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JC polyomavirus (JCV) causes progressive mul-
tifocal leukoencephalopathy (PML), a fatal de-
myelinating disease of the central nervous

system (CNS) in immunocompromised patients,:

and particularly in the severe immunosuppres-
sion associated with acquired immunodeficien-
cy syndrome (AIDS). HIV-1 can lead to the
production of tumor necrosis factor-alpha (TNF-
a) in the CNS. Our aim was to examine the
effects of TNF-a on JCV gene expression and
replication using a human neuroblastoma cell
line, IMR-32, transfected with JCV DNA, M1-
IMRb. Quantitative RT-PCR analysis of JCV
large T antigen and VP1T mRNA, the viral DNA
replication assay, and the DNase protection
assay were carried out. TNF-a treatment of
IMR-32 cells transfected with JCV DNA induced
large T antigen mRNA and JCV DNA replica-
tion, while other effects on VP1 mRNA expres-
sion and virus production were marginal. In
addition, ELISA analysis of the nuclear p65
subunit of nuclear factor kB (NF-kB), which is a
hallmark of NF-xB pathway activation, of IMR-
32 cells upon TNF-a treatment showed that
TNF-a treatment activated the NF-xB pathway
in IMR-32 cells. Taken together, our results
suggest that TNF-a stimulation could induce
JCV replication associated with the induction of
JCV large T antigen mRNA through the NF-xB
pathway in IMR-32 cells transfected with JCV
DNA. Our findings may contribute to further
understanding of the pathogenesis of AIDS-
related PML. J. Med. Virol. 86:2026-2032,
20174. © 2014 Wiley Periodicals, Inc.

KEY WORDS: TNF-o; T antigen expression;
IMR-32; NF-kB; DNA replication
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INTRODUCTION

JC polyomavirus (JCV) causes progressive multifo-
cal leukoencephalopathy (PML), a fatal demyelinating
disease of the central nervous system (CNS) in
immunocompromised patients [Major et al., 1992]. De-
myelination in the brain of PML patients is caused by
the destruction of oligodendrocytes, the myelin-pro-
ducing cells of the CNS [Major et al., 1992], which are
preferentially infected by JCV in the human brain.
The pathological features of PML are the presence of
cytolytic oligodendrocytes with giant nuclei, and un-
usual astrocytes with hyperchromatic nuclei. Howev-
er, a previous report also demonstrated the ability of
JCV to infect neurons and macrophages in the CNS
[Major et al., 1992]. JCV propagates in the CNS, in
particular, leading to PML in patients with severe
immunosuppression, such as that associated with
acquired immunodeficiency syndrome (AIDS).

In general, JCV persists in a latent state, in which
viral protein expression and replication are not
detectable after primary infection [Hou and Major,
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2000; Khalili et al., 2006]. However, HIV-1 can lead
to the production of tumor necrosis factor-alpha
(TNF-a) in the CNS [Benveniste, 1994; Yeung et al,,
1995; Kaul et al., 2005]. It has been indicated that
TNF-a stimulates JCV transcription in both the early
and late phases of infection via nuclear factor kB
(NF-xB) in a human oligodendroglioma cell line
[Wollebo et al., 2011]. NF-kB, a transcriptional factor,
is induced by TNF-a. However, it has also been
reported that TNF-a did not stimulate JCV transcrip-
tion or multiplication in human fetal glial cells
[Atwood et al., 1995]. Thus, it remains unclear
whether TNF-o stimulates JCV transcription and
replication. A few cell lines are susceptible to JCV
propagation. Previous studies with the human neuro-
blastoma cell line IMR-32 revealed that JCV was
produced by serial passage, because three JCV (desig-
nated M1-IMRa, M1-IMRb, and M1-IMRc) had al-
tered regulatory regions that were involved in
adaptation. After transfection, M1-IMRb showed the
highest virus replication in IMR-32 cells among the
three adapted clones [Yogo et al., 1993]. Thus, IMR-
32 cells transfected with M1-IMRb are a useful tool
for studying the role of TNF-a in JCV replication.

