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Abstract

JC virus (JCV) infection of oligodendro-
cytes causes demyelination in brains of
patients with with progressive multifocal
leukoencephalopathy (PML). Expansion
of demyelination throughout the brain is
not fully understood. The opportunity was
taken to investigate the postmortem brain
of a long surviving patient with PML for
whom diagnosis was made 4 years before
death based on pathological and virologi-
cal findings of a brain biopsy. Four distinct
regulatory sequences in the JCV genome
were detected (designated as JW-1 to 4)
from various regions of the necropsied
brain. All regulatory sequences were rear-
ranged forms that could be produced from
the archetype by deletions and duplica-
tions. JW-1 and 2 shared some structural
features not present in JW-3 and 4 and vice
versa. JW-1 was distributed throughout
the brain, whereas JW-2, 3, and 4 were
restricted to only part of the brain. JW-1
and 2 had been detected in the initial brain
biopsy 4 years earlier. These findings sug-
gested that brain lesions in advanced
stages were generated not only by expan-
sion of the original variant (JW-1) of JCV
but also by delayed growth of two other
variants (JW-3 and 4).

(¥ Neurol Neurosurg Psychiatry 2001;71:397-400)
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In the CNS with progressive multifocal leu-
koencephalopathy (PML), JC virus (JCV) rep-
lication in oligodendrocytes results in the loss
of myelin, leading to severe deterioration of
brain function.'? It is not clear how JCV
invades the CNS or how the lesions caused by
JCV expand in the CNS. Focal lesions of
demyelination initially develop in one region of
the brain, but in the course of PML progres-
sion, they may also be found in other areas. The
lesions generated during advanced stages of the
disease may be produced by migration of JCV
from the original area of demyelination. Alter-
natively, demyelination during advanced stages
may be due to a JCV of a different origin.
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Brain JCV DNAs in the patients with PML
carry various regulatory regions (PML-type
regulatory regions) produced by rearrange-
ments (deletions and duplications) of a single
archetype structure.”” Because rearrangements
in the JCV regulatory region occur randomly, it
should be possible to distinguish individual
regulatory regions. It was recently suggested
that variants in JCV regulatory regions may
help trace the pathway of JCV from the site of
initial infection to the target oligodendrocytes.®
We hypothesised that JCV regulatory rear-
rangements might be helpful for tracing the
development of demyelinating lesions in the
brain.

If we detect identical or related regulatory
regions of JCV in different parts of the brain,
we may speculate that demyelination in these
parts of the brain was caused by JCVs of the
same origin. If we detect unrelated regulatory
regions in different parts of the brain, demyeli-
nation in these areas was likely caused by JCVs
of different origins. We report here that JCV
regulatory region rearrangements were used
successfully to follow the expansion of brain
lesions in a long surviving patient with PML.°

Patient presentation

The case report was documented at the time of
diagnosis.’ Briefly, the patient was a 34 year old
man who experienced an epileptic attack in
September 1992, but he had apparently
normal neurological findings. He was admitted
to hospital in January 1994 because of slowly
progressing dementia. The underlying general-
ised disease in this patient was diagnosed as
Wiscott-Aldrich syndrome. Brain MRI showed
multiple tiny spots of Gd-DTPA enhanced
lesions on a T1 weighted image. Pathological
findings for a brain biopsy were patchy, demy-
elinated, vascularised lesions infiltrated by
many eosinophils. In July 1994, a diagnosis of
PML was made on the basis of brain biopsy
findings, including detection of JCV DNA by
polymerase chain reaction (PCR) and in situ
hybridisation. Multiple diffuse spotty lesions
were found initially in the frontal lobe, but they
gradually appeared in other parts of the
cerebrum, cerebellar white matter, and brain
stem. The patient survived in a vegetative state
for 4 years after the diagnosis was made, and he
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died from central cardiorespiratory failure on
16 October 1998. Necropsy findings showed
severe brain atrophy and diffuse demyelination
of the white matter of the cerebrum, cerebel-
lum, and spinal cord.

