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Introduction: Prostate carcinoma is the most common cancer among men. 
Overexpression of HER2-neu gene was reported to affect the growth and prognosis 
of some tumors. HER2 gene amplification is seen in about one-third of prostatic 
adenocarcinoma cases. It also seems to associate with androgen independence of the 
prostate tumors. We evaluated the HER2-neu gene expression in prostate cancer and 
its relationship with known prognostic factors. 
Materials and Methods: We included 60 patients withprostate carcinoma and 
assessed them by transrectal ultrasound-guided (TRUS) biopsy. HER2-neu expression 
was evaluated through pathological examination of TRUS biopsy specimens using 
immunohistochemical staining. Prognostic factors of prostatic carcinoma including 
serum PSA, number and percentage of involved cores, Gleason score,Gleason 
grade,extra-prostatic extension of the tumoral cells, and tumor volume was measured. 
Data were analyzed in SPSS software and P<0.05 was considered significant. 
Results: Among 60 patients,HER2-neu was negative in 49 (81.7%) cases (35 cases 
with 0 score and 14 cases with 1+ score) andweakly positive expression (2+ score) 
was seen in 11 (18.3%). Among evaluated factors, tumor volume was the only one 
that significantly associated with HER2-neu expression. 
Conclusion: The rate of HER2-neu expression was not high in our patients. Among 
various variables evaluated in our study,only tumor volume had significant 
association with the expression of HER2-neu. Therefore, it can be used as a 
prognostic factor in these patients. 
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Introduction
Prostate cancer (PCa) is the most 

commonmalignancy in men and the second lethal 
cancer, worldwide. Itisalso the second most 
prevalent cancer among Iranian men. The chance 
of having invasive prostate cancer during a man’s 
lifetime is 1 in 6 or 15.6% (1-4). 

Factors that underlie tumor pathogenesis and 
resistance to conventional therapies have been 

increasingly studied recently. The human 
epidermal growth factor receptor 2 (HER2/neu) 
is an oncoprotein, which belongs to the 
epidermal growth factor receptor (EGFR) family 
and plays a major role in cell growth and 
differentiation(5-7). 

The HER2/neu proto-oncogene, located on the 
17thchromosome, encodes a transmembrane 
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tyrosine kinase growth factor receptor whose 
overexpression was proved to be involved in the 
development of variousmalignancies, including 
non-small-cell lung cancer, colon cancer and breast 
cancer, in whichit may have a prognostic value as 
well(5). However, the significance of HER2 
overexpression in PCa remains controversial. In 
vitro studies have reporteda very wide range for 
the rates of HER2 gene expression (8, 9). 

Several studies reported HER2/neu 
overexpression to be associated with lower 
survival rates in PCa patients(10, 11). However, it 
is unknown whether the alterations in HER2 
expression can be considered as a marker of 
tumor progression and metastasis. 

The purpose of this study was toevaluate 
HER2-neu expression in prostate carcinoma and 
its association withprognostic factors in trans-
rectal ultrasound (TRUS)-guided prostate core 
needle biopsies. 

 

Methods 
Patient selection and TRUS-biopsy 

This cross-sectional study was carried out 
between 2012 and 2015,on 500 men who were 
screened for PCa in the urology department 
ofImam Reza and Ghaem hospitals, Mashhad, 
Iran. The screening method was digital rectal 
examination (DRE) and serum prostate specific 
antigen (PSA) level. 

Serum PSA was measured before obtaining 
biopsies by a commercial enzyme-linked 
immunosorbent assay (ELISA) kit (CIS Bio 
International, France).Then, an expert urologist 
performed TRUS-biopsy for all suspicious 
patients.Around 12-14 needle biopsies were 
performed for all the patients from different 
parts of prostate gland: six specimens from each 
lobe and two specimens from the apex. Each 
specimen was labeled and sent separately for 
pathologic evaluation. 

 
Immunohistochemicalassessment 

Paraffin blocks and microscopic slides were 
prepared from prostate specimens in the 
laboratoryby hematoxylin and eosin staining.All 
specimens were evaluated by an expert urologic 
pathologist. 

