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Abstract 

Background: The incidence of prostatic adenocarcinoma has been rapidly increasing among 
Chinese men. This alarming trend prompted evaluations of early causal genomic alterations known 
to drive prostate tumorigenesis. Recurrent activation of the ETS-Related Gene (ERG) by genomic 
rearrangements is the most recognized early event in prostate cancer. Following the initial detection 
of ERG rearrangement at gene expression and genomic and levels, development of diagnostic quality 
antibodies against ERG oncoprotein have streamlined the rapid assessment of ERG frequencies 
world-wide. Unexpectedly, these studies revealed highest frequencies of ERG among Caucasian 
descents, lower frequencies among African Americans and even lower prevalence of ERG among 
Asian men.  
Objective: To asses in a prospective study ERG frequencies, clinico-pathological and prognostic 
associations of ERG among prostate cancer patients of the Dalian region of Northeast China, by an 
established immunohistochemical procedure that have been used in studies world-wide. 
Methods: Formalin fixed paraffin embedded specimens donated by patients (N=50) diagnosed with 
prostatic adenocarcinoma who underwent transurethral resection of the prostate (TURP) between 
2007 and 2012 were evaluated for ERG by immunohistochemistry.  
Results: Of the 50 cases, 13/50 (26.0%) tumors were positive for ERG. In all cases, normal prostatic 
epithelial were ERG negative. ERG was more frequently detected in the lower Gleason score (≤7) 
and low T-stage. Consistent with reports from Asian countries the results of our study shows lower 
overall frequencies of ERG positive tumors when compared to reports from Western countries.  
Conclusion: The intriguing association of even lower ERG frequencies with high Gleason scores 
and higher T-stages provides impetus for current driver gene discoveries focused on the 
predominantly ERG negative prostate cancers of Asian men. 
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Introduction 
In Western countries the incidence of prostate 

cancer (CaP) remained constantly high [1]. In contrast, 
there has been a rapid increase in prostate cancer 
incidence in China for reasons that remain to be 
understood [2]. In the context the unprecedented 
global racial/ethnic dynamics, better understanding 

of the rapid increases of CaP incidence in China will 
likely have broader implications. Discoveries and 
characterization of CaP driver gene alterations have 
been providing new opportunities for risk 
stratification and future targeted therapies [3-8]. 

Among these finding the recurrent activation 
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and overexpression of the V-Ets Avian Erythroblast-
osis Virus E26 Oncogene Homolog, ERG oncogene, 
has been best characterized and understood [8,9]. 
Although, the detection of ERG activation has been 
streamlined at genomic levels by fluorescence in situ 
hybridization (FISH) assay [10] and at mRNA 
expression levels [9]. However, immunohistochemical 
(IHC) detection of ERG that is more compatible with 
routine pathology settings was challenging in the 
absence of specific anti-ERG antibodies [11]. Develop-
ment of the first highly specific antibodies has led to 
the rapid evaluation of ERG prevalence in CaP [12,13]. 
Comparative assessments of ERG rearrangements at 
genomic and protein levels revealed close agreement 
between FISH and the two introduced IHC 
methodologies [14]. Along these lines, world-wide 
assessments of ERG in different ethnic groups at 
various geographic regions highlighted unexpected 
findings. Highest frequency of ERG rearrangement 
and ERG oncoprotein expression has been reported 
among CaP patients of Caucasian descent (50-60%), 
whereas, among African Americans ERG frequency 
was significantly lower (28%) [15-19]. Remarkably, the 
ERG frequency was even lower in high grade tumors 
of African Americans men (16%) and in CaPs of 
African men (18%) [20,21]. Lower frequency of ERG 
among Asian patients has been reported at genomic, 
gene expression or protein levels [22]. These findings 
have led to new insights into the CaP genomes of ERG 
negative tumor types of Asian men [23,24]. Although 
the examined CaP specimens in world-wide ERG 
frequency studies included biopsy or TURP or tissue 
microarray (TMA) or whole mounted radical 
prostatectomy specimens and were assayed by either 
reverse transcription-polymerase chain reaction 
(RT-PCR), FISH and/or IHC, the overall conclusion is 
that ERG is most prevalent among CaP patients of 
Western countries.  