In this study, the effects of TNF-a on the expres-
sion of JCV large T and VP1 genes in neuroblastoma
IMR-32 cells were analyzed using a real-time RT-
PCR assay, and viral genome replication was ana-
lyzed using a DNA replication assay. Moreover, JCV
production in IMR-32 cells transfected with M1-IMRb
was determined using real-time PCR analysis com-
bined with DNase treatment. In addition, the effect
of TNF-a on nuclear translocation of the p65 subunit
of NF-«B in IMR-32 cells was determined.

MATERIALS AND METHODS
Cell Lines, Plasmids, and Cytokines

IMR-32 cells were obtained from DS-Pharma Bio-
medical (Osaka, Japan). IMR-32 cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% heat-inactivated fetal bovine serum
(FBS), 2mM glutamine, 100 units/ml penicillin, and
100 pg/ml streptomycin [Nukuzuma et al., 1995]. The
plasmid M1-IMRDb, derived from IMR-32-adapted
JCV, was kindly provided by Dr. Yoshiaki Yogo. TNF-
a was obtained from Sigma-Aldrich (St. Louis, MO),
and dissolved in a small volume of distilled water.

Quantitation of Cell Proliferation

Cytotoxicity was measured using a Cell Prolifera-
tion Kit I (MTT; Roche, Indianapolis, IN) as described
in previous studies [Nukuzuma et al., 2012, 2013].
IMR-32 cells in 100 p]l medium were plated at a
concentration of 5.4 x 10*cells/well into 96-well mi-
crotiter plates and incubated in the absence or
presence of TNF-« at a final concentration of 25ng/
ml for 3 days at 37°C in a CO. incubator, following
by the addition of 10pl (final concentration 0.5mg/
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ml) of the MTT labeling reagent to each well. The
mierotiter plates were incubated for 4hr. A solubili-
zation solution (100 pl) was added to each well and
left to stand overnight in the incubator. The solubi-
lized formazan product was spectrophotometrically
quantified using an ELISA reader (Bio-Rad, Hercules,
CA) at a wavelength of 550nm. The reference
wavelength was 650 nm.

JCV DNA Transfection

JCV DNA transfection was carried out essentially
as described previously [Nukuzuma et al, 2012,
2013]. IMR-32 cells were cultured in 35-mm dishes
containing 2ml complete growth medium (DMEM-
10% FBS) until they reached 70-80% confluency. An
M1-IMRb clone was used for the DNA replication
assay as M1-IMRb showed the highest HA activity in
IMR-32 cells [Yogo et al.,, 1993]. For transfection,
1.0pg viral DNA, excised from the recombinant
plasmid with EcoRI, was introduced into the cells
using FuGENE 6 transfection reagent (Roche). Endo-
nuclease-cleaved linear viral DNA can be re-circular-
ized after transfection [Yogo et al., 1993].

Real-Time RT-PCR for Expression of the JCV
Large T or VP1 Antigen

In order to examine the stimulation of large T or
VP1 gene expression in TNF-a-treated IMR-32 cells,
a real-time RT-PCR assay was conducted. IMR-32
cells transfected with JCV genome DNA were incu-
bated in culture medium in the absence or presence
TNF-a at a final concentration of 25ng/ml. At 48hr
after TNF-o treatment, the cells were harvested, and
total RNA was extracted from three cell cultures
using an RNeasy Mini Kit (Qiagen, Hilden,
Germany). One microgram of RNA was treated with
DNase I and then introduced into the RT reaction as
follows. DNase I-treated RNA was mixed with 40 pl
of a reaction mixture containing RT buffer (Toyobo,
Osaka, Japan), 1mM dNTPs, 40U RNase ‘inhibitor
(Toyobo), 200 U ReverTra Ace, as a reverse transcrip-
tase (Toyobo), and 10pmol oligonucleotide dT;s
(Roche). The RT mixture was incubated for 10 min at
30°C, 60min at 42°C, heated to 99°C for 5min, and
then added to the real-time PCR mixture.

For real-time RT-PCR analysis of large T and VP1
gene expression, two sets of PCR primers and Tagq-
Man probes were used according to previous reports
[McNees et al., 2005; Nukuzuma et al., 2009]. Real-
time PCR analyses were performed in a total volume
of 25l of 2x TagMan universal PCR master mix
(Applied Biosystems, Foster City, CA), 300nM of
each primer, 200nM TaqMan probe and 5pl RT
product. For the absolute quantification of T and VP1
antigen copies, plasmids containing target sequences
were serially diluted from 10% to 10° copies per

. reaction and then used as standard DNA templates.

