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in the spinal cord

between the adult and aged beagle dog
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Alpha-synuclein (a-syn) is a presynaptic protein that is richly expressed in the central and peripheral
nervous systems of mammals, and it is related to the pathogenesis of Parkinson’s disease and other
neurodegenerative disorders. In the present study, we compared the distribution of the immunoreactivity
of a-syn and its related gliosis in the spinal cord of young adult (2-3 years) and aged (10-12 years) beagle
dogs. We discovered that a-syn immunoreactivity was present in many neurons in the thoracic level of
the aged spinal cord, however, its protein level was not distinct inform that of the adult spinal cord. In
addition, ionized calcium-binding adapter molecule-1 (a marker for microglia) immunoreactivity, and not
glial fibrillary acidic protein (a marker for astrocytes) immunoreactivity, was somewhat increased in the
aged group compared to the adult group. These results indicate that o-syn immunoreactivity was not
dramatically changed in the dog spinal cord during aging.
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Alpha-synuclein (a-syn) is a soluble acidic protein of
140 amino acids widely presented in presynaptic sites in
the central nervous system (CNS) of mammals, particularly
in the neocortex, hippocampus, and striatum [1,2]. o-
Syn normally participates in the homeostasis of synaptic
vesicles [3], related to synaptic transmission, neuronal
plasticity and lipid transport [4-6].

o-Syn is also related to neurodegenerative diseases, as
an aggregation of oi-syn constitutes the main component
of Lewy bodies (LB) which are considered the neuro-
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pathological hallmark of Parkinson’s disease, Alzheimer’s
disease, and dementia with Lewy bodies (DLB) [7,8]. a.-
Syn related pathology is found not only in the brain, but
also in the spinal cord, such as multiple system atrophy
(MSA), amyotrophic lateral sclerosis (ALS) [9,10].

The accumulation of misfolded o-syn in neuronal cell
bodies, axons and synapses leads to glial and neuronal
dysfunction and death in the various neurodegenerative
diseases, and these disorders are classified as synucleino-
pathies [7,11,12].
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During normal aging, the disease susceptibility is
increased [13], because the spinal cord undergoes
various neurochemical and structural changes [14-16].
There are some reports on the distribution of a-syn and
its expression pattern in neurodegenerative diseases in
various species, however, no study has yet demonstrated
the age-related changes of a-syn in the dog spinal cord.
Hence, in the present study, we compared the
immunoreactivity of a-syn in the spinal cord between
the adult and aged beagle dog.

Materials and Methods

Experimental animals

Clinically and neurologically normal male beagle dogs
were used at 2-3 years (young adult dogs, n=12) and 10-
12 years (aged dogs, n=12) of age, with normal values
in blood count, chemistry, gas analysis and serum
electrolytes. The animal protocol used in this study was
reviewed and approved based on ethical procedures and
scientific care by the Kangwon National University-
Institutional Animal Care and Use Committee (KIACUC-
12-0010).

Tissue processing

For histochemical analysis, young adult and aged dogs
(n=7 in each group) were anesthetized with zoletil50 (8
mg/kg) and xylazine (2 mg/kg) mixture and perfused
transcardially with 0.1 M phosphate-buffered saline
(PBS, pH 7.4) followed by 4% paraformaldehyde in 0.1
M phosphate buffer (PB, pH 7.4). The cervical (C-Cy),
thoracic (T,-T,,) and lumbar (L,-L;) spinal cord were
removed and posfixed in the same fixative for 12 h. The
spinal cord tissues were cryoprotected by infiltration
with 30% sucrose overnight. Thereafter the frozen tissues
were serially sectioned on a cryostat (Leica, Wetzlar,
Germany) into 30 um in thickness, and the sections were
then collected into six-well plates containing PBS.

Immunohistochemistry

To obtain the accurate data for immunohistochemistry,
the free-floating sections were carefully processed under
the same conditions. Immunohistochemistry for a-syn,
glial fibrillary acidic protein (GFAP, a marker for astrocytes)
and ionized calcium-binding adapter molecule-1 (Iba-1,
a marker for microglia) was performed under the same
conditions in dogs of different ages in order to examine
whether the degree of immunohistochemical staining
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was accurate. The sections were sequentially treated with
0.3% H,0, and 10% normal goat serum. They were then
incubated with diluted sheep anti-o-syn (diluted 1:1000,
Abcam, Cambridge, MA), mouse anti-GFAP (diluted
1:800, Chemicon, Temecula, CA) and rabbit anti-Iba-1
(diluted 1:800, Wako, Richmond, VA), respectively, and
subsequently exposed to biotinylated rabbit anti-sheep,
goat anti-rabbit or horse anti-mouse IgG and streptavidin
peroxidase complex (1:200, Vector, Burlingame, CA).
They were then visualized by staining with 3,3'-
diaminobenzidine tetrahydrochloride (Sigma, St. Louis,
MO) in 0.1 M Tris-HCI buffer (pH 7.2) and mounted on
gelatin-coated slides. The sections were mounted in
Canada balsam (Kanto) following dehydration. In order
to establish the specificity of the immunostaining, a
negative control test was carried out with pre-immune
serum instead of primary antibody. The negative control
test resulted in the absence of immunoreactivity in all
structures.