In the current study we have evaluated ERG 
frequencies of prostate cancers from the Northeastern 
region of China that has not been examined before 
evaluating TURP specimens (N=50) by IHC and 
assessed the association of ERG oncoprotein detection 
with Gleason grade, Gleason score and T-stages. 

Materials and Methods 
Patient cohort 

Our study was approved by the ethical 
committee of the First Affiliated Hospital of Dalian 
Medical University. All participants signed informed 
consent before enrolment. Formalin fixed paraffin 
embedded specimens (N=50) donated by 50 patients 
diagnosed with prostatic adenocarcinoma who 
underwent transurethral resection of the prostate 

(TURP) as the primary treatment at Department of 
Urology, the First Affiliated Hospital of Dalian 
Medical University between 2007 and 2012 were 
evaluated for ERG protein expression by immuno-
histochemistry (IHC). None of the patients received 
prior hormone ablation or radiation treatments. 
Serum for PSA measurement was collected prior to 
digital rectal examination (DRE), transrectal ultra-
sonography (TRUS) or cystoscopy to avoid 
procedures that may affect PSA levels. Complete data 
fields of PSA, type-B ultrasonic, X-ray, CT/MRI and 
pathology report were examined for all patients in the 
study. 

Patient selection criteria 
The inclusion criteria for the study included 

diagnosis with prostatic adenocarcinoma, age 
between 55 and 85, availability of pre-procedural PSA 
values of 3 ng/mL or above, Gleason score 6 or above, 
clinical stage T1 or above, eligibility for primary 
treatment, and TURP procedure performed between 
2007 and 2012 in the Department of Urology, the First 
Affiliated Hospital of Dalian Medical University. 
Patients who did not meet the inclusion criteria or 
received prior hormone ablation and/or radiation 
therapy were excluded from the study. 

Immunohistochemistry for ERG oncoprotein 
detection 

Immunohistochemistry (IHC) was performed to 
detect the expression of ERG protein in prostate 
specimens. Representative 4-µm cross-sections from 
each TURP specimen were selected. For IHC 
procedures the MaxVision staining protocol was 
followed (Fuzhou Maixin Biotech Co., Ltd.). Paraffin 
tissue slides were incubated for 12h at 65oC. The 
sections were deparaffinized by washing twice for 15 
min at room temperature in dimethyl benzene. The 
sections were hydrated in sequential incubation in 
100%,100%, 95%,95%, 90%, 80%, and 70% of ethanol 
each step for 3 min, and then were equilibrated in 1× 
PBS three times, each time for 3 min. For antigen 
retrieval the sections were incubated in 10mM EDTA 
(pH 9.0) for 30 min by high pressure steam boiler 
followed by slowly cooling down to room 
temperature. Sections were washed by 1× PBS three 
times, each for 3 min. Sections were then blocked in 
3% hydrogen peroxide for 10 min and were 
equilibrated by three times 3 min in 1× PBS. For the 
primary antibody reaction sections were incubated 
with the ERG-MAb mouse monoclonal antibody (9FY, 
Biocare Medical Inc) at dilution of 1:50 for 60 min at 
room temperature. For secondary antibody treatment 
the sections were incubated with the MaxVision 
HRP-Polymer anti-Mouse antibody (Fuzhou Maixin 
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Biotech Co., Ltd.) for 15 min and were visualized 
using a Diaminobenzidine (DAB) detection kit 
(Beijing Zhongshan-Goldenbridge Biotechnology Co., 
Ltd.). The sections were counter stained by 
hematoxylin. Tissue slides were dehydrated 
sequentially in 85%, 95%, and 100% of ethanol and the 
dehydration was completed by incubation in xylene. 
The sections were sealed in neutral gum and 
examined by microscopy.  

ERG immunohistochemical staining 
assessments, counting and grading  

ERG positive prostate cancer cells showed clear 
nuclear staining for ERG. Strong ERG staining was 
detected in endothelial cells which were used as an 
internal positive control for the IHC procedure. ERG 
staining was not observed in non-cancerous prostate 
epithelium. ERG protein expression was microscopi-
cally evaluated by two board-certified senior 
pathologists using double-blind method by nuclear 
staining intensity and the percentage of ERG positive 
cancer cells. Each section was examined under high 
view of microscope (400×), and 100 cells per field 
were counted. ERG staining was calculated from the 
staining intensity scores of negative (0) mild (1+), 
moderate (2+) and marked (3+) multiplied by the 
percent of positive cells of ERG negative (0), up to 
25% (1+), 26-50% (2 +), 51-75% (3+) ,76-100% (4 +) to 
determine the total score of 0 negative (-), 1-4 weak 
positive (+), 5-8 moderately positive (++), 9-12 
strongly positive (+++). 

