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JC virus (JCV), the causative agent of progressive multifocal leukoencephalopathy (PML), has a hypervari-
able regulatory region (JCV RR). A conserved archetype form is found in the urines of healthy and immuno-
compromised individuals, whereas forms with tandem repeats and deletions are found in the brains of PML
patients. Type I JCV RR, seen in MAD-1, the first sequenced strain of JCV, contains two 98-bp tandem repeats
each containing a TATA box. Type II JCV RR has additional 23-bp and 66-bp inserts or fragments thereof and
only one TATA box. We cloned and sequenced JCV RR from different anatomic compartments of PML patients
and controls and correlated our findings with the patients’ clinical outcome. Twenty-three different sequences
were defined in 198 clones obtained from 16 patients. All 104 clones with tandem repeats were type II JCV RR.
Patients with poor clinical outcome had high proportions of JCV RR clones with both tandem repeats in
plasma (54%) and brain or cerebrospinal fluid (85%). In those who became survivors of PML, archetype
sequences predominated in these anatomic compartments (75 and 100%, respectively). In patients with
advanced human immunodeficiency virus infection without PML, only 8% of JCV RR clones obtained in the
plasma contained tandem repeats. These data suggest that the presence of tandem repeats in plasma and CNS
JCV RR clones is associated with poor clinical outcome in patients with PML.

The human polyomavirus JC (JCV) is the etiologic agent of
progressive multifocal leukoencephalopathy (PML). Eighty to
ninety percent of the adult population is seropositive for JCV
(29). After an asymptomatic primary infection during child-
hood, the virus remains quiescent in the kidneys and lymphoid
tissue (1, 11, 21). In the setting of immunosuppression, JCV
can reactivate and cause a lytic infection of oligodendrocytes.
The JCV regulatory region (JCV RR) of urine isolates is highly
conserved in healthy and immunocompromised individuals
and has been called the archetype (1, 20, 32). The archetype
has no duplications and contains a 23-bp insert and a 66-bp
insert localized at nucleotides (nt) 36 and 92 compared to the
first sequenced brain isolate of JCV, MAD-1. A hypervariable
form of JCV RR is found in the brain and cerebrospinal fluid
(CSF) of PML patients. In the MAD-1 isolate, the RR con-
tains two identical 98-bp tandem repeats.

It has been hypothesized that rearrangements of JCV RR
occur in the setting of immunosupression, leading to JC vire-
mia, hematogenous spread of the virus to the central nervous
system (CNS), and the development of PML. Indeed, JCV
DNA is rarely found in the blood of healthy individuals, but it
becomes more readily detectable in the blood of human im-

munodeficiency virus (HIV)-infected people who have ,200
CD41 T cells/ml of blood (16). Analyses of RR from JCV
isolates obtained from blood samples have been limited and,
for the most part, restricted to direct sequencing of PCR prod-
ucts (2, 5, 26, 27). In addition, the relationship between the
types of JCV RR in the blood and disease progression has not
been investigated.

The clinical course of PML is variable. Some patients have a
fulminant evolution and die within 1 to 6 months of their
diagnosis, whereas others have a protracted course and be-
come PML survivors. We sought to determine the variability of
JCV RR in the blood and CNS and if patterns of JCV RR
found in the CNS arise in the blood. Moreover, we sought to
correlate our findings with the patients’ clinical outcome.

Urine, plasma, CSF, or brain samples were obtained from 16
patients. Of these patients, eight who were HIV positive
(HIV1) and two who were HIV negative (HIV2) died from
PML. One HIV1 patient and one HIV2 patient were PML
survivors and were still alive more than 2 years after the diag-
nosis of their neurologic disease. Four patients were HIV1

with other neurological diseases (HIV1/OND) including HIV
encephalopathy, cytomegalovirus polyradiculopathy, and other
non-PML leukoencephalopathies. These patients were also
long-term survivors of their neurologic diseases.

DNA extraction from CSF, plasma, urine, and brain was
performed as previously described (16). PCR amplification was
performed using the external primers JCRS (59-ATTAGTGC

* Corresponding author. Mailing address: Department of Neurol-
ogy, Beth Israel Deaconess Medical Center, RE-213, 330 Brookline
Ave., Boston, MA 02215. Phone: (617) 667-1568. Fax: (617) 667-8210.
E-mail: ikoralni@caregroup.harvard.edu.

