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Expression of purinergic P2X, receptor in rat brain during the
symptomatic phase of experimental autoimmune
encephalomyelitis and after recovery of neurological deficits
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Purinergic ionotropic P2X, receptor is widely distributed in brain. Strong evidence suggests that this receptor is related to
inflammatory and neurodegenerative changes in many pathological states of central nervous system (CNS), including
multiple sclerosis (MS). Experimental autoimmune encephalomyelitis (EAE) is the commonly used animal model of MS. In
this study we investigate the expression of P2X R protein in rat brain in the symptomatic phase of EAE (day 10 post
immunization) and after reversion of neurological symptoms (day 20 p.i.).

We found the increased level of P2X R protein in brain homogenates of EAE rats in both examined time windows.
Immunohistochemical study revealed enhanced receptor’s immunoreactivity. Immunoblots done with isolated cellular brain
fractions indicated that the P2X,R overexpression is related to synaptosomal fraction in the symptomatic phase and to the
glial (GPV) fraction in the recovery phase of EAE. Concomitantly, we noticed overexpression of astroglial marker GFAP in
brain homogenates and astroglial fraction (GPV), so as its enhanced immunoreactivity in brain sections (10 days p.i.) which
did not decline to control values in the recovery phase, similarly to P2X,R expression. Results suggest the involvement of

P2X R-mediated signaling in the pathomechanisms of EAE with the possible relevance of astrocytic pool of cells.
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INTRODUCTION

Family of purinergic receptors is divided into class-
es: metabotropic P2Y and ionotropic P2X receptors
(Abbracchio and Burnstock 1994). Purinergic receptor
P2X, belongs to ionotropic P2X class. However, it pos-
sesses the unique properties and differs from other
receptors in this class. Except of two transmembrane
domains and extracellular loop, it has a unique, among
P2X family, long intracellular domain important for
ability of pore formation. Under pathological condi-
tions of prolonged activation or stimulation with high
levels of agonist (ATP), it homooligomerizes, and
forms non-selective transmembrane pore permeable
for molecules up to 900 Da weight (Surprenant et al.
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1996). That leads to influx of Na" and Ca* and efflux
of K and other molecules and subsequent cell death
via necrosis or apoptosis (Di Virgilio et al. 1998,
Morelli et al. 2001). Opening of a large conductance
P2X,R-pore on some cells may result among others in
releasing of glutamate and ATP from the internal
stores. Both these substances exhibiting toxic excit-
atory potential were shown to be released from astro-
cytes (Duan et al. 2003, Suadicani et al. 2006). P2X,R
activation may also lead to the subsequent activation of
multimolecular complex “inflammasome” and inflam-
matory response (Mingam et al. 2008).

Recently, there is an increasing interest in the role of
purinergic signaling, particularly P2X,R-mediated, in
the pathophysiology of neurological disorders. Increased
expression of P2X R was observed in Alzheimer dis-
ease (McLarnon et al. 2006), ischemia (Yanagisawa et
al. 2008), epilepsy (Kim et al. 2010) and multiple scle-
rosis (MS; Matute 2007, Sharp et al. 2008).
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MS is a chronic inflammatory and degenerative
disease of the CNS characterized by demyelination,
oligodendroglial cell death and damage of axons. It is
one of the most common reasons of neurological dis-
abilities of young adults (Compston and Coles 2000).
Progressive neuronal deficiency causing irreversible
disability is the main clinical symptom observed dur-
ing MS. As it was shown previously, activation of
P2X,R on oligodendrocytes may be involved in the MS
pathology contributing to the tissue damage (Matute et
al. 2007).

Experimental autoimmune encephalomyelitis (EAE)
is a rodent model of MS which is commonly used in
research of pathological mechanisms operated in this
nervous system’s disease. Although EAE/SM is tradi-
tionally considered to be related to spinal cord pathol-
ogy, there are also data confirming pathological
changes in brain (Ayers et al. 2004, Wang et al. 2005,
Biatkowiec-Iskra et al. 2007).

In this work we investigate the level of purinergic
P2X,R expression in brain homogenates of rats sub-
jected to EAE as compared with control, non-immu-
nized animals. We elucidate temporal changes in
P2X,R expression in brains of animals at day 10 post
immunization, which is the point of maximal neuro-
logical deficits, and at day 20 when the full recovery of
neurological symptoms of the disease is achieved.
Basing on the evidence that P2X,R is expressed in
many brain cell populations (Duan et al. 2003, Sim et
al. 2004), we used different cellular fractions isolated
from the whole brain to investigate their contribution
to the expression of P2X,R protein.

