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Background:  Human polyomaviruses JCV and BKV can cause several clinical manifestations in 
immunocompromised hosts, including progressive multifocal leukoencephalopathy (PML) and hemorrhagic 
cystitis. The association of these viruses with clinical tumors and their possible roles in the etiology of non-
hodgkin's lymphoma are not clear. So, the purpose of this study was to screen for the presence of JCV, and 
BKV DNA sequences in NHL, where immunocompromised individuals are known to be at risk of development 
of virus-mediated neoplasm. 
Materials and Methods: Fresh tumor samples from 66 Egyptian patients with Non-Hodgkin's lymphoma and 
34 control groups were examined by polymerase chain reaction (PCR) for detection of JCV DNA and BKV 
DNA sequences. 
Results: Our results have shown that JCV DNA sequences were found in the tumor tissues of 40/66 (60%) 
NHL patients compared to 14/34 (41.1%) of the control group, whereas BKV DNA sequences were found in 
23/66 (34.8%) of NHL patients compared to 7/34 (20.5%) of the control group. There was no statistically 
significant difference between the presence of virus in cases and controls (p > 0.05). For overall survival (OS) 
on univariate analysis, negative JCV DNA patients had not a different time to survive compared with positive 
JCV DNA patients (Log Rank test = 1.62; p = 0.20). Also, Presence of JCV DNA sequences in NHL patients 
did not affect the response of those patients to chemotherapy (Log Rank test = 0.74; p = 0.40). The same 
findings were found with BKV infection where BKV had not any effect on the survival (Log Rank test=015; p 
= 0.70) and the response of those patients (Log rank test = 0.39; p = 0.53). 
Conclusion: The present study has shown that presence of both BKV DNA and JCV DNA sequences in NHL 
patients had not any effect on overall survival (OS) or the response to chemotherapy in those patients. 
 

INTRODUCTION 

Polyomaviruses are a genus of non-
enveloped DNA viruses that contain small, 
circular, double-stranded DNA genomes. These 
viruses have been isolated from humans, monkeys, 
rodents, and birds. Each polyomavirus has a 
limited host range and does not usually produce 
productive infections in other species (1, 2). 

In 1970, BK and JC viruses were 
discovered. BK virus was isolated from the urine 
of a kidney allograft recipient with chronic 
pyelonephritis and advanced renal failure (3). JC 
virus was isolated from the brain of a patients 
suffering from progressive multifocal 
leuckoencephalopathy (4). Both BK and JC 
viruses are very similar to SV40 with respect to 
size about 5.2 kbp, genome organization, and 
DNA sequence. Human polyomaviruses JCV and 
BKV can cause several clinical manifestations in 
immunocompromised hosts, including progressive 
multifocal leukoencephalopathy (PML) and 
hemorrhagic cystitis. JCV and BKV are 
widespread throughout the human population with 
about 70% of adults exhibiting antibodies specific 
for those viruses. Infection is thought to occur 
during early childhood and is usually sub clinical. 

JCV and BKV encode for a nonstructural 
protein called the large tumor (T) antigen, which 
initiates viral DNA replication and modulates gene 
transcription (5). Large T-antigen can also bind to 
and inactivate the tumor suppressor proteins p53 

and pRb (6), inhibiting apoptosis. JCV has been 
shown to infect B-lymphocytes (7, 8), and Neel 
and colleagues have described chromosomal 
damage in lymphocytes associated with both JCV 
(9, 10) and BKV (9) infections. Some 
investigators have detected polyomavirus 
sequences from NHL tissues, including one 
laboratory that detected JCV and BKV sequences 
in 5% and 6% of 83 lymphomas, respectively (11) 
and a recent report that showed the presence of 
JCV DNA sequences in 22 of 27 B-cell 
lymphomas of the central nervous system (12). 
The association of these viruses with clinical 
tumors and their possible roles in the etiology of 
non-hodgkin's lymphoma are not clear. So, the 
purpose of this study was to screen for the 
presence of JCV, and BKV DNA sequences in 
NHL, where immunocompromised individuals are 
known to be at risk of development of virus-
mediated neoplasm, and to determine the impact 
of both BK and JC polyomaviruses on the 
response to chemotherapy in those patients with 
NHL. 
 