Gleason score and clinical T-stage  
According to the 2005 International Society of 

Urological Pathology (ISUP) criteria, the prostate 
adenocarcinoma was divided into five grades, related 
to the prognosis of patients. The Gleason scores and 
primary Gleason grades were assessed using patho-
logic records and slide review by two board-certified 
pathologists in a double blinded fashion according to 
the 2002 American Joint Committee on Cancer (AJCC) 
standards for clinical TNM staging system of prostate 
adenocarcinoma. 

Ultrasound measurement of prostate volume 
The prostate was examined by abdominal 

ultrasonography in order to determinate whether 
there were suspicious lesions or nodules in the 
prostate, and the maximum diameter, transverse 
diameter and longitudinal diameter were measured 
respectively. Normal dimensions of the prostate was 
4cm x 3cm x 2cm. Prostate volume was calculated 
using the “Terris formula” (prostate volume V (cm3) = 
anteroposterior diameter (cm) x transverse diameter 
(cm) x longitudinal diameter (cm) x 0.52). 

Statistical Analysis 
For patient characteristics, continuous variables 

were shown as means and ranges, and categorical 
variables were presented as frequencies and percent-
ages. Chi ­square tests were used to determine the 
association between the immunohistochemical results 
of ERG protein and the clinicopathologic variables. 
The SPSS version 17.0 software (SPSS Inc., Chicago, 
IL, USA) was used for data analysis. P <0.05 was 
taken as statistically significant. 

Results 
Clinico-pathological characteristics of the 
study subjects 

The study included 50 patients with a mean age 
of 69 years (Table 1). The average prostate volume 
was 51.1cm³ as measured by abdominal ultrasound. 
The average of preoperative PSA was 46.6 ng/ml. 
Gleason score of 5-6 was assigned to 16%, 7 in 22%, 
and 8-10 in 62% of cases. Primary Gleason pattern of ≤ 
3 was found in 56% and 4-5 in 44% of cases. Clinical 
stage T1+T2 was seen in 48.0%, and T3+T4 in 52% of 
cases.  

 

Table 1. Clinical and pathologic parameters of study subjects 
(n=50) 

Parameters Mean (median, range) Number of cases (%) 
Age at surgery (year) 69 (76, 55-84)  
≤65  3 (6.0%) 
65-75  24 (48.0%) 
>75  23 (46.0%) 
Prostate volume (cm³) 51.12 (10.29-105.65)  
≤25   5 (10.0%) 
25-50  31 (62.0%) 
>50  14 (28.0%) 
Preoperative PSA (ng/ml) 46.56 (3.42-100.00)   
≤4  3 (6.0%) 
4.1-10.0  7 (14.0%) 
10.1-20.0  11 (22.0%) 
>20  29 (58.0%) 
Gleason Score    
5-6  8 (16.0%) 
7  11 (22.0%) 
8-10  31 (62.0%) 
Primary Gleason pattern   
≤grade 3   28 (56.0%) 
grade 4 or 5  22 (44.0%) 
Clinical T Stage   
T1+T2  24 (48.0%) 
T3+T4  26 (52.0%) 

 

Immunohistochemical detection of ERG 
protein and the frequency of ERG positive 
tumors 

Among the examined patients diagnosed with 
primary prostatic adenocarcinoma, ERG negative 
tumors in all examined foci were detected in 74% of 
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cases (n=37). ERG positive tumor cells were detected 
in one or more tumor foci in 26% (n=13) of cases with 
predominantly moderate to strong positive nuclear 
staining (Figure 1). ERG staining was not detected in 
any prostate gland with normal morphology. Strong 
and consistent ERG staining was seen in all examined 
endothelial cells that served as an intrinsic control for 
the IHC assay. 