Specimens from 60 consecutive PCa patients, 
after being fixed in formalin and embedded in 
paraffin, were evaluated for further pathologic 
criteria. The pathologic examination included 
most prevalent grade of malignancy, microscopic 
Gleason score, number of biopsies with HER2 
expression, the percentage of involvement in each 
biopsy, tumor volume (mean percentage of HER2 
expression among all taken biopsy specimens), 
and extraprostatic invasion. Immunohistochemical 
staining for HER2 on paraffin-embedded sections 

was also assessedusing Histostain-plus kit 
instructions. 

Expression level of HER2-neu receptor  
was assessed according to manufacturer’s 
instructions (immunohistochemistry antibody, 
DAKO; Glostrup, Denmark), as: 0 (no or <10% 
HER2-neu membranous staining), 1+ (partial 
staining in >10% of cells), 2+ (weak to moderate 
complete staining in more than 10% of cells), or 
3+ (strong complete staining in >10% of 
cells).Patients with scores 2+ and 3+ were 
considered  positive for HER2 overexpression(9). 

 
Data analysis 

All variables were separately recorded for 
each specimen in the questionnaire. 

Patients’ age was recorded as a quantitative 
independent continuous variable and a whole 
number in years. Gleason score was a 
quantitative discontinuous variable, registered as 
a whole number between 2 and 10. Serum PSA 
was calculated in ng/ml. 

Data analysis was performed in SPSS software 
version 18 (IBM, Chicago, US).Group comparisons 
of normally distributedvariables were performed 
using the independent-samples t-test. Fornon-
normally distributed variables, Mann-Whitney or 
Kruskal-Wallis non-parametric tests were 
conducted. Data are expressed as the mean ± 
standard deviation. Pof less than 0.05 was 
considered as statistically significant difference. 

 
Ethical considerations 

It should be noted that it is a general policy of 
Mashhad University of Medical Sciences affiliated 
hospital that all patients were asked to sign an 
informed consent form upon their freewill 
agreeing. Patients who refused to participate were 
not included in the present study. Also, those who 
pathologically ruled out to have PCa excluded from 
the study protocol was reviewed and approved by 
the ethics committee at Mashhad University of 
Medical Sciences (Project code: 911319). 

 

Results 
Descriptive results 

Of the 500 cases underwent TRUS biopsies, 60 
had microscopic PCa criteria and thus were 
included in the study. The mean age of these 
adenocarcinoma patients in our study was 
68.4years(ranging between 42-86 years). 

Mean Gleason score (GS) was 3.48 ± 1.67. 
Grade 3 ofGleasonscore was the most common 
grade among the collected cases (38 cases 
representing 63.3%),while grade 5 was the least 
common (N=7;11.7%).We divided Gleason score 
into 5 prognostic groups, which included group 
one with GS ≤ 6, the second group with GS=3 + 4, 
the third group with G.S=4 + 3, the fourth group 
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Table 1. Frequency of various Gleason scores and PGG among 
the studied patients 

PGG Gleason score Frequency Percentage 

I ≥6 23 38.3 
II 3+4 15 25 
III 4+3 13 21.7 
IV 8 4 6.7 
V 9 and 10 5 8.3 

PGG: prognostic grade groups 

 
with GS=8, and the fifth group with GS of 9-10 
(12, 13). The most common Gleason score was 
related to group one, and the least common 
Gleason score belonged to groupFour (6.7%). 

Table 1 shows the frequency of gleason 
scores and PCG among the patients. 

The tumor extension beyond the prostate was 
seen in 10 patients (16.7%). The tumor 
volumeranged between 0.5% and 95%.In this 
study, we divided the tumor volume into 2 
groups of≥30%and<30 %.Among 60 patients 
included in this study, 31 (51.7%) had tumor 
volume of less than 30% and 29 (48.3%) had 
tumor volume greater than 30%.Among 
60studied patients, the lowest pre-biopsy PSA 
serum level was 5.8ng/ml and the highest was 

211ng/ml. Mean PSA level among patients was 
52.4±24.8 ng/ml. In this study, PSA values were 
divided into 3 groups of less than 4ng/ml, 4-
10ng/ml, and greater than10ng/ml.None of the 
patients had PSA of less than four, while 15 
patients (25%) hadPSA of 4-10, and 45 (75%) 
had PSA level of more than 10. 

