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Neuroinflammation and neuronal degeneration observed in Parkinson’s disease (PD) has been attributed
in part to glial-mediated events. Increased expression of proinflammatory cytokines and abnormal accu-
mulation of the neuronal protein, a-synuclein in the brain are also characteristic of PD. While increasing
evidence suggests that astrocytes contribute to neuroinflammation and dopaminergic neuronal degener-
ation associated with PD, there remains much to learn about these astroglial-mediated events. Therefore,
we investigated the in vitro effects of interleukin-13 (IL-18) and a-synuclein on astroglial expression
of interferon-vy inducible protein-10 (CXCL10), a proinflammatory and neurotoxic chemokine. IL-1(3-
induced CXCL10 protein expression was potentiated by co-exposure to a-synuclein. a-Synuclein did not
significantly affect IL-13-induced CXCL10 mRNA expression, but did mediate increased CXCL10 mRNA
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Neuroinflammation stability, which may explain, in part, the increased levels of secreted CXCL10 protein. Future investiga-
Chemokine tions are warranted to more fully define the mechanism by which a-synuclein enhances IL-13-induced
NF-kB astroglial CXCL10 expression. These findings highlight the importance of a-synuclein in modulating

inflammatory events in astroglia. These events may be particularly relevant to the pathology of CNS

disorders involving a-synuclein accumulation, including PD and HIV-1 associated dementia.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Increasing evidence suggests that neuroinflammation con-
tributes to neuronal loss in Parkinson’s disease (PD) [11,15]. Among
the indicators of neuroinflammation in PD are glial activation and
increased expression of inflammatory molecules in astroglia and
microglia[10,17,30]. Microglia have been the predominant cell type
implicated in neuroinflammation and neuronal degeneration in PD
[12,27]. However, astrocytes also contribute to dopaminergic neu-
ronal degeneration [13,34,50]. One of the primary inflammatory
molecules implicated in PD is interleukin-1( (IL-13), which is ele-
vated in the striatum and cerebrospinal fluid (CSF) of PD patients
[3,32]. Additionally, IL-13 mediates cell death in dopaminergic
neurons and causes PD motor disabilities, further suggesting the
involvement of IL-1f3 in PD [1,21,27].

The neuronal protein, a-synuclein is also implicated in the
pathology of PD [45]. a-Synuclein is a small acidic protein
(140 amino acid residues) predominately localized in presynaptic
terminals in the CNS and loosely associates with synaptic vesi-
cles [33]. Physiologically, a-synuclein seems to be involved in
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synaptic functions including neuronal plasticity and neurotrans-
mission, particularly in dopaminergic neurons [4,44]. Abnormal
deposition of a-synuclein is involved in the neuropathogenesis
of PD [2,45]. Furthermore, a-synuclein deposition in the CNS is
also elevated in multiple sclerosis [28] and HIV-1 infected patients
[19]. An apparent prerequisite of a-synuclein neuropathy is its
oligomerization into soluble protofibrils followed by their coales-
cence into insoluble fibrils, and accumulation into Lewy bodies, the
neuropathologic hallmark of PD [25]. Extracellular a.-synuclein can
activate glia, resulting in production of reactive oxygen species,
cytokines and chemokines, which contribute to neuroinflammation
and neurodegeneration of dopaminergic neurons [20,48,51,52].
Neuronal derived a-synuclein accumulated in astrocytes results
in the induction of proinflammatory mediators, including CXCL10
[26]. Importantly, astroglial activation and CXCL10 have been
implicated in numerous neuropathologies, including those involv-
ing abnormal a-synuclein deposition, such as PD [24,26], multiple
sclerosis [41], and HIV dementia [46,47]. Yet, to date there is
limited information on the direct effects of a-synuclein on glial
chemokine expression. To our knowledge, this is the first report of
a-synuclein effects on CXCL10 expression in human astroglial cells.
We assessed the effects of a-synuclein and IL-1[3 on CXCL10 expres-
sion in human astroglial cells. CXCL10 expression in astroglial cells
is dependent upon activation of the transcription factor NF-«kB [7];
therefore, we also assessed the effects of these two inflammatory
mediators on NF-kB activation.
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2. Materials and methods