Real-time PCR amplification was carried out using
an ABI PRISM 7900HI system (Applied Biosystems).

J. Med. Virol. DOI 10.1002/jmv
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The amplification conditions were as follows: 2min at
60°C, 10 min at 95°C, 40 cycles of 95°C for 15s, and
60°C for 15s. As an endogenous reference, the copy
number of the B-actin gene, a housekeeping gene, in
each RNA extract was determined by real-time
RT-PCR using TagMan B-actin Control Reagents
(Applied Biosystems). The copy number of the T
antigen and VP1 mRNA in each sample was normal-
ized against B-actin mRNA copies.

DNA Replication Assay

The DNA replication assay was carried out essen-
tially as described  previously [Nukuzuma
et al., 2012, 2013]. At 48hr after TNF-a treatment,
the cells were harvested, and low-molecular-weight
DNA was extracted from cells according to the Hirt
procedure [Hirt, 1967]. The DNA (1 ng) derived from
the transfected cells was digested with Dpn I and
Bam HI. The resulting fragments were separated by
electrophoresis on a 1.0% agarose gel, transferred
onto a nylon membrane (Roche), and hybridized at
65°C in an incubator to digoxigenin-labeled JCV DNA
using a DIG DNA Labeling Kit (Roche). Digoxigenin-
labeled DNA Molecular Weight Marker was used as
the size marker on the gel. Replicated DNA was
detected using a DIG Luminescent Detection Kit
(Roche), and exposed to film overnight. The exposed
X-ray films were then scanned and the intensities of
the bands were quantified using ImageJ (National
Institutes of Health, Bethesda, MD, http://rsbweb.
nih.gov/nih-image/). Relative band intensities were
normalized against the intensities of the input DNA
and background. The relative intensities were pre-
sented with reference to the lowest detectable band
intensities by assigning them a value of 1.

DNase Protection Assay of JCV Replication in
Transfected IMR-32 Cells

For the DNase protection assay, IMR-32 cells were
untreated or treated TNF-« in 25 cm? flasks and were
resuspended in 250 pl phosphate-buffered saline (pH
7.15) containing 0.2% bovine serum albumin (BSA)
and subjected to freeze-thawing three times. The cell
lysates were centrifuged at 1,500rpm for 10min at
4°C. The resultant supernatants were applied to real-
time PCR assay combined with DNase treatment. To
eliminate transfected JCV DNA from the cell ex-
tracts, 4pl sample was mixed with 16l reaction
mixture containing 2U Baseline-Zero DNase and
Baseline-Zero buffer (AR Brown, Madison, WI) and
incubated for 60min at 37°C. Next, 15ul reaction
sample was mixed with an equal volume of DNAzol
Direct reagent (Molecular Research Center, Cincin-
nati, OH) and incubated for 10min at 80°C to
inactivate DNase. Then, samples were directly sub-
jected to real-time PCR analysis of the large T
antigen [McNees et al., 2005] without any DNA
extraction protocol, essentially as described in our
previous report [Nakamichi et al., 2011].
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Analysis of NF-kB Activation

The activation of the NF-kB pathway was assessed
using a NF-kB/p65 ActivELISA Kit (Imgenex, San
Diego, CA) according to the manufacturer’s instruc-
tions. This kit measures the amount of p65 subunit of
NF-«B translocated into the nuclei during activation
of the NF-«B pathway. IMR-32 cells in 2ml medium
were plated into six-wells plates at a concentration of
8.0 x 10°cells/well and incubated in the absence or
presence of TNF-a at a final concentration of 25 ng/ml
for 48 hr. The nuclear fraction was extracted accord-
ing to the lysate preparation manual, and 100 ul
(50 wg protein) of each nuclear fraction were then
transferred to the wells of an anti-p65 antibody-coated
microtiter plate. Next, an anti-p65 antibody, alkaline
phosphate-conjugated secondary antibody, and NPP
substrate were added to generate a colorimetric
signal. The absorbance of the colorimetric signal was
measured at a wavelength of 415nm using a BIO-
RAD Model 3550 Microplate Reader (Bio-Rad). For
the absolute quantification of p65, the recombinant
p65 protein was diluted serially from 15.6 to 1,000 ng/
ml per reaction and used as the standard curve.

