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JC virus (JCV) is latent in the kidneys and lymphoid organs of healthy individuals, and its reactivation in
the context of immunosuppression may lead to progressive multifocal leukoencephalopathy (PML). Whether
JCV is present in the brains or other organs of healthy people and in immunosuppressed patients without PML
has been a matter of debate. We detected JCV large T DNA by quantitative PCR of archival brain samples of
9/24 (38%) HIV-positive PML patients, 5/18 (28%) HIV-positive individuals, and 5/19 (26%) HIV-negative
individuals. In the same samples, we detected JCV regulatory region DNA by nested PCR in 6/19 (32%)
HIV-positive PML patients, 2/11 (18%) HIV-positive individuals, and 3/17 (18%) HIV-negative individuals. In
addition, JCV DNA was detected in some spleen, lymph node, bone, and kidney samples from the same groups.
In situ hybridization data confirmed the presence of JCV DNA in the brains of patients without PML. However,
JCV proteins (VP1 or T antigen) were detected mainly in the brains of 23/24 HIV-positive PML patients, in only
a few kidney samples of HIV-positive patients, with or without PML, and rarely in the bones of HIV-positive
patients with PML. JCV proteins were not detected in the spleen or lymph nodes in any study group.
Furthermore, analysis of the JCV regulatory region sequences showed both rearranged and archetype forms in
brain and extraneural organs in all three study groups. Regulatory regions contained increased variations of
rearrangements correlating with immunosuppression. These results provide evidence of JCV latency in the
brain prior to severe immunosuppression and suggest new paradigms in JCV latency, compartmentalization,

and reactivation.

JC virus (JCV) is the etiologic agent of the often fatal brain-
demyelinating disease progressive multifocal leukoencepha-
lopathy (PML) (23a). JCV remains latent in the kidneys, lymph
nodes, and bone marrow of healthy and immunosuppressed
individuals without PML (2, 21, 24) and, upon reactivation, can
cause a lytic infection of oligodendrocytes in the brain, leading
to PML (14). Although JCV is often found in the urine of
healthy individuals (12, 18), it is not usually detected in the
blood of patients without PML (15). The pathway leading to
viral reactivation and replication in the brains of immunosup-
pressed individuals is not well defined. Molecular analysis of
JCV has prompted hypotheses on how the virus emerges from
latency and becomes pathogenic. JCV has a double-stranded,
circular DNA of 5,130 bp. While the coding region is well
conserved, the noncoding regulatory region (RR) of JCV is
hypervariable. The kidneys and urine usually contain JCV with
a well-conserved, nonpathogenic RR which is called the “ar-
chetype” (30). The JCV RR detected in the brains and the
cerebrospinal fluid (CSF) of PML patients usually has dupli-
cations, tandem repeats, and deletions and has been called
“rearranged” compared to the archetype. Although it is not
clear which form of JCV RR is propagated at the time of
primary infection, it has been hypothesized that JCV with the
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archetype RR remains confined in the kidneys of most healthy
individuals and that rearrangements which confer neurotro-
pism need to occur prior to viral migration to the brain to
destroy the myelin-producing glial cells. Whether JCV can
reach the brain and establish latency in the central nervous
systems (CNS) of otherwise-healthy individuals are matters of
debate. While some investigators detected JCV DNA in 28 to
68% of frozen (8, 27) and 18 to 71% of formalin-fixed, paraf-
fin-embedded (FFPE) (4, 7, 20) brain samples of patients with-
out PML, others reported negative results (3, 6, 10, 23).
Clearly, characterizing JCV sites of latency is imperative in the
prevention of viral reactivation and PML. Recently, a group of
PML patients has emerged among those treated with mono-
clonal antibodies, including natalizumab (13, 17, 26), efali-
zumab (16, 19a), and rituximab (5), for multiple sclerosis,
psoriasis, hematological malignancies, and rheumatologic
diseases. Mechanisms of JCV reactivation in these patients has
yet to be defined. To better understand JCV organ tropism and
characterize the types of JCV RRs in different compartments,
we used archival pathology samples to detect JCV DNA and
proteins and to analyze JCV RRs in various organ systems in
HIV-positive individuals with and without PML and in HIV-
negative subjects.