MATERIALS AND METHODS 

Clinical Specimens: Fresh tumor samples from 66 
Egyptian patients with Non-Hodgkin's lymphoma 
and 34 control groups (11 bone marrows and 23 
blood donors) were collected from National 
Cancer Institute hospital, Cairo University, Egypt, 
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during the period from February, 2001 to 
December, 2002.  
DNA extraction: Extraction of DNA was done 
according to standard protocols (13). 
Detection of JCVDNA: JCV detection was carried 
out in a multiplex nested PCR technique with the 
primer sequences and PCR conditions of Fedele et 
al. (14). Briefly, 200 ng of the extracted DNA 
from each sample were amplified in a total of 50 
µl of PCR mixture containing 10 mM Tris-HCl 
(pH 8.3), 50 mM KCl2, 200 µM of each 
deoxynucleoside triphosphate, 20 pmol of the 
outer primers, PM1+ (5'-TCY TCT GGN NTA 
AAR TGR TCC-3') and PM1- (5'-TTW TAG 
RTK CCA ACC TAT GGA AC-3') and 2.5 U Taq 
polymerase. After an initial denaturation step of 2 
min. at 94oC for 30 sec., 61oC for 1 min., and 72oC 
for 30 sec. were done and a final extension step at 
72oC for 5 min. was performed. A second 
amplification reaction was carried out by adding 1 
µl of the first PCR products to 49 µl of a new 
reaction mixture comprising 10mM Tris-HCl, 
50mM KCl, 4 mM MgCl2, 200µM of each 
deoxynucleoside triphosphate, 1.25 U Taq 
polymerase and 20 pmol of the inner primers, 
JCV+ (5'-ATA TTA TGA CCM CCA AAA CCA 
TG-3') and PM2- (5'-GGT AGA AGA CCC YAA 
RGA CTT TCC-3'). Amplification was carried out 
under the same conditions used for the first 
amplification round, except that the annealing 
temperature was 55oC.A total of 30 cycles was 
used to complete the second amplification. 
Amplification products (189 bp for JCV) were 
analyzed in 3% agarose gel and visualized under 
UV light, as shown in Figure 1. 
Detection of BKVDNA: BKV detection was done as 
in JCV DNA virus detection.  Briefly, 200 ng of the 
extracted DNA from each sample were amplified in 
a total of 50 µl of PCR mixture containing 10 mM 

Tris-HCl (pH 8.3), 50 mM KCl2, 200 µM of each 
deoxynucleoside triphosphate, 20 pmol of the outer 
primers, PM1+ (5'-TCY TCT GGN NTA AAR TGR 
TCC-3') and PM1- (5'-TTW TAG RTK CCA ACC 
TAT GGA AC-3') and 2.5 U Taq polymerase. After 
an initial denaturation step of 2 min. at 94oC for 30 
sec., 61oC for 1 min., and 72oC for 30 sec. were done 
and a final extension step at 72oC for 5 min. was 
performed. A second amplification reaction was 
carried out by adding 1 µl of the first PCR products 
to 49 µl of a new reaction mixture comprising 
10mM Tris-HCl, 50mM KCl, 4 mM MgCl2, 200µM 
of each deoxynucleoside triphosphate, 1.25 U Taq 
polymerase and 20 pmol of the inner primers, BKV+ 
(5'-GAA TGC TTT CTT CTA TAG TAT GGT 
ATG-3') and PM2- (5'-GGT AGA AGA CCC YAA 
RGA CTT TCC-3'). Amplification was carried out 
under the same conditions used for the first 
amplification round, except that the annealing 
temperature was 55oC.A total of 30 cycles was used 
to complete the second amplification. Amplification 
products (353 bp for BKV) were analyzed in 3% 
agarose gel and visualized under UV light, as 
illustrated in Figure 1.  
 
Statistical Analysis 
Chi-square analysis was used to compare the 
distribution of viral sequences in non-Hodgkin 
lymphoma, and control group. Product limit or 
Kaplan–Meier method was used as univariate 
analysis to estimate the survival probabilities, and 
the log–rank test was performed to determine the 
statistical differences between the categories.  
Also, t-test was used to compare the mean age of 
patients with positive and negative JCV and BKV 
polyoma viruses. Statistical analysis was done 
with the SPSS version 11 statistical software 
package. 

