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B lymphocytes are known as a potential site for latency and reactivation of the human neurotropic poly-
omavirus, JC virus (JCV). In light of recent studies on the oncogenicity of JCV and the transforming ability
of the JCV early protein, T antigen, we investigated the association of JCV with B-cell lymphomas of the central
nervous system. Examination of 27 well-characterized clinical specimens by gene amplification and immuno-
histochemistry revealed the presence of DNA sequences corresponding to the JCV early genome and the late
Agnoprotein in 22 samples and the JCV late genome encoding the viral capsid proteins in 8 samples.
Expression of T antigen and that of Agnoprotein by immunohistochemistry were each detected in six speci-
mens. No evidence of the production of viral capsid proteins was observed, ruling out productive infection of
JCV in the tumor cells. The results from laser capture microdissection verified the presence of JCV T-antigen
sequences in tumor cells with positive immunoreactivity to antibodies against the viral proteins T antigen and
Agnoprotein. Due to previous reports demonstrating an association of the Epstein-Barr virus (EBV) with
transformation of B lymphocytes, EBV DNA sequences and the EBV transforming protein, latent membrane
protein 1 (LMP1), were analyzed in parallel. EBV LMP1 DNA sequences were detected in 16 of 23 samples, and
LMP1 expression was detected in 16 samples, 5 of which exhibited positive immunoreactivity to JCV proteins.
Double labeling demonstrated coexpression of JCV T antigen and EBV LMP1 in the same cells. The detection
of the JCV genome in large numbers of B-cell lymphomas and its coexistence with EBV suggest a potential role
for JCV in the pathogenesis of primary CNS lymphoma.

The term primary central nervous system (CNS) lymphoma
indicates a set of malignant neoplasias which are of hemato-
logical origin that arise in the CNS in patients who display no
involvement of lymphoid or other organs at the time of diag-
nosis. Immunocompetent individuals may present with the dis-
ease in the seventh decade of life or greater, whereas immu-
nocompromised patients tend to develop tumors at earlier
ages. In fact, the incidence and mortality rate associated with
CNS lymphomas has rapidly increased in recent years, most
likely due to the fact that a greater number of affected indi-
viduals are human immunodeficiency virus type 1 (HIV-1)
positive (31, 37). Nearly all primary CNS lymphomas arise
from B lymphocytes and, as such, may express one or more
B-cell markers, including CD20 (29). Based on genetic analy-
sis, it has been suggested that primary CNS lymphomas may
arise in germinal center B cells and that the transformed B
cells then seed the CNS (30, 34).

Whereas the cause of B-cell lymphomas is not known, a
strong association between lymphomagenesis and the ubiqui-
tous human herpesvirus, Epstein-Barr virus (EBV) has been
demonstrated, particularly in immunocompromised individu-
als, including AIDS patients and transplant recipients (17). In
vitro experiments have shown that EBV is capable of immor-

talizing B cells in vitro and have suggested a role for the viral
latent membrane protein 1 (LMP1) in the oncogenic process
(8). Studies aimed at determining mechanisms of EBV LMP1
transformation have suggested that LMP1 functions to protect
cells from apoptotic death via Bcl-2 and involvement of the
NF-�B pathway, thus preserving B cells for viral replication or
maintenance of latency (15, 24, 32).

The human polyomavirus, JC virus (JCV), has also been
detected in B lymphocytes and mononuclear cells in brain
perivascular spaces of patients with progressive multifocal leu-
koencephalopathy (PML), suggesting that JCV can also infect
and possibly remain in a latent state in these cells (20, 23, 41).
In fact, JCV has been shown to replicate, albeit to a limited
extent, in several human cell lines of B-cell origin and has been
detected in a case of CNS lymphoma (4, 19). JC virus is best
known as the neurotropic virus responsible for the CNS demy-
elinating disease, PML, which occurs when JCV productively
infects and destroys oligodendrocytes, the myelin-producing
cells in the brain (5, 6). PML usually occurs in individuals with
underlying deficits in cell-mediated immunity and, like CNS
lymphomas, the incidence of PML have dramatically increased
in the era of AIDS (6).