MATERIALS AND METHODS

Specimens. Formalin-fixed, paraffin-embedded (FFPE) samples of brain, kid-
ney, vertebral bone, spleen, and lymph nodes from HIV-positive patients with or
without PML and HIV-negative patients without PML were obtained from the
National NeuroAIDS Tissue Consortium (NNTC). All brain samples in the
HIV-positive and HIV-negative groups were sections from the cerebrum. Brain



VoL. 84, 2010

TABLE 1. Quantification of JCV DNA by qPCR in the
brain, brain stem, kidney, spleen, and lymph node
extracted from a PML patient

No. of JCV copies/pg of DNA in:

Sample
type* Brain Brain stem Kidney Spleen Lymph
node
FFPE 194 6 X 10% 249 725 141 x10°
Frozen 1.00 x 10° 4.70 x 10° 1.10 X 10* 8,309 1.57 X 10°

“ Frozen, frozen at —80°C; FFPE, formalin fixed, paraffin embedded.

sections containing PML lesions were studied from the HIV-positive PML
group. Of the 24 samples, 13 were from the cerebellum and 11 from the cere-
brum.

Samples of brain, brain stem, kidney, spleen, and lymph nodes from a PML
patient were obtained at autopsy. Half of the tissues were frozen for further
analysis, and the other half were fixed in formalin and paraffin embedded for
further analysis. Prior consent was obtained for the study protocol, approved by
the Beth Israel Deaconess Medical Center Institutional Review Board of Human
Studies.

DNA extraction from formalin-fixed, paraffin-embedded samples. Ten 5-pm-
thick slices from FFPE blocks were collected into an Eppendorf tube, and a new
microtome blade was used for each block. DNA was extracted after deparaf-
finization in 100% xylene for 10 min and then in 50% xylene and 50% ethanol for
10 min, followed by 100% ethanol for 10 min twice, all performed at 56°C. The
dried sample was dissolved in 200 wl of tissue lysis solution, part of the Qiagen
DNeasy blood and tissue kit (Qiagen). DNA was extracted by following the
instructions of the manufacturer.

DNA extraction from frozen samples. Freshly frozen autopsy samples were
kept frozen at —80°C until use. DNA extraction was performed with a Qiagen
DNeasy blood and tissue kit (Qiagen).

qPCR. We used quantitative JCV PCR (qPCR) to detect and quantify JCV
DNA in all samples as previously described (22). The limit of detection of the
assay was 10 copies of JCV/pg of cellular DNA. All samples underwent two
qPCR analyses with the same primers and conditions. The amount of DNA used
per reaction ranged from 6 to 500 ng, and the results are expressed in numbers
of copies of JCV/pg of cellular DNA. In the first gPCR analysis, we tested all
samples in duplicate, and a sample was considered positive if at least one of the
two wells had detectable DNA. In the second qPCR analysis, we tested the same
samples in triplicate and considered positive those for which at least two of the
three wells had detectable DNA. We then combined data from both analyses and
considered positive those samples where JCV DNA could be detected in both
the duplicate- and the triplicate-qPCR analysis.

Cloning and sequencing of the JCV RR. We amplified the JCV RR sequences
by nested PCR using outer primers JRE1 (nucleotides [nt] 4989 to 5009) and
LP2 (nt 537 to 518) and inner primers RREV (nt 310 to 291) and RFOR (nt 5085
to 5104) as described elsewhere (19). For each PCR, 20 pmol of primers was used
in 30 cycles of amplification, with an annealing temperature of 63°C. The amount
of DNA used in the reaction mixture ranged from 2 to 789 ng. The PCR products
corresponding to the expected size were cloned with a TOPO-TA cloning kit
(Invitrogen, Carlsbad, CA). Up to 10 clones for each PCR product were analyzed
by restriction enzyme digestion and electrophoresis. We sequenced up to 10
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clones of amplified fragments with the expected length. The DNA sequence was
obtained on an ABI 3730xI sequencer (Applied Biosystems). Sequence analyses
were performed using the Lasergene software MegAlign 7.1 (DNAStar, Madi-
son, WI).

IHC. The expression of JCV proteins was determined by immunohistochem-
istry (IHC) staining using the anti-JCV antibody VP1 PAB597 (a generous gift
from Walter Atwood) and the anti-large T antigen (T Ag) (simian virus 40
[SV40] Tag v-300; Santa Cruz Biotechnology), which cross-reacts with JCV, as
previously described (28).

ISH. The presence of JCV DNA was determined by in situ hybridization
(ISH), using a biotinylated JCV DNA probe (Enzo Life Sciences) as described
previously (29), with modifications of the tissue preparation with antigen-re-
trieval solution (Dako) at 95°C for 20 minutes, followed by a 0.3% hydrogen
peroxidase wash (Sigma) at room temperature for 60 minutes and then by
proteinase K (50 ng/ml; Enzo Life Sciences) digestion at room temperature for
5 min. GenPoint (Dako), a catalyzed-signal amplification system, was used for
staining.

