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Abstract

Background: Cumulating evidence from rodent models points to a pathophysiological role of inflammatory
signaling in the epileptic brain with Toll-like receptor-4 signaling acting as one key factor. However, there i an
apparent lack of information about expression alterations affecting this pathway in canine patients with epilepsy.
Therefore, we have analyzed the expression pattern of Toll-like receptor 4 and its ligands in brain tissue of|canine
patients with structural or idiopathic epilepsy in comparison with tissue from laboratory dogs or from ownerikept
dogs without neurological diseases.

Results:The analysis revealed an overexpression of Toll-like receptor-4 in the CA3 region of dogs with strugtural
epilepsy. Further analysis provided evidence for an upregulation of Toll-like receptor-4 ligands with high magbility
group box-1 exhibiting increased expression levels in the CA1 region of dogs with idiopathic and structural
epilepsy, and heat shock protein 70 exhibiting increased expression levels in the piriform lobe of dogs with
idiopathic epilepsy. In further brain regions, receptor and ligand expression rates proved to be either in the jcontrol
range or reduced below control levels.

Conclusions:Our study reveals complex molecular alterations affecting the Toll-like receptor signaling cascade,
which differ between epilepsy types and between brain regions. Taken together, the data indicate that mulf
targeting approaches modulating Toll-like receptor-4 signaling might be of interest for management of canine
epilepsy. Further studies are recommended to explore respective molecular alterations in more detail in dogs with
different etiologies and to confirm the role of the pro-inflammatory signaling cascade as a putative target.
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Background Among these mediators Toll-like receptor (TLR) signal-
Over the last two to three decades, evidence has cumuing has been attributed a crucial role2] 11]. As the best
lated pointing to a key pathophysiological role of excessivecharacterized ligand of TLR4, the danger associated mo-
inflammatory signaling in the epileptic brainl], 2]. Experi- lecular pattern molecule (DAMP) high mobility group
mental data from rodent models confirmed that enhanced box 1 (HMGB1) has been intensely studied in rodent
activation of inflammatory pathways can contribute to en- models with induced seizures or spontaneous seizur@s [
hanced excitability and lowered thresholds in the epileptic12-17]. Enhanced release of HMGB1 proved to reduce
brain [3-5]. Moreover, increased expression rates of vari-seizure thresholds and increase seizure susceptibil@y [
ous pro-inflammatory mediators have been demonstrated16]. The effect of the HMGBL1 disulphide isoform on ex-
in brain tissue from rodent epilepsy models as well as hu-citability were mediated by activation of TLR4. Further
man patients with epilepsyl], 6-10]. support for an ictogenic property of HMGB1/TLR4 sig-
naling came from a study, which did not only demonstrate
an antiepileptogenic effect but also provided evidence for
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models and a chronic epilepsy modeB][ Moreover, in The underlying lesions of dogs grouped with structural
comparison with wild-type mice TLR4-deficient mice de- epilepsy covered a spectrum of four dogs with encephalitis,
velop less severe epilepsy following status epilepticlt®.[ three dogs with a brain tumor, two dogs with hydroceph-
Thus, convincing evidence exists that targeting of TLR4-alus and one dog each with cerebral infarct, vacuolization
signaling pathways might be of particular interest for of the frontal white matter and leucoencephalomalacia.
management of epilepsy based on disease-modifying HE stained brain slices were examined to analyze
approaches. seizure-induced secondary lesions in the hippocampus
As we have previously discusse®(], further ligands of of epileptic animals. Morphological lesions in the hippo-
TLR4 receptors should be considered when developingcampus included a segmental vacuolation of the neuropil
strategies preventing TLR4-mediated increases in excitin four dogs, a gliosis in two dogs and a granulomatous
ability and seizure susceptibility. In this context, it is of inflammation in one dog. In 12 dogs, we did not detect
interest that the inducible heat shock protein 70 (HSP70) significant cellular alterations.
proved to be up-regulated in the hippocampus and para- For epileptic dogs with very high or very low protein
hippocampal cortex in a rat post-status epilepticus modelexpression we checked for an association between the
with epilepsy manifestation following a latency period time-gap between the last epileptic seizure and euthan-
[20]. HSP70 has been functionally classified as a modulaasia/death. However, we did not find any coherence.
tor of TLR4 function [21, 22]. Recently, we confirmed its  In addition, we analyzed if the kind of lesion (i.e. en-
relevance in a kindling model, in which mice overexpress-cephalitis versus brain tumor) had an effect on protein
ing human HSP70 exhibited an increased seizure susceptiexpression levels (TLR4, HMGB1, HSP70 and NeuN)
bility with lowered thresholds and generalized seizurewithin the group of structural epilepsy. Due to the low
occurring early during the stimulation paradignm2f3. animal numbers within the subgroups, statistical analysis
Canine epilepsy with different etiologies has been sugbased on the kind of lesion was only possible for the en-
gested as a natural animal model, which can serve as eephalitis and tumor subgroup. Altogether, the kind of
translational bridge between testing in highly standardizedlesion did not affect protein expression for none of the
rodent models and human clinical studie24]. However, analyzed proteins.
so far there is an evident paucity of information about de-
tailed neuropathological alterations in canine epilepsy,
which in particular applies for the question whether rele- Impact of epilepsy on the TLR4-signaling cascade in
vant inflammatory signaling also occurs in the canine epi-canine patients
lepsy with different etiologies. Considering the prominent We analyzed TLR4 expression (optical density (O.D.)) in
role of TLR4-signaling, we have focused this first study onthe cornu ammonis region (CA) 1, CA3, dentate gyrus,
the analysis of the distribution and expression rates of thehilus sub-region of the hippocampal formation, and in
TLR4 ligands HMGB1 and HSP70. Findings in dogs withthe piriform lobe by immunohistochemistry in canine
structural epilepsy caused by identified cerebral pathologyprain tissue. In all sub-regions, we detected only very
and idiopathic epilepsy were analyzed separately and consparse positive cells that either appear as single cells or
pared. In addition, we assessed the impact of recent seizcell clusters. TLR4 positive cells were often associated to
ure clusters or status epilepticus in tissue from subgroupsblood vessels or capillaries (see Fig-d). The intensity
of dogs, which exhibited repetitive seizure patterns (atof TLR4 expression in animals with epilepsy was only al-
least two seizures per day = cluster) or beginning of con-tered in the CA3 sub-region of the hippocampus of dogs

