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Abstract

Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease of the brain caused
by JC virus (JCV) for which there is no cure. PML patients who have JCV-specific CD8* cytotoxic
T lymphocytes (CTL) in their blood have a better clinical outcome. We compared JCV-specific CTL
responses in vitro elicited either by JCV peptide-loaded dendritic cells (DC) or by direct peptide
stimulation of lymphocytes from 20 HLA A*0201* healthy controls, HIV* and PML patients. JCV
peptide-loaded DC elicited a stronger CTL expansion in 13/15 responders. DC can induce potent
JCV-specific CTL response in vitro, and may constitute a promising approach for PML
immunotherapy.
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Introduction

JC virus is the agent of progressive multifocal leukoencephalopathy (PML) (Koralnik, 2006)
which occurs in up to 5% of people with AIDS (Antinori et al., 2003), as well as in patients
with lymphoproliferative disorders, organ transplant recipients and individuals treated with
natalizumab (Berger and Koralnik, 2005). After asymptomatic primary infection, JCV remains
quiescent in the kidney, and can be found in urine of 30% of healthy and immunosuppressed
individuals alike (Koralnik et al., 1999) and in lymphoid organs (Monaco et al., 1998).

In immunocompromised individuals, JCV may reactivate from sites of latency and causes a
lytic infection of oligodendrocytes leading to multiple areas of demyelination in the central
nervous system, and ultimately death within a few months. There is no effective treatment for
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this disease and those patients who survive are often left with devastating neurological
sequellae (De Luca et al., 1998).

Therefore, a therapeutic vaccine may contain JCV replication, especially in the early stage of
the disease, and may reduce the morbidity and mortality in patients with PML. The antibody
response to JCV is unable to prevent development of PML or prevent disease progression
(Weber et al, 1997). Conversely, the cellular immune response mediated by JCV-specific
CD8* cytotoxic T-lympocytes (CTL) plays a crucial role in the containment of PML (Du
Pasquier et al., 2003; Du Pasquier et al., 2004; Koralnik et al., 2002). Hence, a treatment that
improves the CTL response against JCV may be of benefit in patients with PML. Such therapies
may consist of adoptive transfer of T cells after ex vivo stimulation with JCV antigens or
dendritic cells (DC)-based immunotherapy (June, 2007; O'Neill and Bhardwaj, 2005). DC are
the professional antigen-presenting cells in the body. A small number of DC and low level of
antigens are able to induce a potent CD8* T-cell response in vitro and in vivo (Adams et al.,
2005). In addition, the safety of DC immunization has been established in numerous clinical
trials (Dhodapkar and Bhardwaj, 2000). Furthermore, promising trials of DC vaccination have
already been reported in patients with HIV infection (Lu et al., 2004).

The frequency of JCV-specific CTL in fresh blood is very low, and their function cannot usually
be measured ex vivo by conventional assays without prior stimulation with JCV antigens (Lima
etal., 2007). In our quest for a treatment for PML, we first developed a DC-based stimulation
of JCV-specific T cells. Then, to determine the respective potential of autologous transfer of
T cells and DC-based immunotherapy for PML, we compared the CTL response elicited in
vitro from peripheral blood lymphocytes against JCV CTL epitopes by direct peptide
stimulation, as performed in adoptive transfer of T cells, and by JCV-peptide loaded mature
monocyte-derived DC.

Peripheral blood samples were obtained from 20 JCV seropositive HLA-A*0201" subjects,
including 6 with PML(5 HIV* and 1 HIV") aged 40 to 69 years(47.8 + 12.1 years [mean +
SDY]), 4 HIV* individuals aged 44 to 50 years(45.5 + 3 years) and 10 healthy controls(HC) aged
24 to 44(34 + 8 years). HIV*/PML and HIV* patients had a mean CD4* T cell count of 521 /
pL + 289 and 496 /uL + 320 respectively, and a plasma HIV RNA level of 1.25 log;q copies/
ml + 0.5 and 1.98 log; copies/ml + 1.9, respectively. All HIV* and HIV*PML patients were
on highly active antiretroviral therapy (HAART). All but one PML patients were still alive an
average of 9.2 years (3.4 to 15.2 years) after disease onset.