METHODS
Animals and immunization procedure

Female Lewis rats (weight 180-210 g) from animals’
house at the Mossakowski Medical Research Centre,
Polish Academy of Sciences (Warsaw, Poland) were used
in all experiments. Experimental autoimmune encepha-
lomyelitis was evoked by intradermal injection of 100 pul
inoculum into each footpad under anaesthesia (Narcotan
— Halothanum, Zentiva, Prague, Czech Republic). The
inoculum contained guinea pigs’ spinal cord homogenate
in PBS (1:1 ratio) emulsified with Freund’s complete
adjuvant (CFA, Difco) and 2 mg/ml of Mycobacterium
Tuberculosis (Difco H37RA) (Tsumoda and Fujinami
1996, Kwiatkowska-Patzer et al. 2009).

Development of neurological symptoms and lost of
body weight were observed daily. Neurological defi-
cits, that occurred were described according to the
scale of Kerschensteiner and coworkers (2004): 0 - no
symptoms; 1 - limp tail; 2 - hind limb weakness; 3 -
hind limb paralysis; 4 - ascending paralysis; 5 - mori-
bund. Animals were sacrificed in different stages of
the disease i.e., 10 and 20 days post immunization. All
procedures involving animals were approved by the
local Experimental Animal Care and Use Committee.

Preparation of glial fraction

Isolation was made according to the method described
by Daniels and Vickroy (Daniels and Vickroy 1998).
Animals were killed by decapitation and brains were
isolated. Than brains were homogenized in isolating
medium (0.32 M sucrose, 1 mM EDTA) and centri-
fuged in 1000xg for 15 min. The supernatant was
diluted in SEDH buffer (0.32 M sucrose, ] mM EDTA,
DTT, Hepes pH 7.4). Then it was centrifuged in 5000xg
for 15 min and further in 33500%g for 20 min. The
deposit was suspended in 12 ml SEDH buffer and cen-
trifuged in the Percoll gradient (20%, 10%, 6%, 0%).
GPV fraction was collected from the interphase between
0% - 6%, diluted in 12 ml SEDH buffer and then centri-
fuged for 20 min in 1000xg. The supernatant was then
centrifuged in 33500xg for 20 min. The deposit was
suspended in 2 ml SEDH buffer and stored at —20°C.

Preparation of myelin fraction

Myelin fraction was obtained according to the
method described by Norton and Poduslo (1973).
Freshly isolated rat brains were homogenized in
0.32 M sucrose and centrifuged at 75000xg for 30 min
to obtain crude myelin fraction which was further
purified using discontinuous sucrose gradient. Myelin
fraction was obtained in interphase between 0.32 M
and 0.85 M sucrose. Myelin was rinsed twice by sus-
pending in water and centrifugation at 12000xg for
15 min. Purified fraction was diluted in water with
protease inhibitors and stored in -20°C until use for
immunoblotting procedure.

Preparation of synaptosomes

Isolation of nerve endings fraction was made accord-
ing to the method described by Booth and Clark (1978).



Brains were homogenized in sucrose buffer (0.32 M
sucrose, ImM EDTA, 10 mM Tris-HCI pH 7.4) and
subsequently centrifuged at 1300xg for 3 min and at
17000xg for 10 min. The pelet was suspended in 1.5 ml
medium and centrifuged on Ficoll gradient (12%, 7%,
0%) at 99000xg for 30 min. Synaptosomal fraction
obtained between 12% and 7% Ficoll was rinsed in
isolating medium and centrifuged at 17000xg for 10
min. The final pellet was suspended in Krebs-Ringer
buffer (140 mM NaCl, 5 mM KCI, 10 mM Tris-HCI,
1.3 mM MgSO4 and 1 mM Na2HPO4 pH 7.4) and
stored at -20°C for further experiments.

Western blot analysis

Protein concentration in brain homogenates or GPV/
synaptosomal/myelin fractions was measured accord-
ing to the method of Lowry and coauthors (1951) using
bovine albumin as a standard. Samples containing 20
ug of proteins were subjected to SDS-polyacrylamide
gel (10%) electrophoresis and examined towards P2X,
receptor or GFAP. Samples transferred to nitrocellu-
lose membranes were incubated overnight (4°C) with
primary polyclonal antibody, anti-P2X,R recognizing
the intracellular epitop of amino acids 576-595
(Alomone Labs) in dilution 1:200 or monoclonal anti-
body anti-GFAP in dilution 1:400. Thereafter the sec-
ondary antibody conjugated with HRP (Sigma-Aldrich)
in dilution 1:5000 was applied. As an internal standard
polyclonal anti-f actin antibody (Sigma-Aldrich) was
used.

