
Introduction

Polyomavirus is the sole genus of viruses inside the 

Polyomaviridae family. At the starting, polyomaviruses were 

taxonomically classified as a genus of the Papovaviridae 

family with papillomaviruses; While, in 2000 the International 

Committee on Taxonomy of Viruses conventionally split the 

viruses into two new families, e.g. Polyomaviridae and 

Papillomaviridae families (Figure 1).

Discovery

Polyomaviruses was first find out in the 1950s in the rodent 

tissues as named tumour-associated virus. As its name hinted, it 

has been causes various types of tumours in rodents. On the 

other side, SV40 was discovered in a monkey cells line that was 

used in the 1960s for poliovirus vaccine manufacturing. 

Actually it is believed that a significant number of people had 

been unintentionally infected by SV40 that was accidentally 

contained in the vaccine formulation. As per the survey that 

SV40 causes tumours in rodents lead to a understanding of 

SV40 is associated to the rodent polyomavirus. Additionally, 

the discovery of a monkey polyomavirus (i.e., SV40) 

vigorously supported a notion that a related virus could also 

be found in humans as well. The first polyomavirus 

discover was the mouse polyomavirus (mPyV)(Steward 

and Eddy, 1958) causing the development of multiple 

tumour category when immunize into new-born mice. 

Eventually, many polyomaviruses have been start to infect 

a diversity of vertebrate species, counting rabbits, rodents, 

birds, nonhuman primates, and, to date, nine 

polyomaviruses have been isolate in humans. The range of 

hold species for every one polyomavirus is very small, and 

the fertile infection is little to natural host (Major, 2001).

Biology Polyomavirus

The genomes of PyVs can be categorised into three types: 

the control region; the early region, which carry early 

proteins; and the late region, which carry late proteins with 

structural function. The control region includes the origin 
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Figure 1. Bk polyoma virus (Major, 2001)
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of replication and the stimulator that maintained the expression 

of early and late genes. Although these regions does not encode 

any protein or functional RNA. This region is involved in the 

maintenance of the life cycle of virus by modulating replication 

and transcription. Both strands of the PyVDNA code for 

proteins. Early genes are expressed by one strand instantly after 

infection. On the other side, late genes are expressed by the 

antagonistic strand after viral genome replication. The mRNA 

transcribed by both early and late regions present in at least two 

identical isoforms because of alternative processing. 

Additionally the expression of a viral micro-RNA has been 

noticed in the John Cunningham BK polyomavirus (BKPyV) 

and Merkel cell polyomavirus (MCPyV), polyomavirus 

(JCPyV), (Paulson et al.,2011; Bauman et al.,2011) This micro-

RNA is encoded by the complementary DNA strand to the large 

antigen-T and, at least in MCPyV, this RNA appears to modulate 

the expression of these viral proteins(Paulson et al.,2011). The 

proteins coded with the early genes are incorporate in the 

genome replication and regulation of viral transcription. The 

proteins are known as ''antigens-T'' and accept this DOI: 

10.6061/clinics/2018/e558s name due to they were accept by 

antibodies from rodents causing tumours.  Different T-antigen .

isoforms present and are named based on the viral species by 

which they produced. The transforming potentiation of the viral 

category is closely related to the expression of T-antigens and 

was initially discovered in studies using simian virus 40 (SV40) 

(Butel and Lednicky, 1999). The large T (LT) antigen is a nuclear 

protein that is near about 700 amino acids. Although, 

modification in its phosphorylation pattern may convert the 

location of this protein inthe cell (Howes et al., 1996; Tyagarajan 

et al., 2006). The LT-antigen maintained both the viral 

transcription and genome replication (Assetta and Atwood, 

2017). Additionally, the LT-antigen as well as the other T-antigen 

isoforms  expressed in human and animal PyVs are pleiotropic 

proteins that influence the expressions and functions of the 

number of cellular proteins involved in the maintenance of cell 

proliferation. The counter balance of the functions of the 

proteins is critical for the initiation of the entrance of the host cell 

within the cell cycle, Assemble the DNA replication machinery 

available and permitting viral genome replication (Sawai and 

Butel, 1989; Hahn et al., 2002). The late region caring the genes 

encoded with the structural proteins present in the viral capsid, 

included VP1 and VP2.Other species also express the structural 

proteins VP3 andVP4. VP2 and VP3 are required for viral entry 

into the host cell. Although, the functions of VP4 during the viral 

life cycle remains a matter of debate. Previous studies have 

suggested that VP4 serve as a vaporing to disrupt the nuclear 

membrane and mediate viral release (Raghava et al., 2013; 

Daniyal et al., 2007). Although, in a recent study, Henriksen et al. 

