
1874-3579/19 Send Orders for Reprints to reprints@benthamscience.net

29

DOI: 10.2174/1874357901913010029, 2019, 13, 29-37

The Open Virology Journal
Content list available at: https://openvirologyjournal.com

RESEARCH ARTICLE

Molecular  Characterization  of  BK  Polyomavirus’  Large  T  Antigen  Gene
Sequences Detected in Prostate Cancer Tissues of Sudanese Patients

Babbiker M. T. Gorish1,*, Mohammed E. H. Ournasseir1 and Iman M. Shammat1,2

1Department of Microbiology and Immunology, Faculty of Medical Laboratory Science - Omdurman Islamic University, Omdurman, Sudan
2Department of Biology, Faculty of Science, Taibah University, Medina – Yanbu Branch, Saudi Arabia

Abstract:

Background:

BK virus, which is associated with Prostate Cancer (PCa), have a global seroprevalence in humans. Based on the sequences of VP1 and the Large
Antigen (LTAg) genes, there are four subtypes of BKV. Each subtype has its own subgroups.

Objective:

The aim of this study was to identify the BKV subtype that circulates among Sudanese patients with PCa.

Materials and Methods:

A total of 8 samples from our previous work on BKV were studied in this investigation. The LTAg gene was partially amplified (176nt) by a
homemade PCR. All the amplicons were purified and subjected to sequencing. Bioedit version 7.0 and Mega X version 6.0 were used to analyze
the sequence and compare the results with the BKV sequences and build a phylogenetic tree.

Results:

All the BKV LTAg gene sequences derived from Sudanese patients were classified with Subtype-1 BKV strains from Iran and Japan. Translated
protein alignment showed that some isolates had identical amino acids with Iranian and Japanese strains, whereas others had a silent mutation.
Interestingly, a point mutation was identified in the sequences of isolate 5 and 8 where adenine nucleotide (A) was replaced with Cytosine (C) at
position 276, resulting in amino acid substitution.

Conclusion:

It was concluded that all the BKV isolates which circulated among Sudanese prostate tumor patients belonged to subtype 1. These findings only
highlighted the need for the molecular detection and subtyping of BKV strains in Sudanese patients in order to better demonstrate the relationship
between BKV infection and PCa.
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1. INTRODUCTION

The  prostate  gland  is  one  of  the  most  essential  male
accessory  glands.  This  gland  is  susceptible  to  various
pathological  conditions,  among  which  both  malignant  and
benign conditions are the most common [1]. Benign Prostatic
Hyperplasia (BPH), which is not a cancer, is common among
older men and occurs when the prostate gland is enlarged.
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When the gland becomes larger it ‘squeezes’ the urethra, thus
causing several complications, such as difficulty urinating and
frequent  urination  during  the  day  [2].  PCa  is  a  biologically
heterogeneous tumor and is one of the leading causes of cancer
death in men [3]. 241,740 new cases and 28,170 deaths were
estimated in 2012 [4]. It is the second leading cause of cancer-
related death in men in the United States [5]. The underlying
causes of PCa are not fully understood, but it is likely to occur
due to a combination of factors, such as aging, family history
and  dietary  factors  in  addition  to  infectious  agents  [4  -  6].
Pooled data from population studies on PCa risk have reported
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an 80% increase in the risk of PCA in men with a history of
prostatitis, although the detection of potential bias plays a role
in it. Proliferative Inflammatory Atrophy (PIA) is common in
normal and cancerous prostate and is a regenerative lesion after
injury or trauma. It has been suggested that PIA is a precursor
lesion  of  PCa  and  several  genetic  mutations  have  been
identified  in  PIA,  including  glutathione  S-transferase  pi  1
(GSTP1) hypermethylation, p53 mutations, and alterations on
chromosome 8 [7].

