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Abstract

Background: Cancer such as neoplasma lymphoma is related to the immune system. Of all lymphoma cases,
about 90% are Non-Hodgkin Lymphoma (NHL). In the United Kingdom, NHL is among the five most frequently
diagnosed cancer cases. In Indonesia, based on statistical data from the Dharmais Cancer Center Hospital in
2006, NHL was in the ten most commonly diagnosed cancers. The global incidence of NHL continues to increase
annually in western countries, especially in Caucasian populations, men and the elderly. The etiology of NHL is
uncertain. Viral infection is thought to be associated with the pathogenesis of NHL. One of them is the Simian
40 virus (SV 40) infection. In some studies, positive SV40 sequencing was found in the majority of NHL cases,
but other research found no significant relationship between SV40 infection and NHL. Objective: This study
aimed to identify the frequency of SV40 infection in NHL cases in Yogyakarta and to determine the relationship
between SV40 infection in NHL cases and clinical patients. Methods: This study examined 102 samples of
paraffin blocks from subjects diagnosed with NHL in the Anatomical Pathology Laboratory of Dr. Sardjito
Hospital from 2014 through 2016. DNA extraction was done and the results were used for PCR. SV40 genome
primer sets were used for the PCR process to identify any positive cases. Results: In this study, all 102 subjects
did not indicate genomic L-Tag positive cases of NHL. Conclusion: It cannot be proved that SV40 has a role
in the pathogenesis of NHL in Indonesia.
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Introduction

Cancer or malignant tumors are important health
problems in Indonesia and the world. Cancer is the leading
cause of death in both developing and developed countries,
and is increasing especially in the least developed
countries where 82% of the world’s population live [1].
Adoption of lifestyle behaviors that are known to be risk
factors for cancer, such as smoking, poor diet, lack of
physical activity, and changes in reproduction, further
increase the incidence of cancer in developed countries
[2]. According to data from the World Cancer Research
Fund (WCRF) International, one of the most common
cancers around the world is lymphoma. In Yogyakarta,
lymphoma is included in the top five of the most common

malignancies. In contrast to other solid tumors that are
often found, such as in the breast, cervix, intestines
and nasopharynx, lymphoma has a very heterogeneous
subgrouping with an ever-evolving classification [3].

Lymphoma is a tumor of the immune system.
Of all types of lymphoma, 10% are subtypes of
Hodgkin Lymphoma (HL) while the remaining 90% are
Non-Hodgkin Lymphoma (NHL) [2-3]. NHL is one of
the five most frequently diagnosed cancer cases in the
United Kingdom [4-6]. In Indonesia, based on statistical
data from the Dharmais Cancer Center Hospital in 2006,
it was reported that NHL was included in the ten most
commonly diagnosed cancers [7].
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The incidence of NHL continues to increase every year
in western countries, especially in Caucasian populations,
men and the elderly [8-9]. The incidence of NHL is also
increasing in various European countries. In England,
Scotland, and Wales, cases increased by 35% at age 30
(1988-2007) [10]. Similar increased rates of incidence
were reported from the USA with a percentage increase
of 3.7% per year between 1975 and 1991, and 0.3% per
year from 1992 to 2002 [2]. The etiology of NHL is not
certain. Viral infection is thought to be associated with
the pathogenesis of NHL [11].

Simian virus 40 (SV40) is a DNA virus and classified
as a double strand polyomavirus. There is speculation that
as many as 98 million people in the United States and
more worldwide were inoculated with the polio vaccine
contaminated with SV40 during the period 1955-1963
[12]. In 2002, Vilchez and Shivapurkar found positive
SV40 sequencing in the majority of NHL type lymphoma
cases. Although other studies stated that there was no
significant relationship between SV40 infection and NHL
because there were very few positive results [7].

SV40 is known to induce NHL malignancy through
the role of the large T-antigen (L-Tag) [13-14]. L-Tagis a
nuclear phosphoprotein which has an important function in
viral replication and transformation in rodent cells [12-13].
The L-tag coding genome is found on BK Virus (BKV),
JC Virus (JCV), and SV40 so that a specific region of
the L-tag is needed to identify SV40. Since there is no
cross-reaction between viruses, there will be no false
negative results in DNA sequencing. The L-Tag genome
in the DNA of the SV40 virus is in the region 2693-4571.
The diversity of mutation variants is seen from several
regions in the genome [17].

