +1 as negative, and +2 and 
+3 as positive for PTEN. 

Statistical analysis
The continuous variables are reported using mean 
(standard variation), and the discrete ones as number 
(percent). Moreover, the chi-square and odds ratio tests 
were used for analyzing categorical data.

Results
The mean age of patients was 66.4±7.3 years. Both 
groups of patients were age-matched (p-value=0.242). 
Moreover, both groups were similar for smoking status 
(p-value=0.377). PTEN was negative in 20 out of 50 
patients. PTEN was negative in 20 (40%) and 2 (4%) of 
the samples of the case and control group, respectively. 
There was a significant difference between the case and 
the control group in terms of PTEN expression (p-value 
<0.001). Among PTEN negative patients, eight patients 
had stage 2 and 12 patients had stage 3 PCa. Among 
PTEN positive patients, 25 patients had stage 2 and 
five patients had stage 3 PCa. There was a significant 
difference between PTEN positive and negative patients 
in terms of stage of the tumor (p-value=0.002). We also 
found out that PTEN negative patients are at 7.5 (95%CI: 
2.01-27.86) risk of having stage 3 than stage 2 of PCa. 
Perivascular and perineural invasion were found in 10 
and 18 PTEN negative patients, respectively. For positive 
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PTEN patients, perivascular and perineural invasion was 
detected in 4 and 16 patients, respectively. Significant 
differences between PTEN positive and negative patients 
were appeared (p-value =0.009 and 0.012, respectively). 
The odds ratio for the perivascular and perineural 
invasion were measured 6.5 (95%CI: 1.65-25.57) and 7 
(95%CI:1.59 -30.79), respectively. 

The extraprostatic extension was detected in seven and 
three PTEN negative and positive patients, respectively 
and the difference was marginally significant (p-value= 
0.067) (odds ratio 2.07 [95%CI:1.07-4.02]). Marginal 
involvement was seen in 17 and 11 PTEN negative and 
positive patients, respectively, which was significantly 
different (p-value=0.001), and the odds ratio for marginal 
involvement was estimated 6.33 (95%CI: 1.87-21.40).

Half of the patients with positivity for PTEN had post-
surgical PSA higher than 0.2 ng/ml compared with 23% 
of PTEN negative patients (p-value=0.050). The odds 
ratio of having post-surgical PSA higher than 0.2 ng/
ml in PTEN positive patients is 0.30 (95%CI:0.09-1.02) 
compared with PTEN negative patients. 

Information on the Gleason score is presented in Table 
1. A significant difference between the two groups for 
Gleason score was found.  

Of six factors that had significant associations with 
PTEN expression, 10 patients had none of the factors and 
six patients had all of them (Table 2). 

Of 20 patients who were negative for PTEN expression, 
all of them had at least one factor and of 30 patients who 
were positive for PTEN expression, 10 had none of the 
investigated factors and 20 had at least one factor. 

Discussion
Our study investigated the association between PTEN 
expression and patients’, tumor, and histopathological 
characteristics including age, smoking status, stage, 
grade, Gleason score, extraprostatic extension, marginal 
involvement, perivascular invasion, perineuralinvasion, 

and biochemical recurrence, which assessed by post-
surgical PSA.

We demonstrated that there are significant associations 
between PTEN expression and perivascular invasion, 
perineural invasion, extraprostatic extension, marginal 
involvement, stage, and biochemical recurrence.
PTEN deletion or mutation is implicated in a variety of 
malignancies in particular PCa. Alteration in the PTEN 
gene is known as the most frequent loss tumor suppressor 
gene in PCa and has different incidence in different studies 
(12-14). Lines of clinical research have been conducted to 
assess the association between PTEN status and factors 
that enhance the aggressivity of the tumor (15). The bulk 
of evidence claimed that the incidence of PTEN loss 
or mutation increases as the tumor progress (16, 17). 
Moreover, an experimental study has shown that PTEN 
loss can initiate prostate tumorigenesis (18). To sum up, 
the PTEN gene maintains a mandatory role not only in 
Pca progression but also in PCa initiation.  