5672



AAAAAAGGGAAAAACAAGGG 39) (nt 5035 to 5062) and
JCRAS (59-CTCGGATCCAGCTGGTGACAAGCCAAAAC
AG-39) (nt 272 to 242), which amplify a 368-bp fragment of
JCV RR, followed by a semi-nested PCR using the internal
primers JCRSN (59-CTACTTCTGAGTAAGCTTGGAGG-
39) (nt 5100 to 5122) and JCRAS, which amplify a 303-bp
fragment of the regulatory region. The first PCR was per-
formed in a PE 9600 thermal cycler using 1 mg of brain or DNA
extracted from 200 ml of CSF or 6 ml of plasma, 25 pmol of
each primer, 1.5 mM MgCl, and 2.5 U of Ampli Taq Gold
DNA polymerase in a final volume of 50 ml. The cycles of
amplification consisted of 94°C for 10 min followed by 40 cycles
of 94°C for 30 s, 58°C for 1 min, 72°C for 1 min, and 7 min of
elongation at 72°C. For the semi-nested PCR, we used 10 ml of
the PCR product of the first reaction and the following cycles:
94°C for 10 min followed by 30 cycles of 94°C for 30 s, 60°C for
1 min, 72°C for 1 min, and an elongation of 7 min at 72°C.

The PCR products were analyzed by UV transillumination
after electrophoresis in a 2% agarose gel. Using this seminested
PCR technique, we were able to detect 10 copies of MAD-1
plasmid used as a positive control. Bands of expected size were
cut and gel purified with a gel extraction kit (Qiagen, Valencia,
Calif.) and cloned with a PCR-Script Amp cloning kit (Strat-
agene, La Jolla, Calif.). Up to 12 clones of each PCR product
were sequenced. The cycle-sequencing reaction was performed
according to the manufacturer’s instructions using the ABI
PRISM BigDye Terminator Cycle Sequencing Ready Kit (Ap-
plied Biosystems, Weiterstadt, Germany) with 400 ng of double-
stranded DNA and 3.2 pmol of sequencing primer. Fluorescence-
based DNA sequence analyses were obtained on an ABI 377
DNA Sequencer (Applied Biosystems). Sequence analysis was
performed with Lasergene Software for Macintosh and Power
PC, Megalign 3.12 (DNASTAR Inc., Madison, Wis.) comparing
the sequences obtained to those of the prototype MAD-1 (nucle-
otide numbering system according to Frisque et al. [9]).

Since previous reports had shown archetype JCV RR to be
present in the urine samples of most individuals regardless of
their degree of immunosuppression (15, 21), we concentrated
our efforts on DNA samples obtained from blood, CSF, and
brain specimens. JCV exists in the blood mainly in a latent,
nonreplicative stage (6). The JCV DNA load in the peripheral
blood mononuclear cells (PBMC) is very low, between 10 and
90 copies of JCV/mg of PBMC DNA (16), and becomes de-
tectable only after PCR amplification and the application of
hybridization techniques. JCV has also been detected in cell-
free plasma (7, 16, 17). A recent report has demonstrated that
JCV sticks to the surfaces of blood cells rather than produc-
tively infecting them (30). In our experience, a stronger PCR
signal is generated by extracting viral DNA from plasma. This
also facilitates cloning of the amplified products. We therefore
analyzed JCV RR from plasma samples rather than from
PBMC.

A total of 23 different sequences were found in 198 clones
derived from these 16 patients. Each patient had unique JCV
RR sequences except for those who had an archetype JCV RR.
In a few cases the differences between JCV RR sequences
obtained from different patients were only single mutations,
but these were consistent in all clones found in a particular
anatomic compartment. These findings rule out the possibility
of sample contamination.

