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JC virus (JCV)-specific CD8� cytotoxic T lymphocytes (CTL) are associated with a favorable outcome in
patients with progressive multifocal leukoencephalopathy (PML) and cross-recognize the polyomavirus BK
virus (BKV). We sought to determine the frequency and phenotype in fresh blood of CD8� T cells specific for
two A*0201-restricted JCV epitopes, VP1p36 and VP1p100, and assess their impact on JC and BK viremia and
viruria in 15 healthy subjects, eight human immunodeficiency virus-positive (HIV�) individuals, and nine
HIV� patients with PML (HIV� PML patients) classified as survivors. After magnetic preenrichment of CD8�

T cells, epitope-specific cells ranged from 0.001% to 0.22% by tetramer staining, with no significant difference
among the three study groups. By use of seven-color flow cytometry, there was no predominant differentiation
phenotype subset among JCV-specific CD8� T cells in healthy individuals, HIV� subjects, or HIV� PML
patients. However, in one HIV� PML patient studied in the acute phase, there was a majority of activated
effector memory cells. BKV DNA was undetectable in all blood samples by quantitative PCR, while a low JC
viral load was found in the blood of only one HIV� and two HIV� PML patients. JCV and BKV DNA were
detected in 33.3% and 13.3% of all urine samples, respectively, independent of the presence of JCV-specific
CTL. The detection of JCV DNA in the urine was associated with the presence of a JCV VP1p100 CTL response.
Immunotherapies aiming at increasing the cellular immune response against JCV may be valuable in the
treatment of HIV� individuals with PML.

JC virus (JCV) is a polyomavirus that infects approximately
85% of the adult population worldwide (35). In most individ-
uals, the virus is quiescent in the kidney or lymphoid organs,
but in the setting of severe immunosuppression, such as in
patients with AIDS or hematological malignancies or in organ
transplant recipients, it can reactivate and spread to the central
nervous system, causing a deadly demyelinating disease of
the brain named progressive multifocal leukoencephalopathy
(PML). The incidence of PML is 5.1% in patients with AIDS
(26) and 3.3% in patients with hematological malignancies
(12). Although there is no specific treatment for this condition,
the immune reconstitution induced by highly active antiretro-
viral therapy (HAART) in human immunodeficiency virus
(HIV)-infected patients has improved the survival from 10 to
50% in this population (17).

In previous studies, we have shown that the detection of
peripheral blood CD8� cytotoxic T lymphocytes (CTL) against
HLA-A*0201-restricted JCV epitopes VP1p36 (8) and VP1p100

(19) after peptide stimulation and culture for 10 to 14 days is
associated with a better outcome in PML patients. The pres-
ence of these cells early after PML onset had an 87% predic-
tive value for disease stabilization (9). We have also detected
JCV-specific CTL in the blood of most healthy individuals
after in vitro stimulation, suggesting that these cells might play
a role in the control of the viral replication and the protection
against the development of PML in immunocompetent people
(10). In these same studies, the frequency of JCV-specific CTL
was estimated to be very low in fresh blood. We were able to
detect JCV VP1p36 tetramer-positive CD8� T cells in two
HIV-infected patients with PML (HIV� PML patients) and
only in 2/10 healthy individuals. We therefore used a CTL
sorting technique and showed that the frequency of these cells
ranged from 1/2,494 to less than 1/100,000 peripheral blood
mononuclear cells (PBMC). In one healthy individual, the fre-
quency of JCV VP1p100 tetramer-positive CD8� T cells was
1/75,200 PBMC. However, this technique required the use of
large quantities of tetramer reagent and therefore was costly
and not suitable for high-throughput testing.

The need for the development of a better method for de-
tection of CTL in fresh blood was also spurred by our im-
proved understanding of the cellular immune response against
polyomaviruses. BK virus (BKV) is a human polyomavirus that
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has 75% sequence homology with JCV and causes nephropa-
thy in kidney transplant recipients. Indeed, we and others have
recently demonstrated that CTL specific for the HLA-A*0201-
restricted JCV VP1p36 epitope cross-reacts with the BKV
VP1p44 epitope and that the HLA-A*0201-restricted JCV
VP1p100 epitope cross-reacts with the BKV VP1p108 epitope (5,
20, 30), suggesting that this immune response against both
human polyomaviruses may be mediated by the same CTL
populations.