Statistical Analysis

The significance of intergroup differences was
determined using a statistical program and Student’s
t-test.

RESULTS

TNF-a Does Not Induce Any Cytotoxic Effect on
IMR-32 Cells

The relative number of live cells was determined
by measuring mitochondrial succinate dehydrogenase
activity using an MTT assay. The absorbance of
formazan products from TNF-a-untreated and -treated
cells was 0.711+£0.003 and 0.697 + 0.004, respectively.
The enzyme activity of TNF-a-treated IMR-32 cells
was slightly lower than that of TNF-a-untreated
control cells, but this difference was not statistically
significant. This result indicates that TNF-a does not
induce a cytotoxic effect on IMR-32 cells under the
assay conditions.

TNF-a Stimulates JCV T Antigen Gene
Expression in IMR-32 Cells

IMR-32 cells were transfected with JCV genome
DNA and incubated in the absence or presence of
TNF-a. The expression levels of the JCV large T
antigen and VP1 genes were determined by real-time
RT-PCR, as described in section Materials and Meth-
ods. The mRNA of the large T and VP1 genes from
three cultures was quantitatively amplified by real-
time RT-PCR. The expression level of the large T
antigen gene in TNF-a-treated IMR-32 cells was 6.2-
fold higher than that in TNF-a-untreated control
cells (Fig. 1), and this difference was statistically
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Fig. 1. Stimulation of JCV large T antigen gene expression in
IMR-32 cells by TNF-a. The expression levels of the large T
antigen gene from three cultures were measured by real-time RT-
PCR after incubation for 48hr in the absence or presence of TNF-
«. The linear standard curve was generated from serial dilution
with the plasmid M1-IMRb. The amount of large T antigen mRNA
in each sample was normalized with reference to the copy
numbers of human B-actin mRNA. Data are shown as the mean
+ standard deviation of the means. *P < 0.05 (Student’s ¢-test).

significant (P < 0.05). On the other hand, the expres-
sion of the VP1 antigen in TNF-a treated IMR-32
cells was only 2.0-fold greater than that in the control
cells (Fig. 2), and this difference was not statistically
significant. These results indicate that TNF-a prefer-
entially induces the expression of the large T antigen
gene in IMR-32 cells.

TNF-a Stimulates JCV Replication in
IMR-32 Cells

‘IMR-32 cells were harvested at 48-hr post-transfec-
tion with JCV genome DNA, and the replicated JCV
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Fig. 2. TNF-a-induced expression of JCV VP1 antigen in
IMR-32 cells. The expression levels of the JCV VP1 gene from
three cultures were measured by real-time PCR after incuba-
tion for 48hr in the absence or presence of NF-a. The linear
standard curve was generated from serial dilution with the
plasmid containing the VP1 gene. The amount of VP1 mRNA in
each sample wag normalized with reference to copy numbers of
human B-actin mRNA. Data are shown as the mean &+ standard
deviation of the means.
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Fig. 3. Stimulation of JCV replication by TNF-a in IMR-32
cells. A: IMR-32 cells were transfected with 1.0 ug M1-IMRb
and incubated in culture medium in the absence (Control) or
presence (TNF-a) of TNF-a. Position of bands representing
replicated (5.1kb, Dpn I-resistant) and input (various frag-
ments, Dpn I-sensitive) DNA are shown. B: The intensities of
Dpn I-resistant bands were determined as described in Methods
section. The columns of the histogram were derived from an
analysis of the intensities of the replicated DNAs (Dpn I-
resistant bands) from three independent experiments using
Imaged. Relative band intensities were normalized against the
intensities of the input DNA and background. The relative
intensities were presented with reference to the lowest detect-
able band intensities (Control, 48 hr) by assigning them a value
of 1. Data are shown as the mean +standard deviation of the
means. *P < 0.05 (Student’s ¢-test).