Several pieces of evidence support an infectious pathway
in  PCa  development.  In  particular,  Sexually  Transmitted
Infections  (STIs)  have  been  implicated  in  PCa  etiology  in
many studies. A meta-analysis of 29 case-control studies found
an increased relative risk of PCa in men with a history of any
STI  with  an  odds  ratio  of  1.5  and  95%  Confidence  Interval
(CI),  (1.3-1.7).  Several  sexually  transmitted  organisms  have
been detected in the prostate, including Neisseria gonorrhoeae,
Chlamydia  trachomatis,  Trichomonas  vaginalis,  Treponema
pallidum,  human  papillomavirus,  herpes  simplex  virus,  and
human  herpesvirus  type  8.  Serum  antibodies  against  herpes
simplex  virus  and  Trichomonas  vaginalis  in  men  have  been
associated with PCa risk, whereas the presence of the DNA of
human  papillomavirus  in  prostate  tissues  has  also  been
associated with the risk of PCa [8]. Infectious agents may lead
to  cancer  by  several  potential  mechanisms.  Although,  direct
cellular transformation can occur by viruses, several changes in
the  tissue  microenvironment  can  occur  if  a  chronic  inflam-
matory  state  is  reached  after  the  infection.  These  include
damage due  to  reactive  oxygen species  along with  cytokine-
induced  angiogenesis  and  cellular  proliferation,  all  of  which
may be involved in carcinogenesis [9].

The  physiopathology  of  BKV-induced  inflammation  and
the  role  of  a  cofactor  in  prostate  and  other  cancers  can  be
summarized  by  the  fact  that  BKV  T  antigens,  such  as  JCV,
display multiple functions which alter the normal physiological
metabolism of cells, ultimately leading to immortalization and
neoplastic transformation. The main property of Tag in relation
to the transformation and oncogenicity is its ability to bind and
block the functions of tumor suppressor proteins p53 and pRB
family  (p105  RB1,  p107  and  p130  RB2).  BKV  Tag  also
induces  numerical  and  structural  chromosomal  alterations  in
human embryonic  fibroblasts,  characterized  by  gaps,  breaks,
dicentric  and  ring  chromosomes,  deletions,  duplications  and
translocations.  Chromosome  damage  in  human  cells  trans-
fected  with  BKV  early  region  was  evident  before  the
appearance  of  immortalization  and  the  morphologically
transformed  phenotype  [10  -  13].

The  human  BK  polyomavirus  is  a  member  of  the
polyomavirus  family.  The  virus  has  an  icosahedral  shaped
capsid which is unenveloped, measuring about 40-50 nm. The
capsid  encloses  a  circular  double-stranded  DNA  genome  of
approximately  5100  nucleotides  coated  by  host-cell  histones
[14].  The  virus  was  first  isolated  from  the  urine  of  a  renal
transplant patient in 1971 [14] and infects almost 90% of the
human  population  worldwide.  It  rarely  causes  diseases  in
immune-competent  individuals  and  resides  in  a  subclinical
persistent state in the urinary tract of healthy individuals and
reactivates in immunosuppressed transplant patients, in whom

it  is  associated  with  certain  diseases,  such  as  hemorrhagic
cystitis and polyomavirus nephropathy [15]. Urinary shedding
has been reported to occur asymptomatically and intermittently
in healthy individuals [16].

The  genome  of  BKV  is  divided  into  two  transcriptional
regions  called  early  and  late  regions  in  addition  to  the  third
non-transcriptional  region  called  the  regulatory  region.  The
genome of a typical BK polyomavirus codes for between 5 and
9 proteins, two from the early region and the rest from the late
region. The early region is transcripted by the host cell's RNA
polymerase II and codes for two proteins, the small and large
tumor  antigens,  produced  by  alternative  splicing  [17].  The
Large  Tumor  Antigen  (LTAg)  is  expressed  early  in  the
infectious  cycle  and  is  essential  for  virus  proliferation.  It  is
about  600-800  amino  acids  in  length  containing  four  well-
conserved  protein  domains  as  well  as  several  intrinsically
disordered  regions.  The  antigen  has  two  primary  functions,
both related to virus replication. Its first function is to unwind
the viral DNA and prepare it for replication, while the second
is  to  destroy  the  cell  cycle  by  interaction  with  the  host  cell
protein. In addition, the LTAg promotes cellular transformation
by interfering with the tumor suppressor functions of Rb, p107,
p130,  and  p53  (Fig.  1)  [17  -  19].  Another  protein  that  is
expressed early in the BKV infectious cycle is the small Tumor
Antigen (TAg).  Unlike the LTAg, it  is  not essential  for viral
replication,  instead  it  induces  tumorogenesis  and  promotes
anchorage-independent  growth  of  transformed  cells  by
interaction with the cell protein phosphatase 2A (Fig. 1) [18,
19]

