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BK polyomavirus association with colorectal 
cancer development
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ABSTRACT. The development of human neoplasms can be provoked 
by exposure to one of several viruses. Burkitt lymphoma, cervical 
carcinoma, and hepatocellular carcinoma are associated with Epstein-
Barr, human papilloma, and hepatitis B virus infections, respectively. 



2M.N. Khabaz et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027841

Over the past three decades, many studies have attempted to establish 
an association between colorectal cancer and viruses, with debatable 
results. The aim of the present research was to assess the presence of 
BK polyomavirus (BKV) DNA and protein in colorectal cancer samples 
from patients in the Western Province of Saudi Arabia. DNA extracted 
from archival samples of colorectal cancer tissues was analyzed 
for BKV sequences using polymerase chain reaction (PCR)-based 
techniques. In addition, expression of a BKV protein was assessed using 
immunohistochemical staining. None of the tumor and control samples 
examined tested positive for BKV DNA in PCR assays. Furthermore, 
immunohistochemical staining failed to detect viral proteins in both 
cancer and control specimens. These results may indicate that BKV is 
not associated with the development of colorectal adenocarcinoma in 
patients in the Western Province of Saudi Arabia.
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INTRODUCTION

BK polyomavirus (BKV) belongs to the Polyomaviridae family and bears close 
similarity to JC virus and Simian virus 40 in its ubiquity in mankind. BKV infection is 
common among humans and usually occurs in childhood, with more than 70% of people 
showing serological confirmation of exposure (Knowles et al., 2003). BKV was first identified 
in urine from a kidney transplant patient (Gardner et al., 1971), and has been described as 
a tumor virus due to its oncogenic activity in vitro and in animal models. Several research 
groups have drawn attention to the high tumorigenic potential of BKV. For instance, it is 
able to transform rodent cells into malignant neoplasm, and eternalize human cells alone or 
in combination with other oncogene families including myc and ras (Portolani et al., 1975; 
Grossi et al., 1982; Pagnani et al., 1988; Kenan et al., 2015). BKV inoculation into animal 
models causes the development of various neoplasms, including glioma, neuroblastoma, 
ependymoma, osteosarcoma, liposarcoma, and fibrosarcoma, among others (Tognon et al., 
2003). The oncogenic potential of BKV is related to the influential transforming genes involved 
in growth control and mitogenic signaling encoded in its genome (Khalili et al., 2003; White 
and Khalili, 2004; Kenan et al., 2015).

BKV is a non-enveloped DNA virus with an icosahedral capsid containing a globular, 
double-stranded genome incorporating early- and late-transcription regions (Imperiale, 2000). 
The proteins VP1, VP2, VP3, and agnoprotein are encoded by the late region, while the early 
region codes for two tumor antigens, named the large T and small t antigens. The former 
interacts with p53 and pRb proteins, manipulating the cell cycle and provoking malignancy 
(Bollag et al., 1989; White and Khalili, 2004; Kenan et al., 2015). The binding of viral proteins 
to pRb causes the release E2F transcription factor, consequently increasing the expression of 
p14ARF, thus leading to the stabilization of p53 and suppression of its apoptotic functions, 
and halting the stimulation of cellular cyclin inhibitors. This process is essential to provide the 
ideal cellular conditions for viral replication and packaging, and enables nonpermissive cell 
transformation (Levine, 1997; Vogelstein et al., 2000; Damania, 2007).

Over recent decades, an increasing number of investigations have attempted to 
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establish the involvement of the BKV genome and its protein products in human neoplasms. 
In spite of these numerous studies, the mechanistic role of BKV in human malignancies 
remains highly debatable. BKV DNA and proteins have been found in renal, bladder, prostate, 
pancreatic, adrenal, and brain cancer tissues (Corallini et al., 1987; Flaegstad et al., 1999; 
Fioriti et al., 2005; Barzon et al., 2008; Taghavi et al., 2015; Yin et al., 2015). On the other 
hand, several reports have failed to detect BKV in similar tumors (Arthur et al., 1994; Weggen 
et al., 2000; Knöll et al., 2003; Fischetti et al., 2004). The present study represents the first 
attempt to assess the presence of BKV DNA and proteins in colorectal cancer patients in the 
Western Province of Saudi Arabia.