Similar to EBV, JCV is a ubiquitous human virus that infects
�70% of the population worldwide (36). JCV is thought to
infect individuals in early childhood and establish life-long
latency in the kidney. The viral genome is comprised of double-
stranded DNA that encodes a total of six proteins, including
the early proteins, large and small T antigen, and the late
structural proteins VP1, VP2, and VP3, as well as Agnopro-
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tein, which is encoded in the leader sequence of the late RNA
transcript (18). The early and late genes are separated by a
noncoding regulatory region of the virus that contains the
origin of DNA replication and transcriptional enhancer ele-
ments (Fig. 1A) (38).

In addition to its role in PML, numerous studies have dem-
onstrated the transforming ability of T antigen in vitro, for
which the best-described mechanisms involve T antigen’s abil-
ity to physically interact with the tumor suppressor proteins
pRb and p53 (18). Of note, JCV has been shown to be tumor-
igenic in several animal models, including rodents and nonhu-
man primates (reviewed in references 11 and 21). The range of
tumors induced by JCV have primarily consisted of neuronal
and glial neoplasms resembling medulloblastomas, primitive
neuroectodermal tumors, oligodendrogliomas, astrocytomas,
and glioblastomas. Analysis of their counterparts in humans
has revealed the presence of JCV genomic sequences and

expression of the oncogenic T-antigen protein in some neuro-
nal and glial tumors (10, 12, 27). More recently, JCV gene
sequences and T-antigen expression have been detected in
colon cancer, thus expanding the potential range for this here-
tofore neurotropic virus (16, 28).

It has been suggested that JC virus migrates in peripheral
blood lymphocytes from the kidney, where it remains latent, to
the brain, where it can induce PML (2). Many studies have
demonstrated that JCV can persistently infect a number of cell
types, including immune system cells (13, 20) and that JCV
DNA may be commonly detected in peripheral blood mono-
nuclear cells of HIV-1-infected patients (1, 14), HIV-negative
immunocompromised patients and, with less frequency, the in
lymphocytes of healthy blood donors, indicating that periph-
eral blood leukocytes could constitute a site of JCV latency
after primary infection (14, 33).

Given the ability of JCV to infect and remain latent in B

FIG. 1. PCR amplification and Southern blot hybridization to detect JCV DNA fragments from tissue sections of primary CNS lymphomas.
(A) Schematic representation of the JCV genome showing the early and late coding regions separated by the noncoding regulatory region. The
location and nucleotide position of the primers used for PCR amplification are noted by using the nomenclature for the Mad-1 reference strain
of JCV (GenBank no. J02226). (B) PCR products were analyzed by Southern blotting with three different probes specific for each of the
polyomaviruses—JCV, BKV, and SV40—for which representative control data are shown. (C) PCR-Southern blot hybridization of DNA extracted
from B-cell lymphoma samples show the presence of JCV T-antigen but not SV40 or BKV T antigens (left). Samples were also analyzed for the
presence of JCV VP1, JCV Agnoprotein, and EBV LMP1 (right).
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cells, the occurrence of both PML and CNS lymphoma in the
setting of AIDS, and the potent transforming potential of JCV
T antigen in many different cell types, we examined samples of
CNS lymphoma for the presence of viral DNA sequences and
expression of the oncogenic viral protein, T antigen.

MATERIALS AND METHODS

Clinical samples. For the present study, a total of 27 formalin-fixed, paraffin-
embedded autopsy cases of primary CNS lymphomas and adjacent brain tissue,
which occurred between 1978 and 1992, were collected from the neuropathology
archives of the University Institute of Pathology, Lausanne, Switzerland. Table 1
summarizes the clinical data from these patients, including gender and age at
time of death, as well as any associated or underlying diseases.

