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Abstract 
Background and Aims: There is no data about JC virus genotypes in Iran. Due to the 

association of some genotypes of JC virus with PML (Progressive Multifocal 

Leukoencephalopathy) and also for the fact that some genotypes are more likely to be 

associated with certain diseases, such as cancer, the importance of this research is 

highlighted. The aim of this study was to determine the genotype of JC virus in northeastern 

Iran to find any different genotype in different tissues. 

Materials and Methods: Twenty two colorectal tissue samples were collected from 

colorectal cancer patients and 19 urine samples were collected from healthy individuals. 

After genomic extraction, PCR was applied to amplify the desired gene region for 

genotyping. The reported sequences were compared with sequences recorded in NCBI 

database. The 100% match was observed in most of the samples. 

Results: In general, 12 urine samples and 17 tissue samples were in type 1 and 3 urine 

specimens belonged to type 2, and 5 tissue samples and 4 urine specimens were also found in 

type 3. 

Conclusions: According to the statistical analysis, there was no correlation between urinary 

tract genotypes and tissue samples. Genotype 2 was observed only in urine specimens but not 

tissue samples. The most common genotype in this study was Type-1 and then Type-3. No 

other genotype was observed in this study. 
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Introduction* 

 
he JC virus was discovered in 1971 and 

is a member of polyomaviridae family. 

The ability to cause human disease from 

3 viruses belonging to this family has been 

observed: JC-BK-SV40 (1) . The genome of 

the JC virus with 5.13 KB size encodes the 

vp1-vp2-vp3-AgT-Agt-agnopeotein (2, 3).The 

JC virus tends to the tonsils, kidneys, and CNS 

and oligodendrocytes (4). The JC virus causes 
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a rare disease in the central nervous system of 

Human, the PML, which is the result of 

infection of oligodendrocytes and severe 

myelin injury .The incidence of PML is seen in 

people with immunodeficiency, such as those 

infected with HIV and cancers (5, 6). Studies 

have also shown that in the long-term 

suppression of the immune system, it is 

possible to re-activate the JC virus (7) The link 

between the different genotypes of the virus 

has been proven with the incidence of PML. 

Another important point in genotyping 

research has been mentioned that the isolated 

virus genotype is different from the brain with 

renal samples (8). In addition to PML, recent 

studies have shown that gastrointestinal 

cancers, and in particular colorectal cancer, are 
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the most prevalent cancers in the Iranian 

population associated with the JC virus, which 

is the observation of viral protein in tumor 

cells that confirms this issue (9, 10). The 

results of the studies also indicate a significant 

relationship between prostate (11), bladder 

(12), and lung cancers (13) with the JC virus. 

According to the Ault and Stoner reports, IG 

610bp region of the JCV genome, which 

contains areas that determine the differences in 

the sequence, is used for phylogenetic and 

genotyping studies (2). Of these, a portion of 

the VP-1 with the length of 129bp is used to 

determine the main type (14, 15). 

 

Methods 
 

Population studied. Colon specimens were 

collected from archive of FFPE in Mashhad 

University of Medical Sciences (16). Urine 

specimens were selected randomly from 

healthy individuals who had U/A Exam for 

checkup purpose. Given the fact that exposure 

to JC virus occurs in childhood (17), urine 

specimens were used from individuals over the 

age of 25 years.  

Preparing samples and genome extraction. 

At first, paraffin-fixed tissues were cut by 

microtome with diameter of 8 micron with 

minimum paraffin entering to the microtube. 

For urine specimens: 15 ml liters were 

collected in a sterile flask, and after 

centrifugation at 15000 rpm, the supernatant 

was removed and the precipitate was trans-

ferred to the microtube. After adding 20μl of 

proteinase K to each microtube and shaking 

every 5 min, the specimens were spinned for 5 

min at high speed, then the supernatant was 

used for the DNA extraction. We used 

Yektatajhiz Azma kits for DNA extraction 

from specimens and urine samples according 

to the kits instructions. After performing the 

above steps, the concentration of extracted 

DNA was measured using a nanodrop and 

samples with concentrations higher than 70ng 

/ml and a 260/280 ratio between 1.8 and 2 

were placed in the next steps at -20°C freezer. 