ERG positive tumor type is more frequent in 
patients diagnosed with low Gleason score and 
lower clinical T-stage  

The detection rates of ERG were 47.4% (9/19) in 
patients with Gleason score ≤7 in contrast to the 12.9% 
(4/31) among patients with Gleason score 8-10 
diagnosis indicating a negative correlation between 
the two groups (p= 0.008) (Table 2). Statistical analysis 
of primary Gleason pattern subgroups, the frequency 
of detecting ERG positive tumors was significantly 
different (p= 0.017), with ERG positive rate of 39.3% in 
primary Gleason pattern ≤  grade 3 subgroup in 
comparison to the grade 4-5 subgroup of only 9.1% 
ERG positive tumor detection (Table 2). Among 
patients with T1+T2 clinical stages the frequency of 
detecting ERG positive tumors was 41.7% (10/24). In 
contrast, only 11.5% (3/26) of patients at T3+T4 
clinical stages harbored ERG positive tumors (p = 
0.016). Thus, patients with ERG positive tumors more 
often fell into the subgroup with lower clinical stages 
of prostatic adenocarcinoma (Table 3). 

Correlation analyses of ERG with age, prostate 
volume and preoperative PSA ERG and the 
age of patients 

We examined the correlations of ERG positive 
and ERG negative tumors in age groups of our study 
cohort. In ≤65, 65-75 years and > 75 years age groups, 
ERG expression positive rate were 66.7% (2 / 3), 
16.7% (4 / 24), and 30.4% (7 / 23), respectively. The 
analysis showed no correlation between ERG 
detection and the age of patients within the examined 
groups (p=0.148) (Table 4). Also, we assessed 
correlations between prostate volumes and ERG 
status. In ≤ 25cm3 subgroup, 25-50cm3 subgroup and 
the >50cm3 subgroup, ERG-positive rates were 40% 
(2/5), 19.4% (6/31) and 35.7% (5/14), respectively. We 
found no statistically significant difference in ERG 
status of tumors along the strata of prostate volumes 
(p=0.393) (Table 5). To evaluate the correlation of 
preoperative PSA with the detection of ERG positive 
tumors we stratified patients based on clinically 
relevant preoperative PSA values. In the ≤ 4ng / ml 
subgroup, 4.1-10.0ng/ml subgroup, 10.1-20.0ng/ml 
subgroup and >20ng/ml subgroup, ERG positive 
rates were 33.3% (1 / 3), 28.6% (2 / 7), 36.4% (4 / 11), 

and 20.7% (6 / 29), respectively. Statistical analysis 
revealed no correlation between detecting ERG 
positive tumor type and preoperative PSA levels 
(p=0.771) (Table 6). 

Discussion 
Activation of the ERG oncogene by genomic 

fusions is a prostate cancer causing event in CaP [25]. 
Overexpression of ERG has been noted in over 
two-third of CaPs of Caucasian descents. Develop-
ment of ERG-specific antibodies for immunohisto-
chemical detection allowed the rapid race-ethnicity 
focused world-wide evaluation of ERG [16]. The 
frequency of ERG is significantly higher in Caucasian, 
when compared to African American or Asian CaP 
patients [22]. These findings provide an impetus to 
explore genomic driver alteration in ERG negative 
CaPs [26] and discovery of race/ethnicity associated 
CaP genomic defects in African Americans [27, 28, 29] 
and Asian men [23,24].  

 

Table 2. ERG positive tumor type is detected more frequently 
among patients diagnosed with lower Gleason score and lower 
primary Gleason pattern prostatic adenocarcinoma. 

Gleason score  N ERG protein expression p value 
Negative Positive 

Gleason score     0.008 
≤7 19 10 (52.6%, 10/19) 9 (47.4%, 9/19)  
8-10 31 27 (87.1%, 27/31) 4 (12.9%, 4/31)  
Primary Gleason pattern  0.017 
≤grade 3  28 17 (60.7%, 17/28) 11 (39.3%, 11/28)  
grade 4 or 5 22 20 (90.9%, 20/22)  2 (9.1%, 2/22)  

 

Table 3. Percentage of detecting ERG positive tumors in clinical 
T-stage subgroups 

Clinical T 
stage  

N ERG status p value 
Negative Positive 

T1+T2 24 14 (58.3%, 14/24) 10 (41.7%, 10/24) 0.016 
T3+T4 26 23 (88.5%, 23/26) 3 (11.5%, 3/26)  

 

Table 4. ERG expression in patients with various age subgroups  

Age (year) N ERG status p-value 
Negative Positive 

≤65 3 1 (33.3%, 1/3) 2 (66.7%, 2/3) 0.148 
65-75 24 20 (83.3%, 20/24) 4 (16.7%, 4/24)  
>75 23 16 (69.6%, 16/23) 7 (30.4%, 7/23)  