showed that human renal proximal tubule epithelial cells 

transfected with BKPyV genomes carryingstart codon 

substitutions in VP4,predicted to disrupt the production of 

these proteins are released comparable concentration of 

viral particles in the supernatant as cells transduced with 

WT genomes (Henriksen et al., 2016). It can be seen that 

more studies are needed to determine the role of VP4 in PyV 

biology. Additionally, some other PyVs, including JCPyV, 

BKPyV and SV40, contains an open reading frame (ORF) 

that encodes a administrative cytoplasmic protein named 

agno-protein (Okada et al., 2001). The participation of 

agno-protein in viral evolution has been demonstrate in 

species which express these proteins, including, SV40, 

JCPyV and BKPyV (Saribas et al., 2016). Study conducted 

in the previous two decades have exhibits that the 

expression of VP1 in differ systems promote to the 

production of structures known as  virus-l ike 

particles(VLPs), which are same as the viral capsid 

(Burkert et al., 2014; Touze et al., 2010). After it has 

expressed, the structural proteins assembled in the cellular 

nucleus, contributing to the observing of the virion. These 

proteins are found in different concentration in viral 

capsids, with VP1 is the important protein in the production 

of pentamers. The carboxyl end of VP1 expand outside the 

pentamer and interacts with neighbouring pentamers. 

These interactions, stimulated by VP1 coupled with Ca2+ 

and disulphide bonds, participate in the stabilization of the 

capsid structure and capsomers (Imperiale et al., 2007).

BKPYV characteristics

Polyomavirus infections, including BK virus, are large 

spread both in grow and growing countries (Johne et al., 

2011; Knowles, 2006). It is evaluate that near about 90% of 

the whole population has antibodies against BKPyV 

particles. These high percentage may be interconnected to 

the period when the primary infection occurs, generally in 

early childhood. Although, immediately later birth, maternal 

antibodies remain for the first few months, so, between the 

age of 4 and 11 months, antibodies are presence only in 5% of 

infants (Knowles, 2006). With consider to BKPyV, virus 

transference routes are not entirely accept. It is presume that 

infection is transfer via the faecal-oral tract, respiratory tract 

the blood, or through organ transplant. In case of the usual 

immune system, infection is asymptomatic, occasionally 

manifested by a mild inflammation of the upper respiratory 

tract, a small urinary tract disorders and increase in body 

temperature. As a result of reproductive infection, the virus 

move to the latent stage, where urinary tract cells are the 

major site of perseverance. Exclude for the urinary tract, 

BKPyV also localize in peripheral blood mononuclear cells 
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(PBMC), tonsils and hematopoietic tissues (Rynans et al., 2011). A 

moderately impaired immune system, usually observed in the 

older, in pregnant women and diabetics, can begin active virus 

replication. Still, in case of impaired immunity accompanied by in-

depth immunosuppression therapy such as in organ transplantation 

or through acquired immunodeficiency syndrome (AIDS), evident 

clinical infection transpire (Hirsch et al., 2013; Matlosz et al., 

2006). Most often, notice is paid to three types of pathologies 

coupled to BK virus infection:  ureteral stenosis and interstitial 

nephritis in patients after renal transplantation, also haemorrhagic 

cystitis in patients after (Matlosz., 2006).

Cell Transformation Mechanism

Three mechanisms of HPyV infection effect on the cancer growth 

can be distinguished: hit-and-run, traveller and by-stander. In the 

first, the hit-and-run process, a cell is spread disease with 

polyomavirus at the first stage of neoplasia. These results in the 

increase of chromosomal instability (CIN) and stabilize the action 

of carcinogenesis. Although, in the advanced form, in the route of 

diagnosis, the virus genetic material is not discover. In the 

passenger process, the virus affect on the tumour cell where it 

detect suitable conditions for its genome replication, but it do not 

have direct effect on cancer development. It can, however, harmful 

side effects, like cell carcinogenic and weakening facilitation. The 

last, the by-stander process, does not affect on the mechanism of 

ontogenesis. Alternatively, the virus infects cells adjoining to 

tumour cells and is  find out in anatomically attached section of 

these cells (Dalianis and Hirsch, 2013) (Figure 2).