JCV-specific CTL responses against VP1,35 and/or VP1p1q9 epitopes, were detected in 14/20
study subjects, including 5/6 PML patients, 3/4 HIV* individuals and 6/10 HC after direct
peptide stimulation of lymphocytes. These responses were enhanced using peptide-loaded DC
stimulation in 14/16 comparisons performed in these 14 individuals (Table 1). The average
amplification factor of JCV-specific CD8" T-cell response using peptide-loaded DC compared
to peptide stimulation alone was 6.8x for PML patients, 3.9x for HIVV* patients, and 31.0x for
HC. Furthermore, we measured a JCV epitope-specific CTL response after DC stimulation in
1HIV*individual (#1, VP1p100) and 2 HC (#3, VP 1,100 and #9, VP1p36) who had no detectable
CTL after stimulation of lymphocytes with peptide alone The median percentage of JCV-
specific CD8* T-cells in peptide alone and peptide-loaded-DC stimulation of lymphocytes was
0.7% (0.1-40.1%) vs 7.3% (0.2-48.8%) in the whole study population including both JCV
VP1p3g and VP1,100 epitopes. There was a significant increase in the JCV-specific CTL
response for both epitopes in peptide-loaded DC versus peptide alone stimulation of
lymphocytes in all 15 responders (p=0.004, Wilcoxon matched-paired test)
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In 1 PML patient and 4 HC, we did not observe any JCV-specific CTL response using either
method. Strong CTL responses to positive control Flu matrix protein (MP) peptide were elicited
using peptide-loaded DC stimulation in all tested cases, while no responses were elicited
against negative control NY ESO cancer peptide, as expected (data not shown). A
representative example of CTL response elicited by direct peptide or peptide-loaded DC
stimulation of lymphocytes is shown in Fig 1.

Interestingly, among the PML group, we detected the strongest JCV-specific CTL response
using DC, in PML patient #4 diagnosed only two months before testing. In contrast, PML #5
who developed PML 15.2 years before testing had no detectable JCV-specific CTL response
with either peptide or peptide-loaded DC stimulation. Only two study subjects, PML patient
#6 and HC #7 had a stronger CTL response against JCV epitopes using peptide alone compared
to peptide-pulsed DC stimulation. A representative example of the increase in the JCV
VP1p3g 0r JCV VP1p100- specific CTL response obtained using peptide-loaded DC compared
to peptide alone stimulation of lymphocytes is shown in Fig 2A, for one subject of each study
group. To verify the function of the tetramer-staining cells, a °1Cr release assay was performed
after both types of stimulation in sample from HC#1 (Fig 2B). Only the peptide-loaded DC
stimulation was potent enough to generate a sufficient number of functionally active effector
CD8* T-cells that could be detected by the ®1Cr assay. While peptide-specific CTL are usually
undetectable in fresh blood samples in most individuals (Du Pasquier et al., 2003) our findings
suggest that stimulation of peripheral blood lymphocytes in vitro with peptide-loaded
autologous DC elicit in most cases a stronger CTL response than stimulation with peptide alone
in individuals of the 3 study groups. The lack of any detectable JCV CTL expansion in
lymphocytes of 4 HC and 1 PML patient could be explained by an immune response directed
toward other JCV epitopes or by a very low frequency of JCV epitope-specific CTL response
in fresh blood. Our results confirm and expand previous reports showing that phenotypic and
functional maturation of monocyte-derived DC from HIV-1 infected individuals is similar to
healthy volunteers (Hsieh et al., 2003).

Discussion

Since there is no specific antiviral treatment against JCV, enhancement of the cellular immune
response against the virus may represent an important therapeutic option for PML. Indeed, we
have demonstrated that an early detection of JCV-specific CTL has an 87% predictive value
for subsequent control of PML (Du Pasquier et al., 2004). In addition, these cells have an
effector memory phenotype early after disease onset (Lima et al., 2007) and are present in the
cerebrospinal fluid of PML survivors (Du Pasquier et al., 2005). Furthermore, CD8* T-cells
tend to aggregate around JCV infected glial cells in PML lesions (Wuthrich et al., 2006). Our
current results suggest that it may be possible to significantly expand the JCV-specific CTL
response in PML patients even during the early stage of the disease. In turn, these CTL may
penetrate into the brain where they may destroy virus-infected glial cells and help contain PML.
This is to our knowledge the first demonstration that JCV-specific CTL can be elicited by DC
stimulation of lymphocytes. This is remarkable since the frequency of JCV-specific memory
T cells is very low in the peripheral blood, in some cases less than 1/100,000 PBMC (Du
Pasquier et al., 2003). Furthermore, these results also demonstrate that CTL specific for a
pathogen different than HIV can be elicited in immunosuppressed HIV-infected patients. It
could be argued that those patients who are able to mount a CTL response against JCV will
not need an additional immunotherapy for PML. However we have observed that this response
may not be constant and that relapses of PML do occur (Du Pasquier et al., 2004). In addition,
PML survivors are often left with devastating neurological sequellae. Therefore, our goal
would be to administer the DC-based immunotherapy to PML patients soon after diagnosis to
prevent the occurrence of irreversible neurological dysfunction. While the most dramatic effect
of peptide-loaded DC were observed in healthy controls, a new category of patients at risk for
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PML include individuals with MS and Crohn's disease treated with natalizumab (Berger and
Koralnik, 2005). We have previously shown that the baseline response to JCV in MS patients
is at least as good as healthy controls (Du Pasquier et al., 2006.) Therefore, such patients may
also benefit from DC-based immunotherapy.