To gain a better understanding of the dynamics of this cel-
lular immune response, we sought to determine the differen-
tiation profile of CD8� T lymphocytes. In the case of JCV
infection, the very low frequencies of virus-specific CTL make
this a difficult task. Additionally, the determination of the
phenotype is not reliable in antigen-stimulated CD8� T lym-
phocytes after culture in vitro (13).

To address these challenges, we devised a more sensitive
tetramer staining assay, using preenriched CD8� T cells fol-
lowed by seven-color flow cytometry. With this method, we
determined the differentiation phenotype of CTL and mea-
sured the frequency of these cells in fresh blood samples of
HIV-infected patients with and without PML and in samples
from healthy control subjects. To better understand the role of
the cellular immune response in the containment of both hu-
man polyomaviruses, we also correlated the presence of JCV
VP1p36- and VP1p100-specific CD8� T cells with detection of
JCV and BKV DNA in urine and peripheral blood.

MATERIALS AND METHODS

Study subjects. We enrolled a total of 32 HLA A*0201� subjects in this study,
including 15 healthy individuals aged 23 to 44 years (32.5 � 6.3 years [mean �
standard deviation]), eight HIV-infected patients aged 38 to 68 years (51.3 �
10.3 years), and nine HIV-infected patients with PML aged 36 to 47 years
(41.7 � 4.5 years). Eight PML patients were classified as survivors based on a
recent consensus on terminology of PML (6) and were still alive an average of 7
years (2 to 12 years) after being diagnosed with PML. One patient was enrolled
3 weeks after the onset of PML, and samples of blood were collected prospec-
tively over 19 weeks. He continues to improve 11 months after initial diagnosis.
The mean CD4� T-cell count was 358 (�254)/mm3 in the HIV� group and 414
(�245)/mm3 in the HIV� WPML group. We enrolled four HLA A*0201�

healthy individuals as controls to assess the background of tetramer staining after
magnetic sorting of CD8� T cells and to determine the lower level of detection
of this assay. All participants had detectable JCV and BKV antibodies in the
blood. Informed consent was obtained according to institutional guidelines.

Major histocompatibility complex class I typing. The major histocompatibility
complex class I alleles expressed by the study subjects were determined using
standard serologic tissue-typing procedures. Molecular analyses to determine
HLA-A*02 subtypes were performed on all study subjects.

Hemagglutination inhibition assay. Human serum antibody titers against
BKV and JCV were determined by hemagglutination inhibition assay as de-
scribed elsewhere (23).

PBMC preparation. Between 2 � 107 and 2 � 108 PBMC were isolated from
30 to 40 ml of blood by centrifugation over a Ficoll-diatrizoate gradient. These
cells were used for magnetic enrichment of CD8� T cells or were cultured for 10
to 14 days in the presence of JCV CTL epitope peptides.

Magnetic enrichment of CD8� T cells. An enriched CD8� T-cell population
was obtained through negative selection using magnetic beads. Briefly, 2 � 107

to 8 � 107 PBMC were resuspended in cold MACS buffer (phosphate-buffered
saline [PBS], 0.5% fetal calf serum [FCS], 2 mmol EDTA) and stained with a
combination of biotin-labeled antibodies (CD8� isolation kit II; Miltenyi Biotec)
according to the manufacturer’s instructions. Cells were incubated for 10 min at
4°C, and paramagnetic microbeads coated with monoclonal mouse antibiotin
antibodies were added. After 15 min of incubation at 4°C, cells were washed and
resuspended in 500 �l of MACS buffer. By use of this technique, 2 � 106 to 2 �
107 CD8� T cells were negatively selected.

Stimulation of PBMC by CTL epitope peptides of JCV. Three million PBMC
were stimulated with HLA-A*0201-restricted nonamer epitope peptides of the
JCV VP1 protein, VP1p36-SITEVECFL or VP1p100-ILMWEAVTL, at final con-
centrations of 2.5 �g/ml and 1 �g/ml, respectively. Cells were cultured in RPMI
1640-12% FCS in a well of a 24-well plate. After 72 h, an equal volume of
medium containing 50 U of recombinant interleukin-2 was added to each culture
well, and every 2 days thereafter, half of the medium was replaced. After 10 to
14 days, the frequency of JCV VP1p36 or JCV VP1p100 tetramer-positive cells was
determined.