We first characterized JCV RR in various anatomic com-
partments in PML progressors, PML survivors, and HIV1/
OND patients. Analysis of CSF and/or brain samples from the
eight HIV1 patients who died of PML (Fig. 1A) showed that
six of them had a JCV RR with two 98-bp tandem repeats
(patients no. 1 through 6). All contained 23- and/or 66-bp
inserts (at positions nt 36 and 134 and positions nt 92 and 190,
respectively) which had variable deletions. In contrast, two
patients had only archetype-like JCV RR with one single 98-bp
unit (patients no. 7 and 8). Surprisingly, one patient (no. 1)
also had an archetype form of JCV RR in 1 of 12 CSF clones
sequenced.

In four of these HIV1 PML progressors, the JCV RR could
be amplified and cloned from plasma samples. Clones were
obtained from one of these individuals (no. 1) that had tandem
repeats identical to his most prominent CSF JCV RR, as well
as a distinct archetype-like JCV RR. Patient no. 4 had clones
with only a tandem repeat JCV RR, identical to the one found
in his CSF. Patients no. 7 and 8 had archetype-like JCV RR.
Patient no. 7 had two distinct plasma JCV RR that were
different from the one found in his brain, whereas the single
pattern found in the plasma of patient no. 8 was identical to the
CSF sequence. Urine specimens were analyzed for three of
these patients. Two had archetype (no. 1 and 2) and one had
tandem repeat (no. 6) JCV RR.

For the two HIV2 PML progressor patients (Fig. 1B),
plasma could be analyzed from one and brain from the other.
We obtained two distinct sequences from the plasma of patient
no. 9 and one type of sequence from the brain of patient no. 10.
In all of them, tandem repeats were seen in the JCV RR.

CSF and plasma were analyzed from one HIV1 PML sur-
vivor (no. 11, Fig. 1C). In both samples, we found an archetype
JCV RR with a deletion of 40 bp (nt 208 to 247) downstream
of the 98-bp unit. This deleted region encodes a nuclear factor 1
(NF-1) binding site. The analysis of plasma from one HIV2 PML
survivor (no. 12) showed JCV RR with tandem repeats (Fig. 1C).

Plasma samples were analyzed from four HIV1 individuals
with neurologic disorders other than PML (Fig. 1D). One of
them, no. 13, had an archetype JCV RR. Two others, no. 14
and no. 16, had an archetype-like JCV RR, and no. 15 had two
different sequences, an archetype-like JCV RR and a JCV RR
with tandem repeats. These patients had undetectable JCV
DNA in their CSF. Interestingly, the sequence found in the
plasma of patient no. 14, which has a 10-bp deletion at the 39
end of the 23-bp insert, is identical to that of a strain (PNG-
1A) recently identified in the urine sample from a healthy
individual from Papua New Guinea. Similar 10-bp deletions
were also found in the same region in a few Central and East
African strains (24). Patient no. 14 is originally from Haiti.

We then correlated the patterns of JCV RR in different
anatomic compartments with the patients’ clinical outcomes.
Patients with poor clinical outcomes had a high proportion of
tandem repeats in the JCV RR in the plasma (54%) and CNS
(85%) (Table 1). In contrast, PML survivors had a high pro-
portion of archetype JCV RR in the plasma (75%) and CNS
(100%). Finally, HIV1 individuals with low CD41 T-cell
counts without PML had a low proportion of tandem repeats
in JCV RR in the plasma (8%).

