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JCV-speci�c cellular immune response correlates
with a favorable clinical outcome in HIV-infected
individuals with progressive multifocal
leukoencephalopathy
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Most immunosuppressed individuals who develop progressive multifocal
leukoencephalopathy (PML) have a rapid fatal outcome, whereas some become
long-term survivors. We explored the impact of the cellular immune response
against JC virus (JCV) on the clinical outcome of 7 HIV+ and 3 HIV ¡ indi-
viduals with PML. Of the 4 HIV+ / PML survivors, all had detectable cytotoxic
T lymphocytes (CTL) speci�c for JCV T or VP 1 proteins compared to none of the
3 HIV+ / PML progressors tested. Of the 3 HIV ¡ / PML patients, 1 was recently
diagnosed with PML and showed evidence of neurologic improvement without
any treatment. This patient had CTL speci�c for the VP1 protein of JCV. The
other 2 HIV ¡ / PML survivors were stable 3–8 years after the diagnosis of PML.
They did not have any detectable CTL against JCV. These �ndings suggest that
JCV-speci�c immune response is associated with favorable outcome in HIV+
individuals with PML. The lack of detectable JCV-speci�c CTL in 2 HIV ¡ / PML
survivors might indicate a burnt-out disease without suf�cient antigenic stimu-
lation to maintain the cellular immune response. The detection of JCV-speci�c
CTL in an HIV ¡ patient recently diagnosed with PML, who was showing evi-
dence of neurological improvement without any treatment, indicates that this
�nding may be used as a favorable prognostic marker of disease evolution in
the clinical management of patients with PML. As the quest for an effective
treatment of PML continues, JCV-speci�c cellular immune response deserves
further attention because it appears to play a crucial role in the prevention of
disease progression. Journal of NeuroVirology (2001) 7, 318–322.
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Our knowledge of the immune response to JCV is
limited. Seroconversion occurs in childhood (Walker
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and Padgett, 1983), and IgG antibodies speci�c for
JCV can be detected in approximately 90% of the
normal adult population by a hemagglutination
inhibition assay or ELISA (Weber et al, 1997).
Intrathecal synthesis of anti-JCV VP1 protein IgG an-
tibodies has been detected in 76% of PML patients.
However, there were no clinical or biological differ-
ences in these patients compared to those without
detectable JCV-speci�c antibodies in the CSF (Weber



JCV-speci® c cellular immune response correlates

RA Du Pasquier et al 319

et al, 1997). Two patients with PML had a fatal out-
come despite a rise in CSF JCV-speci�c antibodies
(Berner et al, 1999; Guillaume et al, 2000). In addi-
tion, individuals with PML have no detectable IgM
antibodies in the serum or CSF. Finally, JCV-speci�c
antibodies do not prevent virus excretion in the
urine in immunocompetent individuals (Coleman
et al, 1983).

JCV reactivation occurs in the context of immune
suppression and humoral immunity is unable to con-
trol JCV spread. Therefore, cell-mediated immunity
may play a role in the containment of JCV. How-
ever, studies of this immune response have been
limited and date from before the beginning of the
AIDS epidemic (Ellison, 1969; Knight et al, 1972;
Marriott et al, 1975; Horn et al, 1978; Mathews et al,
1976; Willoughby et al, 1980). More recently, the ma-
jor histocompatibility complex (MHC) class I and II
molecules were found to be expressed at high levels
within PML lesions. This �nding suggests that an ab-
sence of antigen presentation due to decreased MHC
expression could not explain the uncontrolled repli-
cation of JCV in the CNS (Achim and Wiley, 1992).
We started to explore the cellular immune response
against JCV and found that survivors of PML har-
bored speci�c cytotoxic T lymphocytes speci�cally
directed against the T and VP1 proteins of JCV
(Koralnik et al, 2001). In the present work, we com-
pared the effects of JCV-speci�c cellular immune re-
sponse with the patients’ clinical outcomes.

Results

This study included 10 patients suffering from PML.
The diagnosis was ascertained by clinical and neu-
roradiological criteria and con�rmed by brain biopsy
or by the presence of JCV-DNA in the cerebrospinal
�uid as determined by PCR ampli�cation. Of the
7 HIVC/PML patients, 4 were survivors whose dis-
ease had improved or remained stable 2–5 years af-
ter their initial diagnosis. Three were progressors,
who had a fatal clinical outcome 7–25 weeks (mean:
15 § 9 weeks) after the onset of their neurologic
disease. Two of the 3 HIV /PML patients were sta-
ble 3–8 years after their initial diagnosis. The third

Table 1 Correlation of clinical outcome of PML patients with JCV-speci�c cellular immune response

Cellular immune
response HIVC/PML HIV /PML HIV /PML HIV /PML

against JCV/ survivors survivors early progressors
diagnosis N D 4 N D 2 N D 1 N D 3

JCV T-speci�c CTL 3/4 0/2 0/1 0/3
# pos/# tested

JCV VP1-speci�c CTL 4/4 0/2 1/1 0/3
# pos/# tested

HIVC, HIV-positive; HIV , HIV-negative;PML early, patient diagnosedwith PML 6 months prior to the evaluationof her immune response,
CTL, cytotoxic T lymphocytes.