Histological examination. All slides were stained with hematoxylin and Luxol
fast blue solution to determine cellular structures and PML lesions. After depar-
affinization and hydration in up to 95% ethanol, slides were placed in Luxol fast
blue solution at 56°C overnight.

Statistical analysis. Correlation between JCV DNA detection in each patient
and organ group was determined using Fisher’s two-tailed exact test.

RESULTS

JCV DNA detection in FFPE tissues compared to frozen
tissues. To determine the sensitivity of qPCR in detecting JCV
large T DNA in formalin-fixed, paraffin-embedded (FFPE)
tissues, we analyzed several organs from a PML patient that
were either FFPE or frozen at —80°C (Table 1). All of the
organs tested, including the brain, brain stem, kidney, spleen,
and lymph nodes of this PML patient, contained detectable
JCV DNA in samples obtained from both types of tissue prep-
arations. Brain stem, spleen, and lymph node extractions had
comparable quantities of detected JCV DNA in both prepa-
rations. However, the JCV DNA extracted from brain and
kidney of FFPE tissues had 6-log- and 2-log-smaller viral loads,
respectively, than their frozen counterparts. These results in-
dicate that while FFPE tissues can be used for qualitative
assessment of JCV DNA in tissues, quantitative measures may
underestimate the actual viral burden in these specimens.

JCV DNA detection in brain and other organs. To deter-
mine the prevalence of JCV in different body compartments,
we first performed qPCR detection of JCV large T DNA in the
brain tissue of HIV-positive PML patients, as well as of HIV-
positive and HIV-negative subjects (Table 2). We detected
JCV large T DNA in 9/24 (38%) of the HIV-positive PML
group, compared to 5/18 (28%) of the HIV-positive and 5/19

TABLE 2. Detection of JCV DNA in the large T and regulatory regions (RR) of HIV-positive PML, HIV-positive, and HIV-negative
patients’ brains, kidneys, bones, spleens, and lymph nodes

No. positive/total no. of specimens tested (%)

DNA type Grou
op P Brain Kidney Bone Spleen ngé%h
Large T Ag HIV positive/PML 9/24 (38) 1/11 (9) 0/15 4/10 (40) 1/4 (25)
HIV positive 5/18 (28) 0/11 2/11 (18) 1/9 (11) 3/7 (43)
HIV negative 5/19 (26) 0/12 1/12 (8) 2/9 (22) NA“
RR HIV positive/PML 6/19 (32) 2/5 (40) 3/4 (75) 4/10 (40) 2/2 (100)
HIV positive 2/11 (18) 0/3 3/4 (75) 7/7 (100) 4/6 (67)
HIV negative 3/17 (18) 0/1 0/5 3/9 (33) NA

“NA, not available.
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TABLE 3. Detection of JCV large T Ag and capsid protein VP1 in brain, kidney, bone, spleen, and lymph node FFPE samples from
HIV-positive PML, HIV-positive, and HIV-negative individuals

No. positive/total no. of samples tested (%)“

Sample type Group
Large T Ag Capsid protein VP1 T Ag or VP1
Brain HIV positive/PML 21/24 (88) 20/24 (83) 23/24 (96)
HIV positive 1/18 (6) 0/18 1/18 (6)
HIV negative 1/19 (5) 0/19 1/19 (5)
Kidney HIV positive/PML 1/11 (9) 0/11 1/11 (9)
HIV positive 3/11 (27) 0/11 3/11 (27)
HIV negative 0/12 0/12 0/12
Bone HIV positive/PML 1/13 (8) 1/13 (8) 2/13 (15)
HIV positive 0/11 0/11 0/11
HIV negative 0/12 0/12 0/12
Spleen HIV positive/PML 0/9 0/9 0/9
HIV positive 0/9 0/9 0/9
HIV negative 0/9 0/9 0/9
Lymph node HIV positive/PML NA NA NA
HIV positive 0/7 0/7 0/7
HIV negative NA NA NA

“NA, not available.

(26%) of the HIV-negative groups (P = 0.78). The JC viral
loads ranged between 38 and 3,464 (mean, 910) copies/pg of
DNA in the HIV-positive PML group, 111 and 9,254 (mean,
3,033) copies/pg in the HIV-positive group, and 377 and 1,457
(mean, 768) copies/pg in the HIV-negative group.