These sequence data are in agreement with previous reports
(2, 23, 31) demonstrating that JCV RR is hypervariable in the
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FIG. 1. Sequencing results of the JCV RR. On the top is a representation of the MAD-1 and archetype JCV RR. The nucleotide numbers are
based on the prototype MAD-1 sequence. The known transcription regulation factor binding sites are indicated and include the lytic control
element (Lytic E), nuclear factor 1 (NF-1), and c-Jun. Each 98-bp unit is represented by an open box. The TATA box is represented by TATA.
The archetype contains only one 98-bp unit with two inserts. Black box, 23-bp insert; checkered box, 66 bp-insert; dotted lines, deletions in the
98-bp units or in the 23- or 66-bp inserts; grey box, region downstream of the 98-bp units. Some clones contain fragments of this region inserted
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body. We isolated two to four distinct JCV RR in 6 of 12 PML
patients and in 1 of 4 patients without PML. These six PML
patients were progressors. The presence of dual infection with
different JCV strains was also detected in 6 of 21 (28.6%) PML
patients in a recent study of JCV genotype, and this was found
to be an additional risk factor for the development of PML (8).
The precise anatomic compartment in which tandem repeats
first appear has not been unequivocally determined, since they
can be found both in blood and in CNS samples. It is also
unclear if these tandem repeats are the cause or the conse-
quence of JCV neurotropism. Patient no. 1 was the only one
for whom it was possible to amplify, clone, and sequence JCV
RR from four different anatomic compartments, (brain, CSF,
plasma, and urine). We obtained four different JCV RR for
this particular patient and saw an evolutionary gradient from
archetype to tandem repeat going from the urine to the blood
and then to the CNS. For the four HIV1 PML progressors
whose plasma and CSF or brain samples could be analyzed
(patients 1, 4, 7, and 8), JCV RR in the CNS samples had
deletions of the 23- and 66-bp inserts in numbers either similar
to or greater than those of the plasma (Fig. 1A). These data
suggest that tandem repeats first originate in the plasma and
that further rearrangements may occur once the virus enters
the CNS.

Archetype JCV RR is usually not found in the CSF of PML
patients. However, 1 of the 12 clones obtained from the CSF of
HIV1 PML progressor patient no. 1 showed an archetype JCV
RR while 10 of 10 clones from HIV1 PML survivor patient no.
11 had this sequence. In addition, HIV1 PML progressors no.
7 and no. 8 had archetype-like JCV RR in the brain or CSF. To
our knowledge, this is the first report of fatal PML cases in
which no tandem repeats were found in the CNS. Finally, one
HIV1 PML progressor had a tandem repeat JCV RR isolated
from the urine. Therefore, the dogma suggesting that arche-
type JCV RR is present only in the urine and that tandem
repeats are restricted to the CNS is not absolute.

We also aimed to determine if additions or deletions of
known protein binding sites in JCV RR correlated with clinical
outcomes. Complex rearrangements of the JCV RR with ad-

ditional inserts containing new predicted NF-1 or c-Jun bind-
ing sites were found only in patients with fatal outcomes (no. 1,
3, and 6). In contrast, deletions of predicted NF-1 or c-Jun bind-
ing sites were found only in patients with good outcomes (no. 11
and 14). NF-1 is a family of proteins, and the one that specifically
binds to the JCV promoter is the NF-1 class D. This protein is
predominantly expressed in glial cells (25). The productive infec-
tion and restricted lysis of oligodendrocytes by JCV reflect the
fact that the JC virus early gene promoter is more active in glial
cells than in cells of nonglial lineage (14). This observation is
similar to that of studies done with murine polyomavirus, where
mutations in the regulatory region were shown to confer a tissue-
specific cis-advantage in viral replication (3, 4).

Most of the studies of JCV promoter activity have used the
prototype MAD-1 regulatory region, which was the first JCV
that was sequenced and has no 23-bp or 66-bp inserts. This
JCV RR pattern was called type I. Subsequent studies have
shown that the vast majority of JCV strains isolated in vivo
contain these inserts or fragments thereof, as well as a deletion
of the second TATA box. Such JCV RR were called type II
(12, 22). The 23-bp insert contains a binding site for the tran-
scription factor SP-1 (13). The promoters of the oligodendro-
cyte-specific cellular genes, myelin basic protein and proteo-
lipid protein, contain similar binding sites. Together with the
paired NF-1 and c-Jun binding sites, the SP-1 binding site in
the 23-bp insert is part of a motif that is conserved between
several glial-specific promoters (13). These findings are in
agreement with in vitro studies demonstrating that the number
of NF-1 binding sites is directly proportional to the level of
viral transcription in glial cell lines (18, 19).

The function of the 66-bp insert has not yet been elucidated.
No predicted binding sites of transcription regulators have
been found in this region. Such sites have also not been shown
in the region where it is inserted. Interestingly, deletions of
$85% of the 66-bp insert correlated in our study with a fatal
outcome. In contrast, the complete deletion of the 66-bp insert
did not correlate with the clinical outcome.

