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Polyomaviruses are known as risk factors for the
development of rectal cancer, malignant insulinomas,

and osteosarcomas, able to cause malignant transfor-
mation of brain cells in vitro [1–3]. The association of

the incidence of medulloblastoma, neuroblastoma and
some other types of tumors of nervous tissues with

polyomaviruses JC (JCV), BK (BKV) and Simian virus

40 (SV40) has been reported [3].
Primary infection with polyomaviruses occurring

most frequently in early childhood (after administration
of the contaminated vaccine) may be asymptomatic in

the majority of cases due to its ability to occur in the

latent and persistent forms. Upon immunosuppression,
polyomaviruses quickly replicate [4].

Oncogenic effect of polyomaviruses is thought to
be linked to the expression of large T antigen (LT), which

generates complexes with the cellular p53 and pRB
proteins controlling cell growth and differentiation, and

thus reduce anticancer potential of the cell [5]. In vivo

studies of medulloblastoma revealed that the expres-
sion of T-antigen occuring only in some part of tumor

cells is associated with wild-type p53 and pRb, whilst
in T-antigen-negative cells, a novel mutant p53 was

detected. Subcutaneous transplantation of the T-anti-

gen-positive, but not T-antigen-negative, cells resulted
in the development of massive tumors in experimental

animals [6].
Polyomaviruses exhibit a strong tropism for glial cells

in vivo [7]. To a large extent, this effect is due to the
specific interaction of glial transcription factors such as

Tst-1/Oct6/SCIP with viral promoter sequences. On the

other hand, expression of the glial transcription factors
Tst-1/Oct6/SCIP can be strongly activated in a dose-

dependent manner by T antigen, the early gene pro-
duct of JC virus. As a result, transcription factors Tst-1/
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Oct6/SCIP and polyomavirus LT functions synergically
and stimulate glia-specific expression of JC-virus [8].

The detection of JCV T-antigen, viral DNA and RNA in
oligoastrocytoma point to the possible association of

this infection with some glial neoplasms [9]. As it was
reported by  Holland et al [10], mixed gliomas may de-

velop from in vivo transformation of glial fibrillary acidic

protein (GFAP)-positive cells (differentiated astrocytes)
with polyoma virus middle T antigen (MTA).

The aim of our research was to examine surgical
samples of human brain tumors for the presence of

polyomaviral DNA and to study the features of infected

glioma tissues.
In the study, 65 patients with brain tumors that un-

derwent surgery in A.P. Romodanov Institute of Neu-
rosurgery of AMS of Ukraine (Kyiv, Ukraine) were in-

vestigated. By histological examination, there were
57 gliomas (9 cases — fibrillary-protoplasmatic astro-

cytomas, 3 cases — oligodendrogliomas, 6 cases -

oligodendroastrocytomas, 22 cases — anaplastic as-
trocytomas, 2 cases — anaplastic ependymoastrocy-

tomas, 15 cases — glioblastomas), 4 tumors of me-
senchimal origin (meningiomas of mixed structure,

Hodgkin’s lymphoma, non-Hodgkin’s lymphoma) and

4 metastatic tumors (3 cases — metastasis of carci-
nomas and 1 case — metastasis of melanoma).

Immediately after surgical removal, tumor tissue
samples were frozen in liquid nitrogen and stored at

–70 oC until use.
The presence of viral genomes was examined us-

ing standard PCR analysis. DNA extraction procedure

was performed by guanidine-isothiocyanate buffer [11].
The primers 5’-GTATACACAGCAAAGGAAGC-3’ and

5’-GCTCATCAGCCTGATTTTGG-3’ (for common part
of conserved region of the polyomavirus genomes,

encoding for large and small T-antigens) were used

with the resulting amplification fragment of 173–176 bp
[12]. Reaction mixture (50 µl) contained 10 mÌ Tris-

HCl, ðÍ 8.3, 50 mÌ ÊCl, 1.5 mÌ MgCl2, 0.01% ge-
latine, and 100 pmol of each primer, 200 µM of each

dNTP, 2.5 U Taq-DNA polymerase, 10% glycerol, and
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5 µl of template DNA. After an initial denaturation for

5 min, the sample was subjected to 40 cycles of 94 °Ñ
for 1 min, 56 °Ñ for 1 min and  72 °Ñ for 3 min.

Products of amplification were visualized by electro-
phoresis on 2% agarose gels using DNA molecular weight

markers and positive controls for viral genomic DNA.

Using PCR analysis, polyomaviral DNA wasn’t found

in the samples of malignant epithelial tumors (Table); in

the tumors of mesenchimal genesis, only 1 meningioma

sample of 4 studied was polyomavirus-positive, whilst

in the tumors of neuroectodermal genesis 20 samples

(35%) were polyomavirus-positive. In this group of tu-

mors, polyomaviral DNA was detected in 66.7% cases

of oligodendrogliomas and 66.7% cases of oligoden-

droastrocytomas. Among 45 tumors of astrocytic origin,

viral DNA was present in 14 cases (22.2%): in 5 (22.7%)

anaplastic astrocytomas, in 3 (33.3%) fibrillar-protoplas-

matic astrocytomas, 6 (40%) glioblastomas.