Among the five HIV-positive patients who had detectable
JCV large T DNA in their brain by qPCR, four had normal
brain histology and one had a poorly differentiated metastatic
tumor on pathological examination. Three of these patients
had plasma HIV loads of 54,439, >75,000, and <400 copies/ml
and corresponding CD4 counts of 8, 13, and 663 cells/ul. One
other patient had a CD4 count of 25 cells/ul. Among the five
HIV-negative subjects with detectable JCV DNA, three had
amyotrophic lateral sclerosis (ALS) and the other two did not
have any brain pathology on examination.

JCV large T DNA was detected in the kidney of only one
HIV-positive PML patient and in the bone samples of one
HIV-positive and one HIV-negative subject. JCV DNA was
detected in the spleen and lymph nodes of few individuals in all
available study groups. To further clarify JCV DNA detection
in these FFPE tissues, we also amplified the JCV RR by nested
PCR with available samples (Table 2). Detection of the am-
plified RR product by gel electrophoresis was confirmed by
cloning and sequencing. In the brain tissues, detection of the
JCV RR was comparable to detection of JCV large T, with
prevalences of 6/19 (32%) in HIV-positive PML patients and
2/11 (18%) and 3/17 (18%) in HIV-positive and HV-negative
patients, respectively (P = 0.67), but in the kidney, bone,
spleen, and lymph nodes, RR detection by nested PCR ex-
ceeded that of large T DNA. However, only 1/11 brain, 1/5
kidney, 2/6 bone, and 1/26 spleen samples with detectable RRs
by nested PCR had no large T detection by qPCR in any of the
runs. The rest of the samples had at least one qPCR run that
was positive for large T but did not meet the criteria for a
positive qPCR result.

In a separate analysis, the large T and RR DNA detections

showed no significant differences in the rates of detection of
JCV DNA in the brains of HIV-positive PML patients com-
pared to the HIV-positive and HIV-negative groups. Detec-
tion of large T DNA in the brain was not significantly more
frequent than in the extraneural organs combined for any of
the three groups (P = 0.07, 0.26, and 0.12). Similarly, the
detection of regulatory region DNA in the brains of HIV-
positive patients with PML and HIV-negative patients was also
not significantly more frequent than in the extraneural organs
combined (P = 0.22 and 1). In the HIV-positive group, how-
ever, the JCV regulatory region DNA was more frequently
found in the combined extraneural organs than in the brain
(P = 0.009). These results showed that JCV DNA is detectable
in multiple organs and that JCV DNA is present in the brains
of patients both with and without immunosuppression.

JCV VP1 and T Ag protein detection in brain and other
organs. We performed IHC on all available tissues. We found
that JCV large T antigen (T Ag), a regulatory protein ex-
pressed early in the viral life cycle, was detected in the brains
of 21 of the 24 HIV-positive PML patients (Table 3) and that
the major capsid protein VP1, indicating the presence of ma-
ture viral particles, was expressed in the lesions of 20/24 (83%)
HIV-positive PML patient brain samples. All together, 23 of
the 24 HIV-positive PML brain samples expressed either one
or both of the JCV proteins tested. One brain sample showed
extensive demyelination but did not stain for VP1 or T Ag
protein. We also found T Ag in one brain sample each from the
HIV-positive and -negative control groups. As expected, JCV
proteins were significantly more frequently expressed in the
brains of PML patients than in the HIV-positive and HIV-
negative groups (P = <0.001). Furthermore, T Ag were de-
tected at low levels in kidney samples from the HIV-positive
PML and HIV-positive groups. T Ag and VP1 were rarely
detected in the bone samples of the HIV-positive PML group
only. T Ag was not detected in the extraneural organs of the
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FIG. 1. Immunohistochemical staining of JCV proteins Vpl and T Ag in brain, kidney, and bone in HIV-positive PML patients. Numerous cells
(arrows) in the brain stained positive for VP1 (A) and TAg (B). While no VP1 protein was detected in the kidney (C), JCV-infected kidney tubular
epithelium cells (arrows) stained positive for T Ag (D). In the bone, rare cells (arrows) stained positive for both VP1 (E) and T Ag (F). All the

images are magnified 40-fold, and the scale bar is 100 pm.

HIV-negative group, and VP1 protein was not detected in any
organs of this group (Fig. 1).

All five HIV-positive patients with detectable JCV DNA in
the brain had negative staining for VP1, and the patient with
an undifferentiated tumor had a brain sample which stained
positive for T Ag. All five HIV-negative patients with detect-
able JCV DNA in the brain showed no expression of VP1
protein, and one of the five with normal brain pathology had
rare cells expressing T Ag.

