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Abstract Cytokines/chemokines are involved in the im-
mune response of infections, including HIV-1. We defined
the profile of 48 cytokines/chemokines in cerebrospinal
fluid from 18 cART patients with chronic HIV-1 infection
by Luminex technology. Nine patients were affected with
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leukoencephalopathies: five with John Cunningham virus
(JCV) + progressive multifocal leukoencephalopathy
(PML) and four with JCV-not determined leukoencephalop-
athy (NDLE). In addition, nine HIV-1-positive patients with
no neurological signs (NND) and five HIV-1-negative
patients affected with acute disseminated encephalomyelitis
(ADEM) were enrolled. Ten cytokines (IL-15, IL-3, IL-16,
IL-18, CTACK, GROI1, SCF, MCP-1, MIF, SDF) were
highly expressed in HIV-1-positive patients while IL-1Ra
and IL-17 were present at a lower level. In addition, the
levels of IL-17, IL-9, FGF-basic, MIP-13, and MCP-1 were
significantly higher (p<0.05) in patients with neurological
diseases (PML, NDLE, ADEM) with respect to NND. Fo-
cusing the attention to the cytokine profile in JCV + PML
patients with respect to JCV-NDLE patients, only TNF-f3
was significantly downregulated (p<0.05) in JCV + PML
patients. This pilot study emphasized the role of immuno-
regulation in HIV-1-related neurological disorders during
cART treatment.

Keywords Cytokines - HIV-1 - Leukoencephalopathies -
cART

Introduction

Cytokines and chemokines influence HIV-1 neuropathogene-
sis by affecting the HIV-1 life cycle, trafficking of macro-
phages into the central nervous system (CNS), glial activation,
neuronal signaling, and repair processes (Rackstraw 2011).
The aging and chronic HIV-1 infection are both associated
with activation of the immune system, increased levels of
circulating inflammatory mediators, and inflammation which
may have a significant impact on HIV-1-associated CNS
disease.
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Viral replication is regulated by a network of both HIV-1
suppressive cytokines and chemokines, such as interferon-
«, interleukin-10 (IL-10), macrophage inflammatory
protein- and 3 (MIP-1«, and f3), and RANTES, and in-
ductive cytokines and chemokines, such as tumor necrosis
factor-o¢ (TNF-o0), IL-1x, IL-6, IL-15, and monocyte che-
motactic protein (MCP) (Kedzierska and Crowe 2001;
Barqasho et al. 2009).

Although there are conflicting reports regarding the
role of some cytokines during the course of HIV-1 infec-
tion, recent data support the association for the chemokine
IP-10 and MCP-1 with individual cerebral metabolites. In
particular, higher levels of IP-10 correlated with lower
neuronal pattern scores and higher basal ganglia and in-
flammatory pattern scores, the same one which has been
associated with HIV-1-associated neurocognitive disor-
ders, suggesting that antiretroviral therapy (cART) modi-
fies the impact of the immune response on neurons
(Letendre et al. 2011).

It has also been shown that cytokines and chemokines
presented different profiles in AIDS-related opportunistic
infections, according to the different patterns of neuroin-
flammatory responses displayed by the neurological infec-
tions (Christo et al. 2009).

Progressive multifocal leukoencephalopathy (PML) is a
rare and devastating demyelinating disease of the CNS with
a fatal outcome or at least irreversible neurologic sequelae.
Reactivation of the human neurotropic polyomavirus JCV,
infecting the myelin-producing oligodendrocytes and astro-
cytes, is the cause of PML in a context of severe immuno-
suppression, especially AIDS (Brooks and Walker 1984).

Although the intra-human route of JCV transmission is not
well known, the preferred sites of latency seem to be the kidney
and the lymphoid organs. Specifically, direct evidence showed
that JCV is not strictly neurotropic but may infect CD34+
hematopoietic progenitor cells and those cells that have differ-
entiated into a lymphocytic lineage (Monaco et al. 1996).