Human A172 astroglial cells (American Type Culture Collec-
tion, Manassas, VA) were maintained in Dulbecco’s modified
Eagle’s medium containing 2 mM L-glutamine, 10% fetal bovine
serum, 1% nonessential amino acids, 50 U/ml penicillin, 50 p.g/ml
streptomycin and 2 pwg/ml amphotericin B [7]. To induce CXCL10
expression, growth medium in astroglial cultures was replaced
with serum-free medium containing human recombinant IL-13
(250 pg/ml). The duration of cytokine exposure was 24 h for CXCL10
protein expression, 2-48h for CXCL10 mRNA expression and
2-180min for NF-kB activation. Purified human a-synuclein (r-
Peptide, Bogart, GA) was agitated (“aged”) in phosphate buffered
saline (10 ng/ml) for 14 d at 37 °C to form an inflammatory-inducing
conformation, followed by dilution to 480 pg/ml in serum-free
medium and exposure to cells.

A standard dual-antibody solid phase immunoassay (ELISA
Development Kit, Peprotech) was used for quantitation of CXCL10
secreted into cell culture supernatants as previously reported [7].
Absorbance of the end-product was read at 450nm (A correc-
tion set at 650 nm) on a BIO-TEK HT spectrophotometer. Total cell
protein/well was determined using the bicinchoninic acid protein
assay as previously described [8] in order to normalize data.

NF-kB activation, as determined by increased levels of active
(DNA-binding) forms of NF-kB p65 and p50 in the nucleus, was
assessed using the p65 and p50 Transcription Factor Kits (Thermo
Scientific, Rockford, IL) as previously described [43]. Nuclear pro-
tein was obtained using the Nuclear Extract Kit (version C4; Active
Motif, Carlsbad, CA) and luminescence of the labeled NF-kB-DNA
product was then measured.

Total RNA was isolated with TRIzol reagent (Invitrogen,
Carlsbad, CA) and CXCL10 mRNA measured by real-time PCR
using the SYBR Green detection method using the basic pro-
tocol previously described [6]. The RT-PCR primer pair sets
were obtained from Invitrogen and amplification from first
strand ¢cDNA was performed as instructed by Invitrogen. The
primer sequences for CXCL10 were AACCTCCAGTCTCAGCACCAT-
GAA (forward) and AGGTACAGCGTAAGGTTCTAGAGAG (reverse);
the primer pairs for GAPDH were GAGTCAACGGATTTGGTCGT (for-
ward) and TTGATTTTGGAGGGATCTCG (reverse). PCR efficiency for
GAPDH was similar to that of CXCL10 (>95%) and GAPDH was
not affected by treatment. Assessment of CXCL10 mRNA stabil-
ity was performed using the basic protocol previously described
[29]. Briefly, cells were exposed to IL-1f3 (+a-synuclein) for 2.5 h,
followed by the removal of media and the addition of fresh serum-
free media with or without 10 g/ml actinomycin D. Total RNA was
collected after 3, 10, 30, 60, 90, and 180 min and CXCL10 mRNA lev-
els determined as described above. Relative quantification of gene
expression was evaluated using the comparative cycle threshold
(Cr) method [14] as previously described [6]. Expression of CXCL10
mRNA was normalized to the expression of the endogenous control,
GAPDH mRNA. Relative expression was calculated using the com-
parative AACr method and fold change calculated using 2-2ACT,

GraphPad Prism version 4 (Graph Pad Software Inc., San Diego,
CA) and Statistica version 6 (StatSoft Inc., Tulsa, OK) were used
for statistical analyses. Results from independent experiments
were combined for presentation as the mean+S.E.M. One-way
ANOVA, two-way ANOVA and Student-Neuman-Kuels (SNK) pair-
wise comparisons were used for parametric analyses. p <0.05 was
considered statistically significant.

