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1 Abstract

The number of cancers is constantly growing. An important role in the etiology of many of them is played by aviral factor
- by oncogenic viruses. This group of viruses, according to many researchers, also includes the BK virus (BKV). The article
describes the structure of the virus, current epidemiological situation, and modes of transmission. It also explains the BKV
induced oncogenesis and the role of the virus in the development of cancer.
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INTRODUCTION

Oncogenic viruses play an important role in the development
of various types of cancer. One of those viruses is probably
the BKV. The virus was first isolated by Gardner at al. in
1971 from the urine of a renal transplant recipient and
named from the initials of the patient [1]. This virus belongs
to the Polyomaviridae family, with other known human
polyomavirus members such as JCV and recently discovered
KIV, WUV, polomaviruse-6, -7, -9 and MCV (Merkel cell
polyomavirus). BKV is closely related to JCV, with the
sequence homologies of approximately 75% [2], and BKV
hasless homology with novel polyomaviruses. According to
recent recommendations of the Polyomaviridae Study Group
of International Committee on Taxonomy of Viruses (ICTV),
BKYV belongs to the Orthopolyomavirus genus, together with
JCV and MCV [3].

Virus structure and genome organization. BKV is
non-enveloped, small-sized virus, approximately 40 nm
in diameter. The icosahedral capsid is composed of 72
capsomers enclosed in a single molecule of covalently
closed circular double-stranded DNA. The genome averages
approximately 5 kilobasepairs in length. The genome
sequence can be divided into three functional regions: the
early, late and non-coding control region (NCCR). The early
encodes small and large T-antigens (t-Ag and T-Ag) which
are essential for viral DNA replication regulation and viral
expression. T-antigen has an oncogenic potential. It leads to
immortalization and transformations of cultured (animal,
rodent) cells as it interacts with tumour suppressor p53 and
pRb family proteins. The products of the late region are
the structural proteins VP1, VP2 and VP3. The last region
(NCCR) contains elements for expression control of early
and late genes [4]. Different forms of BKV are distinguished
including the named archetype (wild, WW) virus and
rearranged variants with different mutations in the non-
coding control region (NCCR). Some researchers propose
an archetype hypothesis that archetypal BKV strains are a
wild type of virus, which circulates in the human population,
others suggest that rearranged variants are generated from
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archetypal variants of BKV during persistence in the host. So
far, it is not known whether genetic alterations are essential
for the pathogenesis of BKV [5]. BKV isolates have been
classified into four genotypes (I-IV) based on the sequence
of VP1 variable region (TR typing region). The analyses of
BKV world distribution have shown that virus subtypes are
geographically distributed, and some investigators suggest
they reflect human population migration patterns (co-
migration hypothesis) [6].

The most prevalent in all examined populations is
type I, which is further subdivided into Ia, Ib-1, I-b-2
and Ic subgroups. In the European populations, Ib-2 is
predominant [7].

Subtype IV (divided into six subgroups) is less common
and subtype II and III are rare, although in some reports
subtype Il has been detected more frequently in HIV-infected
patients [8]. Several data have suggested that the presence of
immunossupression does not influence the distribution of
BKV subtypes. A number of studies has been conducted to
determine the clinical significance of different BK'V subtypes
(genetic diversity); however, its significance remains unclear.
No correlation between subtypes and clinical characteristics
has been demonstrated to-date [7].

Epidemiology and transmission. The transmission of BKV is
unclear, debated and investigated. There are several possible
modes of transmission: via the respiratory tract (in tonsils of
children), through saliva, uro-oral, faecal-oral route, blood-
borne (carriage in leucocytes), and via the sexual route (BKV
DNA has been detected in prostate tissues and seminal fluids).
There is also the possibility of a transplacental transmission.
An important reservoir of BKV is soiled water [9, 10, 11].
Some authors provide other ways of transmission: blood
transfusion, organ transplantation, and through close contact
[12]. According to current data, 75% — 90% of the general
population may be seropositive [10,13,14,15], and the change
of status to seropositive appears in childhood, between the
ages 5 - 10 [16]. After initial infection, BKV is not eliminated
from the host, it establishes a latent state and persists mainly
in kidney epithelial cells. Other locations of the virus may
also include the lymphocytes (BKV DNA was detected in
liver, lungs and lymph nodes) [17,18]. Sometimes, the virus
reactivates and is asymptomatically shed into the urine and
viruria can be detected. This virus is detected in the urine of
5 - 10% immunocompetent adults, and additionally, viruria
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is observed in approximately 25 — 50% of pregnant women
[14, 19, 20, 21]. BKV infection is generally asymptomatic
or has flu-like symptoms, the urogenital tract is the main
site for non-replicative infection [13, 22, 23]. Symptomatic
BKV infections occur in immunocompromised patients, and
among organ transplant recipients [13, 24].