A further role in the mechanism of carcinogenesis is played by one 

of the functional parts of the  genetic matter of virus, the early zone 

which encodes two non-structural proteins: the small-t antigen (t-

Ag) and wide T-antigen (T-Ag). T-Ag is important in initiate cell 

modification and their limitless proliferation due to its effecting on 

proteins formulate by the hold. Polyomavirus genomes does not 

code replication proteins, and, so, they use proteins produced by the 

effect on cell in the S phase of the cell cycle. T-antigen is affianced 

in the process of taking control over the cell by interrupt the activity 

of suppressor proteins: p53 and pRb (Retinoblastoma 

protein)(White and Khalili,2004). The hindrance of TP53 gene 

coding p53 protein takes place in around 50% of all cancers. T-Ag 

of BK virus linked to p53 protein causing its deactivation, thus 

incapacitate the cell dividing cycle inhibition, which, in 

consequence , results in an limitless number of divisions. The 

excluded of apoptosis process is especially for providing the 

optimal environment for the genetic matter of virus multiplication 

and the submission of new virions. This action facilitates 

modification in not permissive cells and supports lytic infection in 

permissive to cells (White and Khalili, 2004). The pRb 

(Retinoblastoma protein), belonging to family of the pocket 

proteins, is responsible for preventing the E2F factor (from the 

family of transcription factors) which is important for cell 

transition through the G1/S inspect point. In case of DNA 

damage, the phosphorylated active pRb protein linked to E2F, 

blocking the further cell division. generally, in the course of a 

usual cell cycle, at the end of the G1 phase, CDK6 and CDK4 

cytokines phosphorylate pRB protein. Its deactivation results 

in evolved transcription factors, which allowing for the S 

phase of cell division. In the infected cell, in spite of the 

genetic material modification, the cell cycle is not prevented.. 

This comes about from the capability of T-Ag viral linking to 

pRb, which causes the evolved of E2F influence and the cell 

cycle progression in spite of the occurring changes. It is the 

main process used by the virus due to which T-Ag approval 

the abnormal proliferation of transformed cells of oncogenic 

character (White and Khalili, 2004).

The next process depends upon taking control over the gene of 

DNA-methyl-O-transferase (DNMT1), being the target gene 

for the E2F transcription factor. Its overexpression is related to 

the cancer suppressive gene, hyper methylation, which can 

result in ontogenesis development. It has been intent on that 

antigen-T of human BK polyomavirus and E1a adenovirus are 

able of strong activation of transcription from the DNMT1 

promoter. This activation requires Rb protein deactivation by 

oncogene and then the activation of E2F factor release. 

Results of this research, coupled with earlier research on 

DNMT1 overexpression effects, advice to that the abnormal 

www.apjonline.in

Figure 2. Cell transfer Mechanisms (Dalianis and Hirsch, 
2013)
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regulation of DNA thiol transferases activity by pRb/E2F can be 

important, not only in viral lytic infections, but also in virus induce 

modification and cancer growth. In the case of virus sudden 

changing in gene incapable of linking pocket proteins (RB), the 

deficiency of efficacy in DNMT1 activation is observed, 

comparison with their wild type equivalents. In addition, E2sudden 

changing in gene inside DNMT1 promoters considerably neutralize 

transcription activation. These reported data advice that DNMT1 

viral induction via pRB/E2F route modulation can result in cancer 

modification (Mccabe et al., 2006).

Mode of transmission

Serologic studies exhibit large spread prevalence of BK virus 

infection in man (Smith et al., 2004). Proof is collecting that this 

is the result of multiple routes of infection (Randhawa and 

Ramos, 2007; Randhawa and Vats, 2002). Air borne transference 

is support by observations that BK virus DNA is detect in 1% of 

nasopharyngeal aspirates acquired from infants with respiratory 

infection. The chance of feco-oral transference  is suggested by 

demonstration of BK polyoma virus DNA in metropolitan 

sewage, and in stool test from hospitalized children and bone 

marrow transplant receiver (Vanchiere et al., 2005).  Given that 

polyomavirus is largely latent in the kidney, renal transplantation 

is believe to be an important mode of infection in patients with 

last stage kidney disease (Boldorini et al., 2005). The presence of 

higher titer anti-VP-1 DNA antibodies in donor serum is coupled 

with higher risk of virus transmission and disease in the renal 

allograft recipient. Finally, it is proved that trans placental 

transmission of polyomavirus can also occur. The frequency of 

viral reactivation in pregnancy has been variably estimated from 

rare to as high as 65% (Kalvatchev et al., 2008).

Clinical manifestations 

Initial infection, typically during childhood, is not connected 

with any well-defined clinical syndrome however there are 

anecdotal report of upper respiratory infection and acute cystitis.  

After resolution of initial infection, BK virus enters in a latent 

phase in the possibly peripheral blood mononuclear cells and 

urogenital tract tonsils, and other hematopoietic tissues 

(Randhawa and Ramos, 2007).  Reactivation of latent virus take 

place in old age, pregnancy, diabetes mellitus, acquired 

immunedefic i ency  syndrome (AIDS) ,  congen i ta l  

immunodeficiency and most importantly, organ transplantation. 

The initial sings of reactivation is BK polyoma viruria, which has 

described in 15-60 % of kidney transplant patients. These is 

followed by  BK virus nephropathy (BKVN)  and BK viremia 

seen sequentially in 5-30% and 1-10% of kidney transplant 

patients. BK  polyomavirus nephropathy presents in patients 

with renal disease , which may be confused with acute rejection.  

The rate of graft loss was more than 50% in the 1990's, but has 

reduced to as low as 15% because of the regular screening, 

and proactive reduction of immunosuppression. The first 

description about the BK virus nephropathy was from adult 

patients with kidney transplantation, but it now clear that 

children can also be affected by BK virus (Alexerder et al., 

2006; Haysom et al., 2004; Herman et al., 2004). 