 

Table 5. Frequency of detecting ERG positive tumor type in 
prostate volume subgroups  

Prostate volume 
(cm3) 

N ERG expression p-value 
Negative Positive 

≤25 5 3 (60.0%, 3/5) 2 (40.0%, 2/5) 0.393 
25-50 31 25 (80.6%, 25/31)  6 (19.4%, 6/31)  
>50 14 9 (64.3%, 9/14) 5 (35.7%, 5/14)  
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Table 6. Frequency of ERG positive tumors in patients in 
preoperative PSA subgroups 

Preoperative 
PSA (ng/ml) 

N ERG expression p-value 
Negative Positive 

≤4 3 2 (66.7%, 2/3) 1 (33.3%, 1/3) 0.771 
4.1-10.0 7 5 (71.4%, 5/7) 2 (28.6%, 2/7)  
10.1-20.0 11 7 (63.6%, 7/11) 4 (36.4%, 4/11)  
>20 29 23 (79.3%, 23/29) 6 (20.7%, 6/29)  

 
In our study we examined the frequencies of 

ERG oncoprotein in prostate cancers of Chinese men 
from the Northeastern region of China. We found an 
ERG frequency of 26% in our patient group that is 
higher than the 10-15% ERG frequencies reported by 
similar immunohistochemical methods from other 
regions of China [30, 31, 32]. We found this regional 
difference intriguing with the caution of limitations of 
small sample sizes in our, as well as other similar 
studies in China on ERG frequencies. The following 
limitations may contribute to the observed differences 
between our and other comparable studies. First, the 
sample size (N=50) may influenced the observed ERG 
frequency. Second, the specimens in our study were 
obtained through TURP procedure as oppose to other 
studies using biopsy or radical prostatectomy 
specimens. Third, an independent validation was not 
included here. However, we have carefully assessed 
and reviewed independent reports on ERG 
frequencies from China, including references [30, 31, 
32] and our review [25] highlighting the criteria for 
ERG immunohistochemical procedures and specimen 
sampling when independent studies are compared.  

In our study, detection of ERG positive tumor 
type correlated with lower Gleason score (<7; 
p=0.008), Primary Gleason pattern (< grade 3; 
p=0.017) and lower Clinical T-stage (T1+T2; p=0.016). 
These findings are consistent with large cohort studies 
reporting favorable pathology of CaPs among African 
American and Caucasian American men [19]. Thus, 

adverse pathology is more likely associated with 
patients harboring ERG negative CaP. Age, tumor 
volume, pre-operative PSA did not show correlation 
with ERG tumor status in our study.  

Typing prostate tumors for driver gene 
alterations, such as ERG may aid future targeted 
therapeutic approaches. Current early stage develop-
ments of ERG focused therapies target the androgen 
axis, aim to destabilize ERG mRNA or protein, inhibit 
ERG interactomes, ERG transcription factor function 
or cooperating ERG downstream. Indeed, ERG as a 
transcription factor represents a challenging direct 
target. However, inhibition of ERG activator kinases 
or cooperating factors may provide new opportunities 
for therapeutic interventions [33,34].  

Typing of CaPs for ERG is also important in 
endeavors aiming to discover driver CaP genomic 
alteration in ERG negative tumors [26]. Along these 
lines genome and transcriptome evaluations of CaPs 
of Chinese men have revealed high frequency of 
known, as well as, new genomic alterations. Whole 
genome sequencing of Chinese men with advanced 
CaP indicate higher frequency of TP53 mutations [24]. 
Remarkably, high frequency of deletions of the CHD1 
DNA helicase gene has been reported in CaP genomes 
of Chinese men [23]. The deletion of CHD1 may 
represent a potential target for PARP or platinum- 
based therapies. 

Taken together, typing prostate tumors for ERG 
and examining correlations of ERG positive or ERG 
negative tumors with clinico-pathologic features 
provide important information for further assessment 
of CaP driver gene defects among Asian and African 
men with predominantly ERG negative CaPs.  
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Figure 1. Frequency (upper panel) and representative view fields (lower panels) of ERG negative 
(A), and ERG positive tumor glands (B) shown in 400X magnification. 
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