Staining and phenotypic analysis of JCV VP1p36- or JCV VP1p100-specific
CD8� T cells by seven-color flow cytometry. The CD8� T-cell-enriched fraction
(2 � 106 to 2 � 107 cells) was washed in PBS with 2% FCS and centrifuged for
5 min at 300 � g. The pellet was resuspended in PBS using 100 �l/106 cells and
stained with phycoerythrin-coupled tetrameric HLA-A*0201/VP1p36 or tet-
rameric HLA-A*0201/VP1p100. After 15 min of incubation at room temperature,
the cells were stained with a combination of anti-CD3, -CD8�, -CCR7,
-CD45RA, -CD38, and -HLA-DR and incubated for additional 15 min. Then,
the lymphocyte samples were washed in PBS with 2% FCS and centrifuged for
5 min at 300 � g. The supernatants were decanted, and cells were resuspended
in 0.5 ml of PBS containing 1.5% paraformaldehyde. Samples were analyzed on
an LSR II flow cytometry system (BD Biosciences).

In addition, 5 � 105 PBMC cultured for 10 to 14 days were stained with the
same tetramers. Flow cytometry analysis was performed as described above.
Samples were analyzed on a FACSCalibur flow cytometry system (Becton Dick-
inson). Results were considered positive when tetramer-stained CD8� T cells
formed a distinct population and their number was �0.1%. Data presentation
was performed using FlowJo software (Tree Star, Inc.).

Quantitative PCR detection for BKV and JCV DNA in the study subjects.
Quantitative real-time PCR (qPCR) was used to measure BKV and JCV viral
loads in the plasma, PBMC, and urine of the study subjects. We used a QIAamp
DNA blood mini kit (QIAGEN) to extract DNA from plasma, urine, or PBMC,
following the instructions of the manufacturer and analyzing results in duplicate.

For JCV PCR, we used primers that represent nucleotides (nt) 4298 to 4320
(5�-AGAGTGTTGGGATCCTGTGTTTT-3�) and 4375 to 4352 (5�-GAGAAG
TGGGATGAAGACCTGTTT-3�) of the large T gene sequence of JCV strain
Mad 1, while for BKV PCR we used primers that represent nucleotides 2217 to
2241 (5�-TGCTAGGTATTTTGGGACTTTCACA-3�) and 2320 to 2302 (5�-G
CCCCACACCCTGTTCATC-3�) of the VP1 gene sequence of BKV (Dunlop
strain). Each 25-�l reaction mixture contained 400 nM of forward and reverse
primers for JCV or 200 nM for BKV, 100 nM of JCV-specific probe (nt 4323
to 4350) (5�–6-carboxyfluorescein–TCATCACTGGCAAACATTTCTTCATGG
C–6-carboxytetramethylrhodamine–3�) or BKV-specific probe (nt 2255 to
2283) (5�–6-carboxyfluorescein–TTCCCCCAGTACTTCATGTGACCAACAC
A–6-carboxytetramethylrhodamine–3�), and Rox reference dye and TaqMan
universal PCR master mix (Applied Biosystems). Cycling conditions for both
JCV and BKV qPCR were a first 50°C, 2-min step to decontaminate any possible
carryover contamination and a 95°C, 10-min step to denature the template DNA
and activate the polymerase, followed by 40 cycles consisting of 15 s at 95°C for
denaturation and 1 min at 60°C for annealing and elongation. Plasmid DNA
containing the BKV or JCV genome served to generate a standard curve against
which samples were analyzed using 7300 system software (Applied Biosystems).
All qPCR results were calculated as copy number per ml. The detection cutoff of
the assay was 500 copies/ml of plasma and urine or 10 copies/�g of PBMC DNA.

Statistical analysis. Categorical and numeric variables were compared using
Fisher’s test and the Mann-Whitney U test, respectively. All tests were two-
tailed, and � of 0.05 was employed.

RESULTS

JCV VP1p36- and JCV VP1p100-specific CD8� T cells are
present in very low frequencies in the peripheral blood. All
study subjects were seropositive for JCV and BKV. Using
preenrichment of a CD8� T-cell fraction with paramagnetic
beads followed by tetramer staining, we could detect a very low
number of JCV-specific CTL in the fresh blood of the study
subjects. To establish the background level of tetramer staining
and identify the lower level of detection of this assay, we
analyzed samples from four HLA-A*0201-negative individu-
als. In all, the frequency of tetramer-positive cells was lower
than 0.001% CD8� T cells by use of an LSR II flow cytometry
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analyzer (data not shown). Similarly, in most HLA-A*0201�

subjects, when the frequency of JCV VP1p36 or JCV VP1p100

tetramer-positive cells was lower than 0.001% in the unstimu-
lated CD8� T-cell-enriched fraction (Fig. 1A), negligible tet-
ramer-positive cells were observed after subsequent in vitro
peptide stimulation for 10 to 14 days (Fig. 1B). Conversely,
when the frequency of tetramer-positive cells was greater than
0.001% in the unstimulated CD8� T-cell-enriched fraction
(Fig. 1C), a distinct population of tetramer-positive cells could
always be detected after in vitro expansion (Fig. 1D). By use of
this cutoff, a clear subpopulation of JCV-specific cells was
identified in 29 of the CD8� T-cell-enriched fresh blood sam-
ples of HLA A*0201� study subjects by tetramer staining for
either JCV VP1p36 or JCV VP1p100 (Table 1). After 10 to 14
days of peptide stimulation in vitro, we detected JCV-specific
CTL in 38 PBMC samples for these epitopes (Table 1). Since
in four of these samples, fresh blood tetramer staining could
not be performed because of technical reasons, there were 34
tetramer-positive samples after in vitro stimulation for either
JCV VP1p36 or JCV VP1p100 that were paired with fresh blood
tetramer staining for the corresponding epitopes. Therefore,
the sensitivity of the tetramer staining assay performed on
CD8� T-cell-enriched fresh blood samples was 85.2% (29/34).
Since all positive fresh blood samples also had detectable JCV-
specific CTL after in vitro culture, the specificity of this test in
fresh samples was 100% (Table 1). Altogether, peptide stim-
ulation allowed for an average 3.1 log in vitro expansion
(range, 1.24 to 3.93) of tetramer staining cells. A JCV VP1p36-
and/or JCV VP1p100-specific CTL population was detected in
the peripheral blood of 9/15 (60%) healthy individuals, 4/8

HIV-infected subjects (50%), and 7/9 (77.7%) HIV� PML
patients. JCV VP1p36-specific CTL were found in 16/32 (50%)
study subjects, and their frequency ranged from 0.001 to
0.022% of total CD8� T-cell population, while JCV VP1p100

CTL were found in 13/24 (54.2%) study subjects tested, and
their frequency ranged from 0.0014 to 0.015%. We did not find
any significant difference between frequencies of either JCV
VP1p36- or JCV VP1p100-specific CD8� cells among the three
study groups (Fig. 2).

Phenotypic analysis of JCV-specific CD8� T-cell popula-
tions in peripheral blood. On the basis of expression of the cell
surface markers CCR7 and CD45RA, four subsets of JCV-
specific CD8� T cells have been defined: CCR7� CD45RA�

naı̈ve T cells (TN cells), CCR7� CD45RA� central memory T
cells (TCM cells), CCR7� CD45RA� effector memory T cells
(TEM cells), and CCR7� CD45RA� effector or effector mem-
ory RA� T cells (TEMRA cells) (29). In healthy subjects or

FIG. 1. Threshold of detection of JCV-specific CD8� T lympho-
cytes by tetramer staining of the CD8�-enriched fraction of fresh
blood samples from HLA A*0201� study subjects. When the fre-
quency of tetramer staining cells was lower than 0.001% in the CD8�-
enriched fraction (A), no expansion was observed after peptide stim-
ulation (stim.) and culture for 10 to 14 days (�0.1%) (B). If the
frequency of JCV-specific cells was greater than 0.001% in the CD8�-
enriched fraction (C), a clear population could always be identified
after stimulation (D). The percentage of all CD8� T cells that bind the
tetramer is indicated in each panel.

TABLE 1. Frequencies of JCV VP1p36- and VP1p100-specific CD8�

T-cell-enriched fresh blood samples and cultured PBMC
after peptide stimulation

Subject

% JCV VP1p36-
specific CD8� T cells

% JCV VP1p100-
specific CD8� T cells

Fresh
blood

After
peptide

stimulation

Fresh
blood

After
peptide

stimulation

Healthy control no.
1 0.0026 2.6 —a 47.1
2 — — 0.0014 7.1
3 — — NAb —
4 — — 0.0028 0.8
5 0.0048 3.8 0.0075 9.3
6 — — NA —
7 0.0062 12.2 — —
8 0.003 25.4 NA 19.3
9 0.0098 4.7 0.0056 1.7
10 — — — 7.8
11 — — — —
12 — — — —
13 — — 0.0057 4.2
14 — — — —
15 0.007 20.9 — —

