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Introduction 
 

Prostate cancer (PCa) is the second most 

prevalent, noncutaneous malignancies 

diagnosed among men in developing 

countries (Simard et al., 2002). But in India, 

recent epidemiological data showed that PCa 

became the top most cancer in men and is a 

major   public    health   problem   in    India  

 

 

 

 

 

 

 

 

 
 

(Fitzmaurice et al., 2015; Yeole, 2008). In 

most of human cancers, viruses are one of the 

etiological agents like human herpesvirus 8 

causing Kaposi’s sarcoma, hepatitis B and C 

virus causing hepetocellular carcinoma and 

human papillomavirus (HPV) causing 

cervical carcinoma (Hohn et al., 2009).   
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Presently, the known gamma-retroviruses, Xenotropic Murine Leukemia virus (MLV) -

related Virus (XMRV) is imminent as a cancer causing infectious virus in prostate cancer. 

This study has been designed on retrovirus (XMRV) infection in Indian PCa patient and its 

co-relation with clinical pathological and demographic parameters of prostate cancer cases 

and Benign Prostate hyperplasia (BPH) as controls.  A total of 235 prostate samples 

including 105 confirmed prostate cancer cases and 130 benign prostate hyperplasia (BPH) 

as controls were analyzed for XMRV infection. We have used Nested –PCR method for 

XMRV detection followed by sequencing. Statistical analysis was done by Graphpad 

Instat version 3.3 for co-relation between XMRV status and clinical pathological 

parameters of prostate cancer cases and BPH controls. Out of 235 prostate samples, 

XMRV was detected 5.4% (7/130) in BPH tissue samples and 7.6% (8/105) in PCa tissue 

samples. Patients with higher PSA level were found to prone for XMRV infection in both 

PCa as well as BPH samples with non significant statistical correlation (p˃0.05). We 

found no significant correlation with other clinical parameter like Gleason score (p=0.72), 

histological grading (p=0.82) and tumor stages I-IV (p=0.31). This study does not support 

the evidence of XMRV infection in prostate cancer initiation and development in Indian 

population. Clearly, decision of this discrepancy will require more information and 

investigation with larger sample size. 
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Genetic and epidemiological evidences have 

suggested that prostate tissue is also prone to 

get infected with several viruses such as 

HPVs and polyomaviruses (SV 40) 

(Zambrano et al., 2002).  It was shown from 

our laboratory that 41%  prostate tumour 

biopsies were infected with HPVs in Indian 

population (Singh et al., 2015).  Presently, 

there are several reports showing one of the 

known gamma-retroviruses, XMRV is 

imminent as a cancer causing infectious virus 

in prostate cancer. 

 

XMRV has type C gammaretrovirus 

morphology with polygonal core and about 

100nm of diameter (Schlaberg et al., 2009). 

Viral genome is transcribed into a single 

unspliced transcript that is translated into 

polypeptides for the viral core (GAG), 

protease (PRO), reverse transcriptase (RT), 

and integrase (IN) proteins. Remarkably, 

previous studies showed that there is no other 

gamma-retroviruses infection in humans 

except XMRV.  However, XMRV related 

xenotropic-MLV (X-MLV) is known to infect 

other species including cats, mice, and non-

human primates causing leukemias, 

lymphomas, neurological diseases and 

immunodeficiencies in these species 

suggesting a plausible role for XMRV in PCa 

(Rezaei et al., 2013; Schlaberg et al., 2009). 

The detection of XMRV in human bio 

specimens is controversial being associated 

with two major human diseases, PCa (Qiu et 

al., 2010; Urisman et al., 2006)  and chronic 

fatigue syndrome (Lombardi et al., 2009; 

Mikovits et al., 2010).  

 

Several previous studies had revealed the 

infection of XMRV in PCa. The first report 

on XMRV infection in 2006 includes 86 

patients with PCa in which 10% (9/86) 

patients were found positive (Urisman et al., 

2006). The maximum prevalence of XMRV 

reported was 27% in PCa patients by using 

high sensitive PCR methods, FISH and IHC 

technique (Arnold et al., 2010; Schlaberg et 

al., 2009). 

 

A very brief review of the published data in 

favour of presence of XMRV in clinical PCa 

illustrates the lack of consensus, however, 

some studies reflects its negative role in PCa. 

But in a separate study, it was shown that, 

XMRV gag DNA sequence was not found in 

338 patients of PCa (Sfanos et al., 2008). 

Similar findings were also observed in other 

Caucasian population (Hohn et al., 2009). 

 

As the fact, XMRV infection in human 

specimen and its role in PCa, is still 

controversial and to the best of our knowledge 

no such study has been reported from India to 

evaluate its status in Indian population. 

Therefore, the present study has been 

designed to find out whether there is XMRV 

infection in Indian PCa patient present or not.  