DNA extraction, amplification, and hybridization. DNA extraction, PCR am-
plification, and Southern blot hybridization were performed essentially as de-
scribed previously (10). DNA was extracted from several 10-�m sections from
the tissue samples by using the QIAamp tissue kit according to the manufactur-
er’s instructions (Qiagen, Valencia, Calif.). PCR amplification was performed on
DNA extracted from the tumors with four individual sets of primers: Pep1 and
Pep2, which amplify sequences (nucleotides [nt] 4255 to 4274 and nt 4408 to
4427, respectively) in the N-terminal regions of the T antigen of the polyoma-
viruses JCV, BK virus (BKV), and simian virus 40 (SV40); VP2 and VP3, which
amplify regions of the JCV VP1 capsid protein (nt 1828 to 1848 and nt 2019 to
2039, respectively, of JCV); Agno1 and Agno2, which amplify sequences within
the coding region of the JCV Agnogene (nt 279 to 298 and nt 438 to 458,
respectively); and LMP1 and LMP2, which amplify portions of the EBV LMP1
gene (nt 168190 to 168209 and nt 168350 to 168331) (9, 22). Amplification was
carried out on 500 ng of template DNA with Failsafe Taq polymerase in Failsafe
Buffer B (Epicenter) in a total volume of 50 �l in the presence of 0.5 nM
concentrations of the primers. After denaturation at 95°C for 10 min, 45 cycles
of denaturation at 95°C for 15 s, annealing for 30 s, and extension at 72°C for

30 s, a final extension step of 72°C for 7 min was performed for termination.
Annealing temperatures were 55°C for Pep primers, 54°C for VP primers, 57°C
for Agno primers, and 55°C for LMP1 primers. In parallel, 500 ng of plasmid
DNA containing JCV, SV40, or BKV sequences was amplified to serve as
positive and negative controls, while 500 ng of genomic DNA extracted from the
EBV-positive cell line Raji was used as a positive control for EBV. Then, 10 �l
of the PCR products was separated by 2% agarose gel electrophoresis, depuri-
nated, denaturated, neutralized, and transferred to nylon membranes (Hy-
bond-N; Amersham). The membranes were hybridized with 106 cpm of �-32P-
end-labeled oligonucleotide probes/ml overnight, followed by washing and
autoradiography as described previously (27). Oligonucleotides homologous to
the following JCV-specific sequences were utilized as probes: JC probe (Pep
primers; nt 4303 to 4327), VP probe (nt 1872 to 1891), and Agno probe (nt 425
to 445), as well as LMP1 probe for EBV (nt 168311 to 168330). For samples
amplified with the Pep primers, blots were stripped by incubation in 0.1% sodium
dodecyl sulfate–0.1� SSC (1� SSC is 0.15 M NaCl plus 0.015 M sodium citrate)
at 65°C for 30 min and then rehybridized with radiolabeled oligonucleotide
probes specific for SV40 and BKV.

Histological and immunohistochemical analysis. Formalin-fixed, paraffin-em-
bedded tumor tissue was sectioned at 4 �m in thickness and stained with hema-
toxylin and eosin for routine histological characterization. Immunohistochemis-
try was performed by using an avidin-biotin-peroxidase complex system
according to the manufacturer’s instructions (Vectastain Elite ABC peroxidase
kit; Vector Laboratories, Inc.) Samples were deparaffinized in xylenes, rehy-
drated through alcohols, and nonenzymatic antigen retrieval was performed in
0.01 M sodium citrate buffer (pH 6.0) for 40 min at 95°C. After the mixture was
allowed to cool, peroxidase quenching in MeOH–% H2O2 for 20 min was
performed, followed by blocking in 5% normal horse serum for 2 h at room
temperature. Primary antibodies against viral and cellular proteins were incu-
bated overnight at room temperature in a humidified chamber. Primary antibod-
ies to detect JCV proteins used in the present study included rabbit anti-JCV
Agnoprotein (previously described in reference 12) and anti-SV40 VP1 (clone