Our study of in vitro expansion of JCV-specific CTL by peptide-loaded autologous DC is novel
and constitutes the proof of concept necessary to bring DC-based immunotherapy for PML to
the clinical stage. The potential benefits of such immunotherapy in patients with PML are
substantial since a persistent JCV-specific CTL response may limit the extent of the
neurological damage caused by JCV and eventually improve their survival.

Materials and methods

Statistical

JCV serology was determined by HIA or ELISA as previously described (Miller et al., 1983;
Viscidi et al.,2003).

For direct peptide stimulation, peripheral blood lymphocytes were isolated by centrifugation
on Ficoll-diatrizoate gradient and cultured in RPMI-12% fetal calf serum with A*0201-
restricted JCV VP1,36 (Du Pasquier et al., 2003)and VP1p;qg (Koralnik et al., 2002)or control
epitope peptides NY ESO 1(Velazquez et al., 2007) and Flu MP(58-66) (Dhodapkar and
Bhardwaj, 2002) at a concentration of 1 to 2.5 pg/ml, and after 3 days, with 25 U of rhlL-2/
ml.

For peptide-loaded DC stimulation, DC were derived from peripheral blood mononuclear cells
(PBMC) using two different methods. For PML patients #2 to #5 and all HC, PBMC were
plated and allowed to adhere to plastic for 1-2 hours at 37°C in 5% pooled human serum (HPS).
For PML patient #1 and all HIV* patients monocytes were isolated from PBMC using CD14
Human Microbeads (MACS, Milteny Biotech). Plastic-adherent or CD14* cells (monocyte-
enriched fraction) were cultured as previously described (O'Neill and Bhardwaj, 2005). On
day 7, DC had a mature phenotype assessed based on three parameters:

1. Morphology: Mature DC were loosely attached to the wells, veiled and clustered,

2. Immunophenotyping: Phenotypic analysis of immature and mature DC was
performed by flow cytometry. Briefly, DC were considered mature when they were
CD83*, CD80*, CD86", MHC class I*, MHC class II*, CCR7 *,

3. Mixed Leukocyte Reaction: In addition, the functionality of mature DC was tested in
each category of study subjects in a mixed lymphocyte reaction. (Waeckerle-Men et
al., 2004).

Mature DC were incubated with 1 to 2.5 ug/ml of JCV or control peptide for 2 to 4 hours at
37°C.

After washing, DC were resuspended in RPMI-5% HPS and mixed with autologous non
adherent cells or CD14 fraction (T cells enriched fraction) at a ratio 1:10 and supplemented
with IL2 (50 U/ml) starting at day 3. After 10-14 days in culture, lymphocytes stimulated by
peptide alone of peptide-loaded autologous DC were tested for the presence of peptide-specific
CTL by tetramer staining and 31Cr release assay as previously described (Du Pasquier et al.,
2004).