Bands were visualized with the chemiluminescence
ECL kit (Amersham), exposed to Hyperfilm ECL and
quantified using densitometry Image Scanner III (GE
Healthcare) with Image Quant TL v2005 program.

Immunohistochemical procedure

Animals were anesthetized with a lethal dose of
Vetbutal and perfused through the heart with phos-
phate-buffered saline (PBS pH 7.4) and subsequently
with 250 mL of fixative (4% paraformaldehyde in
PBS; Sigma-Aldrich). Brains were isolated, postfixed
in that same fixative for 1.5 h at room temperature and
crioprotected in 30% sucrose in PBS. Frozen brains
were cut to 40-micron sections into PBS with sodium
azide (0.1%). Sections were stored at -20°C in anti-
freezer (30% sucrose, 60% glycol ethylene, 0.05 M PB
buffer pH 7.4). Free floating sections were immunos-
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tained using primary monoclonal mouse anti-GFAP
antibodies (Sigma Aldrich, 1:400) or polyclonal rabbit
anti-P2X,R antibodies (Alomone Labs, 1:200).
Secondary antibodies were conjugated with HRP
(1:1000) and the reaction was visualized using DAB as
a chromogen. Images were obtained using BH2-RFCA
Olympus fluorescent microscopy and CC12 Soft
Imaging System Camera and Cell (Olympus) soft-
ware.

Statistical analysis

Densitometric analysis was performed using blots
obtained from brains of 4 animals in each group.
Results of statistical analysis are expressed as mean
values = SD of P2X,R or GFAP relative protein con-
centration. Inter-group comparison of the results was
performed using a one-way analysis of variance
(ANOVA) followed by post-hoc Dunnett’s test.
Significance level was set as p<0.05.

RESULTS
Animals

Neurological symptoms in animals were scored
daily according to the above-described scale (1+ - 5+).
In immunized animals we observed neurological defi-
cits characteristic for EAE like progressive develop-
ment of paralysis of tail and hind limbs and loss of
reflexes. Symptoms started to develop at day 7, peaked

Disease score
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Days post immunization (DPI)

Fig. 1. Scores of the neurological symptoms in animals dur-
ing the course of the disease. Development of neurological
sings was scored as described in the text. The results are
means + SD from 10 animals in each group. Brains were
collected at days: 0 (control), 10, and 20 after immuniza-
tion.
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at 10-11 day, and fully recovered at day 15 (Fig. 1). At
the peak of the disease animals lost almost 21% of
weight.

Animals were sacrificed at day 0 (control, non-im-
munized), 10 and 20 post immunization to isolate
brains for further examination.

Expression of P2X R

Expression of P2X,R in brain homogenates of rats
subjected to EAE increased significantly in symptom-
atic phase of the disease (10 d.p.i.) by about 45% rela-
tive to control animals. In the late, recovery phase (20
d.p.i) it remained at similar level (Fig. 2). Although
Western blotting method confirm the general tendency
of P2X,R protein to rise significantly within time, the
detailed analysis using cellular fractions of brain,
showed differences according to the type of cells.

To verify the “cellular origin” of the observed
changes in protein expression, we investigated P2X,R
in different brain fractions: glial (GPV), neuronal (syn-
aptosomal) and myelin fraction. In GPV fraction we
observed decreased level of receptor’s protein in symp-
tomatic phase of EAE whereas during recovery it was
significantly increased relative to control animals by
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Fig. 2. Expression of P2X, purinergic receptor’s protein in
brain homogenates obtained from control and EAE rats in
symptomatic (10 d.p.i.) and recovery phase (20 d.p.i.).
Representative immunoblot and the graph showing the
results of densitometric measurements of 4 independent
immunoblots done using 4 distinct brains and expressed as a
percentage of control. The relative density was measured
against B-actin as an internal standard. *p<0.05 compared
with respective control (one-way ANOVA with post-hoc
Dunnett’s test).
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Fig. 3. Expression of P2X, purinergic receptor’s protein in
different brain fractions obtained from control and EAE rats
in symptomatic (10 d.p.i.) and recovery phase (20 d.p.i.).
(A) glial GPV fraction, (B) synaptosomal fraction, (C)
myelin fraction. Representative immunoblots and the graphs
show the results of densitometric measurements of 3 inde-
pendent immunoblots done using 3 distinct brain fractions
and expressed as a percentage of control. The relative den-
sity was measured against B-actin as an internal standard and
compared with respective control at *p<0.05 (one-way
ANOVA with post-hoc Dunnett’s test).