DNA was detected as described in the Methods
section. In TNF-a-treated IMR-32 cells, replicated
viral DNA was clearly detected 48-hr post-transfec-
tion (Fig. 3A). The columns of the histogram were
derived from the densitometry of Dpn I-resistant
bands from Bam HI-digested low-molecular-weight
DNA extracted from IMR-32 cells transfected with
JCV genome DNA (Fig. 3B). The relative intensities
are presented with reference to the lowest detectable
band intensities (Control, 48hr) by assigning the
lowest intensities a volume of 1. It can be seen that
the relative intensities of JVC genome DNA in TNF-
a-treated cells were 2.0-fold greater than those in
control cells (Fig. 3B), and this difference was
statistically significant (P < 0.05). These results indi-
cate that TNF-a stimulates JCV replication in IMR-
32 cells.

TNF-a Stimulates JCV Production in
IMR-32 Cells

JCV production in TNF-a-treated or -untreated
IMR-32 cells was compared using real-time PCR
analysis combined with DNase treatment, designated
here as a DNase protection assay. Transfected IMR-
32 cells were harvested on day 21 after treatment
with TNF-a. Extravirion DNAs derived from trans-
fected JCV genome were eliminated with a potent
DNase, and the amount of JCV DNA from DNase-
protected particles was determined. Under the
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Fig. 4. DNase protection assay of JCV production in TNF-a-
treated IMR-32 cells. The cells were transfected with the JCV
genome and incubated for 21 days in the absence or presence of
TNF-a. The extravirion JCV DNAs were eliminated with a
potent DNase (Base-line zero DNase), and the amount of viral
genome, which had not been digested by DNase in the particles,
was measured by real-time PCR. The linear standard curve was
generated from serial dilution with plasmid M1-IMRb. Data are
shown as the mean + standard deviation of the means.

conditions used, at least 7 x 10° copies of the trans-
fected JCV genome could be digested by DNase, while
the replicated JCV particles remained intact (data
not shown). The results of real-time PCR show that
the amount of JCV DNA derived from virus particles
in TNF-a-treated IMR-32 cells was 1.5-fold greater
than that in control cells, although this difference
was not statistically significant (Fig. 4).

TNF-a Stimulates the NF-«B Pathway

Activation of the NF-xB pathway in TNF-a-treated
IMR-32 cells was quantified by measuring the nucle-
ar translocation of NF-«xB/p65, as described in section
Materials and Methods. The amount of p65 in TNF-
a-treated cells was 2.3-fold greater than that in
untreated cells, and this difference was statistically
significant (P <0.01) (Fig. 5). These results indicate
that TNF-a stimulates the activation of the NF-xB
pathway in IMR-32 cells.

DISCUSSION

AIDS-PML has become prevalent and is found in
approximately 4% of all AIDS patients [Major
et al., 1992]. The high incidence of PML among
individuals with ATDS suggests that PML is particu-
larly associated with ATDS. HIV-1 induces the produc-
tion of pro-inflammatory cytokines such as TNF-a in
the CNS [Benveniste, 1994; Yeung et al., 1995; Kaul
et al., 2005]. In this study, the effects of TNF-a on
viral gene expression were examined in IMR-32 cells
transfected with JCV DNA. The plasmid M1-IMRb
contains the viral genome of the JCV mutant strain,
which can productively replicate in IMR-32 cells. This
mutant JCV was obtained from serial passaging of
the JCV Mad-1 strain in IMR-32 cells. The viral
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Fig. 5. Stimulation of the NF-kB pathway by TNF-a in IMR-
32 cells. IMR-32 cells were plated into six-well plates at a
concentration of 8.0 x 10° cells/well in 2ml medium and incubat-
ed in the absence (Control) or presence (TNF-a) of TNF-a for
48hr. The nuclear fraction was extracted from each of the four
cultures. The amount of p65 was measured using ELISA. Data
are shown as the mean +standard deviation of the means.
*P < 0.01 (Student’s ¢-test).

genome of M1-IMRb has deletions of the TATA
sequence distal from the origin of replication within
the regulatory region, leading to a similar sequence to
that of the Mad-4 strain. However, deletion endpoints,
relative to Mad-1, were not identical between Mad-4
and M1-IMRb. The expression level of the JCV large
T gene in IMR-32 cells was increased following TNF-«
treatment. Since the NF-«kB pathway in IMR-32 cells
was activated in the presence of TNF-a, it can be
speculated that TNF-a-mediated activation of the NF-
kB pathway leads to the upregulation of JCV large T
expression. The results of the DNA replication assay
and real-time RT-PCR in the transfection experiment
show that the replication of JCV genome DNA in
IMR-32 cells was increased in the presence of TNF-a.
Thus, the upregulation of large T expression is
necessary for viral DNA replication.