For each patient, adenocarcinoma involved 
biopsies were ranged from minimum of one 
section biopsy to maximum of 12 section 
biopsies. We put the number of involved biopsies 
in 2 groups of ≥3 (13 patients representing 
21.7% patients) and <3 (47 patients representing 
87.3% cases). 

The patients were divided into 4 groups 
according to percentage of biopsies that had 
adenocarcinomainvolvement: 0-25% group (N=9; 
15%), 25-50% group (N=11; 18.3%), 50-75% 
group (N=10; 16.7%), and 75-100%group (N=30; 
50%). 

The expression of HER2 was scored between 
0 and 3+ according to the Herceptintest method. 
Patients with scores of 2+ and 3+ were 
considered positive for HER2 overexpression 
(Figures 1-3).In this assessment, the expression 

 

              
 

Figure 1. No cell membrane staining with HER2-neu(grade0); 
400x 

Figure 2. Weak membranous staining of tumor cells with 
HER2-neu(grade 1+);400x 

 

 
Figure 3. Moderate membranous staining of tumor cells with HER2-neu(grade2+) 
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of HER2-neu was defined as either negative, 
weakly positive,or strongly positive. Of the 60 
patients evaluated, 49(81.7%) expressed 
negative HER2-neu expression and 11 patients 
(18.3%) had weakly positive expression. None of 
the patients had strongly positive HER2-neu 
expression (Table 2 and table 3 show the 
frequency of Her2-neu in patients and 
relationship between Her2-neu and tumor 
volume in patients, respectively.) 
 
Analytical results 

A significant association between HER2-neu 

incidence and tumor volume was found in our 
study (P=0.002). All patients with positive HER2-
neu expression, had tumor volume of more than 
30%. However, the expression of HER2-neu was 
not significantly associated with serum PSA  
level (P=0.26). No significant relationship was 
detected between HER2-neu expression and 
Gleason score(P=0.70). 

There was no significant relationship 
between the incidence of HER2-neu and other 
parameters, including the number of involved 
biopsies, percentage of biopsy involvement, and 
extraprostatic invasion of tumor (Table 4). 

                                            
                                           Table 2. Frequency of HER2-neu immunohistochemicalstaining in participants 

HER2-neu expression Degree of staining Frequency Percentage 

negative 
0 35 58.4 

+1 14 23.3 
weakly positive   +2 11 18.3 
strongly positive +3 0 0 

                                   HER2: human epidermal growth factor receptor 2 

 
                                           Table3. Relationship between HER2-neu expression and tumor volume in participants 

Tumor volume  
HER2-neu expression 

Total 
Negative Weakly positive 

≥30% 30 1 31 
<30% 19 10 29 

                                   HER2: human epidermal growth factor receptor 2 

 
           Table 4. Association of HER-2 Expression and other Clinical and pathological Findings in specimen of participants 

            HER2: human epidermal growth factor receptor 2 

 
Discussion

Prostate carcinoma is the most common 
internal malignancy among the American 
menand is responsible for 10% of deaths due to 
cancer in this population. Prostate cancer is the 
secondmost common lethal cancer in men(3). 
Incidence of prostatic carcinoma in Iran is very 
low compared with western countries, which 
could be due to the younger population and also 
the lack of national screening programs in 
Iran(14). 

HER2 is one of the human EGFR 
(HER/EGFR/ERBB) family ,Which is located on 
chromosome 17(12). In prostate carcinoma, 
steroid hormones and growth factors play a 

regulating role in cell proliferation and HER2-neu 
is associated with the activation of the 
androgenic receptor pathways. Therefore, it 
might be a survival factor for hormone-resistant 
prostate cancers(16). 