3. Results

Constitutive expression of CXCL10 protein was very low to
negligible (Fig. 1) and 24 h exposure to a-synuclein (480 pg/ml)
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Fig.1. a-Synuclein potentiated IL-1B-induced CXCL10 protein expression in human
A172 astroglial cells. Cells were either unstimulated or exposed to IL-1[3 (250 pg/ml)
in the presence or absence of a-synuclein (480 pg/ml) in serum-free medium
for 24h. CXCL10 protein in the media was quantitated by ELISA. Data represent
the mean+S.E.M. (n=3-8). Significant differences were determined by one-way
ANOVA with SNK pair-wise comparisons. ***p <0.001 vs. IL-13, **p<0.01 vs. IL-1p.
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Fig. 2. a-Synuclein did not alter IL-1B3-induced NF-kB activation in human A172
astroglial cells. Cells were exposed to IL-1(3 (250 pg/ml) in the presence or absence
of a-synuclein (480 pg/ml) in serum-free medium for 2-120 min. The levels of
active: (A) NF-kB p65 and (B) p50 in the nucleus were determined using the Tran-
scription Factor Kits (Thermo Scientific, Rockford, IL). Luminescence of the labeled
NF-kB-DNA product was then measured. Data represent the mean + S.E.M. (n=2-4).
Two-way ANOVA (treatment x time) with SNK pair-wise comparisons indicated
a significant effect of time (p65: **p<0.009 vs. 2 min, #*p<0.002 vs. 60 min; p50:
**p<0.002 vs. 2min, *p <0.05 vs. 2 min, #p<0.03 vs. 60 min), whereas, a-synuclein
did not significantly (p>0.89) affect IL-1B-induced increases in nuclear levels of
NF-kB.

did not induce expression of this chemokine (data not shown).
However, IL-13 (250pg/ml) induced CXCL10 protein expres-
sion and co-exposure with a-synuclein (480pg/ml) resulted
in a further increase in CXCL10 expression (Fig. 1). IL-1B3-
induced CXCL10 expression is NF-kB-dependent; therefore, we
predicted that a-synuclein would potentiate CXCL10 expression
pre-transcriptionally through modulation of NF-kB activity. Treat-
ment of A172 cells with IL-1f3 increased nuclear levels of p65 and
p50, which peaked at 60 min. post-stimulation (Fig. 2). However,
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Fig. 3. a-Synuclein did not affect IL-13-stimulated CXCL10 mRNA expression in
human A172 astroglial cells. Cells were exposed to IL-13 (250 pg/ml) in the presence
or absence of a-synuclein (480 pg/ml) in serum-free medium for 2-48 h. CXCL10
mRNA levels were assessed using real time RT-PCR. Data were normalized to GAPDH
mRNA within each independent experiment and expressed as fold change (com-
pared to IL-1B-stimulated group at 2 h). Data represent the mean £+ S.E.M. (n=7-15).
Two-way ANOVA (treatment x time) with SNK pair-wise comparisons indicated a
significant effect of time (*p <0.04, vs. 2 min), whereas, a-synuclein did not signifi-
cantly (p=0.72) affect IL-1B-induced increases in CXCL10 mRNA expression.

co-exposure with a-synuclein did not alter IL-13-induced NF-kB
activation (Fig. 2).

IL-1B-induced CXCL10 mRNA expression peaked at 8h and
returned to baseline by 16 h (Fig. 3). Co-exposure of cells to IL-13
and a-synulcein did not alter levels of CXCL10 mRNA expression
(Fig. 4). However, the stability of CXCL10 mRNA was enhanced
in cells co-exposed to IL-13 and a-synuclein compared to those
treated with IL-1[3 alone (Fig. 4).