HIV� patient no.
1 0.013 21.9 0.0017 1.6
2 0.0068 12 NA 2.8
3 0.001 0.1 0.0053 25.4
4 — 1 NA NA
5 — — — —
6 — — NA —
7 0.0027 5.3 0.0075 0.1
8 — — — —

HIV� PML patient no.
1 0.0013 0.6 NA 5.1
2 0.0043 3.9 NA 26.5
3 0.022 3.4 0.015 2.1
4 0.009 22.3 0.002 1.3
5 — — 0.0035 10
6 — — — —
7 0.0014 7.2 0.0091 29.1
8 — 0.2 — 29.4
9 0.011 37.9 0.011 18.2

a —, undetectable.
b NA, not available.
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HIV-infected patients without PML, there was not a predom-
inant subset of JCV-specific CD8� T cells in the peripheral
blood. CCR7� CD45RA�, CCR7� CD45RA�, and CCR7�

CD45RA� T cells were present in similar frequencies in both
groups (Fig. 3). However, in HIV� PML patients with long-
term disease, CCR7� CD45RA� TEM cells accounted for a
large proportion of JCV VP1p36-specific (49.8%) and VP1p100-
specific (45.5%) cells, although there was no significant differ-
ence compared to results for the other study subject groups
(data not shown). CCR7� CD45RA� TEMRA cells were
present only in very low numbers (�10%) in all three groups.
Expression of activation marker HLA-DR or CD38 was not
observed in JCV-specific CD8� T cells in the three study
populations, except for a PML patient enrolled 3 weeks after
the onset of symptoms, as described below.

JCV VP1p36-specific CD8� T cells from an HIV� patient
with PML during the early phase of disease display a CCR7�

CD45RA� phenotype and express activation markers. To
study the initial dynamics of the CD8� T-cell response against
JCV, we determined the frequency and phenotype of JCV
VP1p36-specific CD8� T cells prospectively in one HIV-in-
fected individual with PML during the early phase of disease.
This patient was a 38-year-old gentleman who presented with
a subacute history of short-term memory problems and right
hemiparesis 7 months after being diagnosed with HIV. His
initial CD4� T-cell count was 1/mm3, and his HIV RNA level
was 7,830 copies/ml. He was treated with a combination of
zidovudine-lamivudine (Combivir) and lopinavir-ritonavir
(Kaletra), and his viral load declined to �50 copies/ml. At

PML onset, his CD4� T-cell count was 84 cell/mm3 and the
plasma HIV RNA level was still undetectable. A magnetic
resonance imaging scan of the brain showed multiple hyperin-
tense lesions in T2-weighted and FLAIR sequences located in
the white matter of both hemispheres. JCV DNA was detected
in the cerebrospinal fluid, and a diagnosis of PML was made.

The frequency of JCV VP1p36 tetramer-positive cells in this
patient’s blood was the highest among those of all study sub-
jects. Three weeks after the onset of symptoms, the frequency
was 0.022% of CD8� T cells. JCV DNA was detected in his
plasma at 4.6 � 103 copies/ml. Two weeks later, the frequency
peaked at 0.044% and declined thereafter (Fig. 4A). The pa-
tient continued on HAART and was started on the 5HT2A
receptor antagonist mirtazapine at 15 mg/day, since it has been
shown that this receptor is involved in the infection of glial
cells by JCV (11). This patient made an excellent recovery. By
19 months after disease onset, the CD4� T-cell count rose to
237 cells/mm3 and the HIV viral load remained undetectable.
His neurological exam showed only a mild right-leg weakness.

Interestingly, the great majority (93.7%) of his JCV VP1p36

tetramer-positive CD8� T cells were CCR7� and CD45RA�

(Fig. 4B). This phenotype is usually associated with effector
memory T cells. At the first evaluation, JCV VP1p36-specific
CD8� T cells expressed activation marker CD38 and HLA-DR
molecules on their surface, suggesting that these cells were
highly activated during JCV reactivation (34). Over the first
4 months of the disease, the expression of both molecules
gradually disappeared (Fig. 4B), concomitant with clinical
improvement.

Relationship between JCV and BKV replication in blood
and urine and presence of JCV VP1p36- or JCV VP1p100-spe-
cific CD8� cells. We sought to investigate a possible correla-

FIG. 2. Frequencies of JCV VP1p36-specific (A) and JCV VP1p100-
specific (B) CD8� T cells in healthy control subjects, HIV� individu-
als, and HIV� PML patients. There was no significant difference in
results among the three groups.