MATERIAL AND METHODS

The current study used 83 paraffin-embedded tissue blocks from previously diagnosed 
colorectal cancers stored in the archive of the Pathology Department of King Abdulaziz 
University, Jeddah, Saudi Arabia, and 35 control samples from tumor-free colorectal tissues. 
Clinicopathological data including gender, age, cancer type, tumor size and anatomical site, 
and modified Dukes’ grade were collected. Familial colorectal cancer cases or those having 
received radiation therapy or chemotherapy were excluded. Control samples were collected 
from individuals with noncancerous conditions (such as adenoma or polyps), as well as 
adjacent normal tissue and remote surgical margins. These control cases included 15 women 
and 20 men, with a mean age of 56.7 years, ranging from 28 to 87 years. All tumor and control 
tissue blocks were serially sectioned for use in the current study.

Immunohistochemistry (IHC)

Mouse monoclonal antibody against BKV (Chemicon International, Temecula, CA, 
USA) was utilized in a standard IHC staining protocol, as described by Khabaz (2013). Positive 
and negative controls were included, following the manufacturer protocol. Neoplasms were 
considered BKV-positive if more than 1% of the transformed cells demonstrated a distinct 
positive nuclear stain.

DNA extraction

A QIAamp DNA FFPE Kit (Qiagen, Hilden, Germany) was used to extract genomic 
DNA from paraffin-embedded tissue samples following the manufacturer protocol. DNA was 
eluted in 50 µL elution buffer and stored at -40°C until use. A NanoDrop 2000 spectrophotometer 
(Thermo Scientific, Waltham, MA, USA) was used to analyze the purity and concentration of 
isolated DNA.

Real-time polymerase chain reaction (PCR)

A commercially available kit (Euro RT-BKV - cod. 9153; Eurospital, Trieste, Italy) 
was used to assess the presence or absence of BKV DNA in colorectal cancer and control 
tissues. DNA amplification was performed using a real-time thermocycler (One Shot; Applied 
Biosystems, Foster City, CA, USA) following the manufacturer instruction manual. β-globin 
was used as an internal control.
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Statistical analysis

Data were analyzed using SPSS version 21 (IBM, Armonk, NY, USA). Relationships 
between categorical variables were established by the chi-square test. P values < 0.05 were 
considered statistically significant.

RESULTS

The tumors under investigation derived from the ascending colon (21.69%), sigmoid 
colon (20.48%), rectum (18.08%), descending colon (15.66%), and rectosigmoid colon 
(14.45%). The transverse colon and cecum were each the site of 4.82% of the malignancies 
examined (Table 1). Almost 39% of the tumors were well differentiated, with 48.2 and 13.25% 
being moderately and poorly differentiated, respectively (Table 1). In regard to modified 
Dukes’ grading, 1.2, 2.4, 55.5, 34.9, and 6% of colorectal carcinoma cases were classified 
as A, B1, B2, C2, and D, respectively. The average cancer patient age was 57.8 ± 12.8 years, 
with women being slightly overrepresented. The frequencies at which malignancies occurred 
in each anatomical site were similar in both genders, with the exception of rectal tumors, for 
which men showed a higher incidence. Moderately differentiated tumors were more frequent 
among men (52.6%) than women (44.4%), while poorly differentiated tumors, especially with 
mucinous or signet-ring cell differentiation, were observed predominantly in female patients. 
Higher modified Dukes’ grades were recorded mainly for colorectal carcinomas of male 
patients; 47.4 and 42.1% of cancers affecting the male study population were classified as 
C2 and B2, respectively, while almost 67% of tumors among women were graded B2 (Table 
1). Lymph node involvement was found in almost 39% of cases. Nevertheless, none of the 
differences in clinical data between male and female study groups were statistically significant.