 

The main aim of this study has been designed 

XMRV infection in Indian PCa patient and 

co-relation with clinical pathological and 

demographic parameters of prostate cancer 

cases and BPH controls. 

 

Materials and Methods 

 

Clinical Samples and tissue specimens 

 

A total of 235 surgically resected tissue 

specimens comprising of 105 prostate tumor 

tissues and 130 Benign prostate hyperplasia 

(BPH) tissues served as disease control of 

PCa, were collected. None of these patients 

received any pre-operative radiation or 

chemotherapy. Only those cases which were 

fulfilling our inclusion criteria with a primary 

diagnosis of prostate cancer undergoing 

upfront surgery were taken up for the purpose 

of this study. All samples were collected from 

the Urology Department of Rajiv Gandhi 

Cancer Hospital, Rohini, Delhi (India) and 

RG Stone Urology and laparoscopy Hospital, 
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Greater Kailash, New Delhi (India). Tissue 

samples were divided into two parts; one part 

was sent for histopathological diagnosis and 

other half was stored at -70°C for molecular 

investigations. Histopathological grades and 

clinical staging were evaluated according to 

standard criteria by two pathologists 

independently. Only histopathologically 

confirmed cases were included for molecular 

analysis. Venous blood samples were 

collected for prostate specific antigen (PSA) 

determination. The study was approved by the 

ethical committees of the participating 

institutions and hospitals. Written informed 

consent was obtained from all the subjects 

included in the study.   

 

Genomic DNA isolation and 

qualitative/quantitative analysis 

 

High molecular-weight genomic DNA was 

extracted from 105 prostate tumor and 130 

BPH tissue specimens by the standard 

protocol with proteinase K digestion followed 

by phenol-chloroform extraction procedure 

(Sambrook et al., 1989) which is routine 

method in our laboratory. The genomic DNA 

was quantified by gel electrophoresis on 1% 

agarose gel prepared in 1x Tris acetate EDTA 

buffer followed by staining with Ethidium 

Bromide (10mg/ml). Good quality/quantity 

high molecular weight DNA of 50-300 ng/µl 

was obtained and band intensity was 

compared with the standard 1µl Hind III-

DNA molecular weight marker and stored for 

future use at -20
o
C. 

 

Nested PCR detection of XMRV 

 

High molecular weight genomic DNA were 

used for the detection of XMRV infection by 

using Nested PCR method according to 

protocol mentioned elsewhere (Arnold et al., 

2010). For authentication of PCR results, we 

have used XMRV VP62 plasmid DNA as a 

positive control which was purchased from 

Addgene plasmid repository, Cambridge, MA 

02139 USA. Template DNA sample (50-100 

ng per reaction) was used for the Polymerase 

Chain Reaction. First-round PCR was 

performed for outer fragment amplification 

using DNA template, 1X buffer, 2.5 mM 

MgCl2, 0.25 µM each of dNTP, 200 nM 

6200R:CCCATGATGATGATGGCTTCCAG 

TATGC, 200nM 5922F: GCTAATGCTA 

CCT CCCTCCTGG, 2.5 U of Taq under the 

following conditions: 94°C for 5 minutes 

followed by 40 cycles of 94°C for 30 seconds, 

54.4°C for 30 seconds, 72°C for 45 seconds, 

and ending with 72°C for 2 minutes. The 

second round of PCR for inner fragment 

amplification consisted of 5 µL of the first 

round PCR product, 1X buffer, 2.5 mM 

MgCl2, 0.25 µM each of dNTP, 200 nM 

5942F: GGGGACGATGACAGACACTTT 

CC, 200nM 6159R: CACATCCCCAT 

TTGCCACAGT AG, 2.5U of Taq under the 

following conditions: 94°C for 5 minutes 

followed by 40 cycles of 94°C for 30 seconds, 

51°C for 30 seconds, 72°C for 45 seconds, 

and ending with 72°C for 2 minutes. The PCR 

products were separated on a 2% agarose gel. 

The expected product for first- and second-

round PCR was 278 bp and 217 bp, 

respectively as compared with phiX174 

DNA/BsuRI (HaeIII) Marker.  

 

Sequencing 

 

XMRV infected positive PCR amplified 

products were further used for direct 

sequencing for validation of results. 

Amplified PCR product obtained from nested 

PCR were purified by Exonuclease-Shrimp 

Alkaline Phosphatase (Exo-SAP) treatment 

method. Exo-SAP treated PCR products were 

directly sequenced according to the 

manufacturer’s protocol with an automated 

DNA sequencer using ABI PrismTM3130
xl

 

(Applied Biosystem, U.S.A) by using Big 

Dye Terminator v3.1 Cycle sequencing kit. 