BKYV diagnostics and treatment. The gold standard for the
diagnosis of BKVAN is an immunohistological examination
of renal biopsy [25]. The most common, however, are non-
invasive methods, such as urine cythology, microscopy
detection of epithelial cells termed decoy cells with typical
inclusions in the nucleus, and peripheral rim of chromatin.
The best marker in the follow-up of patients is viral load in
plasma and urine samples with quantitative assays (i.e. real-
time qPCR). It is a useful tool in the prospective monitoring
of BKV reactivation, and prevention of its clinical outcomes.
Patients with active infection generally have detectable BKV
DNA in plasma (viraemia) and higher levels of viruria [26,
27]. According to some researchers, a considerable viruria
(cut-off value of>107/ml) is a risk factor for the development
of nephropathy, and as a result may lead to viraemia and
the progression of BKVAN [28, 29]. qPCR is very sensitive
and has a wide dynamic range, thus it could be used in the
monitoring of therapy effects. Experts on transplantation
programmes have recommend BKV screening.

The therapy of BKV reactivation is mainly based on the
reduction of immunosupression dosage to improve the host
antiviral immunoresponse. A key role is played by rapid
detection of the virus and restoring immunity in order to
reduce viral replication [9]. There is no effective BK V-specific
treatment; however, some researchers have reported cidofovir
(nucleotide analogue of cytosine) therapy to be successtul [9,
30]. This analogue to cytosine should be used with caution
because it is highly nephrotoxic for tubular cells [9, 32]. Another
drug used is leflunomide, which blocks dihydroorotate
dehydrogenase, tyrosine kinase and pyrimidine synthesis.
Itis a drugused in the treatment of rheumatoid arthritis, and
combined with the reduction of imminosupression it is used
in treating BKV-associated diseases.

Fluoroquinolones (e.g. ciprofloxacin) inhibit the synthesis
of bacterial DNA, but also have activity against viral helicase,
TAg. They are used in combination with immunosuppression
reductionintheanti-viraltherapy[9, 12, 14, 31]. Effortsare being
made for using intravenous application of immunoglobulins
containing antibodies neutralizing BKPyV [9, 14].

There are many studies reporting clinical implications of
BKV infection in transplant recipients, and because this is
an increasingly recognized complication, the BKV may be
designated as an emerging pathogen [14, 33].

BKV-associated diseases. BKV reactivation is a serious
problem among immunocompromised individuals, especially
among patients with immunosupresive therapy following
transplantation. Approximately 10 — 60% of renal transplant
recipients and almost 50% of bone marrow recipients develop
BKYV reactivation, which results in nephropathy (BKVAN-
BK virus associated nephropathy) or haemorrhagic cystitis
(HC, a disease of the bladder) in about 8% of cases [28, 29].

The progression of these syndromes strongly depends
on immunosupression specific agents. BKVAN clinically
resembles graft rejection and is characterized by graft
dysfunction and even graft loss. Signs of renal dysfunction

that suggest BKV reactivation include the presence of
haematuria and increase in serum creatinine [34].

According to van Aalderen [10], BKV may be found in
urothelial cells, cervical squamous epithelial cells, peripherial
blood leucocytes, salivary gland cells, and prostate glandular
epithelial cells. BKV has been detected in urine and seminal
fluid, but never in plasma. BKV is correlated with many
clinical manifestations: BKV nephropathy, ureteral stenosis,
and haemorrhagic cystis. Discussions are currently being held
on the correlations between BKV and encephalitis, retinitis,
infections of the respiratory tract and vasculopathy [10].