In order to eliminate supercoils from genome 

of JCV, samples were mixed with the topoiso-

merase 1 enzyme M0301S (Biolabs, Canada). 

The enzyme (4μl) was added to 2μl of the 

sample and then incubated for 37 min at 45°C 

(18) (19). This enzyme loses activity at 60°C, 

while its operating temperature is at 37°C. 

Primers were ordered from the pishgam Tehran 

Company and, based on the Agostini article 

(Table 1). JLP15-JLP16 primers were used as 

external primers (20, 21) and JLP-1-JLP4 as 

internal primers (22, 23) in the NESTED-PCR 

process. These primers are part of the VP-1 

amplifier that is sequenced for genotyping. The 

129 bp band is considered to be a positive JC 

(23, 24). 

PCR. The PCR program for external primers is 

as follows: For initial degradation, it is placed 

at 95°C for 5 min. Then, 50 cycles of three 

steps were performed for 1 min at 95 ° for 1.5 

min for 63 ° and one min for 72 °C. For final 

extension, it was placed at 72°C for 10 min. 

The PCR program for internal primers was also 

primed at 95°C for 15 min followed by 48 

cycles of 30 seconds at 94°C for 60 sec at 63°C 

for 60 sec at 72°C and a final cycle at 72°C for 

10 min. 

Genotyping. Samples were sent to South 

Korea's Macrogen Corporation for sequencing 

 
Table. 1. Information about primers includes TM and their size and sequence 
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by Danazist ASIA and classified according to 

the reference genotype registered in the NCBI. 

Compliance with 100% of recorded genotypes 

was observed. 

Statistical analysis. In this study, all data were 

recorded in SPSS 16 software. Two descriptive 

and analytic methods were used. The Chi-

square was used to analyze the results. T-test 

was used to examine the results in the age 

groups. The tumor group was considered as the 

case group and the urine group as the control 

group. Also, in examining the relationship 

between the case and control genotypes due to 

the lack of the components of the chi-square 

test, it is not possible to use this test in this 

area.  

Ethical considerations. the study was conduc-

ted in accordance with Helsinki declaration on 

Human research and its further Additions. 

Individual samples were reviewed by their 

privacy and only using age and gender 

information. This study was reviewed and 

approved by the Medical Sciences University 

of Mashhad for ethical considerations.  The 

ethical code of this research is IR.MUMS.fm. 

REC.1396.582. 

 

Results 

 

Of the colon specimens sent for sequencing, 17 

specimens were identified as type 1 and 5 were 

recognized as type 3(Fig. 2). In the case of 

urine specimens, 12 samples were in accor-

dance with the reference type 1 and 3 were 

Type 2 and 4 samples were identified as type 3 

(Table 2). 

 

Given the available resources, VP1 is used for 

sequencing and 129bp band implies viral 

positive result (Fig. 1) (25) (23). 

Statistical analysis results. This study was 

performed using T-test and considering that the 

mean age of the case group (tumor samples) 

was 56.45 ± 18 and the mean of control group 

(urine specimens) was 61.5 ± 7. The P value 

was 0.239, which indicates no statistically 

significant differences, and in fact the homo-

geneity of the age indicator in each of the two 

groups is indicated. 

In the examination of gender, 63.6% of the 

case group and 42.1% of the control group 

were male, which was 36.4% and 57.9% for 

females, respectively. There was no significant 

relationship between these two groups, which 

means that both groups were homogeneous in 

terms of gender. Genotypic frequency in case 

group: 17 samples observed in genotype 1 and 

5 were genotype 3. Genotype 2 was not 

observed in this group. The genotypic 

frequency in the control samples was as 

follows: 12 tested specimens were genotype 1, 

and 3 samples were genotype 2, and finally 4 

samples were also genotype 3. Because there 

was no genotype 2 in the case group and its 

frequency was equal to zero, there were no 

assumptions about chi-square test, but 15.8% 

of the control group had genotype 2 in clinical 

terms (Fig. 4). In terms of genotype 1, the case 

group was 77.3% and the control group was 

63.2%, which indicates the similarity between 

these groups in genotype 1. Genotype 3 also 

had 22.7% of the case group and 21.1% of the 

control group; in this case both the case and 

control groups were similar.  