Fig. (1). Genome structure of BKV. The transcription of both early and
late coding regions proceeds in a bidirectional way from the Origin of
Replication (ORI) within the Noncoding Control Region (NCCR). The
transcriptional  splicing regions are represented by dashed lines.  The
late coding regions encode structural proteins (VP1, VP2, and VP3),
while  the  early  coding  regions  transcribe  the  tumorigenic  proteins
(LTA  and  STA).  The  late  coding  regions  also  encode  the  non-
immunogenic Agno protein. The expression of miRNA complementary
to  the  3= end of  LTA has  been  shown to  be  involved  in  replication
control of BKV (36).
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The first genotyping schema for BKV described by Jin et
al. in 1993 was based on a very short segment of the VP1 gene
(nucleotides 1744 to 1812). However, phylogenetic trees based
on LTA sequences were introduced and validated recently [20].
The  International  Committee  on  Taxonomy  of  Viruses  cur-
rently  classifies  polyomaviruses  primarily  according  to  the
sequence identity of  their  LTag genes.  This  system has been
questioned  by  phylogenetic  studies  suggesting  that  the
evolutionary history of LTag and major capsid protein VP1 is
divergent  and  that  some  modern  polyomaviruses  represent
chimeric  lineages  [18,  19].  Based  on  the  serological  and
genotyping method, the BKV isolated from various locations of
the world is categorized into four subtypes [21]. Subtype I is
the most dominant and has a worldwide distribution, followed
by  subtype  IV  which  is  mostly  isolated  from  East  Asia.
However, subtypes II and III have low frequencies compared to
the  others  [22].  In  addition,  the  phylogenic  investigations
revealed that there were four subgroups of subtype I, subgroups
1/a, 1/b-1, 1/b2 and 1/c. While, Subtype IV is divided into six
subgroups, 4/a-1, 4/a-2, 4/b-1, 4/b-2, 4/c-1 and 4/c-2 [21].

In Sudan, the relationship between viruses and cancer has
been studied in only a limited studies [23, 24]. In our previous
study,  the  existence  of  the  relationship  between  BKV  and
prostate  cancer  was  determined  [25]  and  the  molecular
characterization  of  BKV  was  described  because  only  a  few
researchers  have  addressed  BKV  Subtypes.However,  most
previous  studies  have  focused  only  on  the  isolates  related  to
BKV nephropathy. The effect of each subtype on the clinical
implications  had  previously  been  highlighted  by  various
researchers [26, 27]. Some researchers have reported that the
characterization of the genetic mutations of BK virus ge may
have  biological  and  clinical  effects  [28].  Thus,  our  study
attempted  to  determine  the  phylogenetic  characterization  of
BKV strains among Sudanese patients with a prostate disorder,
such as prostate cancer and benign prostatic hyperplasia.

2. MATERIALS AND METHODS

2.1. Overall Design

A  cross-sectional  study  was  carried  out  based  on  the
samples  from  our  previous  work  on  BKV  to  determine  the
phylogenetic characterization of BKV strains among Sudanese
patients with a prostate disorder, such as prostate cancer and
benign prostatic hyperplasia.

2.2. Study Population

A total of 8 samples from our previous work on BKV were
studied  in  this  investigation  [25].  These  samples  were  ran-
domly selected from 21 positive samples. Samples 1 to 5 were
obtained from PCa patients, while samples 6 and 7 were taken
from BPH patients as well as one urine sample from a patient
with BPH. All the patients were referred to central hospitals in
Khartoum. Each test was done considering one sample as one
patient.

2.3. Data Collection

An interviewer administered questionnaire was used to ask
participants  about  their  demographic,  socioeconomic,  and

geographical afflation, cadmium contact, alcohol consumption,
cancer  grade  along  with  detailed  contact  information  for  the
communication of result and subsequent treatment if necessary.

2.4. Ethical Statement

Before conducting the study, the proposal of the study was
ethically  approved  by  the  ethical  committee  of  Omdurman
Islamic  University  and  the  Ministry  of  Health.  After  that,
informed consent from each patient  and permission from the
general managers of the hospitals were obtained.

2.5. Large T Antigen Gene as a Target for BKV Molecular
Characterization

The first genotyping schema for BKV described by Jin et
al. in 1993 was based on a very short segment of the VP1 gene
(nucleotides 1744 to 1812). While phylogenetic trees based on
the  LTA  sequences  were  introduced  and  validated  recently
[20].  The  International  Committee  on  Taxonomy  of  Viruses
currently classifies polyomaviruses primarily according to the
sequence identity of  their  LTag genes.  This  system has been
questioned  by  phylogenetic  studies  suggesting  that  the
evolutionary history of LTag and major capsid protein VP1 is
divergent  and  that  some  modern  polyomaviruses  represent
chimeric  lineages  [18,  19].  Therefore,  the  standard  BKV
subtyping  and  subgrouping  was  based  on  the  phylogenetic
analysis  of  170  fragments  within  VP1  and  Large  T  antigen
genes  (nucleotides  1564  to  2215  and  171  3021  to  3715,
respectively)  [29,  30].