In a previous study by other investigators, the
effects of cytokines, TNF-«, IL-6, IL-1B, and TGF-B,
on the transcription of JCV early and late genes were
examined using reporter assays. Each reporter assay
included phorbol 12-myristate 13-acetate (PMA) as a
positive control. TNF-« stimulated the early promoter
as strongly as PMA and TGF-B, IL-6 had a minimal
effect, and the effect of IL-1B8 was intermediate. The
expression of the late promoter of JCV in TNF-«-
treated cells was statistically significantly higher
than in cells treated with other cytokines [Wollebo
et al., 2011]. It was suggested that TNF-a stimulates
JCV transcription in both the early and late phases
of infection in the human oligodendroglioma cell line
[Wollebo et al.,, 2011]. These studies indicated a
relationship between TNF-a and AIDS-PML patho-
genesis. It has been noted that TNF-« stimulates the
transcription of the JCV reporter construct contain-
ing a NF-«B binding site (kB element) {Wollebo et al.,
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2011]. However, it has also been reported that TNF-a
does not stimulate JCV transcription in human glial
cells [Atwood et al, 1995] as the JCV reporter
construct in the study did not contain a xB element.

NF-«B is a transcriptional factor that can be
activated by TNF-a and, in turn, activates the
expression of HIV-1 in T cells [Nabel and Baltimore,
1987; Fiers, 1991; West et al., 2001]. The «B element
also regulates JCV promoter activity in CNS-derived
cells [Ranganathan and Khalili, 1993]. When the
amounts of p65 were increased in the presence of
nuclear factor of activated T cells 4 (NFAT4), there
was a synergistic enhancement of JCV early tran-
scription [Wollebo et al., 2012]. NFAT4 has a role as
a cell-signaling phosphatase in neurons and glia [Ho
et al., 1994; Graef et al., 1999]. Further analyses,
such as the gene expression of NFAT4, need to be
conducted to better understand TNF-o mediated JCV
replication in IMR-32 cells.

The regulation of JCV replication by TNF-a in AIDS-
related PML is currently unknown. In fact, there have
been no reports of TNF-a-stimulated JCV replication in
culture cells to date because a previous report showed
the effect of TNF-a on JCV early and late transcription
in reporter assays [Wollebo et al., 2011].

While astrocytes are targets of HIV-1 infection,
they are semi-permissive of JCV infection as they
allow the expression on T antigen and late gene
expression to a limited extent without virus produc-
tion in vivo. Previous studies revealed that IMR-32
cells transfected with M1-IMRb could be transferred
repeatedly accompanied by continuous JCV produc-
tion. Since it is difficult to propagate JCV in astro-
cytes, IMR-32 cells are useful for studying the role of
TNF-« in JCV production. In this study, JCV produc-
tion in IMR-32 cells transfected with M1-IMRb was
compared using real-time PCR analysis combined
with DNase treatment. Extravirion DNAs derived
from the transfected JCV genome were eliminated
with a potent DNase, and the amount of JCV DNAs
from the DNase-protected particles was determined.
Further developments are needed to establish a JCV
production system using astrocytic cell lines.