Sequencing of L-Tag in the United States was reported
to be 42% in the study conducted by Vilchez [18] and 43%
in Shivapurkar’s study [19] in the cases of NHL, while it
was 11% in Japan in Nakatsuka’s study [13], 14% in Italy
in Martini’s study [16], in Spain Capello’s study reported
3% [20], and in Egypt it was 53% [21]. L-Tag binds and
inactivates tumor suppressor genes, such as p53 and pRb,
which are involved in regulating abnormal cells and the
cell cycles. Their roles are inactivated and disrupted by
an infection of L-Tag SV40. Lymphomagenesis happens
in the cases of NHL [22]. This study aimed to identify the
frequency of SV40 infection in NHL cases in Yogyakarta
and to determine the relationship between SV40 infection
in NHL cases and clinical patients.

Materials and Methods

The sample used was a paraffin block diagnosed with
NHL in the Pathology Anatomy Laboratory of Dr. Sardjito
Hospital in the period 2014-2016. Inclusion criteria
included paraffin blocks with upright diagnosis of NHL
from histopathology diagnosis method.

DNA from paraffin block samples were extracted using
a Favorgen kit. The results of DNA extraction were used
for polymerase chain reaction (PCR) analysis. The PCR
of the SV40 genome used the primer sets of Simian Virus
40 (Table 1).
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DNA detection was conducted using nested PCR
techniques. A total of 2 pl of DNA extraction from
each sample was amplified in 23 pl of the PCR mixture
containing 9.3 pl of nuclease free water, 12.5 pl of
PROMEGA green master mix, and 0.6 pl of each primer
(forward and reverse) with concentrations of 10 uM.

The PCR program used a Bio-Rad C 1000 PCR
machine, and the steps taken were preheating at 95°C for
2 minutes, denaturing at 95°C for 30 seconds, annealing
according to Tm annealing for each primer for 30 seconds.
(Tm annealing primary STEV 219-STEV189 at 55.6°C
and SVTAGP1-SVTAGP2 at 59.1°C) and extension at
72 ©C for 30 seconds.

Denaturation, annealing and extension stages were
done for 35 cycles, followed by final extension at 72°C
for 3 minutes and cooling at 4°C. This step was followed
by the second amplification reaction by adding 2 pl of the
first PCR product to 23 pl of the second reaction mixture
containing 8.5 pl of nuclease free water, 12.5 pl of Green
Master Mix, and 1 pl of each primer with a concentration of
10 uM. Amplification was done under the same conditions
as the initial amplification stage, and a total of 35 cycles
were used to complete the second amplification.

The amplification results were analyzed on 2% agarose
gel and observed under ultraviolet (UV) light to identify
any positive or negative results by DNA sequencing.

Results

Total data at Dr. Sardjito Hospital since January 2014
until June 2016 which were diagnosed using biopsy and
immunohistochemical staining were 102 samples of
paraffin block preparations. The characteristics of the
research subjects included data on age, gender, and tumor
distribution (Table 2). Detection of SV40 infection in this
study was done by the nested-PCR method using two sets
of primers. The primers used the region that corresponds
to the L-Tag target region of SV40 (Table 1).

This study involved all 102 samples. Of the 102
samples, 51 were male and 44 female, and 7 samples did
not have gender data. In accordance with the epidemiology
of NHL cases, the ratio of men to women was 1.4: 1
[10] (Table 2).

Most cases were found at the age above 50 years,
with 55 samples over 50 years, 25 samples between the
age ranges of 20 to 50 years, 11 samples were under 20
years old and the remaining 11 samples had no age data
(Table 2).

NHL is a malignancy of the lymphoid tissue that is
more commonly found spreading in tissues beyond the
node [10]. Cases in Yogyakarta since 2014 until 2016
included 63 extranodal samples, 32 samples in lymphoid
tissue and the rest had no data (Table 2).

Final reading of the results of electrophoresis of
nested-PCR products using primer SVTAGP1-SVTAGP2
obtained 0 samples with positive results, so all of 102
samples showed negative results (Figure 1).

Nested-PCR and electrophoresis were conducted on all
102 samples. The reading of the electrophoresis results of
nested-PCR products using STEV219-STEV 189 primers
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Table 1. SV40 Primer Sets.

1* Primer STEV219, 5'-TCCAACCTATGGAACTGATGAATG-3’
STEV189 5'-TAGTTAATTGTAGGCTATCAACCCGC-3' (820 bp)
2" Primer SVTAGP1 5’-TTAGCAATTCTGAAGGAAAGTCCTTG-3’

SVTAGP2 5’-AGCAGTGGTGGAATGCCTTTCATGAGG-3" (156 bp)

showed no positive samples for SV40 infection, so all 102
samples showed negative results (Figure 1).