 

 
Figure 1. Agarose gel showing amplification of BK and JC viral DNA with BK-specific and JC-specific 

primers. Lane 1 is the x174 DNA/HaeIII marker. Lanes 2 to 5 show results with BK-specific 
primers. Lane 2, no template; lanes 3 to 5, BK stock virus template at 353 bp.. Lanes 13 to 15 
show results with JC-specific primers. Lane 11, no template; lanes 13 to 15, JC stock virus 
template at 189 bp. 
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RESULTS 
 

We examined fresh tumor samples of 66 Egyptian 
NHL patients for the presence of BKV DNA and 
JCV DNA sequences in those patients in relation 
to their clinical outcome. The age of these patients 
ranged from 19 to 62 years (mean, 32.18±16.37); 
44 were male and 22 were female with a male to 
female ratio 2:1.  
 
JCV DNA and BKV DNA detection  
JCV DNA sequences were found in the tumor 
tissues of 40/66 (60%) NHL patients compared to 
14/34 (41.1%) of the control group, whereas BKV 
DNA sequences were found in 23/66 (34.8%) of 
NHL patients compared to 7/34 (20.5%) of the 
control group. There was no statistically 
significant difference between the presence of 
virus in cases and controls (p > 0.05). 
 
Survival Analysis 
Kaplan–Meier method was applied as univariate 
analysis to estimate the survival probabilities, The 

follow-up period ranged from 6 to 48 months 
(median, 28.8 months).  
For overall survival (OS) on univariate analysis, 
Figure 2a showed that negative JCV DNA patients 
had not a different time to survive compared with 
positive JCV DNA patients (Log Rank test = 1.62; 
p = 0.20). Presence of JCV DNA sequences in 
NHL patients did not affect the response of those 
patients to chemotherapy, as shown in Kaplan-
Meier survival curves (Figure 2b). Negative JCV 
DNA patients had not a different time to response 
compared with positive JCV DNA patients (Log 
Rank test = 0.74; p = 0.40). 
Regarding the effect of BKV DNA on the 
response of NHL patients to chemotherapy, there 
was no statistically significant difference between 
presence of BKV DNA sequences in NHL patients 
and the response of chemotherapy (Log rank test = 
0.39; p = 0.53), as shown in Figure 3a.  
Also, presence of BKV DNA sequences did not 
show any effect on the overall survival and the 
clinical outcome of those patients (Log Rank 
test=015; p = 0.70), as shown in Figure 3b. 

 
 

  
  

 
  Fig.2b Kaplan-Meier survival curves   show 

response of NHL patients either 
-ve or +ve JCV 
 

       Fig.2a Kaplan-Meier survival curves    show 
that  -ve JCV patients had not a different 
time to survive compared to +ve JCV 
patients 
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Fig.3b Kaplan-Meier survival curves   show 
survival of NHL patients either 
-ve or +ve BKV 

     Fig.3a Kaplan-Meier survival curves     show 
response of NHL patients either –ve or +ve 
BKV 

 
 

DISCUSSION 

During the past 30 years, the reported 
incidence and death rate of the non-hodgkin's 
lymphoma (NHL), with clinical courses ranging 
from indolent to highly aggressive, have increased 
strikingly nearly doubling since 1970. No obvious 
risk factors have emerged for NHL, but a viral 
cause has been postulated (15). 

Infections with JCV and BKV have been 
proposed as potential risk factors for cancer, due 
in part to the ability of these viruses to induce 
tumors in experimentally infected laboratory 
animals (6). Both viruses encode for a 
nonstructural protein called the large tumor (T) 
antigen, which initiates viral DNA replication and 
modulates gene transcription (5). Large T-antigen 
can also bind to and inactivate the tumor 
suppressor proteins p53 and pRb (6), inhibiting 
apoptosis.  

In the present study, JCV DNA 
sequences were found in the tumor tissues of 
40/66 (60%) NHL patients compared to 14/34 
(41.1%) of the control group, whereas BKV DNA 
sequences were found in 23/66 (34.8%) of NHL 
patients compared to 7/34 (20.5%) of the control 
group.  

Presence of both JCV and BKV 
polyomavirus in lymphoma have been detected by  
some investigators, including one laboratory that 
detected JCV and BKV sequences in 5% and 6% 
of 83 lymphomas, respectively (11) and other 
report that showed the presence of JCV DNA 
sequences in 22 of 27 B-cell lymphomas of the 
central nervous system (12). Although other 
studies have not detected JCV or BKV sequences 

in lymphoma tissues, including three studies that 
primarily investigated the presence of SV40 (16-
18). Additionally, a recent multicenter case-
control study observed a decreased risk of NHL 
associated with antibodies to JCV and no 
association with antibodies to BKV (19). 
However, antibodies measured at the time of NHL 
diagnosis may not accurately reflect antibodies 
that would have been circulating in the early 
stages of lymphomagenesis. 