tinuous seizure activity during a time span between 1 hWwith structural epilepsy. The respective O.D. exceeded
and 5 days before death. that in owner kept control dogs by 32% (F (3, 41)=2.791,

p=0.0535; CTR4 vs. Structuralp<0.05; see Figle). In

contrast, TLR4 expression proved to be in the control range
Results in dogs with idiopathic epilepsy. Our analysis of TLR4 ex-
Clinical diagnosis pression levels did not reveal any significant group differ-

The first seizure event occurred in a time interval from ences in any of the other brain regions (see Talje

1 day to 11 years before the last clinical presentation In addition, we analyzed the expression (O.D. and
prior to death or euthanasia. All dogs included in this positive stained area) of the TLR4 ligand HMGB1 in the
study exhibited convulsive seizures (focal and generalhippocampus (CA1l, CA3, dentate gyrus and hilus) and
ized). In the anamnesis, there was no report aboutin the piriform lobe of dogs with epilepsy. The majority
atonic, absence or myoclonic seizures. The seizure freef immunopositive cells exhibited a round to elliptical
guency varied in a wide range with dogs presenting onlyshape with a diameter of 48 m and an intense signal.
one seizure per month and others presenting seizureThese cells resemble the shape of microglia cells. A sec-
clusters resulting in up to 120 seizures per month. ond positive stained cell type presented a less intense
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Fig. 1 TLR4 expression in CA3. Hippocampal formation CA3 region representative microphotographs of TLR4-positive stained cells of|dogs
belonging to the patient controla], experimental controb), structurald), and idiopathic groupd]. TLR4 positive cells are often associated tp
blood vesselsaj and they might appear as single cedlsh|, d) or in clustersc]. Quantitative analysis of TLR4 expression (O.D.) in the CA3 region
accordingly to epilepsy type)(and seizure activity) (CTR.: patient control dogsCTR,; experimental control dog€lusterdogs with cluster
seizuresStructuraldogs with structural epilepsyE dogs with status epilepticustiopathicdogs with idiopathic epilepsy. Scale bar &0

J

positive signal in the cytoplasm. Considering the morph- expression levels tended to be reduced (see Bigk, g,
ology, these cells might be neurons (see Fg-d). I, h, m, i, n, j, 0).