Table 1. Clinicopathological characteristics of colorectal cancer patients.

Characteristic All patients Female Male 
N % N % N % 

Total  83  45 54.2 38 45.8 
Tumor location Ascending colon 18 21.69 11 24.4 7 18.4 
 Transverse colon 4 4.82 3 6.6 1 2.6 
 Descending colon 13 15.66 7 15.5 6 15.78 
 Rectum 15 18.08 6 13.3 9 23.68 
 Rectosigmoid colon 12 14.45 7 15.5 5 13.15 
 Sigmoid colon 17 20.48 9 20 8 21.05 
 Cecum 4 4.82 2 4.4 2 5.26 
Tumor differentiation Well, with or without mucinous differentiation 32 38.55 17 37.8 15 39.4 
 Moderate, with or without mucinous differentiation 40 48.2 20 44.4 20 52.6 
 Poor, with or without mucinous or signet-ring cell differentiation 11 13.25 8 17.8 3 7.9 
Dukes' grade A 1 1.2 0 0 1 2.6 
 B1 2 2.4 0 0 2 5.3 
 B2 46 55.5 30 66.7 16 42.1 
 C2 29 34.9 11 24.4 18 47.4 
 D 5 6 4 8.9 1 2.6 

 

PCR assays revealed all examined colorectal carcinoma cases and controls to be 
negative for BKV DNA. Furthermore, IHC staining using a specific anti-BKV antibody failed 
to detect viral proteins in both tumor and control samples, indicating that BKV protein is not 
expressed in colorectal carcinoma tissues.
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DISCUSSION

Many viruses have been put forward as possible carcinogenic agents, but their specific 
roles in the occurrence of human malignant neoplasms remain to be conclusively established. 
Owing to satisfactory evidence from animal models but insufficient confirmation in human 
beings, the Monograph Working Group of the World Health Organization International 
Agency for Cancer Research has recently categorized JC virus, Simian virus 40, and BKV 
as “possibly carcinogenic to humans” (Group 2B; Bouvard et al., 2012). This particularly 
applies to the relationship between BKV and colorectal cancer, as over the last decade, an 
association between this virus and the development of this disease has been reported. To our 
knowledge, six studies have investigated the carcinogenic role of BKV in human colorectal 
cancer to date. Of these, only two research groups detected BKV DNA and proteins in colorectal 
adenocarcinoma tissue (Casini et al., 2005; Giuliani et al., 2008). The PCR and IHC techniques 
employed in the current study failed to detect genetic material and protein deriving from the virus 
under investigation in colorectal carcinoma and control tissues. Our data are consistent with the 
findings of four other research teams who found no evidence of BKV DNA in a large range of 
colorectal cancer, adenoma, and normal mucosa samples (Militello et al., 2009; Campello et 
al., 2010; Fiorina et al., 2014; Ripple et al., 2014). Such contradictions may be explained by 
false-positive results due to contamination during experimental procedures, the sensitivity of 
the protocols used, population diversity and sample size variation, and BKV incidence in the 
geographical area of study. Another possible explanation involves the loss of BKV DNA and 
protein. This could be explained by an incompatibility between the growth of cells during the 
later stages of carcinogenesis and the ability of BKV tumor antigen to induce chromosomal 
damage and apoptotic effects (Theile and Grabowski, 1990; Tognon et al., 1996; Trabanelli et al., 
1998). Absence of viral DNA may result from the dilution of episomal DNA or immune system 
selection against viral tumor antigen proteins. Alternatively, a “hit and run” mechanism may 
account for the loss of BKV in human colorectal cancer tissues (Tognon et al., 2003).

CONCLUSION

The current study failed to detect BKV in the colorectal carcinoma samples tested. 
Accordingly, this report provides no evidence to support a significant role for BKV in colorectal 
carcinogenesis among patients in the western Province of Saudi Arabia. We recommend that 
new DNA detection methods should be utilized to further investigate the role of this virus in 
colorectal cancer.
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