The sequencing reaction was carried out using 
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both forward and reverse primers. Sequences 

were compared with the reported reference 

prototype sequences of XMRV virus.  

 

Statistical Analysis 

 

All statistical analysis on the data was 

performed by the standard methods using 

Graphpad (Instat version 3.3) computer 

software and Fischer’s Exact Test/ Chi Square 

Tests were performed as applicable. The 

findings were considered statistically 

significant at p values of 0.05. 

 

Results and Discussion 

 

The Clinical and demographic characteristics 

of the PCa and BPH groups are listed in 

Table-1. A total of 105 PCa cases and 130 

BPH cases were recruited for the present 

study. The age distribution was almost similar 

for both PCa patients as well as BPH patients 

as 64.47±4.7 & 67.18±8.37 years, 

respectively. The serum PSA level (>4 ng/ml) 

was higher 94% (99/105) in PCa patients as 

compared to 51% (66/130) in BPH patient. In 

Histological grade, 24% samples were having 

poorly differentiated adenocarcinoma 

(PDAC), 41% samples were with moderately 

differentiated adenocarcinoma (MDAC) and 

35% samples were having well differentiated 

adenocarcinoma (WDAC), whereas 36, 43, 

16, 6 and 4 patients were having Gleason’s 

score as 6, 7, 8, 9 and 10 respectively. 

Interestingly, almost twice numbers of cancer 

patient were found with stage III and IV as 

compared to stage I and II during the study.  

 

XMRV detection in PCa and BPH tissues 
 

A highly-sensitive, nested PCR assay for 

XMRV env was used to screen patients for 

XMRV infection. Each patient’s specimen 

was screened in duplicate by using 50-100 ng 

of prostate tissue DNA. In this subset of 

patients, XMRV was detected in 5.4% (7/130) 

BPH tissue samples and in 7.6% (8/105) PCa 

tissue samples (Table-1) (Fig 1). For 

validation and confirmation of the PCR 

results, amplified 217-bp PCR products were 

sequenced and compared with XMRV VP62 

plasmid sequence which serves as positive 

control. The chromatograms obtained from 

the sequencing reaction were aligned for the 

similarity search with the consensus sequence 

of XMRV VP62 plasmid (Fig. 2). The nested- 

PCR product of 217-bp sequences from all 

positive patients showed 99–100% nucleotide 

identity to each other. The high degree of 

sequence similarity with the sequence of 

VP62 suggests that the samples were 

attributable to the presence of XMRV DNA. 

 

Co-relations between XMRV status and 

clinico-pathological parameters and 

demographic characteristics 

 

The correlation of XMRV infection with 

various clinico-pathological and demographic 

characteristics was analysed (Table-2).  

Patients with higher PSA level were found 

prone to XMRV infection in both PCa as well 

as BPH samples. Interestingly, no statistically 

significant correlation was obtained between 

XMRV infection and PSA level (p˃0.05). Out 

of 8 XMRV positive PCa samples, 6 samples 

were having ≥ 7 Gleason score (p=0.72) with 

advance histological grading MDAC (4/8) 

and PDAC (2/8) (p=0.82). XMRV infected 

cases (7/8) were belonging to stage III and 

stage IV which showed non-significant 

correlation (p=0.31).  

 

The existing capability of XMRV in human 

specimen and their power to initiation and 

progression of PCa is not well established till 

date. The previous studies have reported the 

presence of various viruses in prostate cancer 

development worldwide including XMRV 

(Fioriti et al., 2007; Zambrano et al., 2002). 

We need to understand its integration site in 

host genome, transmission routes, and its 
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interaction with host immune system. 

Previously, various molecular approaches 

were focused on the detection of XMRV 

infection and integration site in the prostate 

carcinogenesis (Arnold et al., 2010; Kim et 

al., 2010) but still it is not clear yet.  

 

The present study was designed in the 

continuation of the question on XMRV 

infection in PCa in Indian population.  To best 

of our knowledge it is the first report on 

XMRV in Indian patients with prostate 

adenocarcinoma. Our findings demonstrated 

there is no significant number of PCa cases 

have showed XMRV infection, 7.6% (8/105) 

of the total PCa cases and 5.4% (7/130) in 

BPH samples. This is in concordance with 

previous study from Pakistan where it was 

shown the presence of XMRV in almost 8% 

in 50 PCa biopsies but in contrast no BPH 

samples were shown to be positive with 

XMRV infection in their population (Baig et 

al., 2014). However, there are several other 

reports shown to have high prevalence of 

XMRV in prostate cancer patients in different 

populations (Arnold et al., 2010; Schlaberg et 

al., 2009; Urisman et al., 2006). In contrast, 

few studies from different geographical 

regions have also reported almost no XMRV 

infection in PCa (Gomes et al., 2014; Sakuma 

et al., 2011). These discrepancies in the status 

of XMRV infection worldwide may be due to 

different geographical area, ethnicity and 

different lifestyle habits may affect the 

prevalence of XMRV infection in prostate 

cancer.  