Figure 1 PBMC of an HIV-negative PML patient stimulated with
autologous�xed B-LCL infectedwith a recombinantvacciniavirus
expressing the JCV VP1 protein (rVVP1). These PBMC lysed autol-
ogous target cells infected with the rVPP1 (�lled squares), but not
with the wild-type vaccinia virus used as control (open squares).
E: effectors. T: targets.

HIV /PML patient was improving neurologically
without any treatment 6 months after being diag-
nosed with PML.

As expected, the HIVC/PML survivors had a higher
CD4C cell count (140–771 cells/¹l, mean 358) than
the HIV+ individuals with fatal PML (9–104 cells/¹l,
mean 53), and a lower plasma HIV viral load (<50
copies/ml in 3 of 4 PML survivors, 3694 copies/ml
in the fourth one) than the HIVC with progressive
disease (12,000–75,000 copies/ml).

The 10 patients were evaluated for the presence
of JCV-speci�c CTL. Cytolytic activity speci�c for
the JCV VP1 protein could be demonstrated in the
peripheral blood mononuclear cells (PBMC) of the
4 HIVC/PML survivors and the HIV patient recently
diagnosed with PML (Figure 1). In addition, 3 out of 4
HIVC / PML survivors had detectable cytolytic activ-
ity speci�c for JCV T protein. This cytolytic activity
was mediated by CD8C T cells, and was MHC class I-
restricted, indicating that effectors were classicalCTL
(Koralnik et al, 2001). By contrast, the 2 HIV /PML
survivors showed no CTL activity against JCV pro-
teins. None of the 3 HIVC/PML progressors had de-
tectable CTL against JCV proteins (Table 1).
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At the time of the PML diagnosis, 5 of 7 HIVC pa-
tients (3 progressors and 2 survivors) were already on
HAART de�ned by at least 3 anti-retroviral medica-
tions including 1 or more protease inhibitors. Four
were HAART-naṏve patients (2 progressors and 2 sur-
vivors). Once the diagnosis of PML was established,
all were treated with HAART. Four HIVC/PML
patients (2 survivors and 2 progressors) received
cidofovir in addition to HAART. Cidofovir was ad-
ministered using the same regimen as described else-
where (Meylan et al, 1999). Of the 2 HIV /PML sur-
vivors, 1 had a history of non-Hodgkin’s lymphoma
and had received Ara-C for treatment of PML. The
other had a history of a thymoma and was treated
for PML with alpha interferon. They had been sta-
ble for 3 and 8 years, respectively, since the onset
of their neurologic disease. The third HIV /PML pa-
tient was a 80-year-old lady with a history of qui-
escent non-Hodgkin’s lymphoma diagnosed 3 years
prior to the onset of PML. She presented with se-
vere cognitive dysfunction, global aphasia, and gait
apraxia. Six months after her PML diagnosis, she was
able to speak short sentences, follow simple com-
mands, and interact with her caregivers,without hav-
ing receivedany treatment. Unfortunately, she passed
away 6 weeks later from sepsis secondary to a urinary
tract infection and a decubitus ulcer.

Discussion

Our results suggest that the presence of JCV-speci�c
CTL response is associated with long-term survival
in HIVC/PML patients. Interestingly, we were also
able to observe a strong cellular immune response di-
rected against the JCV-VP1 protein in an HIV patient
who was recently diagnosed with PML, and who im-
proved signi�cantly without treatment. This obser-
vation suggests that CTL emergence may occur early
in the course of the disease and could therefore lead
to a better clinical outcome in PML patients.

By contrast with the HIVC/PML survivors, the 2
other HIV /PML survivors did not show any JCV-
speci�c CTL activity. The fact that they had been sta-
ble for 3 and 8 years after the onset of their neuro-
logic disease indicates that they most likely had a
burnt-out disease without suf�cient antigenic stim-
ulation to maintain the cellular immune response.
Furthermore, it is possible that the functional lysis as-
say using vaccinia virus recombinant is not sensitive
enough to detect very low level of circulating JCV-
speci�c CTL in these patients. Alternatively, their
cellular immune responses may be directed against
the other JCV proteins: VP2, VP3, small t, or agno-
proteins. None of the 3 HIVC/PML progressors tested
had any speci�c CTL activity against JC virus. There-
fore, the presence of JCV-speci�c CTL appears to be
a useful prognostic marker of disease evolution.