After introduction of cART, another form of leukoence-
phalopathy has been reported and called not determined
leukoencephalopathy (NDLE), resembling PML neurologi-
cal and clinical features, but without any evidence of virus
replication in the CNS (Langford et al. 2002).

An under-investigated aspect of leukoencephalopathy
pathogenesis is the role of the cytokine/chemokine network
in AIDS settings in aging. Here, we found of interest to
investigate the qualitative and quantitative nature of inflam-
matory biomarker perturbation studying a large set of proin-
flammatory cytokines/chemokines in cerebrospinal fluid
(CSF) from HIV-1 positive cART-treated patients suffering
from PML or JCV-negative NDLE. As control groups, HIV-1-
positive patients with no neurological signs (NND) and HIV-
1-negative patients with acute disseminated encephalomyelitis
(ADEM) have been evaluated.

Materials and methods
Patients and clinical specimens

Twenty-three patients (mean age [range] in years, 45.3 [33—
71]) who underwent lumbar puncture as part of routine
workup for neurological diseases at the Mondino Neurolog-
ical Institute, Pavia, Italy, were included in this study. Eigh-
teen patients with chronic HIV-1 infection were included in
the study.

Nine patients were affected with leukoencephalopathies
diagnosed on the following criteria: (a) PML: MRI and
clinical/neurological signs suggestive of leukoencephalop-
athy and JCV genome detection in CSF (n=5), and (b)
NDLE: MRI and clinical/neurological signs suggestive of
leukoencephalopathy and JCV genome absence in CSF
(n=4). NDLE patients showed a diffuse signal alteration of
deep white matter around ventricles, mainly located in poste-
rior regions, whereas PML patients showed multifocal, bilat-
eral, predominantly asymmetric lesions, mainly with a
supratentorial location. None of the patients presented damage
of the blood brain barrier or CSF pleocytosis.

In addition, nine HIV-1-positive patients classified as
NND with no clinical/neurological signs and five HIV-1-
negative patients affected with ADEM, not subjected to the
follow-up, were included in the study. All HIV-1-positive
patients have been subjected to cART treatment for a mean
time of 48.3 months (range, 18—108 months) (Table 1).

CSF and serum samples have been collected at the time
of the leukoencephalopathy diagnosis (baseline/enrolment),
and then CSF was collected every 6 months during a mean
period of 22 months (range, 6—60 months).

Detection of JCV and HIV-1 genomes in CSF

The HIV-1 loads were quantified after the viral RNA was
extracted from 0.14 ml CSF using the Qiamp viral RNA mini
kit (Qiagen, USA), according to the manufacturer's instruc-
tions. To detect the presence of the HIV-1 genome, a quanti-
tative (Q)-PCR targeting the gag gene was performed using
the protocol published by Delbue et al. (2012). The test
sensitivity was one copy/reaction. The JCV DNA was
extracted from 0.15 ml CSF using the Nucleospin RNA virus
kit (Macherey Nagels, Germany) according to the manufac-
turers' instructions. The Q-PCR protocol for the detection of
JCV DNA, particularly for targeting the large T-antigen re-
gion, has been described elsewhere (Delbue et al. 2005). The
test sensitivity for JCV detection was two copies/reaction. For
both the JCV and HIV-1 assays, each sample was analyzed in
triplicate, and each run contained a negative control composed
of the reaction mixture without the DNA template. Standard
curves for the quantification of the viral genome were con-
structed using serial dilutions of a plasmid containing all or a
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Table 1 Demographic, clinical,
and immunological data of HIV-

PML, 5 patients

NDLE, 4 patients

NND, 9 patients

1-positive PML, NDLE, and

NND patients Age, years (range)
Sex
CD4+ (number/ul + SD)

HIV-1 viremia (copies/ml + SD)

HIV-1 infection duration (months £ SD)

Therapy duration (months + SD)

41 (33-50)
2M/A3 F
268.7+139.3
129.2+72.2
100.8+77.6
1812

45 (39-53)
2 M2 F
342.1+99.1
537.8+169.3
263+10.5
108+48

50 31-71)
7M2F
336.6+157.1
4644512
125.3+79.6
19412

portion of the viral genome (range, 10 to 10° plasmid copies),
as described by the supplier (Advanced Biotechnology). The
viral copy concentrations were log-transformed and expressed
as log [copies/milliliters of CSF].