In situ hybridization of JCV DNA. To further clarify the
discrepant results between JCV DNA detection by gPCR and
JCV protein detection by IHC, we performed in situ hybrid-
ization (ISH) for JCV DNA on a subset of the FFPE tissue
sections (Fig. 2). In the HIV-positive control group, the brain

tissue sections of 3 of the 5 patients who were positive for JCV
by qPCR exhibited rare cells (1 to 2 cells per tissue section)
which also stained JCV positive by ISH. As described above,
only 1 of these 5 patients had rare cortical cells expressing T
Ag, and the ISH was also positive in this case. Serving as
controls, 5 of 5 other HIV-positive patients with negative
qPCR and IHC results also showed negative ISH results (data
not shown). In the HIV-negative control group, 3 of the 5
patients with positive gPCR results also had 1 to 10 cells per
tissue section that stained positive by ISH, including one with
positive IHC T Ag staining in the same distribution. Further-
more, three additional HIV-negative control patients with un-
detectable JCV DNA by qPCR and proteins detected by THC
also had negative ISH results (data not shown). In HIV-posi-
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FIG. 2. In situ hybridization (ISH) detection of JCV-positive cells in the brain samples of HIV-positive PML, HIV-positive, and HIV-negative
individuals compared to the immunohistochemical staining detection of JCV VP1 proteins in the same patients. Positive VP1 protein staining in
JCV-infected cells (arrows) in an HIV-positive PML individual (A) corresponds to positive ISH for JCV DNA (arrows) in the same individual (B).
(C) JCV VP1 protein is not detected in the brain of an HIV-positive individual. (D) However, ISH detected rare cells harboring JCV DNA (arrow)
in this patient. (E) JCV VP1 protein is not detected in an HIV-negative individual. (F) However, ISH showed rare JCV DNA-positive cells (arrow).
The images are magnified 40-fold, and the insets are magnified 100-fold. Scale bar = 100 pwm.

tive patients with PML, samples that had detectable JCV DNA
by gPCR and JCV proteins by IHC all had positive ISH results.
Finally, there were 15/24 brain samples in this group with
discrepant results; each sample had at least one cell staining
positive for JCV protein by IHC staining but did not meet the
criteria for qPCR positivity. Of those 15 samples, 8 were pos-
itive for JCV DNA by ISH; therefore, compared to that of
IHC, the sensitivity of ISH to detect JCV in PML lesions was
8/15 (53%). The one HIV-positive PML patient brain sample
with demyelinated lesions, but no VP1 or T Ag IHC staining
and undetectable JCV DNA, was positive by ISH. Lastly, in all
ISH-positive cases, JCV-infected cells were located in the
brain parenchyma and not inside identifiable blood vessels.

JCV regulatory region analysis. Samples that were positive
for JCV DNA on the first duplicate analysis by qPCR were
selected to be tested for the JCV regulatory region (RR) in a
nested PCR assay (Table 4). We obtained RR sequences from
39 samples (11 brains, 14 spleens, 6 bones, 6 lymph nodes, 2
kidneys) from 27 patients (12 PML, 10 HIV-positive, and 5
HIV-negative). Whenever possible, 10 clones from each nest-
ed-PCR-positive RR sample were sequenced, with an average
of 8 clones per sample (311 clones total).

The RR forms were classified into four types as previously
described (11). Type I-S has a single 98-base-pair unit, and
type I-R has repeats of this 98-base-pair unit, with various
deletions, as seen in the JCV Mad-1 and Mad-4 strains; both of
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TABLE 4. Types of JCV RRs found in brain, kidney, bone, spleen, and lymph node FFPE samples from
HIV-positive PML, HIV-positive, and HIV-negative individuals

No. of RRs of the indicated type/no. of clones sequenced (%)*

; No. of No. of
Sample type Group patients clones s IR 11-S II-R

Brain HIV positive/PML 6 28 3/28 (11) 13/28 (46) 12/28 (43) 0
HIV positive 2 19 4/19 (21) 15/19 (79) 0
HIV negative 3 21 9/21 (43) 12/21 (57) 0 0

Kidney HIV positive/PML 2 19 0 19/19 (100) 0 0
HIV positive 0 0 NA NA NA NA
HIV negative 0 0 NA NA NA NA

Bone HIV positive/PML 3 20 10/20 (50) 10/20 (50) 0 0
HIV positive 3 25 0 6/25 (24) 9/25 (36) 10/25 (40)
HIV negative 0 0 NA NA NA NA