However,  in  our  study,  only  the  Large  T  antigen  gene
amplification product (176 bp) is utilized in order to confirm
the BKV  isolates  and to  construct  a  simple  phylogenetic  tree
that  will  give  an  idea  about  the  subtypes  which  circulate  in
Sudanese  patient  with  a  prostate  disorder,  such  as  prostate
cancer  and  benign  prostatic  hyperplasia.  Unfortunately,
subgroups  of  the  BKV  subtypes  were  not  recognized  in  this
study as the study was based only on the LTAg gene to conduct
the phylogenetic analysis. The BKV subgrouping will be a very
interesting topic for future studies.

2.6.  Viral  DNA Extraction from Tissue Biopsy and Urine
Specimens

About 25 mg of each tissue sample was incubated in lysis
buffer (20 µl proteinase K (200 mg/ml) and 5µl of RNAase A).
The DNA extraction was performed by the DNeasy® Tissue Kit
(QIAGEN  Company)  according  to  the  manufacturer’s
instructions  and  stored  at  -80  ºC  until  further  analysis.  The
quality of DNA was checked using the Nano-drop test. On the
other  hand,  one  ml  of  urine  sample  was  incubated  in  lysis
buffer (20 µl proteinase K (200 mg/ml) and 5µl of RNAase A).
The DNA extraction was performed by the DNeasy® Urine Kit
(QIAGEN  Company)  according  to  the  manufacturer’s
instructions  and  stored  at  -80ºC  until  further  analysis.

2.7. Target Large T Antigen Gene Amplification

BK viral early gene region (Large T antigen region176bp)
was amplified in a master mix reaction with a volume of 25μl
containing 5 μl of DNA sample and 1µl of specific forward and
reverse primer for primer F: 5′-AGTCTTTAGGGTCTT CTAC
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C-3′  and  BK127-R:  5′-GGTGCCAACCTATGGA  ACAG-3′
[30]. and was completed to 25µl with 13 µl distilled water. The
amplification was done by using a TC-3000 conventional PCR
Thermal Cycler (USA), completing 40 cycles of denaturation
at 94°C for 1 min followed by initial denaturation at 94°C for 5
min, annealing at 55°C for 1 min, extinction at 72°C for 2 min
and  a  final  extension  at  the  same  temperature  for  5  min.
Finally, the conventional PCR products were subjected to gel
electrophoresis (2% agarose gels) to visualize the band of the
amplified  target  gene  region  with  ethidium  bromide  (0.5
μg/mL)  for  30  min  in  a  UV-gel  documentation  system.  The
purified  BKV  genome  of  the  Dunlop  strain  was  used  as  a
positive control, while distilled water was used as a negative
control in each PCR run. The primer design and PCR protocol
were implemented following the procedure used by Ibrahim et
al. in 2016 [30].

2.8. Purification of the DNA Product Before the Sequencing
Process

The success of automated sequencing critically depends on
having  a  high  purity  template  in  the  correct  concentration.
Therefore, the PCR products (Fig. 2) were purified by using a
Gel Extraction Kit to remove all the unwanted elements from
our template. This step was preceded by the detection of PCR
template on a gel to confirm the presence of a specific product
with  an  accurate  amount.  DNA  purification  was  performed
according  to  the  standard  guidelines  of  the  Macrogen  PCR
product purification kit (supplied Macrogen, Inc. Korea).

Fig.  (2).  Conventional  PCR  Result.  The  products  visualized  by
electrophoresis on ethidium bromide-stained 2% agarose gel. Lane M:
low molecular  weight  marker  DNA (100 bp MBI Fermentas)  lane 1
contains  the  negative  control,  Lane  7  contains  the  BKV  positive
control. Lanes 2,3, 4 and 6 were negative samples, lane 5 shows a BKV
positive band (176bp).

2.9. Sequencing Process

All  the  purified  DNA  amplicons  (176  bp)  (Fig.  2),
including the positive control, were sent to Macrogen company
(Macrogen, Inc. Korea) for direct sequencing with 10 pmol of

related PCR primers bi-directionally.