Additionally, cases have now been recorded after bone 

marrow, pancreas, liver, heart, lung, and , kidney-pancreas 

transplantation (Barber et al., 2006; Barton et al., 2006; 

Gupta et al., 2006). In addition to renal parenchymal 

involvement, BK virus has been connected with ureteric 

stricture (Gardner et al., 1971).

In patients which has bone marrow transplantation, 

haemorrhagic cystitis is an important clinical syndrome 

attributed to BK virus infection, specially after 

chemotherapy and radiation with urinary bladder injury have 

been excluded (Elidemir et al., 2007).  The latter occur very 

early after transplantation whereas viral infection has a after 

onset. Milder forms of BK polyomavirus haemorrhagic 

cystitis are self-limited, but 5-10% of cases may encounter 

severe bleeding that can needs along time hospitalization. 

Disease outside of the urogenital tract coupled with BK virus 

has only rarely been occurs in the form of myopathy in 

kidney transplantation. A case of  BK virus associated 

colonic ulceration has been determined (Masutanu et al., 

2013). Diagnosis was not confirmed by DNA sequencing 

and depends on immunohistochemistry . Normally, clinical 

demonstration of BK virus infection that have not always 

been rigorously documented include salivary gland disease, 

oral ulcers, acute respiratory infection, meningo-

encephalitis,  pneumonia with viral cytopathic effect, 

hemophagocytic syndrome, neutropenia, bone marrow 

aplasia, systemic vasculopathy with capillary leakage 

syndrome, and paediatrics skin eruptions (Gupta, 2006).

Risk factors for BKV nephropathy

Risk factors may be donor, receiver, transplant, or virus 

interconnected (Bohl et al., 2008). Reported donor-related 

influence include deceased-donor, living-donor transplants, 

cytomegalovirus infection, ABO incompatibility, donor 

seropositive status, and donor viruria (Vera-Sempere et al., 

2006). Receiver-related risk factors  that have been implicate 

in increased for nephropathy  contain older age, male gender, 

Asian ethnicity (Knight et al., 2013), African American race 

(Theodropoulos et al.,2013), Caucasian race, haemodialysis  

(Mitterhoffer et al., 2012), prior renal tubular injury, lower 

frequency of the activating natural killer cell receptor 

KIR3DS1 (Tridzenskaya et al., 2013), diabetes mellitus and 

recipient serostatus (Sood et al., 2013). Potential risk factors 
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connected with the transplantation method are pre-transplant 

desensitization (Gabardi et al., 2013), ischemic/harvesting injury, 

ureteric stenting, tacrolimus trough levels, delayed graft function, 

calcineurin inhibitor based therapy, choice of mycophenolic acid 

over everolimus, intensity of immunosuppression,   mycophenolic 

acid area under the curve (AUC), multiple episodes of acute 

rejection, and administration of lymphocyte depleting factors 

(Borni-dval et al., 2013; Moscarelli et al., 2013). The effect of HLA 

matching is multiplex: while the risk of nephropathy is high in 

mismatched patients, the occurrence of graft loss is said to lower in 

matched patients (Awadalla et al., 2004).  HLA-A2, HLA-DR15 

and HLAB44 appear to lower the risk of BK polyoma viremia 

(Masutani et al., 2013).

Potential viral-interconnected factors include respectively 

alterations in the VP-1 gene, rearrangements in the NCCR 

region, presence of viridian in pre-transplant or day 1-5 post-

transplant samples, higher viral load and quick doubling of viral 

copy numbers. None of the listed risk factors continuation come 

out statistically important in all studies. This may be due to the 

overriding effect of the type and intense of immunosuppression, 

which is further the most modifiable factor in clinical practice 

(Brennan et al., 2005).

Pathogenesis 

Tissue injury in polyomavirus infection is believe to the result of 

lytic viral replication that results in cell death. It is proof that 
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Figure . 3 Replication of Polyomaviruse (Perez et al., 2006)

Advance Pharmaceutical Journal 2021; 6(5):131-139                                                          135



Replication of viruses

Transcription of Early Genes

Early gene expression us responsible for the synthesis of non 
structural proteins. The role of the non structural proteins is to 
regulate the cellular mechanisms and gene expression. Close to 
the N terminal end of Polyomavirus genome are enhancer 
elements which initiator activation and transcription of molecule 
called as the antigen-T.  Early mRNA's encoding antigen-T are 
produced by host mRNA polymerase-II. T-antigen 
autoregulation early mRNA's. Sequentially leading to elevated 
levels of T-antigen. At high concentration of LT-antigen, 
triggering the late phase of viral infection of begin (Figure 3).

Replication of DNA genome in the nucleus

Genome replication acts to separate the early and late phase gene 
expression. The  duplicated viral synthesized and processed as if 
it were cellular DNA. As the daughter viral genome is 
synthesized they associated with cellular nucleosomes to form 
structures that are often referred 'minichromosome'. In this 
manner the DNA packaged more efficiency (Figure ).4

Transcription of late genes encoding for structural proteins 
(VP1, VP2 and VP3) 

Late gene expression synthesis the structural proteins, 
responsible for the viral particle composition. This occurs during 
and after genome replication. Late gene expression generated an 
array of proteins as a result of alternative splicing.