TABLE 1. Clinical, PCR amplification, and immunohistochemical detection of cellular and viral proteins in CNS lymphomasa

Patient no. Age (yr) Gender CNS disease

Resultb determined by:

Immunohistochemistry PCR-Southern

CD79a CD20 CD3 p53 LMP1 (EBV) T-Ag VP1 Agno EBV T-Ag VP1 Agno

1 47 F AIDS � �� � � ��� � � � � � � �
2 38 M AIDS � �� � � � � � � � � � �
3 58 F AIDS �f � � �f � � � � � � � �
4 62 F AIDS � �� � � � � � � � � � �
5 35 M AIDS � � � � � � � � � � � �
6c 62 F AIDS � ��� � � �� � � � � � � �
7 38 M AIDS � � � � � � � � � � � �
8c 69 F AIDS �� �� � � ��� � � � � � � �
9 27 M AIDS � �� � � � �� � �� � � � �
10 42 M AIDS � �� � � ��� � � � ND � � �
11 39 M AIDS � ��� � � � ��� � � ND � � �
12 49 M AIDS, CMV � �� � � � � � � � � � �
13 77 F AIDS, toxoplasmosis ��� �� � � � � � � � � � �
14 80 M Alzheimer’s disease � � � � � � � � � � � �
15 63 F Schizophrenia �� �� � � � � � � ND � � �
16 60 M NR �� � � � ��� �� � � � � � �
17 82 M NR � ��� � �� � � � � � � � �
18 69 M NR �� ��� � � ��� � � � � � � �
19 67 M NR �� �� � � �� �� � � � � � �
20 79 M NR ��� ��� � � � ��� � � � � � �
21 76 M NR ��� �� � � � � � � � � � �
22 72 F NR � �� � � � � � � � � � �
23 78 F NR � ��� � � � � � � � � � �
24 65 F NR �� ��� � � � � � � ND � � �
25 86 M NR ��� ��� � � � � � � � � � �
26 67 F NR � �� � � � � � � � � � �
27 69 F NR � ��� � � � � � � � � � �

a Diagnosis of primary CNS lymphoma was based on the World Health Organization classification of brain tumors. CMV, cytomegalovirus; T-Ag, T antigen; NR,
none reported.

b �, Negative reactivity; �, 1 to 30% cell positivity; ��, 31 to 60% cell positivity; ���, �61% cell positivity; �f, focal positivity; ND, not determined.
c Leptomeningeal infiltration.
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pAb597 [kindly provided by Walter Atwood, Brown University]); mouse anti-
SV40 T-antigen (clone pAb416; Oncogene Science). It should be noted that all
three antibodies to detect JCV proteins cross-react with SV40 and BKV (J.
Gordon et al., unpublished observations). The primary antibodies to EBV and
cellular proteins used in the present study included anti-EBV LMP1 (clone
Kal-1; Novocastra Laboratories), anti-CD20 (clone L26; Dako), anti-CD79a
(clone HM57; Dako), anti-CD3-ε (clone UCH-T1; Dako), and anti-p53 (DO-7;
Dako). After incubation with primary antibodies, the sections were incubated in
biotinylated secondary anti-mouse or anti-rabbit antibodies for 1 h at room
temperature, followed by incubation with avidin-biotin complex according to the
manufacturer’s instructions (Vector Laboratories) and were developed with dia-
minobenzidine. Slides were counterstained with hematoxylin, dehydrated,
cleared in xylene, and mounted with Permount (Sigma Laboratories).

Laser capture microdissection and DNA isolation. Representative sections of
tissue samples were labeled by immunohistochemistry as described above. Slides
were dehydrated, cleared in xylene, and air dried overnight. Afterward, laser
capture was performed under direct microscopic visualization of the immunola-
beled cells by laser activation of thermoplastic film mounted on optically trans-
parent CapSure HS LCM caps (Arcturus Engineering). The PixCell II LCM
System (Arcturus) was set to the following parameters: 15-�m spot size, 40-mW
power, and 3.0-ms duration. A total of 50 neoplastic cells per category were
captured by focal melting of the membrane through carbon dioxide laser pulse
activation. DNA isolation was performed by using an Arcturus PicoPure DNA
extraction kit according to the manufacturer’s instructions. PCR amplification
and analyses were performed as described above.