According to the American Urological Association 
and The European Association of Urology, biochemical 
recurrence in PCa is defined as the prostate-specific antigen 
(PSA) higher than 0.2 ng/ml after radical prostatectomy 
and is taken into account as the outcome (19). The bulk 
of evidence expresses that biochemical recurrence is 
associated with an increased risk of tumor progression 
and metastasis (19). In the current study, we found out 
that the absence of PTEN expression led to higher 
biochemical recurrence rates in PCa. Similarly, Chaux 
et al., demonstrated that there is a negative association 
between PTEN expression and biochemical recurrence 
following radical prostatectomy in localized PCa (20). In 
contrast, Bedolla et al., claimed that PTEN alone cannot 
predict PCa biochemical recurrence; nevertheless, in 
combination with Akt can be considered as a suitable 
predictor of biochemical recurrence (21). Evidences are 
in support of the fact that perineural invasion (22) and 
perivascular invasion (23) associated with worsen clinical 

Gleason score PTEN positive PTEN 

negative
Total

3+3 1 2 3

3+4/4+3 3 8 11

4+4/3+5 4 10 14

4+5 5 5 10

5+5 7 5 12

Total 20 30 50

Risk factors Patients
(Frequency)

Patients
(Percent)

0 10 20.00

1 13 26.00

2 6 12.00

3 4 8.00

4 8 16.00

5 3 6.00

6 6 12.00

Total 50 100.00

Table 1. Gleason score of enrolled patients based on PTEN 
status

Table 2. Distribution of enrolled patients based on risk factors
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outcomes in PCa patients. We clarified that the chance 
of perineural and perivascular invasion in PCa patients 
who are negative for PTEN expression versus positive for 
PTEN expression is much higher. Olar et al., did not find 
any significant association between perineural invasion 
diameter and PTEN expression in 640 specimens of 
radical prostatectomy (24). Yoshimoto et al., showed that 
in PCa patients, PTEN genomic deletion is associated 
with perineural invasion with hazard ratio of 6.22 (95%CI: 
1.51-25.60) (17). As far as we are aware, no study by far 
evaluated the association between perivascular invasion 
and PTEN expression in PCa patients who experienced 
radical prostatectomy. 

A meta-analysis pointed out that marginal 
involvement increases the risk of recurrence-free 
survival, overall survival, and overall mortality following 
radical prostatectomy (25). In the present study, positive 
marginal status was expected to be found significantly 
higher in PTEN negative patients compared with PTEN 
positive patients. Likewise, in a large cohort of 13,665 
PCa patients in Germany, positive marginal status was 
significantly associated with loss of PTEN gene with 
hazard ratio of 1.2 (95%CI:1.03-1.32) for PTEN loss (26). 
It has been postulated that more unfavorable outcomes can 
be detected in PCa patients with extraprostatic extension 
versus PCa patients without extraprostatic extension 
(27). We illustrated that PTEN loss is associated with an 
increased risk of extraprostatic extension in PCa patients. 
A study examined the relationship between PTEN 
expression, which was assessed using fluorescence in situ 
hybridization, and several clinical outcomes including the 
extraprostatic extension in 107 consecutive PCa patients. 
Extraprostatic extension appeared to be significantly 
associated with PTEN genomic deletion with a hazard 
ratio of 3.2 (95%CI: 1.72-5.94) (17). 

It has been postulated that patients with a higher 
clinical stage of PCa are at higher risk of being positive 
for factors associated with higher mortality rate including 
positive margin status and extracapsular extension (28, 
29). In the current study, we enrolled patients with stage 
2 or 3 of PCa. We compared the PTEN expression of 
PCa patients with stage 2 and stage 3 and found out that 
patients with stage 3 of PCa are more tended to be negative 
for PTEN than patients with stage 2 of PCa. In line with 
our finding, several studies declared higher stages of PCa 
can be expected as the expression of PTEN decreases (30-
32). In the study of Lotan et al, the significant association 
between PCa stage and PTEN expression was reached 
and it was shown that patients with stage 3b of PCa had 
a hazard ratio of 1.5 (95% CI: 1.28,1.69) in comparison 
to patients with stage 3a of PCa and patients with stage 4 
of PCa had a hazard ratio of 1.3 (95% CI: 0.91, 1.76) in 
comparison to patients with stage 3b of PCa (26). 

Conclusions
In the present cohort, we assessed the correlation between 
PTEN expression and features of aggressive PCa. We 
demonstrated that PTEN loss would lead to a higher 
tumor clinical-stage, positive margin status, extraprostatic 
extension, perivascular invasion, perineural invasion, and 
biochemical recurrence. Since the mentioned factors are 
postulated to be associated with poor prognosis in PCa 
patients, it can be concluded that PTEN loss correlates 
with worsen clinical outcomes. 
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