There were no correlation revealed between the
grade of brain tumors and the frequency of infection with

polyomaviral DNA. Viral DNA was present in 42.9%, of

grade II cases, 30% — of grade III and 28.5% — of grade
IV. Among gliomas, viral DNA was detected in 41.7% of

grade II cases, in 30% — of grade III, in 40% of grade IV
(see Table). The special attention should be paid to the

high frequency of polyomaviral-positive samples among
tumors originating from oligodendrocytes.

The data of other authors on frequency of infection

of glial tumors with polyomaviruses JCV, BKV, SV-40

were controversial: in glial tumors JCV was found in 6

from 25 cases (4 astrocytomas, 1 oligodendroglioma,

and 1 ependymoma) [13], SV40 — in 32 cases of glio-

blastomas mutiforme, but in none of 2 cases of ependy-

momas and 5 – medulloblastomas [14]. Other authors

[15, 16] demonstrated the absence of JCV and BKV

viral DNA in the examined samples of oligodendroglio-

mas and astrocytomas. Such variations in the data may

be probably caused by mutations frequent in genome

of polyomaviruses, in particular, on the stage of infec-

tion of the host cells [13, 17, 18].

It was shown that the polyomaviral genome was

present in both primary and secondary tumors, how-
ever viral T-antigen was detected only in the recurrent

tumors as well as the level of inducible cellular tran-

scription factors able to stimulate JCV gene expres-

sion was found to be higher in the recurrent glioblasto-
ma tissues [19]. These observations suggested that in-

duction of the regulatory factors after resection of the
primary tumor may reactivate JC genes expression and

led to recurrency of brain tumors.
In conclusion, presented results have indicated high

frequency of polyomaviral DNA in the samples of hu-

man gliomas and are important for elaboration of the
effective strategy of the gliomas treatment after infec-

tion caused by polyomavirus. Taking into account high
probability of the viral infection in the brain tumor tis-

sue, we consider reasonable to carry out preliminary

virological test for detection of viruses in cerebrospinal
fluid.
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Table. Detection of polyomaviral DNA in human brain tumors 

Type of tumor 
Malig-
nancy 
grade 

Number 
of sam-

ples 

Number of polyo-
mavirus DNA-po-
sitive (+) samples  

Neuroectodermal tumors 
Fibrillar-protoplasmatic astrocytoma II 9 3 
Oligodendroglioma II 3 2 
Oligodendroastrocytoma III 6 4 
Anaplastic astrocytoma III 22 5 
Anaplastic ependymoastrocytoma III 2 0 
Glioblastoma IV 15 6 

Meningial tumors 
Meningioma of compound structure I 2 1 

Haemopoietic malignancy 
Non-Hodgkin’s lymphoma IV 1 0 
Hodgkin’s lymphoma IV 1 0 

Metastatic tumors 
Metastasis of carcinoma IV 3 0 
Metastasis of melanoma  IV 1 0 
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ÂÛßÂËÅÍÈÅ  ÄÍÊ ÏÎËÈÎÌÀÂÈÐÓÑÎÂ Â ÃËÈÎÌÀÕ ×ÅËÎÂÅÊÀ

Öåëü: èññëåäîâàòü èíôèöèðîâàííîñòü îïóõîëåé  ãîëîâíîãî ìîçãà ÷åëîâåêà ÄÍÊ ïîëèîìàâèðóñîâ. Ìàòåðèàëû
è ìåòîäû: èññëåäîâàíèå ïðîâåäåíî ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè íà 65 îáðàçöàõ òêàíè îïóõîëåé
ãîëîâíîãî ìîçãà (57 — íåéðîýêòîäåðìàëüíîãî, 4  — ìåçåíõèìàëüíîãî ãåíåçà). Ðåçóëüòàòû: óñòàíîâëåíà âûñî-
êàÿ ÷àñòîòà èíôèöèðîâàííîñòè ãëèîì  ãîëîâíîãî ìîçãà (îëèãîäåíäðîãëèîì  — â 66,7% ñëó÷àåâ, îëèãîäåíäðî-
àñòðîöèòîì — â 66,7%, ãëèîáëàñòîì — â 40%) ÄÍÊ ïîëèîìàâèðóñîâ JCV, BKV, SV-40. Â ìåòàñòàçàõ îïóõîëåé
ÖÍÑ âèðóñíîé èíôåêöèè íå âûÿâëåíî. Íå óñòàíîâëåíî è êîððåëÿöèè ìåæäó ÷àñòîòîé çàðàæåíèÿ ïîëèîìàâè-
ðóñàìè è ñòåïåíüþ çëîêà÷åñòâåííîñòè îïóõîëåé. Âûâîäû: ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î öåëåñîîá-
ðàçíîñòè ïðîâåäåíèÿ âèðóñîëîãè÷åñêîãî èññëåäîâàíèÿ îïóõîëåé ãîëîâíîãî ìîçãà è ñïèííîìîçãîâîé æèäêîñòè.
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