Someprevious studies havereported that HER2-
neu expression measuredby immunohistochemical 
staining was associated with less survivalrates. 
Therefore, HER2-neu inhibition may be a 
therapeutic strategy for hormonal-resistant 
prostate cancer. But unfortunately, its effects 
have not yet been proven clinically(16). 

HER2-neu overexpression affects the growth 
and prognosis of some tumors(12).There is 

variables values HER-2 (+) HER-2 (-) P 

Serum PSA level (Prior to biopsy taking) 
<4 0 (0 %) 0 0 

0.26 4-10 15 (25 %) 1 14 
>10 45 (75 %) 10 35 

Tumor volume 
≥30 % 31 (51.7%) 1 30 

0.002 
<30% 29 (48.3%) 10 19 

Gleason score 

≥6 23 (38.3%) 3 20 

0.70 
3+4 15 (25%) 3 12 
4+3 13 (21.7%) 4 9 

8 4 (6.7%) 1 3 
9 and 10 5 (8.3%) 0 5 

Extra-prostate extension 
positive 10 (16.7%) 1 9 

0.45 
negative 50 (83.3%) 10 40 

Adenocarcinoma involved biopsies 

0-25% 9 (15%) 1 8 

0.59 
25-50% 11 (18.3%) 0 11 
50-75% 10 (16.7%) 0 10 

75-100% 30 (50%) 10 20 
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HER2-neu overexpression in about 30% of 
patients with breast cancer, which may predict 
the response of cancers to the anti-HER2-neu 
monoclonal antibody therapy (trastuzumab). 
Moreover, HER2-neu expression is different in 
PCadue to its tendency to increase expression in 
both advanced and non-androgen-dependent 
prostate carcinomas(12). 

In our study, the expression of HER2-neu 
was investigated in prostate carcinoma. Based 
on our results, 18.3% of the 60 patients had 
weakly positive HER2-neu expression and the 
others were negative.Results of the present 
study were in agreement with previous studies, 
in which HER2 amplification was reported in 
13.3% of 150 patients using the samestaining 
method (16), whereas another analysis reported 
HER2 amplification as high as 72.97% of 59 
patients (12). 

In the currentstudy, the expression of HER2-
neu was not significantly associated with serum 
PSA level of the patients, which is similar to the 
results obtained in a series of studies (12-
19).However, some studies have also reporteda 
significant association between HER2-neu 
expression and serum PSA levels(20). 

Like most previous studies(16, 18, 20, 21), 
our study did not find any significant relationship 
between HER2-neu expression and Gleason 
score.In contrast, there was a significant 
association between these two factors in a study 
by Zhangyi-fen et al. (19).These conflicting 
results may be due to variations in the sample 
size and methodology, staining and fixation 
protocols, as well as different grading systems or 
genetic heterogeneity. 

We also did not find anystatisticalrelationship 
between the expression of HER2-neu and Gleason 
grade, which is consistent with the findings of 
Duygn et al.who could not demonstrate any 
relationship between these two factors(17). 

There was no significant relationship between 
the incidence of HER2-neu and other parameters, 
including the number of involved biopsies, the 
highest percentage of biopsy involvement, and 
extra prostatic invasion of tumor, which could 
not be compared due to the lack of similar studies 
in the literature. Asignificant association between 
HER2-neu incidence and tumor volume was 
found in our study. 

  

Conclusion 
Among several variables evaluated in our 

study, only tumor volume had significant 
statistical association with the expression  
of HER2-neu. Tumorvolume is an important 
prognostic factor thatis associated with lymph 
node involvement,capsular invasion and seminal 
vesicle involvement in PCa. 

Our findings highlight the need for a 
standardized and organ-specific immunohisto-
chemical methodology to determine HER-2-
neustatus in patients with prostate carcinoma. 
We also suggest furtherstudies in order 
toevaluate HER2-neu gene amplification with 
these prognostic factors in radical prostatectomy 
specimens. 
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