analysis

The Wilcoxon matched-paired test was employed to calculate the difference between the
median of JCV-specific CTL response for both epitopes in peptide-loaded DC versus peptide
alone stimulation of lymphocytes in all 15 responders. This non parametric test was used since
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the data were sampled from a non Gaussian distribution. The test was two tailed and o of 0.05
was employed. Calculations were performed with GraphPad prism 5.0 for PC (GraphPad
Software, San Diego, CA).
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Figure 1. Comparison of JCV VP1p36, JCV VP15100, NY ESO 1 and Flu matrix protein-specific
CTL responses in PML patient # 2 after stimulation of lymphocytes with peptide alone or peptide-

loaded autologous DC

Staining of peripheral blood lymphocytes from PML patient #2 with tetrameric HLA-A*0201
JCV VP1y36, JCV VP1,100, NY ESO 1, and Flu matrix protein complexes is shown after in

vitro stimulation with either the peptide alone or with autologous peptide-loaded DC for 10 to
14 days. The percentage of CD8a* T cells that bind the tetramer (right upper quadrant of each
panel) is indicated. An increase in JCV epitope-specific CTL and Flu matrix protein positive
control could be seen using peptide-loaded DC compared to peptide stimulation alone, while
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no CTL response could be elicited against negative control cancer epitope NY ESO 1 using
either method
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Figure 2. JCV peptide-specific CTL response are enhanced in subjects from 3 study groups by
stimulating peripheral blood lymphocytes with JCV peptide-loaded autologous DC compared to
peptide alone

Panel A

Staining of peripheral blood lymphocytes from PML #4, HIV #2, HC #1 with tetrameric HLA-
A*0201/JCV VP1p36 or VP1,109 complexes is shown after in vitro stimulation with either the
JCV VP1py3s 0r VP1,100 peptide alone or with JCV VP13 or VP1p100-l0aded autologous DC
for 10 to 14 days. The percentage of CD8a* T cells that bind the tetramer (right upper quadrant
of each panel) are indicated.

Panel B

Stimulated lymphocytes from HC #1 were then assessed for the presence of functionally active
effectors cells in a °1Cr release assay. Lysis of JCV VP1p3e-pulsed autologous B
lymphoblastoid cell line (B-LCL) could be detected only using lymphocytes from HC# 1
stimulated with JCV VP1y36 -loaded DC but not by those stimulated with peptide alone. The
percentage of specific lysis indicates the difference in specific >1Cr release between target cells
pulsed with JCV VP136 peptide and those pulsed with an irrelevant control peptide®). Effector
target (E: T) ratios are shown.

Virology. Author manuscript; available in PMC 2010 January 20.



Page 10

Marzocchetti et al.

"asu0dsal AD( 8]qeI0818p YlIM
syusied ul X G/ 01 T°0 WOy saLieA pue ‘auofe apndad snsisn D@ papeoj-apndad yym uonenwis Jaiye Aousnbaiy 1D 914199ds AD( 40 Aouanbaly usamiag olel sy se paulyap ‘0joey uonealyijdwe ay |

:S310N

wN wN 0 ~ ~ 01
X T8T Tl 9 3 9T ~ 6
wN wN 0 ~ ~ 8
X L0 99 98 0 ~ ~ L
wN vN 0 ~ ~ 9
wN wN 0 ~ ~ g
wN vN X 9%2 A G0 v
5 €0 ~ X 9.2 122 80 )
XST vl 67 X 0L 0'aT z0 z
vN vN X 269 88y L0 T
# 1043U09 AyesH
XLT €L A4 VN VN v
X2¢ 08 9€ VN N €
X078 A 7’0 wN VN Z
5 z0 ~ VN N T
#uaned AIH
wN wN X710 9€ T0Y 9
0 - - 0 - - §
wN wN X G2 S1e 0T 14
XLT 0T 90 0 ~ q €
XGL g1 A X 0€ zT 7’0 z
VN e VN X0v v'0 70 1
#1uanred TINd
2a papeol-apndad auofe apndad 2Q papeo|-apndad auofe apndad
103084 uoneIYIdwy $1190 1,800 otoads -0 T4 A ADL 9% J010eS uonealdwy $1190 1,800 919ads -1 dA ADC % sp8lgns

auoje spndad 10 DA
snoBojone papeol-apndad yum parejnwins saanynd alAooydwAj ui S| 1,8d0 913199ds-00TdT 4 A ADL pue -9€9T4A ADC JO UONIB1RQ
T 3lqel
NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Virology. Author manuscript; available in PMC 2010 January 20.



Page 11

Marzocchetti et al.

NIH-PA Author Manuscript

*Auo uone|nwins 5 papeo|-apndad a)e a1qeldsiap 1189 1, 8AD 21J19ads-00TAdTgA pue 9dT4A >uao

NIH-PA Author Manuscript

a|qeI08I8pUN rg

a|qejlene J0N ;QZ«w

uonesyljdwe oN
0

NIH-PA Author Manuscript

Virology. Author manuscript; available in PMC 2010 January 20.