Double-labeling immunofluorescence. Deparaffinization, antigen retrieval,
and blocking of paraffin-embedded sections were performed as described above.
Sections were then incubated in mouse anti-T-antigen antibody (clone 416;
Oncogene Science) overnight at room temperature, followed by incubation in
anti-mouse fluorescein antibody for 2 h. Next, sections were incubated with
mouse anti-EBV LMP protein (clone Kal-1; Novocastra Laboratories) overnight,
followed by incubation in anti-mouse rhodamine antibody. Sections were washed
and mounted in Vectashield aqueous mounting medium and then visualized by
fluorescence microscopy. Black-and-white images were acquired, pseudocolored,
and overlaid by using IPLab software.

RESULTS AND DISCUSSION

Given earlier observations on the presence of JCV in B
lymphocytes and the oncogenic potential of this virus, we ini-
tiated studies to examine the association of JCV with human
primary CNS lymphoma in a collection of 27 archival autopsy
specimens of primary CNS lymphomas from the University
Institute of Pathology, Lausanne, Switzerland. Twelve of the
patients were known to be HIV-1 positive, and two of them
had other HIV-1-associated opportunistic infections, namely,
cytomegalovirus infection and toxoplasmosis. The ages of the
patients ranged from 27 to 82 years, and all patients were
confirmed as primary CNS lymphoma based on the absence of
involvement of other tissues or organs. Extensive neuropatho-
logical evaluation of the brain at autopsy revealed no signs of
PML in any of the cases. Of note, tumors were observed to
have spread through the subarachnoid space (leptomeningeal
infiltration) in two of the cases. Table 1 summarizes the clinical
data from the patients and any underlying or associated dis-
ease, if known.

Previous studies have demonstrated the presence of JC virus
DNA in both normal lymphocytes and in different varieties of
brain tumors of neuronal and glial origin (10, 25, 41). In order
to identify the presence of JCV DNA sequences in the tumor
samples, PCR amplification studies were performed. As shown
in Fig. 1A, three independent regions of the JCV genome were
targeted for amplification by using specific primers, including
sequences encoding the early gene T antigen and the late genes
Agnogene and VP1. To confirm the specificity of the PCR
products, Southern blot hybridization was performed with oli-

gonucleotide probes homologous to sequences within each am-
plicon, representative data for which are shown in Fig. 1B. It
should be noted that whereas primers for the T-antigen se-
quences show significant homology with SV40 and BKV, the
probe target is highly specific since it shares 41% homology
with SV40 and 59% homology with BKV. These primers and
polyomavirus-specific probes have been utilized extensively in
many laboratories, including our own, to distinguish JCV from
SV40 and BKV by Southern blot hybridization, as shown in
Fig. 1B (42). The primer sequences for VP1 and Agnogene are
highly specific for JCV and do not detect SV40 and BKV, with
Agno probe showing only 24% homology with SV40 and 52%
homology with BKV, whereas the VP probe shows 50% ho-
mology with SV40 and 52% homology with BKV. With primers
targeting sequences within the N-terminal of T-antigen along
with JCV-specific probe, viral DNA was found in 22 of 27 cases
(81.5%), whereas primers specific for the Agnogene region
amplified viral DNA in the same 22 cases in which T antigen
was detected (81.5%). DNA encoding the late capsid protein
(VP1) was amplified from 8 of the 27 cases (29.6%). Of note,
only five samples were negative for all JCV DNA sequences,
whereas the eight samples that contained VP1 DNA also con-
tained sequences corresponding to both T antigen and Agno-
gene. In addition, PCR followed by Southern blot hybridiza-
tion performed with primers specific for the LMP-1 gene, as
described previously, demonstrated the presence of EBV in 16
of 23 samples (70%) (9, 22). All samples were negative for
SV40 and BKV T-antigen sequences as determined by South-
ern blot hybridization with specific probes performed on blots
containing sequences amplified with the Pep primers. In order
to verify the presence of viral DNA sequences within the tumor
cells, immunohistochemistry to detect the JCV proteins, T
antigen and Agnoprotein, were performed (Fig. 2A and D),
followed by laser capture microdissection (LCM) to dissect
T-antigen- or Agnoprotein-positive cells from the tumor tissue
(compare Fig. 2B and E to Fig. 2C and F). As shown in Fig.
2G, PCR-Southern blotting performed on the captured cells
revealed that sequences homologous with JCV T antigen could
be detected in both T-antigen-positive and Agnoprotein-posi-
tive tumor cells. Since the CNS lymphoma samples contained
both Agnogene and T-antigen sequences, the LCM data sug-
gest the possibility that T antigen and Agnoprotein were ex-
pressed within the same tumor cells.