Group of new virions in the nucleus 

In the each viral protein are 'nuclear localisation signals' which 
cause the viral proteins to amass in the nucleus. Group of new 
virus particle simultaneously occurs within the nucleus of the 
host cell (Perez et al., 2006).

Virions are released by lysis of the cell 

Release of newly synthesized Polyomavirus particle exit the 

infected cell by one of two mechanism. Firstly and less 

commonly, they are transported in cytoplasmic vacuoles to 

the plasma membrane, where budding occurs. More 

frequently, they realised when the cell lysed due to the 

cytotoxicity of virus particles present in the infected cell.

Conclusion

The name of the family Polyomaviridae, obtain from the  

observation that cells infected with murine polyomavirus 

persuade multiple (poly) tumors (omas) in immune 

compromised mice. Although, current evidence only 

supports the role of MCPyV as a carcinogen to humans. In 

the present review we present a summarized discussion on 

the current knowledge regarding the role of MCPyV, 

TSPyV, JCPyV and BKPyV in human cancers.

Acknowledgements

Firstly, I am grateful to Allah for the good health and well-

being that were necessary to complete this programme. I 

always have a pillar of strength in Him. I gratefully 

acknowledge my deep gratitude to the Dr. Sameer Shaikh 

S h a k u r ,  P r i n c i p a l ,  D u rg a m a t a  I n s t i t u t e  o f  

pharmacy,Dharmapuri,Parbhani and I would like to express 

my sincere gratitude to my supervisors Dr. Shailee V 

Tiwari, HOD, Department of pharmaceutical Chemistry, 

Dugamata Institute of pharmacy Dharmapuri, Parbhani for 

providing advice and helpful discussions for this 

dissertation.

References

Abend JR, Low JA, Imperiale MJ. 2010. Global effects of 
BKV infection on gene expression in human primary 
kidney epithelial cells. Virology, 397:73-79.

Alexander RT, Langlois V, Tellier R, Robinson L, Hebert D. 
2006.  The prevalence of BK viremia and urinary viral 
shedding in a pediatric renal transplant population: A 
single-center retrospective analysis. Pediatr Transplant, 
10:586-592.

Assetta B, Atwood WJ. 2017.The biology of JC 
polyomavirus. Bio Chem. 398(8):83955.

Awadalla Y, Randhawa P, Ruppert K, Zeevi A, Duuesnoy 
RJ. 2004. HLA Mismatching Increases the Risk of BK 
Virus Nephropathy in Renal Transplant Recipients. 
American Journal of  Transplantation 4:1691-1696. 

Bohl DL, Brennan DC, Ryschkewitsch C, Gaudreault-
Keener M, Major EO, Storch GA. 2008. BK virus 
antibody titers and intensity of infections after renal 
transplantation. Journal of clinical virology, 43:184-9.

Bauman Y, Nachmani D, Vitenshtein A, Tsukerman P, 
Drayman N,Stern-Ginossar N, Dikla Lankry, Raizy 
Gruda, Ofer Mandelboim.2011. An identical miRNA of 

www.apjonline.in

Figure 4. Polyomaviruses replication (Perez et al., 2006)

Advance Pharmaceutical Journal 2021; 6(5):131-139                                                          136



the human JC and BK polyoma viruses targets the stress-
induced ligand ULBP3 to escape immune elimination. Cell 
Host Microbe, 9(2):93 102.

Butel JS, Lednicky JA. 1999. Cell and molecular biology of 
simian virus 40:implications for human infections and 
disease. Journal of National Cancer Institute, 91(2):119-34.

Burkert O, Krener S, Sinn L, Giese S, Simon C, Lilie H. 2014. 
Biophysical characterization of polyomavirus minor capsid 
proteins. Journal of Biological Chemistry, 395(7-8):871-80.

Boldorini R, Veggiani CI, Barco D, Monga G. 2005. Kidney and 
urinary tract polyomavirus infection and distribution - 
Molecular biology investigation of 10 consecutive autopsies. 
Archives of Pathology & Laboratory Medicine, 129:69-73. 

Barouch DH, Faquin WC, Chen Y, Koralnik IJ, Robbins GK, 
Davis BT.2002.BK Virus-Associated Hemorrhagic Cystitis 
in a Human Immunodeficiency Virus-Infected Patient. 
Clinical Infectious Diseases, 35:326-9.

Bogdanovic G, Priftakis P, Giraud G, Kuzniar M, Ferraldeschi R, 
Kokhaei P, H Mellstedt, M Remberger, P Ljungman, J 
Winiarski, T Dalianis. 2004. Association between a high BK 
virus load in urine samples of patients with graft-versus-host 
disease and development of hemorrhagic cystitis after 
hematopoietic stem cell transplantation. J Clinical Microbiol, 
42:5394-6.