2.10. Bioinformatics Analysis

The  obtained  nucleotide  sequences  of  large  T  antigen
genes were assembled manually by the Finch TV software, and
the  cleaned sequences  were  searched for  sequence  similarity
using  nucleotide  BLAST  (http://blast.ncbi.nlm.nih.gov/
Blast.cgi)  and  Sequence  Similarity  Search  -  BLAST  -
GenomeNet.  Highly  similar  sequences  were  retrieved  from
NCBI and subjected to multiple sequence alignment using the
BioEdit. Protein translation and modeling was done online by
the CPH model server-3.2 and the EXPASSY translate tools,
respectively. The phylogenetic tree was generated by a maxi-
mum likelihood method using the MEGA6 program from the
aligned  nucleotide  sequences.  The  statistical  robustness  and
reliability of the branching order within each phylogenetic tree
were  confirmed by applying bootstrap  resampling  (n  =  1000
replicates). Sequences from different countries were retrieved
from the gene bank and included in the generation of phylo-
genetic trees.

2.11. Quality Control

To exclude  that  point  mutation  is  not  an  error  generated
during the sequencing process and to confirm the stability of
the reagent, we included a purified BKV genome of the Dunlop
strain  as  a  positive  control  and  distilled  water  as  a  negative
control. The positive control yielded a sequence of nucleotides
that  were  identical  to  that  of  the  gene  bank  BKV-DUN
(JO2038).  Briefly,  the amplification of beta-globin was done
for  all  the  samples  to  control  DNA  extraction.  All  the
experiments were carried out in a contamination-free environ-
ment.

3. RESULTS

3.1. Patients Description

A total of 8 samples from our previous work on the BKV
were  studied  in  this  investigation.  Samples  1  to  5  were
obtained from PCa patients, while samples 6 and 7 were taken
from BPH patients as well as one urine sample from a patient
with BPH. Patients were aged between 62 and 74 years with an
average age of 68 ± 2.4 years. All the patients included were
those who were referred to the central hospitals in Khartoum,
three were from Central Sudan and two from the Western part.
In addition, two patients were from the Northern parts and one
from Southern Sudan. The histological identification Gleason
scores  for  samples  1,  2,  3,  4  and  5  were  7,  6,  8,  7  and  8,
respectively (Tables 1 and 2).

Table 1. Mean, Std. Deviation, Maximum, and minimum age / years old for all patients.

N Valid 8 Age/ Years Old
Missing 0

Mean 68.0000
Std. Deviation 4.40779
Minimum 62.00
Maximum 74.00
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Table 2. Patients' details description.

Isolate No Age G.A* P.T* Cad* Alcoh* G.S* Presence of Point
Mutation

(Transversion)

Presence of
Silent Mutation

1 62 Central region PCa* No No 7 - -
2 66 Central region PCa* No Yes 6 - +
3 71 Northern region PCa* No No 8 - -
4 65 Western region PCa* No Yes 7 - -
5 73 Southern region PCa* No Yes 8 + -
6 74 Center region BPH* No No - - +
7 64 Northern region BPH* No No - - +
8 69 Central region Urine* Yes No - + -

G.A* = Geographical affiliation P.T* = patient type PCa* = Prostate cancer BPH* = benign prostatic hyperplasia, Cad* = cadmium contact,
Alcoh* = Alcohol consumption, G.S* = Gleason Score

3.2. Blasting Result

BLAST nucleotide search revealed that isolates 1, 3 and 4
had  a  100%  nucleotide  identity  with  some  of  the  band  gaps
with  BKV  isolates  from  Iran,  Japan,  Germany,  USA  and
Zambia, having a GenBank accession number of GU130546.1,
LC185075.1,  NC_025892,  CAP-m9-USA-AY628233,  and
NC_025896,  respectively  (Table  3).  While  the  rest  of  the
isolates had a 99% degree of similarity in the nucleotides with
the USA isolate,  which had a GenBank accession number of
NC_001538  (Table  4).  Multiple  sequence  alignment  of
translated protein showed that isolates 1, 3 and 4 had identical
amino  acids  with  Iran,  Japan,  Germany,  USA  and  Zambia,
which  had  a  GenBank  accession  number  of  GU130546.1,

LC185075.1,  NC_025892,  CAP-m9-USA-AY628233  and
NC_025896,  respectively  (Tables  3  and  5).  Moreover,  the
result  identified  a  silent  mutation  within  the  nucleotide
sequences of isolates 7, 6 and 2 at positions 262, 264 and 261,
respectively.  Once  the  type  of  mutation  was  silent,  these
isolates  (2,6  and  7)  were  considered  as  identical  amino  acid
sequences  with  the  USA  BKV  isolate  (GenBank  accession
number NC_001538) (Tables 4  and 6).  The most remarkable
result that emerged from our data was the detection of a point
transversion  mutation  in  the  sequences  of  isolates  5  and  8,
where nucleotide adenine (A) was replaced by Cytosine (C) at
position 276 which changed the codon AAC to ACC resulting
in the replacement of amino acid Asparagine (N) by Threonine
(T) at position 253 (Tables 4 and 6).