The tumors were histologically and immunohistochemically
characterized according to the latest World Health Organiza-
tion classification of brain tumors (26). In general, tumors were
characterized by perivascular accumulation of neoplastic lym-
phocytes, which in most cases were seen to break through the
Virchow-Robin space and infiltrate the brain parenchyma (Fig.
3A). Immunohistochemical evaluation showed strong cytoplas-
mic reactivity to Pan-B cell markers with all samples exhibiting
positivity for CD-20 (Fig. 3B and C [inset]). The majority of the
samples also stained positive for the pre-B cell marker CD79a,
and all samples were negative for the T-cell marker, CD3 (data
not shown; see Table 1 for summary). At a higher magnifica-
tion, the neoplastic lymphocytes were round with irregular,
atypical nuclei. Numerous mitotic figures were observed (3C).
JCV T antigen could be detected by immunohistochemistry in
the nuclei of the tumor cells in six cases (22.2%) (Fig. 3D and
G), whereas the staining pattern exhibited by JCV Agnopro-
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tein in the cytoplasm appeared with a perinuclear pattern in six
cases (22.2%) (Fig. 3E and H). In three cases, the samples
were positive for both T antigen and Agnoprotein. None of the
samples were positive for JCV VP1, indicating an absence of
active viral replication (data not shown; see Table 1 for sum-
mary). Normal brain tissue adjacent to the CNS lymphomas
was negative for viral antigens (Fig. 3L, left). In addition,
immunohistochemistry was performed to detect the cell cycle
regulatory protein p53, which demonstrated robust positivity in
the nuclei of neoplastic lymphocytes in six cases (22.2%), one
of which showed focal positivity (data not shown; see Table 1
for summary). These observations are in accord with earlier re-
ports of chromosomal imbalances and low levels of p53 expres-
sion in primary CNS lymphomas (7, 39) and speculation on the
involvement of JCV in “rogue” cells, lymphocytes that exhibit
chromosomal damage, perhaps due to nonfunctional p53 (36).

Since previous reports have detected the presence of EBV
within B-cell lymphomas, we analyzed the samples for EBV by
performing immunohistochemistry to detect EBV LMP1
within tumor cells. As shown in Fig. 3, LMP1 could be detected
in the cytoplasm of neoplastic lymphocytes both in cells
trapped in the Virchow-Robin space and in cells infiltrating the

brain parenchyma (Fig. 3F and I). LMP1 was detected in 16
samples (59.3%), 4 of which were also positive for JCV T
antigen (14.8%). As shown in Table 1, 20 of the 27 samples
were positive for either the EBV LMP1, JCV T antigen, or
JCV Agnoprotein. Of these 20 positive samples, 5 of the
LMP1-positive samples were also positive for one of the JCV
proteins, and only 4 samples contained JCV proteins but not
EBV LMP1.