Spleen HIV positive/PML 4 32 2/32 (6) 16/32 (50) 14/32 (44) 0
HIV positive 7 65 10/65 (15) 43/65 (66) 12/65 (18) 0
HIV negative 3 30 0 0 30/30 (100) 0

Lymph node HIV positive/PML 2 19 0 9/19 (47) 10/19 (53) 0
HIV positive 4 33 3/33 (9) 26/33 (79) 4/33 (12) 0
HIV negative NA NA NA NA NA NA

“NA, not available.

these types have no inserts. Conversely, type II-S has a single
98-base-pair unit and one 23- and one 66-base-pair insert, as
seen in the archetype, and type II-R has repeats of this 98-
base-pair unit and inserts with various mutations, also called
rearranged RRs. In the brains of HIV-positive PML patients,
the RRs were significantly more frequently of the types I-R
and II-S (P = 0.007) (Fig. 3). All the RRs from the kidneys of
two HIV-positive PML patients were of type I-R. While the
bone RRs were of all four types, the greatest numbers of
patients and clones were obtained from the spleen. Finally, in
the HIV-negative group, only one sequence representation was
detected in each of the three RR types (I-S, I-R, II-S), whereas
in both the HIV-positive PML and HIV-positive groups, both
type I-R and type II-S clones with several different sequence
rearrangements were detected. This indicates that JCV RR
rearrangements occur more frequently with increased immu-
nosuppression.

In 9 of the 27 patients, we were able to obtain RR sequences
from more than one organ. We cloned and sequenced the RRs
from three organs in three patients; in an HIV-positive patient
with PML, we detected the I-S type in the brain and bone, the
I-R type in the brain, and the II-S type in the lymph node. In
an HIV-positive patient, we found type II-S in the bone and a
mixture of types I-S and I-R in both the spleen and lymph
node. Another HIV-positive individual had type II-R in the
bone and both types I-R and II-S in the spleen and lymph
nodes. We obtained sequences from two organs in six patients,
including three HIV-positive PML patients. In one HIV-pos-
itive patient with PML, we found type I-R in both the brain and
kidney. In two other HIV-positive PML cases, we detected RR
sequences in the brain and spleen, including types I-R and II-S
in the brain and type II-S in the spleen in one of them and type
I-R in the brain and types I-S and I-R in the spleen in the
other. We obtained sequences from two organs in two HIV-
positive control patients. In both cases, we found JCV RRs in
spleen and lymph node, with one patient having types I-R and

II-S in both organs and the other having types I-R and I-S in
both organs. Finally, RR sequences from two organs in one
HIV-negative control patient showed types I-S and I-R in the
brain and type II-S in the spleen. In all cases where both spleen
and lymph node sequences were obtained from the same pa-
tient, the same types of RRs were present in both organs.

DISCUSSION

Our results suggest that JCV can spread throughout the
body in immunosuppressed and immunocompetent individuals
alike and that it is present in the brains of individuals without
PML. Using FFPE tissues allowed us access to archival mate-
rial from PML patients suitable for our study. However, to
estimate the yields of JCV DNA extracted from FFPE sam-
ples, we first compared JCV DNA detection in freshly frozen
tissues to that in FFPE tissues obtained at autopsy from the
same PML patient seen at our institution. These experiments
indicated that although the PCR results were concordant, JC
viral load was 1 to 6 logs lower in FFPE tissues than in freshly
frozen tissues. However, the main demyelinating lesions were
located in the brain stem of this PML patient. The FFPE
tissues from the brain stem showed only a 1-log decrease in JC
virus load from that in the frozen sample, whereas the FFPE
tissues from the brain had a 6-log decrease compared with the
viral load in the frozen sample. This may be due to inhomo-
geneous spread of the virus within the brain areas sampled for
frozen and FFPE tissue analysis.

Although the availability of FFPE tissues allowed us to test
a large number of cases, the frequency of DNA detection was
likely underestimated. This was demonstrated by finding either
JCV large T Ag or RR DNA in only 50% of PML cases, while
JCV proteins could be detected in 96% of them. The archival
samples used in the study groups were available autopsy sam-
ples from patients with various lengths of survival after the
diagnosis of PML. Therefore, the lower frequency of JCV
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DNA detection by PCR can be due to the fact that the viral
burden in the lesions decreased in time, commensurate with
the destruction of glial cells and demyelination. Another pos-
sibility is that many of these autopsy samples had been in
storage for as long as 13 years and had been incubated for
extended periods of time in formalin prior to being embed-
ded, which affects the integrity and quality of the extracted
DNA. Using archival samples is not ideal, but it was the only
way to study a rare and deadly disease such as PML.