FIG. 3. Phenotypic analysis of JCV VP1p36-specific (A) and JCV
VP1p100-specific (B) CD8� T-cell subsets. There was no predominant
phenotype in the healthy control subjects, HIV� individuals, or HIV�

PML patients. Error bars represent standard errors of the means.
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tion between the presence of JCV-specific CD8� T cells and
viral replication in blood and urine. Using a quantitative
assay, we detected JCV DNA in urine samples of 4/15
healthy individuals (range, 7.18 � 102 to 1.48 � 106 copies/
ml), 3/6 HIV-infected subjects (range, 5.72 � 103 to 5.72 �
107 copies/ml), and 3/9 PML patients (range, 5.3 � 102 to
6.58 � 104 copies/ml) (Table 2). Urine samples were not
available for two HIV-infected patients. Nine out of 10
patients (90%) with urinary JCV excretion had a detectable
JCV VP1p100-specific cellular immune response in their
blood, while these CTL could be found in only 10/20 (50%)
subjects with no JCV viruria (P 	 0.049). There was no
significant difference in the presence of JCV VP1p36-specific
CTL between those subjects with JCV excretion in urine
(6/10) and those without (10/20) (P 	 0.7).

BKV DNA was found in the urine samples of 2/15 (12.9%)
healthy, 1/6 (16.6%) HIV-infected, and 1/9 (11.1%) HIV-in-
fected PML subjects (Table 2). BKV viral load ranged from
1.4 � 103 to 5 � 104 copies/ml. Concomitant JCV and BKV

FIG. 4. (A) Longitudinal study of the frequency of JCV VP1 p36-specific CD8� T cells in fresh blood of an HIV� patient recently diagnosed
with PML. (B) The CCR7� CD45RA� effector memory (TEM) phenotype of CD8� T cells was predominant in the early phase of disease (top row).
After 3 weeks from the onset of symptoms, we observed a strong expression of activation markers CD38 and HLA-DR, which gradually
disappeared over the next few months. Percentages of CD8� cells stained with the various markers are indicated in the panels.

TABLE 2. JCV and BKV urinary excretion in different study groups

Study group

No. of patients with viruria/total
no. of patients (%)

JCV DNA in urine BKV DNA in urine

Healthy controls 4/15 (26.6) 2/15 (13.3)
HIV� patients 3/6 (50) 1/6 (16.6)
HIV� PML patients 3/9 (33.3) 1/9 (11.1)

Total 10/30 (33.3) 4/30 (13.3)
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urinary excretion was not observed with any of the individuals.
Two out of four subjects with urinary BKV excretion had a de-
tectable cellular immune response against both HLA A*0201-
restricted JCV epitopes. No particular patterns of CD8� T-cell
differentiation or presence of activation markers were noticed in
these two subjects.

Finally, JCV DNA was found in the plasma of three of the
study subjects. In one PML patient, 4.6 � 103 copies/ml were
detected, whereas very low copy levels were found in the
PBMC samples of an HIV-infected individual (22.7 copies/�g
DNA) and another PML patient (39.6 copies/�g DNA). All
three subjects had JCV VP1p36- and/or JCV VP1p100-specific
cells detected in the peripheral blood. BKV DNA was not
found in the plasma or PBMC samples of any of the study
subjects.

DISCUSSION

Since phenotypic changes are commonly observed to occur
in T cells after culture, we devised a method to study the
dynamics of the immune response against JCV directly in pe-
ripheral blood. Preenrichment of the CD8� T-cell population
via immunomagnetic beads followed by tetramer staining had
a high sensitivity (85.2%) and specificity (100%) compared to
results from the tetramer staining of PBMC after peptide stim-
ulation and expansion of these cells in vitro for 10 to 14 days.
This method, along with seven-color flow cytometry, allowed
us to identify JCV-specific CD8� T cells and characterize their
differentiation profile in most study subjects.