Quantitative analysis of HMGB1 expression tended to Quantitative analysis of HMGB1 expression in the
be increased in the CALl region of the hippocampus,CAl region confirmed an elevated O.D. in dogs with
whereas in CA3, dentate gyrus and hilus HMGB1 idiopathic epilepsy in comparison to control dogs (F (3,

42)=2.186,p=0.1051; CTR,p vs. Idiopathic p<0.05,
see Fig2f). The HMGB1-positive area was increased by
Table 1 Statistical data of TLR4 O.D. (Type of epilepsy, statist®8aPb6 in animals suffering from structural epilepsy when

test: one-way ANOVA of variance) compared to control dogs (F (3, 43)=2.55p,=0.069;
Region F-statistic (df1, df2) Pvalue CTRep vs. Structuralp <0.05; see Figk).

CAl 2.048 (3, 42) 0.1216 In the CA3 sub-region, the HMGB1-positive area was
DG 0.7244 (3, 40) 0.5434 feduced by 62% in dogs with idiopathic epilepsy when

compared to experimental control dogs (F (3, 37)=
3.983,p=0.0156, CTR,, vs. Idiopathicp < 0.05; see Fig.
2 ). The interpretation of these data needs to consider

Hilus 0.9539 (3, 41) 0.4236
Pir 1.027 (3, 30) 0.3944
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hippocampus of dogs of patient contral)( experimental controb), structurald), and idiopathic groupd). The majority of immunopositive cells

the cytoplasm. Correlation analysis of HMGB1 positive area with) algep@act of epilepsy type on HMGBL1 expression (O.D. and positive lapeled
area) in CAX k), CA3d, I), hilusif, m), dentate gyrus (D&n), and piriform lobe (Pij;;0). Impact of seizure activity on HMGB1 expression in
CA1 p, u), CA3q, V), hilusi;, w), dentate gyrus (DG;Xx), piriform lobe (Pit; y). All data are given as mean + SEM .05 was considered
statistically significant (§TR,: patient control dogsCTR; experimental control dog€lusterdogs with cluster seizuredtructuraldogs with
structural epilepsy3E dogs with status epilepticustiopathicdogs with idiopathic epilepsy. Scale bar &0

that a significant difference exists between the two con-0.3722; dentate gyrus: F (3, 43) =0.7485; 0.5297; see
trol groups, i.e. owner-kept dogs with neurological dis- Fig.2m and n).
ease and experimental control dogs 46%; CTR,, vs. In the piriform lobe, the HMGB1-positive area in dogs
CTRya: p <0.05, see Fid2). with idiopathic epilepsy exceeded that in dogs with
In the hilus and dentate gyrus of patients with struc- structural epilepsy by 88% (F (3, 36)=2.09=0.1204,
tural epilepsy, the intensity of the HMGB1 staining Structural vs. Idiopathicp < 0.05, see Figo).
proved to be reduced in comparison with one of the In addition to HMGB1, we analyzed HSP70 expression
control groups (hilus: F (3, 41)=5.605p=0.0028; in the hippocampus (CA1, CA3, dentate gyrus and hilus)
CTRyat vs. Structuralp<0.05 and dentate gyrus: F (3, and in the piriform lobe in brain tissue of dogs with
43)=6.189,p=0.0015; CTR,p vs. Structuralp <0.05; chronic epilepsy. We observed immunopositive reactivity
see Fig.2h and i). A direct comparison of dogs with in the cytoplasm of cells with a neuronal morphology in
structural and idiopathic epilepsy in the hilus revealed aall analyzed brain regions (see Figh-e).
higher staining intensity in the latter group (Structural  Quantitative analysis of HSP70 expression (O.D. and
vs ldiopathic p <0.05; see Fig2h). An analysis of the HSP70-positive area) revealed only minor changes in
HMGB1-immunopositive area in these regions did not epileptic dogs (see Figf-i). The most noticeable change
reveal significant differences (hilus: F (3, 42)=1.082  of HSP70 expression was observed in the hilus with a

Fig. 2 HMGBL1 expression in all investigated areas. Representative histological images of HMGB1-positive stained cells in the CAl redion of the

are intensely stained and have the morphology of microglia cells. Cells with the morphology of neurons have a less intense staining appearing in
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