Basse G, , , , , . Esposito L Hirsch H Fillola G Kamar N Rostaing L
2007. BK virus-related hemophagocytic syndrome in a renal 
transplant patient. Transplantation, 83:365-36.

Barber CEH, Hewlett TJC, Geldenhuys L, Kiberd BA, Acott PD, 
Hatchette TF. 2006. BK virus nephropathy in a heart 
transplant recipient: case report and review of the literature. 
Transplant Infectious Disease, 8:113-21.

Barton TD, Blumberg EA, Doyle A, Ahya VN, Ferrenberg JM, 
Brozena SC, Limaye AP. 2006. A prospective cross-sectional 
study of BK virus infection in non-renal solid organ 
transplant recipients with chronic renal dysfunction. 
Transplant Infectious Disease, 8:102-7.

Drake KA, Najera L, , . 2013. Unusual Reed RC Verghese PS
presentations of BK virus infections in pediatric renal 
transplant recipients. Paediatric Transplantation, 17:E9-15. 

Daniels R, Sadowicz D, Hebert DN. 2007. A very late viral 
protein triggers the lytic release of SV40. PLOS Pathogens, 
3(7):e98.

Drachenberg CB, Papadimitriou JC, Hirsch HH, Wali R, 
Crowder C, Nogueira J, , , , Cangro CB Mendley S Mian A
Ramos E. 2004.  Histological patterns of polyomavirus 
nephropathy: correlation with graft outcome and viral load. 
American Journal of Transplantation, 4:2082-92.

Dalianis T, Hirsch HH. 2013. Human polyomaviruses in disease 
and cancer. Virology, 437(2):63-72.

Elidemir O, Chang IF, Schecter MG, Mallory GB. 2007. 
BK virus-associated hemorrhagic cystitis in a pediatric 
lung transplant recipient. Pediatratic Transplantation, 
11:807-10.

Fioriti D, Degener AM, Mischitelli M, Videtta M, Arancio 
A, Sica S, Sora F, Pietropaolo V. 2005. BKV infection 
and hemorrhagic cystitis after allogeneic bone marrow 
transplant. Int J Immunopathol Pharmacol, 18:309-16.

Gardner SD, Field AM, Coleman DV, Hulme B. 1971. New 
human papovavirus (B.K.) isolated from urine after 
renal transplantation. Lancet, 1(7712):1253-7.

Gabardi S, Townsend K, Martin ST, Chandraker A. 2013. 
Evaluating the impact of pre-transplant desensitization 
utilizing a plasmapheresis and low-dose intravenous 
immunoglobulin protocol on BK viremia in renal 
transplant recipients. Transplant Infectious Disease, 
15:361-368. 

Gupta G, Shapiro R, Thai N, Randhawa PS, Vats A. 2006. 
Low incidence of BK virus nephropathy after 
simultaneous kidney pancreas transplantation. 
Transplantation, 82:382-388.

Howes S H, Bockus BvJ, Schaffhausen BS. 1996. Genetic 
analysis of polyoma-virus large T nuclear localization: 
nuclear localization is required for productive 
association with pRb family members. Journal of 
Virology, 70(6):3581-8.

Hahn WC, Dessain SK, Brooks MW, King JE, Elenbaas B, 
Sabatini DM, and Robert A. Weinberg. 2002. 
Enumeration of the simian virus 40 early region 
elements necessary for human cell transformation. 
Molecular Cell Biology, 22(7):2111-23.

Hirsch HH, Randhawa P. 2013. BK Polyomavirus in Solid 
Organ Transplantation. Am J Transplant, 13:79-188.

Henriksen S, Hansen T, Bruun JA, Rinaldo CH. 2016.  The 
Presumed Poly-omavirus Viroporin VP4 of Simian 
Virus 40 or Human BK Polyomavirus Is Not Required 
for Viral Progeny Release. Journal of Virology, 
90(22):10398-413.

Haysom L, Rosenberg AR, Kainer G, Waliuzzaman ZM, 
Roberts J, Rawlinson WD, F E Mackie. 2004. BK viral 
infection in an Australian pediatric renal transplant 
population. Pediatr Transplant, 8:480-4.

Herman J, Van Ranst M, Snoeck R, Beuselinck K, Lerut E, 
Van Damme-Lombaerts R. 2004. Polyomavirus 
infection in pediatric renal transplant recipients: 
Evaluation using a quantitative real-time PCR 
technique." Paediatric Transplant ation, 8: 485-492. 

Imperiale MJ, Major EO, Knipe DM, Howley PM. 2007. 
Philadelphia : Wolters Kluwer Health/Lippincott 
Williams & Wilkins, ©2007, 2263-2298.

www.apjonline.in

Advance Pharmaceutical Journal 2021; 6(5):131-139                                                          137



Advance Pharmaceutical Journal 2021; 6(5):131-139                                                          138

Johne R, Buck CB, Allander T, Atwood WJ, Garcea RL, 
Imperiale MJ, et al. 2011. Taxonomical developments in 
the family Polyomaviridae. Archives of Virology, 
156:1627-34.