about 30% (Fig. 3A). Conversely, in synaptomal frac-
tion we noted small but statistically significant
enhancement of relative protein concentration in symp-
tomatic phase (about 15% over control) which further
decreased to about 80% of control value in the recov-
ery phase (Fig. 3B). In the case of myelin fraction the
level of receptor’s protein did not change significantly
until day 20 p. i. as compared to the fractions obtained
from control animal (Fig. 3C). The overall results sug-
gest the connection of overexpression of P2X,R pro-
tein with neurons in symptomatic phase but with glial
pool of cells after recovery.

Microscopic analysis of brain slices immunostained
towards P2X,R protein revealed changes in its expres-
sion during EAE. The increased staining of P2X,R in
the frontal cortex in the vicinity of corpus callosum of
immunized rats was observed in both examined phases
of EAE (10 and 20 d.p.i.) as compared to control brains

(Fig. 4).
Activation of astroglia during the course of EAE

GFAP is used as a main marker of astroglial activa-
tion. In brain homogenates of rats subjected to EAE we
observed enhanced expression of this protein both in
symptomatic (10 d.p.i.) and recovery (20 d.p.i.) phases
by about 50% and 20%, respectively when compared to
control (Fig. 5A). The pattern of changes in GFAP
immunodensity noticed in astroglial fraction obtained
from brains of animals in investigated time points of
disease (0, 10, 20 d.p.i.) was slightly different (Fig. 5B).
The significant increase in GFAP (about 60% over con-
trol) was noticed in recovery phase. It could be observed
that GFAP expression did not decrease to the control
level while reversing the neurological deficits, neither
in homogenates nor in GPV fraction. The quantitative

Control

10dpi
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results of immunoblots were confirmed by immunohis-
tochemical analysis. In brain cortex of control rats we
observed very weak staining in a small number of
astrocytes with thick processes (Fig. 6). The time-de-
pendent increase in the intensity of GFAP immunos-
taining was observable after immunization. Moreover,
it did not reverse during symptomatic recovery. At 20
d.p.i. very strong signal was noticed. Microscopic
analysis showed activation of astrocytes which exhib-
ited features of hypertrophy. Described changes in
immunoreaction were mostly observed within the fron-
tal motor and somatosensory areas of cortex localized
in the close proximity of corpus callosum.

DISCUSSION

Considerable evidence suggests that ATP and its
purinergic receptor P2X, are involved in inflammatory
reaction and neuronal cell death in many pathological
states of CNS (Franke et al. 2006).

Multiple sclerosis is one of CNS pathologies which
are traditionally viewed as a “white matter” disease
associated with damage to myelin. Indeed, overexpres-
sion of P2X,R has been shown to be related to oligo-
dendroglial death in the phase of severe neurological
symptoms (Matute et al. 2007). However, it has been
already proved that this pathology also involves other
types of cells like neurons, astrocytes or microglia.
Widespread neuronal and axonal injury in grey matter
(Pirko et al. 2007) accompanies pathological changes
in white matter compartment. In P2X,R knockout
mice the severity of neurological symptoms of the dis-
ease as well as axonal damage and astrocyte activation
have been significantly reduced (Sharp et al. 2008).

The results of our study showed the enhanced
expression of P2X R protein in brain homogenates of

20dpi

Fig. 4. DAB staining towards P2X R in brain sections obtained from control and EAE rats at day 10 and 20 post immuniza-

tion. Magnification x4.
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immunized rats in both examined phases of the dis-
ease. This may reflect the involvement of this type of
purinergic receptor in the progression of the disease.
The immunohistochemical analysis confirmed the
semiquantitative results of immunoblotting showing
the enhanced immunoreactivity for P2X,R.

While analyzing the expression of receptor’s protein
using brain fractions, we observed different patterns of
changes. In the peak of the disease (10 d.p.i.) the over-
expression of P2X,R was mostly found in synapto-
somal fraction, whereas in the recovery phase it was
rather connected with glial fraction (GPV). Surprisingly,
we did not observed changes in receptor’s expression
in myelin fraction either at day 10 p.i. or 20 p.i.
Previous results of Matute and coworkers (2007) pre-
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sented the evident connection of P2X R with oligoden-
droglial cell death during the phase of neurological
symptoms of the disease. It is possible that these dis-
crepancies arise from different model of study.