A previous report based on in situ hybridization
analysis showed that TNF-a did not increase the
multiplication of JCV in human fetal glial cells
infected with JCV [Atwood et al., 1995]. The results of
the DNA replication assay in this study were not
identical with those of in situ hybridization analysis.
This difference is not inconsistent as the DNA replica-
tion assay used in this study is able to distinguish
between newly replicated JCV DNA and transfected
DNA in IMR-32 cells. On the other hand, no signifi-
cant increase in VP1 gene expression or virus multi-
plication was observed in real-time RT-PCR analysis
and the DNase protection assay, respectively. This is
in contrast to the effect of TNF-a on JCV replication
through the upregulation of large T antigen expres-
sion in IMR-32 cells. These results suggest that TNF-
o mainly induces the gene expression of the large T
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antigen, which is necessary for JCV replication in
IMR-32 cells, leading to the stimulation of viral
genome replication in the early stage of infection.
Thus, TNF-a may induce JCV reactivation. Many
important aspects of PML pathogenesis remain un-
clear, including the upregulation of viral transcription
and replication. As TNF-a stimulated the expression
of large T antigen and viral replication, this cytokine
may contribute to JCV propagation in AIDS-related
PML. This finding may contribute to understanding
the pathogenesis of AIDS-related PML.
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Abstract JC polyomavirus (JCV) is the causative agent of
progressive multifocal leukoencephalopathy (PML), a fatal
demyelinating disease. JCV isolates from PML patients have
hypervariable mutations in the noncoding control region
(NCCR) of the viral genome. Although nucleotide sequenc-
ing analysis of NCCR mutation is useful for the confirmation
of PML diagnosis and basic studies examining JCV variants,
it is often labor-intensive, time-consuming, and expensive.
This study was conducted to evaluate the feasibility of a high-
resolution melting (HRM) analysis technique for the rapid
and low-cost scanning of NCCR mutations. The real-time
PCR-HRM assay was developed with a pair of primers tar-
geting the NCCR, and mutational patterns of NCCRs were
compared using sequence-confirmed JCV DNA clones and
CSF DNAs from PML patients. The NCCR patterns of DNA
clones of the archetype JCV and PML-type variants could be
differentiated by PCR-HRM. The mutational patterns of the
rearranged NCCR clones were similar to those of JCV vari-
ants in the original CSF specimens as judged by nested PCR-
HRM using pre-amplified targets. In addition, nested PCR-
HRM could distinguish NCCR mutations in the JCV DNAs
from each specimen at the patient level. These results indicate
that the HRM-based assay affords a valuable technique for
PML diagnosis and a versatile tool for the rapid scanning of
NCCR mutations.

Introduction

Progressive multifocal leukoencephalopathy (PML) is a rare
but fatal demyelinating disease of the central nervous system
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(CNS) caused by JC virus (JCV), a small DNA virus
belonging to the family Polyomaviridae, genus Polyomavirus
[i-3]. Humans are infected with JCV asymptomatically
during childhood, resulting in persistent infection throughout
their life. From 50 to 90 % of adults have been reported to be
serologically positive for JCV [I—4]. However, in some
severely immunocompromised patients, JCV reactivates and
causes a lytic infection in the oligodendrocytes, leading to
PML [1-4]. PML develops in HIV-positive patients as well as
in those that are immunodeficient due to hematological
malignancies, chemotherapy, transplantation, lymphocyte
depletion or the treatment of autoimmune disorders with
immunosuppressive agents, including monoclonal antibodies,
such as natalizumab, rituximab, and efalizumab [i-3, 5, 6].

The detection of JCV DNA in the cerebrospinal fluid
(CSF) by PCR is a reliable and less-invasive diagnostic
marker of PML [7, &]. The rapid and specific quantification
of JCV DNA using a real-time PCR technique has become
the current diagnostic standard [5]. However, because of its
sensitivity, real-time PCR has a risk of false-negative
results due to DNA contamination of samples [9]. Clinical
isolates of JCV can be classified into two groups on the
basis of sequence divergence in the non-coding control
region (NCCR; also referred to as the regulatory region or
transcription control region) of the viral genome [10-12].
Nonpathogenic JCV strains isolated from the urine of
healthy individuals contain a consistent NCCR sequence
known as the archetype [13]. In contrast, JCV isolates from
PML patients are characterized by hypervariable mutations
within the NCCR [i2, 14]. The changes in the NCCR
sequences are thought to be related to the activation of
virus replication during disease progression [12, 14, 15].
These mutated sequences are thought to be derived from
the archetype NCCR via deletions and/or duplications [16,
17], leading to the alteration of promoter activity [i8, 19].
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