Western blot analysis

To confirm change in o-syn, GFAP and Iba-1 levels in
the cervical, thoracic and lumbar spinal cord between the
adult and aged dog, the animals (»=5 in each group)
were sacrificed and used for the western blot analysis. In
brief, the tissues were homogenized in 50 mM PBS (pH
7.4) containing EGTA (pH 8.0), 0.2% NP-40, 10 mM
EDTA (pH 8.0), 15 mM sodium pyrophosphate, 100
mM B-glycerophosphate, 50 mM NaF, 150 mM NaCl,
2 mM sodium orthovanadate, 1 mM PMSF, and 1 mM
DTT. After centrifugation, the protein level in the
supernatants was determined using a Micro BCA protein
assay kit (Pierce Chemical, Rockford, IL, USA). Aliquots
containing 20 pg of total protein were boiled in a loading
buffer containing 150 mM Tris (pH 6.8), 3 mM DTT,
6% SDS, 0.3% bromophenol blue, and 30% glycerol.
The aliquots were then loaded onto a polyacrylamide
gel. After electrophoresis, the gels were transferred to
nitrocellulose transfer membranes (Pall Crop, East Hills,
NY, USA). To reduce background staining, the membranes
were incubated with 5% non-fat dry milk in PBS
containing 0.1% Tween 20, followed by incubation with
sheep anti-o-syn (diluted 1:1000, Abcam, Cambridge,
MA), rabbit anti-Iba-1 (diluted 1:1000, Wako, Richmond,
VA), and mouse anti-GFAP (diluted 1:1000, Chemicon,
Temecula, CA), peroxidase-conjugated donkey anti-
sheep, rabbit or mouse IgG (Sigma, St. Louis, MO,
USA) and ECL kit (Pierce Chemical). The result of
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western blot analysis was scanned, and densitometric
analysis for the quantification of the bands was done
using Scion Image software (Scion Corp., Frederick,
MD), which was used to count relative optical density
(ROD): A ratio of the ROD was calibrated as %, with the
adult-group designated as 100%.

Statistical analysis

Every statistical analysis was carried out using GraphPad
Prism 4.0 (GraphPad Software, USA). We used Kruskal-
Wallis one way analysis of variance (ANOVA) on
ranking test statistical significance in the number of cell,
ROD and dimensions of gray matter and white matter.
Data are expressed as the mean+SEM. The data were
evaluated by student’s t-test. Statistical significance was
considered at P<0.05.

Results

a-Syn immunoreactivity

In the adult dog, a-syn immunoreactivity was easily
detected in neuropil of all the laminae of the cervical,
thoracic and lumbar spinal cord, and immunoreactivity
was somewhat different according to the laminae; a-syn-
immunoreactive profiles were mainly found in laminae
I-1II, and medial part of laminae X and laminae IX of
motor nuclei (Figure 1A, 2A and 3A). In addition, in the
thoracic level, a-syn immunoreactivity was also detected
in intermediolateral nucleus in lamina VII (Figure 2A
and 2b). a-Syn immunoreactivity was not detected in
cell bodies and dendrites of neurons in the cervical and
lumbar spinal cord (Figure 2 and 3).

In the aged group, the distribution pattern of a-syn-
immunoreactive structures in the cervical and lumbar
spinal cord was similar to that in the adult dog (Figure
1B and 3B), however, in the thoracic level, a-syn
immunoreactivity was easily detected in the cytoplasm
of many neurons, especially in laminae I-III, inter-
mediolateral nucleus (autonomic nucleus) and motor
nuclei (Figure 2B and 2f). Although immunoreactivity
of a-syn was newly expressed in many neurons in the
thoracic spinal cord (Figure 2B), the general pattern of
o-syn immunoreactivity was not significantly changed
in the cervical and lumbar spinal cord in the aged dogs
compared to that in the adult group (Figure 1B and 3B).

a-Syn protein levels
o-Syn protein levels in the aged spinal cord were not
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Figure 1. a-Syn immunohistochemistry in the cervical spinal
cord of the adult (A, a, b and c) and aged (B, d, e and f) dogs.
There are no significant differences between the adult and
aged dog. Bar=500 um (A-B), 100 um (a-f).

(I

found to be significantly changed in the cervical,
thoracic and lumbar spinal cord compared to those in the
adult group (Figure 4), although o-syn immunoreactivity
was newly expressed in motor neurons in the aged
thoracic spinal cord.