4. Discussion

a-Synuclein is implicated in the pathology of PD and may also
contribute to other neuropathologies [5,11,19,28,42]. A number of
in vivo and in vitro studies have reported the toxic actions of «-
synuclein on oligodendroglial and neuronal cells [11,23,51]. For
example, aggregated a-synuclein at concentrations similar to the
concentrations used in the current study resulted in dopaminergic
neurotoxicity in rat primary mesencephalic neuronal cultures [51].
a-Synuclein can also induce glial degeneration [22,39], yet, under
the experimental conditions of the present study, viability of A172
astroglial cells was not affected by a-synuclein, as determined by
the MTT reduction assay (data not shown).
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Fig.4. Co-exposure to a-synucleinresults in enhanced CXCL10 mRNA stability in IL-
1B-stimulated human A172 astroglial cells. Cells were exposed to IL-1f3 (250 pg/ml)
in the presence or absence of a-synuclein (480 pg/ml) in serum-free medium for
2.5h. Cultures were replenished with media alone or media containing 10 p.g/ml
actinomycin D (ActD). The time-course (3-270 min) of CXCL10 and GAPDH mRNA
expression was assessed using quantitative real time RT-PCR. Data were normal-
ized to GAPDH within each independent experiment and expressed as fold change
(relative to IL-1( treated cells at time 0). Data represent the mean + S.E.M. (n=2-6).
Two-way ANOVA (treatment x time) indicated that treatment, time and the inter-
action were each highly significant (p <0.001). **p<0.01 vs. IL-1 + a-Syn + ActD as
determined by SNK pair-wise comparisons.

PD, MS and HIV-1 associated dementia are all associated with
neuroinflammation as evidenced by increased levels of proinflam-
matory cytokines and chemokines [24,32,36,41]. Astrogliosis is also
evident in these neuropathologies [16,31] and astrocytes are a
major source of chemokine production in the CNS [9]. Together,
these findings underscore the importance in gaining a better under-
standing of the effects of a-synuclein on astrocytes in the presence
of on-going inflammation.

IL-1p3 is known to induce CXCL10 in human astroglial cells, how-
ever, while 10 ng/ml IL-1f3 is a common concentration used [35,38],
we have demonstrated that a relatively low concentration of IL-13
(250 pg/ml) induces CXCL10. Furthermore, this is the first report
on the combined effects of a-synuclein and IL-3 on CXCL10 expres-
sionin human astroglial cells. Cytokine-induced CXCL10 expression
is NF-kB-dependent [7] and a-synuclein induces NF-kB activation
[20]. Therefore, we predicted that the potentiation of IL-13-induced
CXCL10 expression by a-synuclein would involve modulation of
NF-kB activation. However, our findings suggested that the poten-
tiation of IL-1B-induced CXCL10 expression by a-synuclein was not
due to enhanced activation of NF-kB.

Post-transcriptional control of gene expression through mRNA
transcript stability is important in the regulation of inflammatory
genes, including those encoding cytokines and chemokines [40].
CXCL10, in particular, has a transcript half-life of about 30 min
under resting conditions [37]. To determine the effects of a-
synuclein on CXCL10 mRNA stability we utilized the addition of
a de novo transcription inhibitor, actinomycin D, an approach simi-
lar to that used by others [49]. Interestingly, we found that CXCL10
mRNA degradation was delayed in cells co-exposed to a-synuclein
and IL-13, relative to cells treated with IL-13 alone. While these
findings indicate that a-synuclein facilitates the stability of this
CXCL10 mRNA in A172 cells, the molecular mechanism involved
remains to be defined. Among the proteins reported to interact with
mRNA transcripts to regulate mRNA degradation, only nucleoli has
been shown to interact with a-synuclein [18]. Yet, further investi-
gation into the direct and indirect effects of a-synuclein on CXCL10
mRNA transcripts is warranted.

Gaining further insights into the mechanism by which «-
synuclein potentiates IL-13-induced chemokine expression in
astroglia is expected to broaden our understanding of the cellu-
lar events in certain neuropathologies. Additionally, these findings
may foster the development of therapeutic strategies to manipulate
neuroinflammatory conditions.
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