Interestingly, compared to results for other persistent viral
infections, JCV-specific CTL were found in considerably low
frequencies. Indeed, whereas CD8� T cells against Epstein-
Barr virus (32), cytomegalovirus (31), and HIV (14) are
present in frequencies ranging from 0.1 to 5.8% of total CD8�

T lymphocytes, the percentage of JCV-specific cells was much
lower. This low magnitude of the CD8� T-cell response against
JCV could be explained by the pattern of viral replication and
the anatomical sites of viral latency. In most individuals, pri-
mary infection happens during childhood and the virus subse-
quently remains latent or replicates intermittently in the kid-
ney or the lymphoid organs (25). Since viremia is not usually
found in immunocompetent individuals (18), low-level antigen
synthesis or inefficient antigen presentation at these sites may
lead to a limited CD8� T-cell response. However, since JCV is
not very virulent and causes PML only in the setting of severe
immunosuppression, a small virus-specific memory cell popu-
lation may be sufficient to prevent widespread viral replication
in healthy individuals and most HIV-infected patients. During
viral reactivation, based on the response observed to occur in
a patient recently diagnosed with PML, there may be a marked
increase of this CD8� T-cell pool and a switch to an effector
memory phenotype, leading to disease stabilization and marked
clinical improvement.

We did not find differences among the frequencies of JCV-
specific CD8� T cells in fresh blood samples in the three
groups studied. Although HIV infection is the major predis-
posing condition for the development of PML (36), in our
study, the HIV-infected group had only a modest decrease of
CD4� T-cell counts and a relatively preserved immune system,
whereas all of the PML patients had a good outcome and most

of them had inactive disease. However, it is also possible that
PML patients had a redistribution of CD8� T cells in their
central nervous system, since we have found these cells in
cerebrospinal fluid (7) and brain (38) in previous studies.

Recently, different subsets of memory CD8� T cells have
been identified based on the expression of CCR7, a chemokine
receptor that controls homing to secondary lymphoid organs,
and CD45RA, a transmembrane phosphatase that regulates
signaling through the T-cell receptor–CD3 complex (34).
CCR7� CD45RA� TN cells are naı̈ve T cells that have not yet
been antigen stimulated, CCR7� CD45RA� TCM cells are
central memory T cells that home to the secondary lymphoid
organs and readily proliferate and differentiate into effector
cells in response to antigenic stimulation, CCR7� CD45RA�

TEM cells are effector memory T cells that migrate to inflamed
peripheral tissues and can display immediate effector func-
tions, and CCR7� CD45RA� TEMRA cells are effector mem-
ory cells that express the highest levels of perforin and corre-
spond to terminally differentiated effector cells (28, 29).

The analysis of the CD8� T-cell differentiation profile in the
healthy individuals and HIV-infected patient populations did
not reveal a predominant cell subset. CCR7� CD45RA� TEM,
CCR7� CD45RA� TCM, and CCR7� CD45RA� TN cells
were seen in similar numbers among the three groups. Al-
though the CCR7� CD45RA� pool traditionally corresponds
to a TN phenotype, it might actually include antigen-experi-
enced cells. Geginat et al. have observed that cytokine-stimu-
lated TCM cells acquire CD45RA expression without losing
CCR7, adopting an apparent naı̈ve phenotype (13). Interest-
ingly, in one PML patient with early disease, the TCM subset
corresponded to more than 90% of the JCV-specific CTL. Al-
though we cannot make firm conclusions based on this single
case, this dramatic increase might suggest that these cells play a
role in the acute fight against JCV; however, this needs to be
confirmed in other individuals. Indeed, this patient has made a
remarkable recovery, and 19 months after disease onset, the pa-
tient has only minimal neurological sequelae.

There is considerable heterogeneity in the extents of differ-
entiation of the CD8� T-cell populations in response to viral
infections (2, 37). While circulating cytomegalovirus-specific
CD8� T cells are terminally differentiated TEMRA cells, HIV-
specific CD8� T cells are largely CCR7� CD45RA� TEM cells,
suggesting that HIV may interfere with T-cell differentiation
and an effective immune response (4). In our study, we found
a profile similar to that of HIV-specific CD8� T-cell infection,
with low percentages of TEMRA cells, even in a patient soon
after the diagnosis. Whether this represents a problem in the
T-cell differentiation or may reflect a particular differentiation
state associated with JCV infection remains to be determined.
Since we did not study JCV-specific CD8� T-cell differentia-
tion at the sites of active viral replication, such as in the brain
of PML patients, we also cannot exclude the possibility of
the presence of terminally differentiated CCR7� CD45RA�

TEMRA cells in the central nervous system.
We and others have demonstrated a cross-reactivity between

the CTL epitopes JCV VP1p36 and JCV VP1p100 and BKV
VP1p44 and BKV VP1p108 (5, 20, 30), respectively, indicating
that the same population of CD8� T cell could be functionally
active against these two viruses. In the present study, we had
the opportunity to follow prospectively in the early phase of
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disease one PML patient who had the highest JCV-specific
CTL response among all study subjects and whose virus-spe-
cific CD8� T cells expressed activation markers HLA-DR and
CD38, which are usually seen at the time of viral replication
(34). Since this patient had active PML and low-level JC vire-
mia and since BKV DNA was not detected in his blood and
urine samples, this suggests that the VP1p36-specific CD8� T
lymphocytes were directed against JCV only and might have
had a role in the stabilization of the disease. In addition, our
results differ from a recent report by Sharma et al., who at-
tempted to characterize the phenotype of the cross-reactive
BKV-specific CTL in healthy individuals (30). Indeed, these
authors tested cells after peptide stimulation and culture in
vitro, which is bound to alter their differentiation markers,
whereas we used unstimulated fresh blood samples, as neces-
sary for characterization of the phenotype of these cells ex vivo.

Asymptomatic JC viruria occurs in up to one-third of healthy
individuals, while JC viremia is found mainly in immunosup-
pressed individuals who are at risk of developing PML (18).
Therefore, one of the goals of this study was to determine the
effect of the cellular immune response on the level of poly-
omavirus expression in blood and urine. While BKV DNA was
not found in any of the plasma or PBMC samples, a low JC
viral load was detected in PBMC samples of one HIV-infected
individual and one PML patient and in the plasma of another
PML patient. Since JCV viremia has been associated with
profound immunosuppression in HIV-infected people (18), it
is not surprising that viremia was detected in only three indi-
viduals, as the patients with HIV infection had a relatively
preserved CD4� T-cell count.

The presence of virus-specific CD8� T cells did not prevent
the excretion of JCV or BKV in the urine of some study
subjects, regardless of their immune status. Interestingly, how-
ever, JC replication in the kidney may induce a distinct CTL
response. In our study, JCV excretion in the urine was associ-
ated with the presence of VP1p100-specific CD8� T cells in the
blood. Recently, our group had shown that A*0201� kidney
transplant recipients with polyomavirus nephropathy, a condi-
tion related to active BKV replication in the kidney, have a
predominant response against the cross-reactive BKV VP1p108

epitope, compared to healthy individuals, who have a predom-
inant BKV VP1p44 response, which cross-reacts with JCV
VP1p36 (5). This suggests that the cross-reacting JCV VP1p100

and BKV VP1p108 epitopes may be presented preferentially to
CTL in association with the HLA A*0201 molecule in the
renal tubular cells during human polyomavirus infections.

PML remains an important disease since its incidence in
HIV-infected patients has not decreased significantly in the
HAART era (1) and because of the growing number of organ
transplant recipients worldwide who may be at risk for PML. In
addition, PML has been reported to occur in multiple sclerosis
and Crohn’s patients taking natalizumab (3, 16, 21, 33), a
monoclonal antibody against the �4
1-integrin, and this class
of medications, called selective adhesion molecule inhibitors,
are attractive candidates for treatment of a variety of autoim-
mune diseases (27). There is recent evidence that natalizumab
treatment significantly modulated proliferative responses of
immune cells, although various cell subsets were differentially
affected. Further studies will be necessary to determine the
fate of JCV-specific T cells during natalizumab therapy. This

may help clarify why these patients are susceptible to PML but
not to other viral infections (15, 24). Prospective follow-up of
the frequency and phenotype of JCV-specific CD8� T-cell
response in these populations at risk would also provide valu-
able information on the dynamic interaction between the virus
and the host.

In summary, we were able to detect very low frequency
JCV-specific CD8� T-cell populations in the peripheral blood.
There was not a predominant differentiation phenotype subset
among JCV VP1p36- or JCV VP1p100-specific CTL in healthy
individuals, HIV-infected subjects, or PML survivors. Prospec-
tive analysis of one PML patient revealed that JCV VP1p36-
specific CTL were activated early in the course of disease,
indicating that these cells were indeed responding to JCV and
not to BKV. The cellular immune response against polyoma-
viruses was associated with the absence of viremia, but not
viruria, and the detection of JCV DNA in the urine was asso-
ciated with the presence of a JCV VP1p100 CTL response.
Immunotherapies aiming at increasing the cellular immune
response against JCV may prove to be a valuable option for the
treatment of PML.
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