After this observation, double immunofluorescence labeling
was undertaken to ascertain whether LMP1 and T antigen
could be found localized within the same tumor cells. Immu-
nofluorescence labeling of paraffin-embedded tumor sections
demonstrated that a majority of the cells were immunopositive
for T antigen (Fig. 4A), while a significant portion of the cells
were positive for the LMP1 protein (Fig. 4B). An overlay of
these two images illustrates cells in which T antigen alone is
detected (arrows), cells in which LMP1 alone can be seen
(arrowheads), and cells where both T antigen and LMP1 were
observed (asterisks).

It is interesting that a high number of tumor samples con-
tained all three regions of JCV DNA and that all samples
containing T-antigen sequences also were positive for DNA

FIG. 2. LCM and PCR amplification of JCV DNA from immunohistochemically positive tumor cells. Samples immunostained for the presence
of JCV T-antigen and Agnoprotein are shown prior to LCM (A and D, respectively) and after LCM (B and E, respectively). The captured
T-antigen- and Agnoprotein-positive cells (C and F, respectively) were analyzed by PCR-Southern blotting for JCV T antigen. (G) JCV T antigen
could be detected by PCR-Southern blot analysis in both T-antigen-positive and Agnoprotein-positive cells.
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representing the Agnogene. Given that JCV has been shown to
latently infected B cells and that B-cell lymphomas likely rep-
resent tumors of clonal origin, these data suggest that the
entire genome of JCV may be intact within cells of some
tumors. This finding is in contrast to observations made in
neuronal and glial tumors, as well as colorectal tumors in which
T-antigen sequences appear with greater frequency than the
Agnogene. Consistent with previous observations, VP1 se-
quences are observed with the least frequency and were not
detected in the absence of T-antigen sequences.

The presence of the polyomavirus, SV40, has recently been

examined in tumors of B-cell lineage, including Hodgkin’s and
non-Hodgkin lymphomas. More specifically, Vilchez et al. re-
ported the detection of SV40-specific sequences by PCR-
Southern blot and sequence analysis in 64% of non-Hodgkin
lymphomas from both HIV-1-infected and uninfected individ-
uals (42). It should be noted that few of the tumor samples
were positive for both SV40 and EBV genomic sequences. In
a separate study, 43% of non-Hodgkin and 9% of Hodgkin’s
lymphomas were found to contain SV40 DNA sequences (40).
In each of these studies, nonmalignant lymphoid samples and
control tissues were negative for SV40 DNA. Taken together,

FIG. 3. Histological characterization and immunohistochemical detection of JCV and EBV proteins in primary CNS lymphoma samples. (A) A
low-power magnification view of the tumor shows abundant neoplastic lymphocytes arranged in a concentric perivascular pattern that diffusely
infiltrates the brain parenchyma. (B and C [inset]) Immunohistochemical expression of the Pan-B cell marker, CD20, demonstrates robust
cytoplasmic reactivity in the neoplastic cells. At higher magnification, the cells appear round with irregular pleomorphic nuclei and mitotic figures
are observed (C). Immunohistochemistry to detect the JCV gene products, T antigen and Agnoprotein, demonstrates intense reactivity for T
antigen in the nuclei of neoplastic lymphocytes and Agnoprotein in the cytoplasm of the tumoral cells with a perinuclear pattern (T antigen [D
and G]; Agnoprotein [E and H]). (F and I) Samples stained with antibody for the EBV LMP1 show cytoplasmic staining within neoplastic
lymphocytes in the cells trapped in the Virchow-Robin space, as well as in cells infiltrating the brain parenchyma. Positive controls for T-antigen
and Agnoprotein staining, respectively, included sections of JCV T-antigen-induced murine tumor (J) and a case of PML (K). (L, left and right
sides, respectively) Negative controls included sections of normal brain adjacent to CNS lymphoma and tumor sections in which primary antibodies
were omitted during the immunohistochemistry. Magnifications: A and B, �100; D to F, L, �400; C, G to K, �1,000.
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these two reports suggest an association between SV40 and
non-Hodgkin lymphoma.