The samplings of tissues used in our study represent a small
portion of the organ, thus subjecting our analysis to sampling
bias. Specifically, prior studies demonstrated detection of JCV
DNA in the urine of up to 30% of healthy individuals (12, 18),
far greater than the detection of JCV DNA in the kidneys (9%
in the HIV-positive group with PML and none in the HIV-
positive and HIV-negative groups without PML) in our study.
This discrepancy is due to the fact that urine represents a
sampling of the entire kidney instead of focal sites, as demon-
strated by others (21). However, this bias is balanced by com-
paring only focal samples in all organs. Future studies should
determine whether JCV spread is homogeneous in each organ.

We took several measures to ensure the integrity of our data
and to eliminate the possibility of contaminations. All labora-
tory procedures were performed only after working surfaces
were cleaned with DNase. DNA extractions from all specimens
were performed in laboratory space entirely separate from
areas of PCR amplification. All samples were deidentified and
processed in batches by researchers. We also performed two
separate qPCR experiments on each sample. In the first JPCR
experiment, we analyzed the samples in duplicate. Samples
were considered positive if one out of two tubes had detectable
JCV DNA. We then repeated the qPCR experiment, analyzing
all of the same samples in triplicate. In this experiment, sam-
ples were considered positive if two out of the three tubes had
detectable JCV DNA. Combining the results of two separate
qPCR experiments, we set the stringent criteria that a sample
was considered to have detectable JCV DNA only if it was
considered positive in both qPCR experiments and thus had
JCV DNA in at least 3 of 5 replicates. These criteria may have
contributed to a lower qPCR sensitivity. Furthermore, several
PML patient lesions had extensive demyelination and only a
few remaining JCV-infected cells, which may explain some of
the negative PCR results. In these cases, ISH seemed to be a
more robust method than PCR to demonstrate the presence of
rare cells harboring JCV DNA in FFPE specimens from PML
patient lesions. We therefore employed ISH as an additional
technique to help us decipher JCV DNA detection in these
tissues. Our data showed that stringent qPCR criteria for the
detection of JCV DNA may have in some cases assigned neg-
ative results to samples. It is also likely that the JCV DNA
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from rare positive cells detected by ISH was diluted within
genomic DNA and dropped below the detection level of the
qPCR assay.

While ISH confirmed the results for all the qPCR-positive
samples in the HIV-positive PML group, only 3 of the 5 large
T DNA-positive brains from the HIV-positive and HIV-nega-
tive groups were positive by ISH staining. As shown in Fig. 2,
ISH detected rare positive cells in the latter two groups. In the
brains of PML patients, the higher sensitivity of ISH may have
been due to the fact that JCV DNA was more abundant in
these samples and could readily be detected by ISH. In the
brain of non-PML patients, some qPCR-positive cases were
ISH negative. Since the piece of tissue used to extract DNA for
qPCR is not the same as the sections used for ISH, this ap-
parent discrepancy may be caused by sampling in areas of low
JCV burden. This most likely contributed to the lower sensi-
tivity of ISH in the HIV-positive and HIV-negative groups
than in the HIV-positive PML group.

We did not expect to detect JCV DNA in the brains of a
third of the HIV-positive and negative patients without PML
and therefore performed ISH to verify these findings. ISH
confirmed the presence of rare JCV-infected cells in most of
these cases. However, only one subject in each HIV-positive
and HIV-negative group without PML had expression of JCV
T Ag, but not VP1, in the brain. These results suggest that JCV
DNA may remain latent in a limited number of cells in many
immunocompetent and immunosuppressed individuals alike,
which may lead to an abortive infection with occasional expres-
sion of the T Ag only, without the virus undergoing a full
replicative cycle. We have recently reported 38 cases of PML
occurring in individuals with minimal or occult immunosup-
pression (9). It is therefore possible that in those patients, JCV
was already latent and reactivated from within the brain.

The similar prevalences of JCV DNA in the brains of all
three study groups indicate that the presence of JCV DNA in
the brain is not associated with immunosuppression. A prior
study has also shown that JCV DNA is present in 44% of brain
samples of HIV-positive patients without PML and 33% of
brain samples of HIV-negative patients without PML (25).