 

 

 

 

Fig.  1.  VP-1 gene PCR product. 

Table 2. The results of genotyping of case and control sample. 

Number Genotype 1    Genotype2     Genotype3 Gender 

14 

 

8 

14.3% 

 
12.5% 

0 

 
0 

 

85.7% 

 
87.5 

 

 

Case 

 

Control 

 

 

Male 

 

 

8 

 

11 

 
37.5% 

 

27.3% 

 

0 
 

27.3% 

 

62.5% 
 

45.5% 

 

Case 

 

Control 

 

Female 
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 The study of the relationship between gender 

and genotype distribution in this research, 

which resulted in a higher percentage of males 

in Genotype 1, on average 86.4%, for genotype 

3 the majority of cases with an average of 

31.6% were females. The genotype 2 belong-

ing to this study also relates to female sex 

(Table 3).  

 

 

Discussion 
 

The genome of the polyomaviruses shows a 

large number of sequence variations not only 

between JCV and BKV, but also in a variety of 

JCV sub-types (26). According to the previous 

studies, genotypes 1 and 4 are predominant in 

Europe and 2 and 7 in Asia. Genotypes 3 and 6 

in Africa and genotype 8 have been reported 

exclusively in New Guinea (27). It is 

noteworthy that alterations in the amino acid 

sequence of a structural protein can lead to 

increased viral entry and, as a result, contribute 

to PML, or potentially cause disease (28). It is 

also important to note that the genotype 

distribution of the JC virus is diverse in 

relation to different breeds in different 

geographic regions (29). It is also important 

that the JCV genome, in addition to the 

sequence variation that has evolved in long 

time, brings new sequences by rearranging 

parts of its genome control area after an initial 

infection. While the mechanisms underlying 

the rearrangement of the genome or where the 

event one occurs is not yet understood that (30) 

this hypothesis stated that the existence of 

rearrangement results in immunosuppression, 

long-term person (31). Interestingly, the 2B 

genotype found in Italian patients with chronic 

inflammatory disease could represent a 

 
Fig.  2.  Neighbor- joining phylogenetic tree of tumor samples (Case). 

Mega -7 software is used. The desired fragment VP-1 is from the JC 

virus with a length of 129 bp. 

 

Fig.  2.  Neighbor- joining phylogenetic tree of tumor samples (Case). 

Mega -7 software is used. The desired fragment VP-1 is from the JC 

virus with a length of 129 bp. 

 
Fig.  3.  Neighbor- joining phylogenetic tree of Urine samples 

(Control). Mega -7 software is used. The desired fragment VP-1 is 

from the JC virus with a length of 129 bp. 

 

Fig.  4.  The percentage of genotypes in the case and control groups. 

Table 3. The percentage of genotypic differentiation is 

based on gender.  

Acc. no. 
Urine samples 

control 

Tissue 

samples 

case 

 

U21842.1 12 17 Type 1 

U21843.1 3 0 Type 2 

U21844.1 4 5 Type 3 
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genotype selection of the JC virus in response 

to immunosuppressive drugs (32) and because 

PML is thought to be the source of cascading 

events that start with reactivation of JCV after 

immune suppression (6, 33). Since the 

relationship between JC genotype 2 and PML 

has been proven (24) and as previously 

mentioned, some studies (34), including the 

present research, referred to the increase in 

genotype 1 in colon cancerous tissues and 

reported type 4 with low risk of disease (7). 

For this reason, we decided to study a link 

between genotype and cancer and also PML, as 

well as the frequency of common genotypes in 

tumor tissue. In this study, we noted that urine 

specimens were collected from individuals 

who had no illness (diseases that affect JC 

prevalence and virus reactivating , such as 

diabetes and cancer, and various types of 

immunodeficiency) (35, 36).  