Once classified exclusively as a neurotropic polyomavirus
whose genes are expressed in glial-origin cells, thus causing
demyelination of the white matter, recent studies have indi-
cated that a broader range of cells, including lymphoid cells,
can harbor the JCV genome (4, 20). The detection of JCV
proteins, in the absence of viral replication and lytic infection,
in a series of primary CNS lymphomas indicates that, under
certain physiological conditions, the JC viral genome may be
transcribed by a subset of transcription factors in nonglial cells,
leading to the accumulation of viral proteins which, in turn, can
deregulate several pathways responsible for the control of cel-
lular proliferation. These observations raise several important
questions regarding the possible mechanisms for JCV reacti-
vation in non-CNS cells and the potential role of JCV in
tumorigenesis in cells which, under normal conditions, do not
allow viral gene expression. One can speculate that, as a non-
transformed cell enters into a cancerous stage, several induc-
ible and cell-type-specific transcription factors that are not
active under normal conditions gain the opportunity to stimu-
late the expression of cellular genes, as well as latent viral
genes such JCV. Not mutually exclusive, one can also hypoth-
esize that reactivation of JCV may occur via cross-communi-
cation of JCV with other viruses, such as HIV-1 in AIDS
patients and EBV in immunocompromised patients. In fact,
earlier studies from our laboratory have demonstrated the
ability of HIV-1 Tat in stimulation of the JCV promoter in glial
cells, an event that may contribute to the higher incidence of
PML observed in AIDS patients (38).

Since the first description of PML by Astrom et al. in 1958
(3), there have been several reports of PML concomitant with
CNS lymphoma, the majority of which have been reported in
patients with impaired immunity either due to immunosup-
pressive therapy after renal transplantation or secondary to
lymphoproliferative disorders such as Hodgkin’s disease (20).
In one more recent case, T-antigen expression was detected
within the neoplasia by immunohistochemistry (19). Our re-
sults, shown in Table 1, reveal no significant difference between
the T-antigen-positive cases in HIV-1-positive versus HIV-1-
negative patients, nor are there any clear distinctions between
AIDS and non-AIDS CNS lymphomas. On the other hand,
four of six cases positive for T antigen expressed EBV LMP1
leading to speculation of possible cross-reactivation or coop-
eration between EBV and JCV in B-cell lymphoma. Given that
the majority of the human population are latently infected with
EBV, the incidence of CNS lymphoma would be significantly
higher if EBV were the sole factor responsible for their devel-
opment. Although EBV infection may be a prerequisite for the
development of CNS lymphoma in most patients, we suggest
that JCV may be a cofactor or may provide one of several
additional “hits” required for transformation in some CNS
lymphomas. These observations invite thorough molecular
studies to investigate such cooperation or cross-reactivation.
Although the mechanisms whereby JCV exerts its contribution
toward the development of primary CNS lymphomas remain
unknown, one may anticipate that the interaction of tumor
suppressors such as p53 and the pRb family and the dysregu-
lation of signaling pathways such as IGF-1 and Wnt provide
potential targets for T-antigen function. At present, experi-

FIG. 4. Double-labeling immunofluorescence for JCV T antigen
and EBV LMP1 in primary CNS lymphoma cells. Samples of primary
CNS lymphoma were evaluated by double immunolabeling for the
presence of JCV T antigen (A) and EBV LMP1 (B). (C) Superimpo-
sition of panels A and B in which JCV T-antigen-positive cells are
green and LMP1-positive cells are red. Representative tumor cells
expressing T antigen alone are indicated with an arrow; arrowheads
indicate cells expressing LMP1 only, and cells positive for both T
antigen and LMP1 are indicated with an asterisk. Magnification,
�1,000.
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ments are in progress to decipher the molecular mechanisms
that may be involved in JCV’s association with primary CNS
lymphoma.
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