GFAP immunoreactivity

GFAP-immunoreactive astrocytes were observed mainly
in the gray matter in the cervical, thoracic and lumbar
spinal cord, and GFAP immunoreactivity was not
apparently changed in the aged group compared to that
in the adult group (data not shown).

Iba-1 immunoreactivity

Iba-1-immunoreactive microglia were observed
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Figure 2. o-Syn immunohistochemistry in the thoracic spinal
cord of the adult (A, a, b and c) and aged (B, d, e and f) dogs.
o-Syn immunoreactivity was detected in the cytoplasm of
spinal motor neuron in the aged dog. Bar=500 um (A-B), 100
um (a-f).

throughout the gray matter in the cervical, thoracic and
lumbar spinal cord of both the groups, and Iba-1
immunoreactivity was somewhat increased in the aged
group compared to that in the adult group (data not
shown).

Discussion

In the present study, we investigated a-syn immuno-
reactivity and its protein levels in the spinal cord of adult
and aged beagle dogs, in order to compare the distribution
and changes of a-syn.

In the adult dog, a-syn immunoreaction was distributed
in neuropil throughout the gray matter of the cervical
and lumbar spinal cord, and higher o-syn-immuno-
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Figure 3. o-Syn immunohistochemistry in the lumbar spinal
cord of the adult (A, a, b and c) and aged (B, d, e and f) dogs.
There are no significant differences between the adult and
aged dog. Bar=500 um (A-B), 100 um (a-f).

reactivity was detected in the laminae I-III, and medial
part of laminae X and laminae IX of motor nuclei, as
well as in intermediolateral nucleus (autonomic nucleus)
in laminae VII in the thoracic spinal cord. This result is
supported by previous studies that reported a-syn as
being highly expressed in laminae I, II and X in the rat
spinal cord [17], as well as in laminae IX in the C57BL/
6J mouse [18,19].

In the aged dog, in the cervical and lumbar spinal cord,
the expression pattern of a-syn was similar to that in the
adult dog, and o-syn immunoreactivity was not
significantly changed compared to that in the adult
group. In addition, a-syn protein level in the aged spinal
cord was not significantly changed compared to that in
the adult group. Here, we report for the first time that -
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Figure 4. Western blot analysis of a-syn protein level in the
cervical, thoracic and lumbar spinal cord derived from the adult
and aged dogs. The relative optical density (ROD) of
immunoblot bands is demonstrated as percent values (n=5 per
group). Data are presented as the means+SEM.

syn immunoreactivity was not apparently changed in the
cervical and lumbar spinal cord of the aged dog
compared to that of the adult.

Interestingly, in the aged thoracic spinal cord, o-syn
immunoreactivity was easily detected in the cytoplasm
of many neurons, however, the expression pattern of o.-
syn in the aged spinal cord had a non-aggregated profile
(cloud-like neuropil staining). This result is supported by
a previous study that reported a grain-like structure of o.-
syn in neuropil without classic LB found in autonomic
nuclei of the thoracic spinal cord in the aged human
(44% of 304 subjects) [20]. However, it was reported
that o-syn immunoreactivity was detected in the
intermediolateral nucleus, with focal Lewy body (LB)
and Lewy neuritis (LN) accumulation in the thoracic
spinal cord of elderly subjects, which is classified as
incidental Lewy body disease (ILBD) or a-syn pathology.
Furthermore, it was closely associated with the
involvement of a similar pathology in more upward
situated regions of the central nervous system, such as
the medulla oblongata, pons and hippocampus [20-22].
Therefore, it is likely that non-aggregated o-syn
immunoreactivity in the aged dog spinal cord is
distinctively different from pathological features such as
aggregation and inclusion of a-syn, and it might be
related to the non pathological profiles of a-syn during
normal aging.

Microglia are one of glial cells and they play an
important role in active immune defense in the CNS
[23], and astrocytes, which are also one of glial cells,
exert several functions such as neurotransmission and
neuronal functions in the CNS [24]. In the present study,

Iba-1 immunoreactivity, not GFAP immunoreactivity,
was somewhat increased in the aged group compared to
that in the adult group. Activated microglia secrete
inflammatory mediators including reactive oxygen
intermediates, nitric oxide, excitatory amino acids [25].
It was reported that gliosis can cause inflammatory
responses in synucleinopathies [26-28]. In the present
study, there was no significant activation of glia in the
aged spinal cord, indicating that it might be related to no
distinct changes of non-aggregated o-syn expression in
the aged spinal cord.

In brief, a-syn immunoreactivity was not markedly
changed in neuropil of the aged dog spinal cord, though
Iba-1 immunoreactivity was slightly increased compared
to those in the adult.
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