The role of BKV in neoplasia is still being investigated, and
due to conflicting reports, is controversial. Some authors have
shown a high prevalence of BKV in precancerous cervical
lesions, and confirm that BKV is associated with this type
of lesion. It is also possible that BKV is a co-factor for HPV
in cervical cancer [35, 36].

BKV DNA has been detected in many tumours located
in various places, including rhabdomyosarcoma, lungs,
Kaposi’s sarcoma, pancreas, liver, brain, and the urinary
tract. Some researchers negate the evidence of BK virus as
the factor causing brain tumours, urothelial carcinoma of the
bladder, renal pelvis, meningiomas, and medulloblastomas
[36, 37]. BKV-IR (BKV variant DNA) was detected in human
insulinoma. In a different study, BKV DNA was detected in
46% of brain tumours and neuroblastomas, in 20% of cases
of Kaposi’s sarcoma, and in 60% of urinary tract tumours.
Additionally, BKV DNA has been detected (using PCR) in
the uterine cervix, vulva, lips and tongue carcinomas [11].

The main location of BKV latency - the urinary tract -
suggests that BKV is associated with urinary tract carcinomas
(e.g. bladder, kidney, prostate cancer). On the other hand,
despite BKV DNA detection, its role is not confirmed in
malignant glioma, medulloblastoma, bladder carcinoma,
Kaposi’s sarcoma, lymphoma, and acute lymphoblastic
leukemia. Scientists excluded the role of BKV in breast
carcinoma [38] and in bladder cancer [39, 40].

BKV-dependent oncogenesis. T antigen (Tag, large T antigen)
is responsible for changes in the cells’ physiology, which in
extreme cases may lead to neoplastic transformation. T
antigen plays two major roles: it regulates viral origins of
DNA replication and interacts with proteins involved in cell
cycle development [41]. T antigen is responsible for leading
toimmortalization and neoplastic transformation of infected
cells. Tag has the ability to bind and block the functions of
p53 and pRB family (p105, RB1, p107, p130) which are tumour
suppressor proteins; thus, Tag disorganizes normal cell growth.
In effect, blocking of apoptosis and alleviating the cell cycle
block occurs. The consequence of still expression of Tag was
observed during BKV transformation in mouse and hamster
cells [42]. Tag’s activity can be divided into several steps:
first, ‘persuading’ the cell to enter the S phase of the cell cycle
(cells that are attacked are those which do not divide actively,
e.g. urinary epithelial cells or respiratory epithelial cells).
Because during the replication of viral DNA, polyomaviruses
need the host machinery, the virus then ‘cheats’ the cells so
that they begin to divide (duplication of the viral DNA). Tag
makes this possible through blocking the family of tumour
suppressor proteins (pRb, pl07,p130). After the cells enter the
S phase, Tag blocks and inactivates the p53 protein, preventing
apoptosis and, in effect, causing uncontrollable cell division. In
addition, Tag has the ability to induce chromosomal damage,
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although the mechanism of this process is unclear [43]. Tag
influences cellular growth mechanisms; however, additional
factors are required for the transformation of infected cells
by the BKV [42]. BKV DNA has the ability to transform
embryonic fibroblasts and cells cultured from the brains
and kidneys of mice, rats, rabbits, hamsters and monkeys.
In the mentioned studies, the expression of T antigen of the
BKV occurring in the nucleus of all cells in the culture was
observed. DNA recombination containing BKV Tag gene and
activated through c-Ha-ras oncogene (pBK/c-rasA) induces
the neoplastic transformation of early-passage hamster
embryo cells with a greater effectiveness than when each gene
is transfected independent of one another. Thus, a synergetic
effect between BKV Tag and c-Ha-ras is possible. Apart
from that, BKV induces the development of tumours in the
experimental mode on laboratory animals; in transgenic mice
it can lead to the development of hepatocellular carcinoma
and renal tumours [37, 42, 44, 45].

To summarise: the following facts may be evidence of
the possible oncogenic potential of the BK virus: it has the
ability to transform cells in a culture, has the ability to induce
tumours in laboratory animals, and the presence of BKV
DNA and viral oncoprotein expression has been found to
be associated with some cancers [41].
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