In present research, the dominant genotype was 

observed in both urine specimens and tissue 

samples, was genotype 1. Unlike Northeast 

Asia where the dominant genotype is 2A and 

2C, the genotype with high prevalence in Iran 

was genotype 1 (11).  After genotype 1, geno-

type 3 has the highest prevalence in both urine 

specimens and our tissue samples.  

Finding genotype 3 in Isfahan was also 

reported by Atyabi et al. In 2016 (37). This 

study also confirms the presence of genotype 3 

in northeastern Iran. It should be noted that this 

study is one of the rare studies in the genotype 

of the virus circulation in Iran. In this study, in 

the tumor samples from 22 samples, none of 

them had genotype 2, which was clearly 

associated with the PML complication (38). 

Among the tumor samples, the most genotype 

was genotype 1 (Mad-1), which was also 

matched by a research done at the University 

of California (34). Although in this study, 

contrary to the research carried out in Isfahan, 

the highest frequency of genotype 3 was 

reported, genotype 1 had a higher percentage. 

 

Conclusions 

 
 The frequency of genotype 3 and 1 was 

similar in both urinary and tumor groups. In 

this study, either in tumor samples or in urine 

specimens, genotype 4 was not observed. It 

was also hypothesized that because of the 

absence of genotype 2 in tumor samples, this 

genotype may have a protective effect on 

colorectal cancer. Since there is a need for a 

broader study in this field, it cannot be 

determined with certainty. 

 

Acknowledgements 

 
Thanks to the Virus and Biochemistry 

Department of Mashhad Medical Sciences. 

Special thanks to Dr. Khadem for statistical 

advice. This research was conducted by Grant 

Mashhad University of Medical Sciences 

(grant no: 961013). 

 

References 

 
1. Baksh FK, Finkelstein SD, Swalsky PA, Stoner 

GL, Ryschkewitsch CF, Randhawa P. Molecular 

genotyping of BK and JC viruses in human 

polyomavirus [ndash] associated interstitial nephri-

tis after renal transplantation. Am J Kidney Dis. 

2001;38(2):354-65. 

2. Ault GS, Stoner GL. Two major types of JC 

virus defined in progressive multifocal leuko-

encephalopathy brain by early and late coding 

region DNA sequences. J Gen Virol. 1992;73(10): 

2669-78. 

3. Frisque RJ, Bream GL, Cannella MT. Human 

polyomavirus JC virus genome. J Virol. 1984;51 

(2):458-69. 

4. Knowles WA. Discovery and epidemiology of 

the human polyomaviruses BK virus (BKV) and JC 

virus (JCV).  Polyomaviruses and human diseases: 

Springer; 2006. p. 19-45. 

5. Rentier-Delrue F, Lubiniecki A, Howley P. 

Analysis of JC virus DNA purified directly from 

human progressive multifocal leukoencephalopathy 

brains. J Virol. 1981;38(2):761-9. 

6. Khalili K, White M. Human demyelinating 

disease and the polyomavirus JCV. Mult Scler J. 

2006;12(2):133-42. 

7. Dubois V, Moret H, Lafon M-E, Brodard V, 

Icart J, Ruffault A, et al. JC virus genotypes in 

France: molecular epidemiology and potential 

significance for progressive multifocal leukoence-

phalopathy. J Infect Dis. 2001;183(2):213-7. 

8. Tan CS, Koralnik IJ. JC, BK, and Other 

Polyomaviruses: Progressive Multifocal Leuko-

encephalopathy (PML).  Mandell, Douglas, and 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                               5 / 7

http://journal.isv.org.ir/article-1-353-en.html


Roohbakhsh Iradi Sh et al 

Iranian Journal of Virology, Volume 12, Number 2, 2018       11 

Bennett's Principles and Practice of Infectious 

Diseases (Eighth Edition): Elsevier; 2015. p. 1807-

14. e3. 