Determination of cytokine and chemokine release

The analysis of a 48-cytokine and chemokine panel (pro-
human cytokine 27-Plex M50-0KCAFO0Y and 21-Plex MFO-
005KMII, Bio-Rad, Hercules, CA, including: IL 1¢-3-ra-2-
2Ra-3-4-5-6-7-8-9-10-12p40 e p70-13-15-16-17-18; eotaxin;
basic FGF; G-CSF; GM-CSF; IFNvy; IP10; MCP1x; MCP143;
PDGFBB; RANTES; TNF«; VEGF; CTACK; GRO«; HGF;
IFN«2; LIF; MCP-3;M-CSF; MIF; MIG; 3-NGF; SCF,
SCGFf; SDF1«; TNFfB; TRAIL; ICAMI and VCAMI)
was performed on CSF and serum samples using magnetic
bead-based multiplex immunoassays (Bio-Plex®) (BIO-RAD
Laboratories, Milano, Italy) following the manufacturer's
instructions. Data from the reactions were acquired using the
Bio-Plex 200 reader, while a digital processor managed data
output and Bio-Plex Manager® software presented data as
median fluorescence intensity (MFI) and concentration (in
picograms per milliliter) as well (BIO-RAD Laboratories,
Milano, Italy). Statistical analysis was performed using
GraphPad Prism V.4.0 for Windows (Graph Pad Software,
San Diego, CA, USA).

Statistical analysis

Results are reported as mean values of three independent
experiments + standard deviation (SD). A ¢ test for compar-
ison between HIV-1 negative and HIV-1 positive was used.
A statistical significance for comparison between PML,
NDLE, ADEM, and NND was calculated using one-way
analysis of variance (ANOVA) and Bonferroni posttest for
multiple comparison. Statistical analysis has been per-
formed by using the Graph Pad Prism version 5 software.

Results

Demographic, clinical, and immunological data of HIV-1-
positive PML, NDLE, and NND patients included in the
study were summarized in Table 1. A total of 57 samples
were collected, and a mean of 5 follow-ups (range, 4-11)
have been performed for each patient.

As shown in Table 2, the analysis of HIV-1 and JCV
infection in CSF during patient follow-up (TO-T5) dem-
onstrated that the HIV-1 genome was detected in two
samples from PML patients and in one sample from an
NDLE patient. JCV was always detected in the CSF from
PML patients, but not from NDLE patients. CSF samples
from both NND and ADEM patients were negative for

Table 2 HIV-1 and JCV viral

load [log(copies/milliliter)] in Patient Virus TO T1 T2 T3 T4 T5-T11
positive CSF samples during the
follow-up PML #1 cv 6.32 5.27 3.23 323 3.23
HIV-1 4.86 Neg Neg Neg Neg
PML #2 cv 3.23 3.23 3.23 3.48
HIV-1 Neg Neg Neg Neg
PML #3 cv 3.23 3.71 3.16 32 3.1 3
HIV-1 2.9 Neg 4.7 Neg Neg Neg
PML #4 cv 3.23 5.09 5 5.1
HIV-1 Neg Neg Neg Neg
PML #5 cv 39 3.5 3.5 32
HIV-1 Neg Neg Neg Neg
NDLE #4 ICV Neg Neg Neg Neg Neg
HIV-1 4.3 Neg Neg Neg Neg
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HIV-1 and JCV. A panel of 48 cytokines/chemokines was
analyzed in CSF samples at the time of neurological
diagnosis.