Knowles WA. 2006. Discovery and Epidemiology of the 
Human Polyomaviruses BK Virus (BKV) and JC Virus 
(JCV). Advances in Experimental Medicine and Biology, 
577:19-45.

Kim GY, Peji J, Nuovo G, Thomas F. 2004. BK Virus Colonic 
Ulcerations. Clinical Gastroenterol Hepatology, 2(2):175-7.

Knight RJ, Gaber LW, Patel SJ, DeVos JM, Moore LW, Gaber 
AO. 2013. Screening for BK viremia reduces but does not 
eliminate the risk of BK nephropathy: a single-center 
retrospective analysis. Transplantation, 95:949-954.

Kalvatchev Z, Slavov S, Shtereva M, Savova S. 2008. 
Reactivation of Polyomavirus hominis 1 (BKV) during 
pregnancy and the risk of mother-to-child transmission. 
Journal of Clinical Virology, 43(3): 328-329.

Lee S, Paulson KG, Murchison EP, Afanasiev OK, Alkan C, 
Leonard JH, David R Byrd, Paul Nghiem. 2011. 
Identification and validation of a novel mature microRNA 
encoded by the Merkel cell polyomavirus in human Merkel 
cell carcinomas. Journal of Clinical Virology, 52(3):272-5..

Moscarelli L, Caroti L, , , , Antognoli G Zanazzi M Di Maria L
Carta P Minetti E, . 2013. Everolimus leads to a lower risk of 
BKV viremia than mycophenolic acid in de novo renal 
transplantation patients: a single-center experience. 
Clinical Transplation.;27:546-554.

Matłosz B, Durlik M. 2006. Śródmiąższowe zapalenie nerki 
przeszczepionej wywołane wirusem Polyoma BK. Przegl 
Epidemiology, 60;133-140.

McCabe MT, Low JA, Imperiale MJ, Day ML. 2006. Human 
polyomaviruses BKV transcriptionally activates DNA 
methyltransferase 1 though the pRB/E2F pathwey. 
Oncogene, 25:2727-2735.

Medeiros PV, , , , Abagge KT Carvalho VO Bonfim CM Raboni 
SM. 2011.  Polyomavirus BK: possibly associated skin 
eruption in a patient with hemorrhagic cystitis. Pediatr 
Dermatol, 28:76-77.

Mitterhofer AP, Umbro I, Pietropaolo V, Fiacco F, Bellizzi A, 
Anzivino E, Ginanni Corradini S, Poli L, Rossi M, Berloco 
PB, Ferretti G, Chiarini F, Taliani G. 2012. Polyomavirus 
BK infection in end-stage renal disease: analysis of viral 
replication in patients on hemodialysis or peritoneal 
dialysis. Transplantation Proceeding, 44:1869-1872.

Masutani K, Ninomiya T, Randhawa P. 2013.HLA-A2, HLA-
B44 and HLA-DR15 are associated with lower risk of BK 
viremia. Nephrol Dial Transplant, 28: 3119-3126.

EUGENE O MAJOR. 2001. “Human polyomavirus,” In  

Fields Virology. 2175–2196.

Ohrmalm L, Wong M, Aust C, Ljungman P, Norbeck O, 
Broliden K, Tolfvenstam T. 2012. Viral findings in adult 
hematological patients with neutropenia. PLOS ONE, 7: 
e36543.

Okada Y, Endo S, Takahashi H, Sawa H, Umemura T, 
Nagashima K. 2001.Distribution and function of JCV 
agnoprotein. Journal of  Neurovirology, 7(4):302-6.

Petrogiannis-Haliotis T, Sakoulas G, , , Kirby J Koralnik IJ
Dvorak AM Monahan-Earley R DE Girolami PC DE , , , 
Girolami U Upton M Major EO Pfister LA Joseph JT, , , , . 
2001. BK-related polyomavirus vasculopathy in a renal-
transplant recipient. New England Journal of Medicine, 
345:1250-1255.

Perez-Losada M,Christensen RG McClellan DA, Raphael P. 
Viscidi, James C. Demma, Keith A. Crandall.2006. 
'Comparing phylogenetic codivergencw between 
Polyomaviruse and their hosts. Journal of Virology, 
80(12):5663-9.

Rynans S, Dzieciątkowski T, Młynarczyk G. 2011. 
Zakażenia ludzkimi poliomawirusami osób poddanych 
immunosupresji. Post Microbiol, 50(3):191-199.

Raghava S, Giorda KM, Romano FB, Heuck AP, Hebert DN. 
2013. SV40 late protein VP4 forms toroidal pores to 
disrupt membranes for viral release. Biochemistry, 
52(22):393948. 