All the HIVC/PML patients received HAART, de-
�ned as at least 3 medications, including a pro-

tease inhibitor. To date, HAART is the only treatment
that has been found to improve the life expectancy
of HIVC/PML patients, with an average survival of
46 weeks (Clifford et al, 1999; Gasnault et al, 1999;
Miralles et al, 1998; Tassie et al, 1999). The effect
of HAART on PML is thought to be through im-
mune reconstitution. Indeed, in the HIVC/PML pa-
tients who respond to HAART, it is possible to ob-
serve a rise in CD4C cell count as well as a drop
in HIV viral load, paralleling the clinical improve-
ment of their neurological disease. However, ap-
proximately 50% of the HIVC/PML patients do not
show any improvement of their neurologic disease
on HAART despite evidence of suppression of HIV
replication and a rise of CD4C counts (P Cinque, per-
sonal communication, the Biology of JC virus and
PML workshop, Chicago, January 2001). Therefore,
a rise of CD4C cell count in itself does not ap-
pear to be a good prognostic marker of PML evolu-
tion. In this context, our data suggest that the pres-
ence of JCV-speci�c CTL represents a better immune
surrogate marker of PML prognosis in HIVC/PML
patients.

Four patients (2 survivors and 2 progressors) re-
ceived cidofovir in addition to HAART. Although, the
number of patients treated with cidofovir is too small
to draw any de�nitive conclusion about the ef�cacy
of this medication, it is interesting to notice that the 2
survivors received cidofovir long after the beginning
of their symptoms (mean 27 weeks), while they were
already improving under HAART or concomitantly
with a change of HAART composition. By contrast,
the 2 progressors received cidofovir sooner (mean 7.5
weeks). Thus, if this drug was ef�cient, one would
rather have expected a favorable outcome in these 2
patients than in the 2 survivors, due to a shorter de-
lay between diagnosis and onset of treatment. Yet, the
clinical outcome of the 2 progressors was rapidly fa-
tal, leading to death in 1 to 6 months. Neither immune
reconstitution, as measured by CD4C cell counts, nor
complete suppression of HIV replication, could be
achieved in these patients with the combination of
HAART and cidofovir.

As the quest for an effective treatment for PML
continues, JCV-speci�c cellular immune response de-
serves further attention since it appears to play a
crucial role in the prevention of disease progression.
Prospective studies are now ongoing in our institu-
tion to determine if the detection of JCV-speci�c CTL
early on in the course of the disease is indeed a fa-
vorable prognostic marker of disease evolution.

Functional lysis assays using the vaccinia virus
recombinants described in this study allow the ex-
pression of the entire viral protein of interest in au-
tologous B lymphoblastoid cell lines (BLCL) used
as target cells. The viral protein produced inside
of the target cell is then degraded and processed
via the endogenous pathway for presentation to the
T-cell receptors of the CTL. CTL recognizes virus-
infected cells through the interaction of their T-cell
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receptor and a viral peptide epitope presented by
the MHC class I molecule of the infected cell. The
viral CTL epitope is usually a 9-aa fragment of a
viral protein with speci�c chemical af�nity for the
peptide-binding site of an MHC class I molecule.
The MHC class I molecule/viral nonamer epitope
complex forms in the endoplasmic reticulum of the
infected cell, and then migrates to the cell sur-
face (Klein and Sato, 2000). Following recognition
by peptide-speci�c CTL, the infected cell is then
eliminated through a variety of mechanisms in-
cluding the secretion of perforin and granzyme by
the CTL.

The advantage of the vaccinia virus recombinant
technique used in this study is that it reproduces a
real-life situation as it allows the association of every
possible CTL epitope of the viral protein of interest
to associate with the various MHC class I molecules
expressed by the target cells of any given patient. The
drawback of this technique lies in the necessity to
derive and expand a BLCL from each study subject. In
end-stage AIDS patients, this can take up to 2 months.
This technique is also work-intensive and requires
the use of radioactive isotopes. Therefore, it is not
suitable for the study of large groups of patients, most
of whom may have a survival time of only several
months.

Further characterization of the CTL epitopes of JCV
is now necessary for devising adequate screening as-
says as well as strategies to enhance the cellular im-
mune response against this virus in patients with
PML, or in those who are at risk of developing this
disease. Studies now in progress in our laboratory in-
volve computer predictive analysis of JCV CTL epi-
topes based on their calculated binding af�nity to
speci�c MHC class I molecules, as well as epitope-
mapping studies using overlapping peptides span-
ning entire JCV proteins.

The characterization of JCV CTL epitopes will al-
low the construction of �uorochrome-tagged MHC
class I/JCV peptide tetramer complexes, which will
then be used to stain JCV-speci�c CTL directly from
peripheral blood or in cultured cells. This technique
does not require the use of radioactive compounds
or BLCL, and facilitates detection and quanti�ca-
tion of JCV peptide-speci�c CTL directly by �ow
cytometry (Altman et al, 1996). JCV-speci�c CTL
populations could also be enriched using tetrameric
MHC class-I/JCV peptide complexes. An expanded
autologous population of such cells would be ex-
tremely valuable as a therapy for individuals with
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