Analysis of JCV regulatory sequences

The JCV regulatory region was amplified from
genomic DNA with the B1/B4 primer pair. B1
was described previously'’; B4 was 5'GCCT-
GCAGTTACTTACCTATGTAGCTTT 3,
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481 of the JCV (Mad-1) genome (fig 1 A)."
The underlined octanucleotide was added to
create a Pst I cleavage site. Amplification was
performed as described previously." Purified
PCR products were digested with a combina-
tion of HindIIl and Ps:I, which excises a
fragment containing the regulatory region (fig
1 A). The recovered DNA was cloned into
pBluesript II SK (+) (Stratagene, La Jolla, CA,
USA). Representative recombinant clones
were sequenced with an autosequencer.

which corresponds to nucleotides (nt) 500 to

A
Regulatory region
[
Tag Ori Domain A Domain B Agnoprotein
=) =)
B1 B4
Amplified fragment
Hindlll Sstl Sstl Pstl
¢ 102 bp L 258 bp i 154 bp L
Cloned fragment
B
Ori TATA Domain A Domain B Agnoprotein
Archtype
-12 121529 60 101 117 164 268
JW-1 112 176 205 225 290
70 112 176 205 225 /
/
112 176 184
JW-2 —
39 112 176 205 225 /
/
. 112 176 205 225
Intermediate-1 /
87 240 305
JW-3 -
166 240 250 /
/
JW-4 87 277 305
166 240 250 /
/
Intermediate-2 308
166 240 250 /
/

Figure 1  (A) Sutes of primers used for PCR. A portion of the JCV genome including the archetype regulatory region is
shown schematically at the top. T antigen gene (T ag), origin of replication (Ori), and agnoprotein gene are indicated.”
Domain A indicates the sequence duplicated in many PML derived JCV isolates, and domain B indicates that the sequence
deleted in many PML derived JCV isolates.” Below the partial JCV genome, the fragment that was amplified by PCR and
the subfragment that was cloned into pBluesript II SK (+) and subsequently sequenced are shown. HindIII, Sstl, and Pst]
cleavage sites are indicated on the amplified and cloned fragments. In addition, the sizes of subfragments generated from
clones with the archetype regulatory region are shown. It should be noted that the sizes of subfragments generated from the
clones with PML-type regulatory regions varied depending on the sequence rearrangements in the regulatory region (table
1). (B) Diagrammatic representation of the detected JCV regulatory sequences. The structure of the archerypal regulatory
region is shown schematically at the top. Symbols are as in (A). The JCV regulatory regions recovered from brain tissue
(FW~-1 to 4) and hypothetical intermediates (1 and 2) are shown with deletions relative to the archetype indicated as gaps.
Reading from left to right, when a repeat was encountered, the linear representation is displaced to the line below and to a
position corresponding to the sequence of the archetype. Numbers below each box and line are nucleotide numbers indicating
end locations (nucleotide numbering system is similar to that of Frisque et al.").
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Table 1  Distribution of various JCV regulatory regions in the brain*

Incidence of regulatory region (%)

Total No

Part of the brain of clones FW-1 FWw-2 FW-3 FW-4 Others
Frontal lobe 32 91 9 0 0 0
Parietal lobe 32 91 6 0 0 3
Temporal lobe 31 7 93 0 0 0
Occipital lobe 26 70 0 4 27 0
Cerebellum 34 50 0 38 11 0
Pons 26 96 0 4 0 0
Frontal lobet 31 77 13 0 0 10%

*Using primers B1 and B4, a portion of the JCV genome including the regulatory region and the
agnoprotein gene (see fig 1A) was amplified from various parts of the brain. The amplified frag-
ments were then cloned into pBluesript II SK (+) (Stratagene, La Jolla, CA, USA), and 26 to 32
recombinant clones were digested with a combination of HindIII, PszI, and SszI. According to the
generated fragment patterns, clones were classified as JW-1, 2, 3, or 4. The sizes of subfragments
generated from each regulatory region were as follows (shown in base pairs): JW-1 (176, 154, 139,
102), TW-2 (176, 154, 102, 83), JW-3 (237, 154, 102), and JW-4 (200, 154, 102).

1Brain biopsy obtained 4 years before the patient’s death.’

FRegulatory regions produced from JW-1 by further amplifications.