 

Table.1 Demographical, clinico-pathological and XMRV status of studied prostate cancer and 

BPH controls from Indian population 

 

Characteristics BPH cases 

n= 130 (%) 

PCa cases 

n=105  (%) 

Age(mean±SD) 67.18±8.37 64.47±4.7 

PSA(ng/ml) 

0 – 4.0 64(49) 6(6) 

4.1 – 10.0 37(28) 21(20) 

10.0 – 20.0 20(15) 27(26) 

>20.0 9(7) 50(48) 

Gleason’s Score 

6 0(0) 36(34) 

7 0(0) 43(41) 

8 0(0) 16(15) 

9 0(0) 6(6) 

10 0(0) 4(4) 

Histological Grading 

WDAC 0(0) 37(35) 

MDAC 0(0) 43(41) 

PDAC 0(0) 25(24) 

Tumor Stage 

I+II 0(0) 38(36) 

III+IV 0(0) 67(64) 

XMRV Status 

Positive 7(5.4) 8(7.6) 

Negative 123(94.6) 97(92.4) 
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Table.2 Correlation between XMRV status and clinico-pathological parameters of prostate 

cancer cases and BPH controls. 

 

 BPH PCa 

Negative 

123(%) 

Positive 

7(%) 

Negative 

97(%) 

Positive 

8(%) 

PSA 

0 – 4.0 63(51) 1(14) 6(6) 1(12.5) 

4.1 – 10.0 35(28) 2(29) 20(21) 1(12.5) 

10.0 – 20.0 17(14) 3(43) 24(25) 1(12.5) 

>20.0 8(7) 1(14) 47(48) 5(62.5) 

P Value 0.15 0.74 

Gleason’s Score 

6 - - 34(35) 2(25) 

7 - - 40(41) 3(37.5) 

8 - - 14(15) 2(25) 

9 - - 5(5) 1(12.5) 

10 - - 4(4) 0 

P Value  0.72 

Histological Grading 

WDCC - - 35(36) 2(25) 

MDCC - - 39(40) 4(50) 

PDCC - - 23(24) 2(25) 

P Value  0.82 

Tumor Stage 

I+II - - 37(38) 1(12.5) 

III+IV - - 60(62) 7(87.5) 

P Value  0.31 

 



Int.J.Curr.Microbiol.App.Sci (2017) 6(1): 609-619 

615 

 

Fig.1a Gel representative for detection of XMRV Infection in first round of Nested-PCR product 

 

 
 

Fig.1b Gel representative for detection of XMRV Infection in second round of Nested-PCR 

product   

 

 
 

2% agarose gel represents the amplification of nested-PCR  

Lane M: фx 174 DNA digested marker,  

Lane P: positive control (plasmid DNA) sample;  

Lane N: Negative control. 

Lane 1-2: BPH patient sample  

Lane 3-4: Prostate cancer patient sample 
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Fig.2 Chromatogram showing similar alignment between control XMRV VP 62 plasmid DNA 

sample (reference sequence) and prostate cancer patient sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the present study, it was found that 

nested PCR assay for XMRV env to be 

capable of detecting XMRV infection in PCa. 

PCR amplicon sequence of XMRV positive 

prostate samples was all most similar to 

XMRV V62 plasmid sequence which was 

used as positive control. This nested PCR 

interpretation would be consistent with few 

other reports (Arnold et al., 2010; Danielson 

et al., 2010). We did not find any association 

between XMRV infection and various clinical 

pathological parameters of PCa, including 

PSA level, Gleason score, histological grade 

and tumor stage. Few studies are in good 

agreement with our finding on Gleason score 

(Baig et al., 2014; Sakuma et al., 2011) but in 

contrast, other study showed the correlation 

between XMRV infection with patient having 

higher Gleason score (Schlaberg et al., 2009). 

As the prevalence of XMRV infection in the 

studied population is very low, additional 

study with higher sample size will be required 

to evaluate a correlation between XMRV 

infection and Gleason score.  

 

In conclusion, the present study strengthens 

the hypothesis that the prostate gland in males 

represents a complex niche where multiple 

infections with oncogenic potential like 

viruses may be one of the etiological agent 

and implicates the potential role in 

progression of prostate cancer. But this study 

does not support the evidence of XMRV 

infection in prostate cancer initiation and 

development. To our knowledge, this is the 

first pioneer study evaluating the frequency of 

XMRV infection in prostate cancer in India. 

Clearly, decision of these discrepancy will 

required more information and investigation 

with larger sample size. 
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