Randhawa P, Ramos E. 2007. BK viral nephropathy: an 
overview. Transplantation Reviews, 21:77-85

Randhawa PS, Vats Abhay, Ron rro, Karen Weck, Velma P. 
Scantlebury. 2002.BK virus: Discovery, epidemiology, 
and biology. Graft 5(supplement), S19-27.

Ribeiro A, Wornle M, Motamedi N, Anders HJ, Gröne EF, 
Nitschko H, Kurktschiev P, Debiec H, Kretzler M, Cohen 
CD, Gröne HJ, Schlöndorff D, Schmid H. 2012. 
Activation of innate immune defense mechanisms 
contributes to polyomavirus BK-associated nephropathy. 
Kidney International, 81:100-111.

Randhawa P, Shapiro R. 2004. Conceptual problems in the 
diagnosis and therapy of acute rejection in patients with 
polyomavirus nephropathy. American Journal of 
Transplantation, 4:840

Stewart SE, Eddy BE.  1958. Neoplasms in mice inoculated 
with a tumor agent carried in tissue culture. Journal of the 
National Cancer Institute, 20(6):1223–1243.

Stewart SE, Eddy BE, Borgese N. 1958. Neoplasms in mice 
inoculated with atumor agent carried in tissue culture. 
Journal of National Cancer Institute, 20(6):1223-43.

Sawai ET, Butel JS. 1989. Association of a cellular heat 
shock protein with simian virus 40 large T antigen in 

www.apjonline.in



Advance Pharmaceutical Journal 2021; 6(5):131-139                                                          139

transformed cells. Journal of Virology, 63(9):3961-73.

Saribas AS, Coric P, Hamazaspyan A, Davis W, Axman R, White 
MK. 2016. Emerging From the Unknown: Structural and 
Functional Features of Agnoprotein of Polyomaviruses. 
Journal of Cell Physiology, 231(10):211527.

Smith JM, McDonald RA, Finn LS, Healey PJ, Davis CL, 
Limaye AP. 2004. Polyomavirus nephropathy in pediatri 
kidney transplant recipients. American Journal of 
Transplanattion, 4:2109-2117.

Singh D, Kiberd B, Gupta R, Alkhudair W, Lawen J. 2006. 
Polyoma virus-induced hemorrhagic cystitis in renal 
transplantation patient with polyoma virus nephropathy. 
Urology, 67:423. 

Sood P, Senanayake S, Sujeet K, Medipalli R, Van-Why SK, 
Cronin DC, Johnson CP, Hariharan S.2013. Donor and 
r e c i p i e n t  B K V- s p e c i f i c  I g G  a n t i b o d y  a n d  
posttransplantation BKV infection: a prospective single-
center study. Transplantation, 95:896-902.  

Tyagarajan SK, Frisque RJ. 2006. Stability and function of JC 
virus large T antigen and T' proteins are altered by mutation 
of their phosphory-lated threonine 125 residues. Journal of 
Virology, 80(5):2083-91.

Touzé A, Gaitan J, Arnold F, Cazal R, Fleury MJ, Combelas N. 
2010. Generation of Merkel cell polyomavirus (MCV)-like 
particles and their application to detection of MCV 
antibodies. Journal of Clinical Microbiology, 48(5):1767-
70.

Theodoropoulos N, Wang E, , , , Penugonda S Ladner DP Stosor V
Leventhal J Friedewald J Angarone MP Ison MG, , , . 2013. BK 
virus replication and nephropathy after alemtuzumab-
induced kidney transplantation. American Journal of 
Transplantation, 13:197-206.

Trydzenskaya H, Juerchott K, , , , Lachmann N Kotsch K Kunert K
Weist B Schönemann C Schindler R Nickel P Melzig MF, , , , , 
Hugo C Thomusch O Neumann AU Reinke P Babel N, , , , . 
2013. The genetic predisposition of natural killer cell to BK 
virus-associated nephropathy in renal transplant patients. 
Kidney International, 84:359-365.

Vanchiere J, Nicome RK, Greer JM, Demmier GJ, Butel JS. 
2005. Frequent detection of polyomaviruses in stool 
samples from hospitalized children. Journal of Infectious 
Diseases, 92:658-664.

Vallbracht A, Lohler J, Gossman J, Gluck T, Petersen D, Gerth 
HJ, , . 1993.  Disseminated BK type Gencic M Dörries K
polyomavirus infection in an AIDS patient associated with 
central nervous system disease. American Journal of 
Pathology, 143:29-39.

Vera-Sempere FJ, Rubio L, Felipe-Ponce V, Garcia A, Sanahuja 
MJ, Zamora I, Ramos D, Beneyto I, Sánchez-Plumed J. 

2006. Renal donor implication in the origin of BK 
infection: Analysis of genomic viral subtypes. 
Transplantation Proceedings, 38:2378-2381.

White MK, Khalili K. 2004. Polyomaviruses and human 
cancer: molecular mechanisms underlying patterns of 
tumorigenesis. Virology, 324:1-16.

www.apjonline.in