Regarding the effect of BKV DNA and 
JCV DNA on the response of NHL patients to 
chemotherapy in the current study, there were no 
statistically significant difference between 
presence of BKV DNA and JCV DNA sequences 
in NHL patients and the response to 
chemotherapy. Also, for overall survival (OS) on 
univariate analysis, Kaplan-Meier survival curves 
showed that negative JCV DNA patients had not a 
different time to survive compared with positive 
JCV DNA patients. The same findings were found 
in BKV DNA positive patients. Both BKV and 
JCV polyomaviruses had not any effect on the 
survival of those patients. Our results in agreement 
with a previous study done by Rollison et al (20) 
where they stated that there was not any 
association between JCV or BKV seropositivity 
and the subsequent development of NHL. On the 
other hand, Engels et al. (19) observed a 
statistically significant 30% reduction in NHL risk 
associated with JCV antibody seropositivity 
among newly diagnosed population-based NHL 
cases and matched controls. Some investigators 
have proposed that JCV may contribute to the 
development of cancer through a "hit-and-run" 
mechanism, whereby the virus is involved in the 
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early stages of carcinogenesis and is eventually 
lost from malignant cells through subsequent 
mutations (21). Under this hit-and-run scenario, 
JCV DNA would not necessarily be present in 
lymphoma tissues. Alternatively, if JCV infection 
at early stages of carcinogenesis could be 
measured by circulating antibodies to the virus, 
then an association with NHL risk might have 
been seen among those whose blood was drawn in 
the critical time period before NHL diagnosis. 

In conclusion presence of both BKV 
DNA and JCV DNA sequences in NHL patients 
had not any effect on overall survival (OS) or the 
response to chemotherapy in those patients. 
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  لملخص العربي
  

ة الموضوع  روس :مقدم ة  BKV و  JCV ان االصابة بفي ي اعراض اآلينيكي ؤدى ال ن ان ي ن الممك  م

ل   رة مث ان . hemorrhagic cystitis  و  multifocal leukoencephalopath خطي

ا في             ي وضوح        مصاحبة هذان الفيروسان مع االورام ودوره اج ال ة يحت ذا  . االورام الليمفاوي ل

د وجود آال من         فان    فى مرضى سرطان    JCV و BKVالغرض من تلك الدراسة هى تحدي

  .الغدد الليمفاوية

 

ات من        : االدوات والمواد المستخدمة   ع عين سرطان        ٦٦تم تجمي ة مصابة ب ة    حال دد الليمفاوي  باالضافة   ،الغ

ى  ية  ٣٤ال ة القياس ن المجموع م تح . م د ت ن    وق ال م ود آ د وج ؤالء  JCV و BKVدي ى ه  ف

  . طريق التفاعل المتسلسل بالبلمرة عنىالمرض

 

د وجد فى    JCV ان االصابة بفيروس   :النتائج سرطان ال   %) ٦٠ (٤٠/٦٦ ق ة مصابة ب ة  حال دد الليمفاوي ، غ

ا   . من المجموعة القياسية  %) ٤١،١ (١٤/٣٤ووجد فى    روس    بينم د وجد   BKVاالصابة بفي  ق

ة،   %) ٣٤،٨ (٢٣/٦٦فى   دد الليمفاوي سرطان الغ ة مصابة ب ى  حال %) ٢٠،٥ (٧/٣٤ووجد ف

  (p > 0.05)  من المجموعة القياسية

ان  روس   ايضا ف ائ او          JCV  االصابة بفي ي االستجابة للعالج الكيمي أثير عل ه ت يس ل تطور  ل

ي االستجابة     BKV سرطان الغدد الليمفاوية، وبالمثل فان االصابة بفيروس  أثير عل ه ت   ليس ل

  .   لليمفاويةللعالج الكيميائ او تطور سرطان الغدد ا

 

و اورام     BKV و   JCVان تلك الدراسة توضح العالقة بين االصابة بفيروس         :  االستنتاج دد    وتطور نم  الغ

  ليس له تأثير علي االستجابة للعالج الكيميائ JCV و BKV ان االصابة بفيروس . الليمفاوية

  .        او تطور سرطان الغدد الليمفاوية لهؤالء المرضي

 
 

  
 

 
 

 
 