9. Bozorgi SM, Tahaei SME, Mohebbi SR, Sahba 

N, Damavand B, Romani S, et al. Molecular preva-

lence of JC virus in Tehran, Iran. Gastroenterol 

Hepatol Bed Bench. 2012;5(2):84. 

10. Enam S, Del Valle L ,Lara C, Gan D-D, Ortiz-

Hidalgo C, Palazzo JP, et al. Association of human 

polyomavirus JCV with colon cancer: evidence for 

interaction of viral T-antigen and β-catenin. Cancer 

Res. 2002;62(23):7093-101. 

11. Anzivino E, Rodio DM, Mischitelli M, Bellizzi 

A, Sciarra A, Salciccia S, et al. High frequency of 

JCV DNA detection in prostate cancer tissues. 

Cancer Genomics Proteomics. 2015;12(4):189-200. 

12. Fang C-Y, Tsai Y-D, Lin M-C, Wang M, Chen 

P-L, Chao C-N, et al. Inhibition of human bladder 

cancer growth by a suicide gene delivered by JC 

polyomavirus virus-like particles in a mouse 

model. J Urol. 2015;193(6):2100-6. 

13. Zheng H, Aziz HA, Nakanishi Y, Masuda S, 

Saito H, Tsuneyama K, et al. Oncogenic role of JC 

virus in lung cancer. J Pathol. 2007;212(3):306-15. 

14. Plavina T, Subramanyam M, Bloomgren G, 

Richman S, Pace A, Lee S, et al. Anti–JC virus 

antibody levels in serum or plasma further define 

risk of natalizumab‐associated progressive multi-

focal leukoencephalopathy. Ann Neurol. 2014;76 

(6):802-12. 

15. Toumi W, Ripalti A, Ricciardiello L, Cherif A, 

Gargouri D, Bouhafa A, et al. Detection of a new 

JCV strain of genotype A in a subpopulation of 

colorectal adenocarcinomas in Tunisia. New 

Microbiol. 2017;40(2):99. 

16. Izi S, Youssefi M, Rahmani F, Roshan NM, 

Yari A, Avval FZ. Detection of JC Polyomavirus 

tumor antigen in gastric carcinoma: a report from 

Iran. Iran J Microbiol. 2018;10(4):266. 

17. Viscidi RP, Rollison DE, Sondak VK, Silver B, 

Messina JL, Giuliano AR, et al. Age specific-

seroprevalence to Merkel cell polyomavirus, BK 

virus and JC virus. Clin Vaccine Immunol. 2011; 

18(10):1737-43. 

18. Wang JC. Cellular roles of DNA topo-

isomerases: a molecular perspective. Nat Rev Mol 

Cell Biol. 2002;3(6):430. 

19. Yang L, Wold MS, Li JJ, Kelly TJ, LIu LF. 

Roles of DNA topoisomerases in simian virus 40 

DNA replication in vitro. Proc Natl Acad Sci. 

1987;84(4):950-4. 

20. Pagani E, Delbue S, Mancuso R, Borghi E, 

Tarantini L, Ferrante P. Molecular analysis of JC 

virus genotypes circulating among the Italian 

healthy population. J Neurovirol. 2003;9(5):559-

66. 

21. Carruthers RL, Berger J. Progressive multifocal 

leukoencephalopathy and JC Virus-related disease 

in modern neurology practice. Mult Scler Relat 

Disord. 2014;3(4):419-30. 

22. Agostini HT, Ryschkewitsch CF, Singer EJ, 

Stoner GL. Co-infection with two JC virus 

genotypes in brain, cerebrospinal fluid or urinary 

tract detected by direct cycle sequencing of PCR 

products. J Neurovirol. 1996;2(4):259-67. 

23. Agostini H, Ryschkewitsch C, Stoner G. JC 

virus Type 1 has multiple subtypes: three new 

complete genomes. J Gen Virol. 1998;79(4):801-5. 

24. Agostini HT, Ryschkewitsch CF, Mory R, 

Singer EJ, Stoner GL. JC virus (JCV) genotypes in 

brain tissue from patients with progressive 

multifocal leukoencephalopathy (PML) and in 

urine from controls without PML: increased 

frequency of JCV type 2 in PML. J Infect Dis. 