Table 3. Multiple nucleotide sequence alignments. The alignments were performed using the Clustal W2 sequence alignment
method through MEGA X program. The table showed the identical nucleotide sequence alignment between BKV  isolates
1,3,4 of prostate cancer and isolates from different country in the world with the presence of some gaps.

– 70  '   '   '  ' |   '   '   '   '  80   '   '  |   '   '   '   '  90   '   '   '
Germenync025892 G T T T G G T A A C C A T G A A T G A A T A
cap m9us628233 . C . . . . . T . . A . . . . . . . . G . .
jpan lc185075.1 . . A . T . . . . . . . . . . . . . . . . .
iran 130546.1 . . . . T . . . . . . . . . . . . . . . . .

zambianc02586 . . . . T . . . . . . . . . . . . . . . . .
isolate1 . - . . . . . . - . . . . . . - . . . . . .
isolate3 . - . . . . . . - . . . . . . - . . . . . .
isolate4 . - . . . . . . - . . . . . . - . . . . . .

Table 4. Multiple nucleotide sequence alignments. The alignments were performed using the Clustal W2 sequence alignment
method through MEGA X program. The table describe 99% nucleotides similarity between isolates 2,5,6,7,8 and USA isolate
with some point mutations that either to be silent which can be exemplified by isolate 7,6 and 2 in position 262,264 and 261
respectively  or  transversion  mutation  in  isolates  5,8  which  reflect  a  mutation  in  position  276  that  result  in  Amino  acid
Substitution.

261   '   '   |   '   '   '   '   '   270  '   '   '   |   '  '   '   '   '  280   '   '
Usanc001538 T G T T C C A C C A C T G A C A A T G A T G

isolate8 . . . . . . . . . . . . . . . C . . . . . .
isolate7 . C . . . . . . . . . . . . . . . . . . . .
isolate6 . . . C . . . . . . . . . . . . . . . . . .
isolate5 . A . . . . . . . . . . . . . C . . . . . .
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261   '   '   |   '   '   '   '   '   270  '   '   '   |   '  '   '   '   '  280   '   '
isolate2 A . . . . . . . . . . . . . . . . . . . . .

Table  5.  Multiple  sequence  amino  acids  alignments.  The  alignments  was  done  by  using  Clustal  W2  sequence  alignment
method through MEGA X software. isolates 1,3 and 4 were showed an identical amino acids similarity with isolates from
IRAN, JAPAN, GERMANY, USA and ZAMBIA with Gen Bank accession number of GU130546.1, LC185075.1, NC_025892,
CAP-m9-USA-AY628233 and NC_025896 respectively.

Isolates 58   '   60   '   '   '   '  |  '   '   '   '   70   '   '   '   '   |   '   '   80
germenync025892 Y L D G S V K N K R T Q I F P V E D P K D
cap m9usa628233 . . F . . . . . . I . . . . . Y . . . . .
jpan lc185075.1 . . . S . . N . . . . . . . . . . . . . .
iran 130546.1 L . . . . . . . . . . R . . . . . . . . .

zambianc 025896 . . . . . . . . . . . . V . . . . . . . .
isolate1 * * * * * * * * * * * * * * . . . . . . .
isolate3 * * L * * * * * * * * * * * . . . . . . .
isolate4 * C * * * * * * * * * * * * . . . . . . .

Table  6.  Multiple  sequence  amino  acids  alignments.  The  alignments  was  done  by  using  Clustal  W2  sequence  alignment
method through MEGA X software. a transvertion mutation was observed in position 253 for isolate 5 and 8 when compared
to USA 001538 isolate sequences. While isolate 2, 6 and 7 have similar amino acids sequence similarity with USA 001538
isolate.

Isolates     170   '   '   '   '   '   245   '   '   '   '   250   '   '   '   '   255   '
USAnc001538 Q H S T P I A L T R D P Y N N L D S

Isolate2 * * * * * * . . . . . . * * * * * *
Isolate7 * * * * * * . . . . . . * * * * * *
Isolate 6 . . . . . * * * * * * * * * * * * *
Isolate5 * * * * * * * * * * * * * . T . . .
Isolate8 * * * * * * * * * * * * * . T . . .