The present study shows that PML progressors have a higher
frequency of archetype-like and tandem repeat JCV RR in the

TABLE 1. Types of JCV RRa found in plasma and CNS (brain and CSF) of groups with different clinical outcomes

Clinical outcome and/or patient
characteristic

Plasma CNS

No. of
patients

No. of
clones

No. (%) of indicated RR typea
No. of

patients
No. of
clones

No. (%) of indicated RR typea

A AL TR A AL TR

PML progressor, HIV1/HIV2 5 43 0 20 (46) 23 (54) 9 88 1 (1) 12 (14) 75 (85)
PML survivor, HIV1/HIV2 2 12 9 (75) 0 3 (25) 1 10 10 (100) 0 0
HIV1/OND 4 24 8 (33) 14 (58) 2 (8)

Total 11 79 10 98

a A, archetype; AL, archetype like; TR, tandem repeats.

in the second 98-bp unit. MAD-1 contains an adenine at positions 85 and 183, compared with all other sequences that contain guanine at these
positions. Asterisks, single mutations; scissors, single nucleotide deletions in the TATA box. (A) Sequencing results of HIV1 PML progressor
patients 1 to 8. At the right of each sequence is the number of clones obtained per anatomic compartment. The first sequence of patient no. 1 has
a large deletion in the second 98-bp unit that is replaced by a fragment identical to nucleotides 208 to 247 (striped box) containing an NF-1
predicted binding site and next to it a c-Jun binding site. Patient 3, 4, and 6 sequences have smaller fragments of the region nt 208 to 250 inserted
in the second 98-bp unit; only the patient 3 sequence contains the full length of the NF-1 binding site. (B) HIV-negative PML progressors. (C)
PML survivors. No. 11 is HIV1 and no. 12 is HIV2. (D) HIV1 patients with low CD41 T-cell counts and other, non-PML neurologic disorders.
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plasma and CNS than do PML survivors. In these latter pa-
tients, archetype JCV RR predominates. In the present series
of patients, the number of PML progressors studied was larger
than the number of PML survivors. This is due to the fact that
PML survivors are quite rare and account only for approxi-
mately 10% of all patients with this disease. They also usually
have a lower JCV viral load in the CSF and undetectable JCV
DNA in the blood. CSF JCV DNA often becomes undetect-
able following initiation of antiretroviral treatment. These
changes parallel their higher CD41 T-lymphocyte counts.
Therefore, analysis of JCV RR from these patients’ samples is
often impossible. Attempts to amplify JCV RR from the
plasma of two additional PML survivors were unsuccessful.
However, analyses of plasma samples from four HIV1 patients
without PML also showed only 8% tandem repeats.

Since MAD-1 was the first JCV strain to be isolated, the type
I MAD-1 JCV RR has been employed in the study of JCV
expression and replication in vitro. In addition, type II strains
containing a 23-bp insert grow poorly in primary human glial
cells (10). However, the present study indicated that in 103
clones from plasma and CNS with a tandem repeat pattern
only type II JCV RR were detected. These results are in
agreement with a recent study that showed type II JCV RR in
the CSF of 11 of 14 (79%) of probable PML cases, whereas
type I JCV RR was found only in three possible PML cases
(28). Therefore, more emphasis should be directed to the study
of type II JCV RR strains and the factors restricting their
replication in available tissue culture systems.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers for the sequences determined in this study are
as follows, in order of appearance in Fig. 1: patient no. 1,
AF354562, AF354565, AF354566, and AF354567; patient
no. 2, AF354569, AF354570, and AF354571; patient no. 3,
AF354572; patient no. 4, AF354573, and AF354574; patient
no. 5, AF354575; patient no. 6, AF 354576 and AF354577;
patient no. 7, AF354578, AF354579, and AF354580; patient
no. 8, AF354581; patient no. 9, AF354582 and AF354583;
patient no. 10, AF354584; patient no. 11, AF354585; patient
no. 12, AF354587; patient no. 13, AF354588; patient no. 14,
AF354589; patient no. 15, AF354590 and AF354591; patient
no. 16, AF354592.

This study was supported by a grant from the Swiss National Science
Foundation to L.-A.P. and by NIH grants NS01919 (I.J.K.) and AI-
20729 (N.L.L.).
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