In this study, all 102 subjects in the study using primer
STEV219-STEV189 and SVTAGP1-SVTAGP2 did not
indicate genomic L-Tag positive cases of NHL

Discussion

SV40 was detected in the vaccine from Salk and
Sabin which has been widely distributed worldwide and
is being administered to millions of children worldwide.
The rate of childhood cancer also continued to rise after
1960 [23]. However, several studies looking for a direct
link to both the SV40-contaminated polio vaccine and
cancer in humans have not yielded consistent conclusions.
Some reported an association with cancer risk due to
exposure to SV40, including NHL [14]. However, others
found that there was no association because the results of
the study showed few or no positive SV40 PCR results.
This was the same as the results of this study which did
not have positive PCR results. Research by Capello and
MacKenzie, Brousset, and by Schuler had the same results
as this study that 0 samples showed PCR positive results
[20], [24], [25]. That was in contrast to studies that were
mostly done in the United States where the production of
the polio vaccine was contaminated with SV40. Among
others, studies conducted by Vilchez, Takashi, Amara, and
by Zekri had the results showing some positive samples
[15], [26-28]. Research by Zekri in 2007 showed 178
positive samples from a total of 266 samples or 67% of
the samples were positive for SV40 [26]. Research on
monkey kidney cells used in the manufacture of the oral
polio vaccines suspected of being contaminated with

Table 2. Samples’ Characteristics

SV40 found that it was estimated that only 3% -10% of
vaccines contained live SV40. This could be one reason
some studies have had so few positive results [29]. All of
these studies also faced the same problem that no one
knows who actually received the SV40-contaminated
vaccines and who did not. Accordingly, further study of
the connection between SV40 and existing cancer cases
is needed by adding various information regarding the
distribution of vaccines and vaccination status in greater
detail. Additional research is equally important concerning
the pathogenesis of SV40 in NHL cases in a more detailed
manner using an adequate number of samples.

The weakness of this study is the sample used was
a paraffin block because it would be better to use a fresh
tissue sample or a blood sample from a patient to carry
out the PCR process in identifying a virus. The study of
the relationship between SV40 and NHL cases which had
the highest percentage was research by Zekri in 2007 with
fresh tissue as a sample with the detection method using
nested-PCR [26]. In this study only one pair of primers
was used, therefore it is necessary to have a follow-up
study of the genome in SV40 associated with the
occurrence of NHL so that the associated antigen coding
region can be detected. Using a variety of primers to detect
the presence of SV40 infection in NHL patients would
reduce false-negative results during the study. The study
by Zekri in 2007 that had the highest percentage of positive
results also used a primer that included the T-antigen
(T-ag) genome instead of only the L-Tag. Data on polio
vaccines for patients with sample owners could not be
obtained, so the study did not get information on polio
vaccine administration.

The results of the study were aimed at determining

Total Percentage (%)
Age (year) Value 2-87
Mean 51.3656
Median 55.0000
<20 11 10.78
20-60 25 24.5
>60 55 53.92
No Data 11 10.78
Gender Man 51 50.00
Woman 44 43.13
No Data 7 6.86
Extranodal involvement Yes 63 61.76
No 32 31.37
No Data 7 6.86
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Figure 1. Electrophoresis of 102 samples.

the involvement of the genome L-Tag SV40 in NHL
lymphomagenesis. Some research found positive
SV40 sequencing in the majority of cases of NHL type
lymphoma [22]. However, other studies stated that there
was no significant relationship between SV40 infection
and NHL because there were very few positive results.
Research by Daibata et al. in Japan found 3 positive
samples out of 178 samples, while Sui et al. in Australia
had no positive results, and Schuler in Germany was also
without positive results [30].

The results of this study indicate that of the 102
samples that were subjected to PCR, there were no
positive results. If SV40 was involved in the cases of
NHL, there would be a sample that will show a positive
result from the PCR product in the electrophoresis
process. Although this study cannot be interpreted in
general, the data of this study are consistent with the
results of Daibata’s study [30] and Sui’s study [31] which
stated that the L-Tag genome of SV40 infection is not
involved in lymphomagenesis.

In conclusions, problem identification including
further epidemiological research on the viral spread
related to polio vaccine contaminated with SV40 is
necessary because several countries have significant
positive PCR results against SV40 but still lack the data
of the vaccination status of patients. Meanwhile, in this
study, none of the samples indicated positive results of
NHL.
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