Fig. (3). Phylogenetic analysis of the BKV Large T antigen gene.

(Table 4) contd.....
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Another notable finding in our study was that BKV isolate
5 was obtained from the tissue sample of a PCa patient from
Southern Sudan. While BKV isolate 8 was amplified from the
urine  sample  of  a  BPH  patient  from  Western  Sudan.  Inter-
estingly,  cadmium  contact  and  alcohol  consumption  were
observed  for  these  patients,  and  it  was  found  that  the  first
patient  did  not  have  cadmium  contact  and  did  not  consume
alcohol,  while the second was only in contact with cadmium
(Table 2).

3.3. Phylogenetic Analysis Result

Phylogenetic analysis of the sequences recovered from the
GenBank as  well  as  the  sequences  obtained from the  patient
samples  was  performed.  Complete  sequences  retrieved  from
the  Gen  Bank  were  aligned.  A  phylogenetic  tree  was  then
constructed in order to assemble all the 8 isolates according to
the BKV subtypes and subgroups. The results showed that all
the Sudanese BKV isolates belonged to the BKV Subtype-1 and
were  arranged  into  two  subgroups;  three  isolates  were
combined with the same clade of GU130546.1, LC185075.1,
NC_025892,  CAP-m9-USA-AY628233  and  NC_025896.
While the rest of the isolates were arranged together with the
same clade with the USA isolate Gen Bank accession number
NC_001538 (Fig.  3).  These  data  reflected the  distribution of
BKV  genotypes  observed  in  the  worldwide  population,
suggesting  that  this  cohort  of  reference  strains  are  relevant.

4. DISCUSSION

This  study  is  not  the  first  report  on  the  molecular
characterization  of  BKV  in  Sudan.  However,  most  of  the
previous works have focused solely on the isolates associated
with BKV nephropathy. Therefore, our study is the first of its
kind to address the molecular characterization of BKV for PCa
patients.  Historically,  BKV  subtyping  and  subgrouping  were
based mainly on the phylogenetic analysis of some partial gene
sequences (vp1 gene). While phylogenetic trees based on LTA
sequences  have  been  recently  introduced  and  validated  [20].
This study was based only on the large T antigen gene product
176 bp to construct the phylogenetic tree. All the sequences of
the samples were analyzed using various bioinformatics tools
in order to understand genotype variability, molecular epide-
miology  and  evolutionary  adaptability  of  circulating  strains.
The purpose for focusing on the LTAg gene in our study was to
determine the correlation between the BKV and prostate cancer
in our previous work and to find a positive correlation between
the  presence  of  the  virus  and  PCa  and  it  is  well  known  that
LTAg promotes cellular transformation by interfering with the
tumor suppressor functions of p53 [4 - 6]. Thus, in this study, a
point  mutation  was  determined  that  could  arise  in  this  gene,
resulting  in  antigen  change.  The  latter  event  may  affect  the
effectiveness  of  the  antigen  to  bind  with  the  antigen
suppressing the tumor; this effect can be positive or negative.

In this study, there were two remarkable findings. Firstly, 3
out of 5 PCa BKV isolates were clustered into the same clade
with Iranian and Japanese isolates. A previous study in Sudan
revealed  the  BKV  LTAg  sequences  among  kidney  transplant
recipients  and  reported  that  three  of  these  isolates  had
nucleotide  similarities  with  the  Japanese  isolates.  However,
their study differed from our study in the clinical source of the

isolates. They obtained their isolates from the urine samples of
kidney  transplant  patients  while  our  isolates  were  originated
from the tissue samples of the patients with a prostate disorder.
Moreover,  in  Africa,  our  isolates  have  similar  nucleotides
sequences  with  Zambian  BKV  isolate,  while  Ibrahim  et  al.
found  a  nucleotide  similarity  between  their  isolate  and  the
Ethiopian  isolate  [30].  Another  significant  point  was  that
among  our  studied  isolates,  5  BKV  isolates  (2  from  PCa
patients,  2  from  BPH  patients  and  1  from  the  urine  of  BPH
patients)  were  clustered  together  in  the  same  clade  with  the
USA  strain,  however,  the  similarity  was  99%.  Having  5
isolates  in  the  same  clade  despite  controlling  the  PCR
condition  and  preventing  DNA  contamination  can  be
considered as a strong evidence that the Sudanese isolates are
likely  to  be  closer  to  each  other  and  could  show  genetic
characteristics  different  from other  strains  found  in  the  gene
bank.  Another  point  which  may support  our  statement  is  the
presence of point mutation which appears to be silent in some
isolates,  such  as  2,  7  and  6  or  transversion  mutation  like
isolates  5  and  8.  This  latest  finding  may  need  further
investigation  considering  the  fact  that  both  the  mutant  BKV
isolates  were  from  the  hospitals  in  South  and  West  Sudan
which are closely related regions.