We detected four distinct JCV regulatory
regions, designated JW-1, 2, 3, and 4, from
various regions of the brain (fig 1 B). All regu-
latory regions were PML-type regulatory
regions and could be grouped into two classes,
JW-1/2 and JW-3/4. JW-1/2 lacked two seg-
ments, one spanning nt 113 to 175 and the
other spanning nt 206 to 224. JW-3/4 lacked
the segment spanning nt 241 to 249. In
addition, the end points of the duplicated seg-
ments in JW-3/4 were the same (nt 166 and
305). These structural features indicated that
JW-1/2 and JW-3/4 developed through different
intermediates (intermediates 1 and 2 shown in
fig 1). In other words, JW-1/2 and JW-3/4 were
generated independently from the archetype
sequence. In addition, we found that 610 base
pair sequences (VT-intergenic sequences) of
the JCV genome,'” usually used to distinguish
JCV strains, differ between JW-1/2 and JW-3/4
by two nucleotide mismatches (data not
shown), suggesting that JW-1/2 and JW-3/4
were produced from different archetype JCV
strains.

Fragments of JCV DNA were amplified by
PCR from various regions of the brain.
Recombinant clones of the amplified fragments
were classified according to restriction enzyme
analysis (table 1). JW-1 was distributed widely
throughout the brain; its incidence varied from
greater than 90% (frontal and parietal lobes
and pons) to less than 10% (temporal lobe).
JW-2 was restricted to the cerebrum with the
highest incidence (93%) in the temporal lobe.
JW-3 was found only in the cerebellum, occipi-
tal lobe, and pons with a higher incidence
(38%) in the cerebellum. JW-4 was found only
in the occipital lobe and cerebellum at
relatively low incidences (11% and 27%,
respectively).

One major sequence (JW-1) and one minor
sequence (JW-2) were detected in the biopsy of
brain tissue obtained 4 years before the
patient’s death (table 1).° This pattern was
similar to that in the same region of the
necropsied brain (table 1).

Discussion

We studied the postmortem brain of a long
surviving patient with PML for whom diagno-
sis was made 4 years before the patient’s death.
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The JCV regulatory sequence data combined
with the neuroradiological findings provide
new insights into the expansion of brain
lesions.

We detected JW-1 and 2 in a brain biopsy
obtained from the frontal lobe 4 years before
death.” The detection of JW-1 and 2 in the
same region of the brain where earlier lesions
were shown by neuroradiological observations
suggests that JCVs with the JW-1 and 2 regula-
tory regions cause earlier lesions in the CNS.
Four years later, we had the opportunity to
examine the necropsy brain in detail. In
addition to JW-1 and 2, other regulatory
sequences (JW-3 and 4) were detected. The
marked structural differences between JW-1/2
and JW-3/4 (fig 1) excluded the possibility that
JW-3 and 4 were derived from JW-1 or JW-2.
The topological distributions of the four
rearranged regulatory sequences (table 1)
implies that the late lesions in the CNS were
generated by expansion of a JCV variant with
JW-1 as well as delayed growth of JCVs with
other rearrangements. However, it is unclear
why the other early variant with JW-2 did not
expand in the CNS.

The current evidence suggests that JCV is
not present in the CNS latently but appears
there only after reactivation.” Thus, the
scenario proposed by Major er al seems most
likely.'* Briefly, after primary infection, JCV
persists in peripheral lymphocytes, and when
the host becomes immunologically impaired,
the latent virus begins to grow efficiently,
resulting in the expansion of JCV infection.
Some of the infected lymphocytes invade the
CNS, followed by the infection of oligodendro-
cytes and astrocytes.

The rearrangement of regulatory regions
that generated JW-1, 2, 3, and 4 involved two
steps: from the archetype to intermediates and
from intermediates to fully rearranged struc-
tures. The possible sites where these rearrange-
ments occurred were peripheral blood lym-
phocytes and the CNS. The occurrence of
related regulatory regions (JW-1/2 or JW-3/4)
in the same or neighbouring regions of the
CNS (table 1) suggests that the change from
intermediates to PML-type regulatory regions
occurred in the CNS, although the initial
change from the archetype to intermediates
may have occurred in peripheral blood lym-
phocytes.

In summary, we found that multiple JCV
variants with different regulatory region struc-
tures occurred in the CNS in the present
patient. The JCV regulatory sequence data,
combined with the neuroradiological findings,
provided a new insight into the expansion of
brain lesions. As the present patient was rather
unique, it remains to investigate other patients
with PML using the approach used in this
study.
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