To determine the extent of JCV spread in the body, we also
tested kidney, bone, spleen, and lymph node samples. PCR
analysis, including detection of JCV large T and RR DNA,
indicated that JC virus may spread throughout the body in both
immunocompetent and immunosuppressed individuals with
and without PML. However, JCV protein expression was sel-
dom found in the kidneys of HIV-positive patients, with or
without PML, and only occasionally in bone samples from
HIV-positive PML patients. Taken together, these data dem-
onstrate that although JCV DNA is present in various organs,

FIG. 3. Sequencing results of the JCV RRs from the brains, kidneys, bones, spleens, and lymph nodes of HIV-positive patients with PML (A),
HIV-positive patients (B), and HIV-negative patients (C). The nucleotide numbers are based on the prototype MAD-1 sequence. Each 98-bp unit
is represented by an open box. The TATA box is represented by TATA. The 23-bp insert and 66-bp insert characteristic of archetype (II-S)
sequences are represented as open boxes labeled “23 bp” and “66 bp,” respectively. Gray lines represent the region downstream of the 98-bp units.
Dotted lines represent deletions or regions not present. Asterisks represent single nucleotide point mutations or deletions. Letters indicate
nucleotides. MAD-1 contains an adenine at positions 85 and 183, compared with all other sequences, which contain guanine at these positions.
The types of RRs are indicated. These numbers represent total numbers of clones from all patients in the category and may include multiple clones
of the type from a single patient. ori, origin of replication. The black triangles indicate the locations of the drawn fragment insert sites.
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active JCV replication and protein expression occur preferen-
tially in the brains of patients who develop PML.

Lastly, the sequencing of JCV RR from all groups contained
multiple types and mutations, which further support isolation
and amplification of real physiological samples and not labo-
ratory strains. The RR of JCV, containing transcription control
factor binding sites, is closely associated with pathogenesis.
Although the exact mechanism of rearranging and the effects
of rearrangements on pathogenesis have yet to be fully delin-
eated, our data showed that both the archetypal and rear-
ranged forms can be detected in both the brain and kidney. We
describe novel detection of the I-S, II-S, and I-R types of RRs
in the spleens of patients in all categories. Overall, the HIV-
negative group had only one I-R variant and one II-S variant,
while the HIV-positive group without PML had three I-R
variants, three II-S variants, and one II-R variant, and the
HIV-positive group with PML had three I-R variants and two
II-S variants. These results suggest that active replication of
JCV in immunosuppressed patients contributed to the multi-
ple forms of the RR present in all organs. These results invite
us to reappraise the classic assignment of the rearranged I-R
type of RR of JCV in the brain and the archetype II-S type in
the kidney. Multiple types of RRs can be detected in all organs
in PML patients as well as in HIV-positive and HIV-negative
patients without PML. However, HIV-negative patients had
fewer RR variations detected in only two organs, indicating
that immunosuppression most likely enhanced the rearrange-
ments in the RR variations detected in multiple organs in the
HIV-positive groups both with and without PML.

Our results confirm and expand the results of previous stud-
ies showing the presence of JCV DNA in the brains of indi-
viduals without PML (4, 8, 25, 27). We have performed a
comprehensive study of a large number of HIV-positive PML
patients as well as HIV-positive and -negative individuals using
several techniques to detect the presence of JCV DNA and
protein in several organs. The JCV RRs in the brains of HIV-
negative patients are of the I-S and I-R types, while spleens
had the II-S type. Therefore, it is possible that primary infec-
tion with JCV is carried out with a mixture of virions harboring
avariety of RR types. Thereafter, JCV with the II-S type of RR
may preferentially establish latency in kidney epithelium cells,
while JCV with the I-R and II-R RR types establishes latency
in the brain. In the context of immunosuppression, JCV reac-
tivates both in the brain and in the kidney, producing multiple
forms of RRs in all organs.

Our findings of both JCV large T DNA and regulatory
region DNA in the brains of individuals without PML demon-
strate that JCV is latent in the brains of patients without HIV
or PML. In these people, the large T Ag is sometimes ex-
pressed but the viral capsid protein VP1 is not. It is not clear
if JCV first enters the central nervous system during primary
infection. Further studies are needed to show whether the
latent JCV strains present in the brain can reactivate under
immunosuppression and cause PML. Alternatively, PML may
also result from reactivated extrancural JCV strains, which
then cross the blood-brain barrier. In conclusion, by demon-
strating the presence of JCV DNA in the brains of patients
without PML, we have gained new insights into JCV latency,
compartmentalization, and reactivation. A better understand-
ing of JCV latency in the brain will help in devising strategies
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to prevent its reactivation in HIV-infected patients and those
treated with immunomodulatory medications.
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