The histological identification Gleason scores for prostate
cancer  samples  1,  2,  3,  4  and  5  were  7,  6,  8,  7  and  8,
respectively. Only isolate 5, which had a Gleason score of 8,
showed  a  mismatched  mutation,  while  other  scores  showed
identical  sequences  upon  alignment  except  for  isolate  2  in
which  there  was  a  silent  mutation  that  had  no  significant
impact  on  the  translated  amino  acids.  The  association  of  the
transversion  mutation  with  the  highest  Gleason  score  in  this
study could raises a question whether the mutant variant of the
BKV leads to a more aggressive type of PCa or not? In order to
answer  this  question,  further  studies  should be conducted by
the inclusion of more BKV isolates from patients with prostate
cancer grades.

Our result documented the circulation of one subtype (BKV
Subtype  1)  among  Sudanese  PCa  and  BPH  patients  with
different  age  and  geographical  affiliations,  regardless  of  the
prostate  Cancer  Gleason  scores.  This  finding  was  similar  to
that obtained by Maryam et al. in 2018 who concluded that all
the  BKV  strains  which  were  included  in  their  study  were
classified under subtype 1. This is not surprising because most
previous  studies  have  revealed  that  despite  different  clinical
samples, subtype I predominates in all the geographical regions
of the world with higher frequencies, while subtype IV occurs
at lower rates; and subtypes II and III occur rarely [31 - 36].
Unfortunately, as only the LTAg gene was used to conduct the
phylogenetic analysis, the BKV subtype 1 subgroups were not
determined.  The  subgrouping  of  the  BKV  subtypes  will  be  a
very interesting topic for future studies.

In Sudan, there were no phylogenetic analysis reports on
the BKV genome detected among patients with PCa and BPH
tissues.  In  our  study,  more  than  65%  and  37%  of  studied
samples were derived from PCa and BPH patients. Studies on
the diversity of large T antigen gene sequences may have an
implicit role in understanding the development of PCa by BKV
because the LTAg gene, together with a small T antigen gene,
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produces antigens that are responsible for virus carcinogenesis
[18,  19].  Our  study  had  some  limitations.  Due  to  a  lack  of
funding, only LTAg gene sequences were used in this study. A
few numbers of isolates were included in this study. Therefore,
the  results  may  not  be  generalized.  Nevertheless,  two  new
transversion  mutations  among  all  the  studied  patients  were
consistently reported. This latest finding has not been reported
before among Sudanese patients, which increases the value of
our findings.

CONCLUSION

The  results  of  this  study  emphasized  the  importance  of
early  detection  and  characterization  of  newly  emerging
genotypes.  It  was  concluded  that  all  the  BKV  isolates  which
circulate among Sudanese prostate tumoral patients belonged
to subtype 1,  andtwo isolates  showed transversion mutations
within  the  large  T  antigen  amino  acids  sequence  (positions
253), in addition to the presence of a silent mutation in some
other  isolates.  These  findings  highlighted  the  need  for  the
molecular detection and typing of BKV  in Sudan for a better
demonstration of the relationship between the virus and PCa.
Moreover,  our  sequence  analysis  was  done  on  the  Large  T
antigen  gene  rather  than  the  VP1  gene  which  is  used  as  a
standard  target  for  the  determination  of  BKV  subtypes.
Therefore,  further  studies  must  be  conducted  on  molecular
genotyping of BKV  in Sudan by studying phylogeny through
the amplification of both the above-mentioned genes with the
inclusion  of  more  BKV  isolates,focusing  on  prostate  cancer
grades  and  patient  age  in  addition  to  their  geographical
affiliations  as  well  as  the  performance  of  a  cell  culture,
transfection and BKV rescue to demonstrate that  DNA BKV
belonged  to  initially  replicating  BKV  viruses.  These  may
enable  a  better  demonstration  of  the  correlation  between  the
BKV isolates and PCa.
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