As shown in Fig. 1, 12 of the 48 measured cytokines
were statistically associated to HIV-1 infection. Among
those, ten cytokines were highly expressed in HIV-1-
positive patients compared to HIV-1-negative patients,
whereas IL1Ra and IL-17 were downregulated in HIV-1-
positive patients (Fig. 1). Cytokine expression did not show
any statistically significant difference when analyzed in
relation to the HIV-1 viral load (data not shown).

The pattern of cytokines/chemokines was analyzed also
comparing the group of patients affected with neurological
disorders (PML, NDLE, ADEM) with the NND group of
patients. The expression of 17 cytokines was statistically
correlated to the neurological disorders, but not with the
control group (Fig. 2a—c). Of these, 12 cytokines showed
levels significantly lower in patients with neurological dis-
eases (PML, NDLE, ADEM) with respect to NND patients
(Fig. 2a and b).

On the contrary, the levels of the chemokines I1L-17, IL-9,
FGF-basic, MIP-1f3, and MCP-1 were significantly higher
(»<0.05) in the group of neurological patients compared to
the control group. In particular, the level of MCP-1 and MIP-
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Fig. 1 Cytokine and chemokine levels of HIV-1-positive and HIV-1-
negative patients. Cytokines were measured in CSF samples by mul-
tiplex immunoassays and analyzed in relationship to HIV status. Data
were presented as MFI by Bio-Plex Manager® software and converted

13 was higher in PML and NDLE patients (»p<0.01 and
p<0.05) than those in ADEM and NND patients (Fig. 2c).

Focusing the attention on the cytokine/chemokine profile
in HIV-1-positive patients affected with leukoencephalopa-
thies, it has been observed that six cytokines (TNF-{3, IL-9,
IL-17, FGF-basic, MCP1, MIP1-f3) were downregulated in
the CSF samples from JCV + PML patients (Fig. 2b and c).
On the contrary, the level of three cytokines was upregulated
in the CSF samples from JCV + PML patients: 1L-12p40,
IL-16, and GRO«x (Fig. 2a).

Discussion

The development of neurological disorders such as leukoen-
cephalopathies in the AIDS setting may be related to many
factors. The identification of host sentinel biomarkers could
be a crucial tool for determining diagnostic profiles and
conducting subsequent studies on the pathways involved
in the molecular pathogenesis of neurological disorders in
HIV-1-positive cART-treated patients.

Data from this pilot study documented the presence of a
specific panel of cytokines/chemokines that was differen-
tially expressed in CSF from HIV-1 patients.
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as concentration (picograms per milliliter). Bars represent the means of
three independent experiments = SEM. Analyses were performed with
t test. *p<0.05; **p<0.01
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Fig. 2 a—c Cytokine and chemokine levels of HIV-1-positive and
HIV-1-negative patients. Cytokines were measured in CSF samples
by multiplex immunoassays and analyzed in relationship to the type of
neurological disorders and or the presence of JCV infection. Data were
presented as MFI by Bio-Plex Manager® software and converted as
concentration (picograms per milliliter). Bars represent the means of
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three independent experiments + SEM. The one-way analysis of var-
iance (ANOVA) and Bonferroni posttest for multiple comparison were
used. *p<0.05; **p<0.01; ***p<0.001. PML progressive multifocal
leukoencephalopathy, NDLE not determined leukoencephalopathy,
ADEM acute disseminated encephalomyelitis, NND not neurological
diseases
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Fig. 2 (continued)

As recently reported by Meeker and colleagues, HIV-1-
infected patients showed increasing levels in the expression
of inflammatory (IL-16, IL-15, IL-3) and anti-inflammatory
(IL-18) proteins, and chemokines, suggesting their critical
role both in the onset and progression of HIV-1-associated
disease and in the pathogenesis of chronic inflammatory
disorders (Meeker et al. 2011). Moreover, several of the
mentioned cytokines are well known to be involved in
chemotactic activity for pre-committed CD4+ T cells and
monocytes in the chronic phase of inflammation and in the
early phase of hematopoiesis.