In our study we used fractions of high purity there-
fore the possibility of cross-contamination during frac-
tional P2X,;R immunoblotting in the case of synapto-
somal and glia-derived fractions is very low. As it was
shown previously, GPVs unlike synaptosomes, express
high levels of astrocytic markers — GFAP, glutamine
synthetase and carbonic anhydrase (Daniels and Vickroy
1998, Struzynska 2000, Struzynska et al. 2001).

However, GFAP is not only specific for astrocytes
as a small population of oligodendroglia in rodent
brain expresses GFAP (Maglione et al. 2010).
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Fig. 5. Expression of GFAP protein in brain homogenates (A) and GPV fraction (B) of control and EAE rats in symptom-
atic (10 d.p.i.) and recovery phase (20 d.p.i.). Representative immunoblot and the graph indicating the results of densitomet-
ric measurements of 4 independent immunoblots in each group of animals done from 4 distinct brains and expressed as a
percentage of control. The relative density was measured against B-actin as an internal standard. *p<0.05 compared with its
corresponding control (one-way ANOVA with post-hoc Dunnett’s test).
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Fig. 6. DAB staining towards GFAP in brain sections obtained from control and EAE rats at day 10 and 20 post immuniza-
tion. Magnification x20.




Astrogliosis is the known hallmark of MS/EAE.
The overexpression of GFAP was shown to be con-
nected with advanced stages of MS/EAE (Holley et al.
2003, Bannerman et al. 2007) in both white and grey
matter of CNS (Pham et al. 2009).

Our results revealed that the overexpression of
GFAP observed in symptomatic phase in brain homo-
genates, still persists after recovery what is evidenced
in both homogenates and astroglial fraction. Moreover,
parallel to that, the enhancement of P2X,R protein in
glial fraction is observed suggesting that astroglial
cells may be importantly involved in pathomechanisms
of EAE. According to the recent data P2X R-pore may
be the route of glutamate and ATP efflux from glial
compartment and can modulate their release (Duan et
al. 2003, Hamilton et al. 2008). Thus, astroglia may be
regarded as a substantial source of these potentially
neurotoxic substances in SM/EAE, not only as a
source of proinflammatory cytokines.

It has to be stressed that microglial cells also express
P2X,R (Collo et al. 1997). Recently, the role of these
receptors located on microglia in neurodegenerative
and neuroinflammatory disorders is highlighted due to
the involvement in secretion of inflammatory mediators
(Lister etal. 2007, Takenouchi et al. 2010). Unfortunately,
there is a lack of method for isolating microglial frac-
tion for biochemical assays. By this reason we did not
investigate these cells in the present study.

Further it should be stressed that glial activation in
neurodegenerative/inflammatory disorders may be of
biphasic nature - not only detrimental buy also benefi-
cial (Cztonkowska 2009, Sofroniew and Vinters 2010).
Thus, we should rather perceive the changes described
in the present study as focal and not related to whole
pool of glia.

Summarizing, our results confirm that during the
course of EAE the expression of P2X,R protein under-
goes changes in brain of immunized rats. The overex-
pression observed in brain homogenates in the peak of
the disease (10 d.p.i.) did not decline concomitantly
with reversing of neurological symptoms (20 d.p.i.). In
the symptomatic phase of the disease enhanced expres-
sion of P2X,R protein was related to the synaptosomal
fraction isolated from EAE rat brains. Overexpression
of this receptor correlates well with the reported
axonal degeneration in the onset of the disease (Wang
et al. 2005). Indeed, P2X,R-induced neuronal degen-
eration was described earlier after the ischemic insult
(Le Feuvre et al. 2003).
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However, in the recovery phase, P2X,R overexpres-
sion was related mostly to glial fraction. Simultaneously,
we observed enhanced expression of GFAP and acti-
vated astrocytes with features of hypertrophy. Knowing
the fact that damaged cells release ATP, it seems likely
that extracellular concentration of agonist during the
symptomatic phase increases and spreads around the
damaged axons further activating nearby astrocytic
P2X, receptors. Thus, astroglial overexpression of this
receptor in the recovery phase may be relevant for
sustained astroglial activation observed after clinical
recovery. Previous report describing reduced damage
of axons and astrocyte activation in P2X,R knockouts
(Sharp et al. 2008) support this hypothesis.

CONCLUSION

Our observations suggest that P2X,R-mediated sig-
naling pathway is of importance in the pathology of
EAE and may be not only related to the oligodendro-
glial cells death. However, astroglial contribution to
the P2X,R-related pathomechanisms operating during
the course of EAE warrant further study.
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