1997;176(1):1-8. 

25. Agostini H, Ryschkewitsch C, Singer E, Stoner 

G. JC virus regulatory region rearrangements and 

genotypes in progressive multifocal leukoencepha-

lopathy: two independent aspects of virus variation. 

J Gen Virol. 1997;78(3):659-64. 

26. Whiley DM, Mackay IM, Sloots TP. Detection 

and differentiation of human polyomaviruses JC 

and BK by LightCycler PCR. J Clin Microbiol. 

2001;39(12):4357-61. 

27. Agostini HA, Deckhut A, Jobes DV, Girones R, 

Schlunck G, Prost MG, et al. Genotypes of JC virus 

in east, central and southwest Europe. J Gen Virol. 

2001;82(5):1221-331. 

28. Ferenczy MW, Marshall LJ ,Nelson CD, Atwo-

od WJ, Nath A, Khalili K, et al. Molecular biology, 

epidemiology, and pathogenesis of progressive 

multifocal leukoencephalopathy, the JC virus-

induced demyelinating disease of the human brain. 

Clin Microbiol Rev. 2012;25(3):471-506. 

29. Cubitt CL, Cui X, Agostini HT, Nerurkar VR, 

Scheirich I, Yanagihara R, et al. Predicted amino 

acid sequences for 100 JCV strains. J Neurovirol. 

2001;7(4):339-44. 

30. Agostini HT, Jobes DV, Stoner GL. Molecular 

evolution and epidemiology of JC virus. Human 

polyomaviruses: Mol Clin perspect. 2001:491-526. 

31. Markowitz RB, Eaton BA, Kubik MF, Latorra 

D, McGregor JA, Dynan WS. BK virus and JC 

virus shed during pregnancy have predominantly 

archetypal regulatory regions. J Virol. 1991;65(8): 

4515-9. 

32. Pietropaolo V, Prezioso C, Bagnato F, Antone-

lli G. John Cunningham virus: an overview on 

biology and disease of the etiological agent of the 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                               6 / 7

http://journal.isv.org.ir/article-1-353-en.html


Genotyping of JC Virus in Clinical Samples in North Eastern Iran 

12      Iranian Journal of Virology, Volume 12, Number 2, 2018    

progressive multifocal leukoencephalopathy. New 

Microbiol. 2018;41(3):179-86. 

33. Hartman EA, Huang D. Update on PML: 

lessons from the HIV uninfected and new insights 

in pathogenesis and treatment. Curr HIV/AIDS 

Rep. 2008;5(3):112-9. 

34. Ricciardiello L, Chang DK, Laghi L, Goel A, 

Chang CL, Boland CR. Mad-1 is the exclusive JC 

virus strain present in the human colon, and its 

transcriptional control region has a deleted 98-base-

pair sequence in colon cancer tissues. J Virol. 

2001;75(4):1996-2001. 

35. Demeter L. JC, BK, and other polyomaviruses: 

progressive multifocal leukoencephalopathy. Prin-

ciples and practice of infectious diseases Churchill 

Livingstone, New York, NY. 1995:1400-6. 

36. McArthur JC, Steiner J, Sacktor N, Nath A. 

Human immunodeficiency virus‐associated neuro-

cognitive disorders: mind the gap. Ann Neurol. 

2010;67(6):699-714. 

37. Atyabi SR, Bouzari M, Kardi MT. John cunnin-

gham (JC) virus genotypes in kidney transplant 

recipients, rheumatoid arthritis patients and healthy 

individuals in Isfahan, Iran. J Med Virol. 2017;89 

(2):337-44. 

38. Itoh K, Kano T, Nagashio C, Mimori A, 

Kinoshita M, Sumiya M. Progressive multifocal 

leukoencephalopathy in patients with systemic 

lupus erythematosus. Arthritis & Rheum. 2006;54 

(3):1020-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

http://journal.isv.org.ir/article-1-353-en.html
http://www.tcpdf.org