Some cytokines, such as MCP-3, MIF, SCF, and SDF-
1 &, associated to HIV-1 infection, were correlated with the
absence of neurological disorders, confirming a specific
association of these proteins with the pathophysiology of
the HIV-1 infection. Of note, IL-17 was downregulated in
HIV-1-positive patients, compared to HIV-1-negative
patients, but it was upregulated in the group of patients
affected with neurological disorders [NDLE (p<0.05),
ADEM (p<0.01)], if compared with the NND control
group. This cytokine, associated to HIV-1 infection and
exclusively produced by a recently discovered subset of
CD4+ T helper cells (Crome et al. 2010), leads to the
general progression of HIV-1-related diseases, by creating
an environment favorable to opportunistic infections and
chronic immune activation (Maek-A-Nantawat et al. 2007).

It has been shown that during AIDS, the expression of two
important modulators, IL-1 and TNF-«, is increased in the
brain (Tyor et al. 1992). These two cytokines are able to

strongly increase the transcription of HIV-1 and of other cel-
lular promoters through the kB enhancer element (Israél et al.
1989; Osborn et al. 1989; Tornatore et al. 1991). Moreover, the
presence of a putative kB sequence on JCV DNA replication
origin was observed by Major et al. (1990), suggesting that
multiple inducible and non-inducible nuclear proteins from
glial cells could differentially bind to the JCV kB sequence.

In this preliminary study, when the two forms of leukoen-
cephalopathies (JCV + PML and JCV-NDLE) are confirmed,
we showed a lower expression of TNF-3 (p<0.05) in the
JCV + PML group with respect to JCV-NDLE, in contrast
with a recent immunohistochemistry study that demonstrated a
high expression of TNF-« and its receptor TNFR1 in JCV-
infected astrocytes and oligodendrocytes (Wollebo et al. 2011).

Conversely, the two chemokines IL-16 and IL-12p40
showed the tendency to be highly expressed in JCV + PML
patients with respect to JCV-NDLE. While IL-16 could be
involved in the recruitment of JCV-infected lymphocytes
through its chemotactic activity, the relationship between IL-
12p40 and PML or JCV has been never described. Recently,
the increased level of this cytokine in the serum from HIV-1-
positive patients has been indicated as a biological marker for
HIV-1-tubercolosis-related immune reconstitution inflamma-
tory syndrome (Haddow et al. 2011).

It seems clear that JCV reactivation, mobilization from
latently infected lymphoid cells, and trafficking to the brain
are associated to the immunosuppressive state and regulated
by many proinflammatory cytokines, acting on several tran-
scriptional factors, such as NF-kB, SMADs, GBPi, and C/
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EBPf3, able to bind the specific sites located on the JCV
transcriptional control region or to facilitate interaction of
the immune and CNS on the control of JCV reactivation.

In addition, the presence of HIV-1 and its associated
proteins (i.e., TAT) in the CNS can lead to the occurrence
of cytokine cascades involving the production of proinflam-
matory cytokines (Benveniste 1994; Kaul et al. 1995; Yeung
et al. 1995) acting directly on glial cells and consequently on
JCV transcription (Wollebo et al. 2011).

Despite of the small size of analyzed patients, results
from this pilot study suggest that probably co-existing sig-
naling pathways may be involved in the pathogenesis of
AIDS-related leukoencephalopathies and may be regulated
by a different not well-characterized cascade of cytokines.

We are aware that our results are preliminary and deeper
investigation on a large population will be needed to prove
this hypothesis; however, the complex interplay between
cytokine/chemokine and virus infection in microglial cells
emphasized once more the role of immunoregulation in
AIDS-related neurological disorders also during cART
treatment.
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