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The Relation between canine cognitive dysfunction and age-related brain lesions
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aBsTRACT. Canine cognitive dysfunction (CCD) is a syndrome that manifests itself in abnormal behaviors, such as disorientation and wan-
dering. f-amyloid deposition in the brain, including the senile plaque (SP) and cerebral amyloid angiopathy (CAA), has been suggested as
a major cause of the syndrome. However, the pathological significance of f-amyloid deposition in CCD dogs remains unclear. The present
study was conducted using 16 dogs aged 10 years or older to clarify the relationship between the age-related histopathological lesions, such
as f-amyloid deposition, in the brain and the clinical symptoms of CCD as evaluated in a questionnaire previously established in a large
survey. In addition, age-related brain lesions were assessed in 37 dogs. The pathological lesions were evaluated by the severity of B-amyloid
deposition (SP and CAA), the amount of ubiquitin-positive granules (UBQ), GFAP-positive astrocytes, Iba-1-positive microglia and Nissle
stain-positive nerve cells. The results revealed that there was no significant correlation between the severities of canine SP and CCD.
The SP increased until 14 years old, but decreased thereafter, although the incidence of CCD is high at these ages. The CAA consistently
increased with age, but did not correlate greatly with the CCD score. In contrast, the increases of UBQ, astrocytes and microglia were
significantly correlated with CCD. Thus, the impairment in the synapse and/or myelin suggested by increased UBQ and glial activation

might be involved in CCD pathogenesis, but f-amyloid deposition, especially SP, is not a direct pathogenic factor of CCD.
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Canine cognitive dysfunction (CCD) is a syndrome in
aged dogs characterized by behavioral alterations, such as
disorientation, deterioration of social-environmental interac-
tion, changes of the sleep-wake cycle, house soiling, impair-
ment of house training and changes of activity [6, 13, 14,
18, 22]. These behavioral alterations are major problems for
owners, because such behaviors increase the level of care
needed for their dogs and also owners suffer from additional
noise, such as barking. Therefore, an investigation of the
pathogenesis of CCD is urgently required.

Various brain lesions associated with aging are observed
in dogs with CCD. Among them, amyloid B protein (Ap)
depositions observed as senile plaque (SP) and cerebral
amyloid angiopathy (CAA) have been suggested as the main
pathogenic factors, as in Alzheimer’s disease in humans,
the most predominant cause of dementia [2, 28, 33]. AB
is thought to have an important role in the neuronal death
cascade that finally leads to cognitive decline and dementia.
Since aged dogs develop SP and CAA, and CCD shows
clinical symptoms resembling those of Alzheimer’s disease,
the AP deposition has been assumed to initiate CCD by a
similar pathophysiological process to Alzheimer’s disease
[1,6,7,9, 10, 14, 20, 25, 30-32, 34]. Furthermore, the se-
verity of AR deposition in dogs was reported to be involved
in the level of their cognitive decline as assessed by some
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cognition tests [5, 6, 10], which also supports the hypothesis
for the cause of CCD.

Up to the present, several studies to clarify the correlation
between AP deposition in the brain and CCD severity have
been conducted with companion dogs, however, the results
of the studies have differed [3, 12, 21]. The SP severity cor-
related with the CCD severity in a study conducted by Colle
et al. [3]. Rofina et al. also reported a correlation between SP
and CCD severities, but they found no significant difference
in the SP severity in dogs older than 13 years with and with-
out CCD [21]. Moreover, in the study by Kiatipattanasakul
et al. , the CCD severity correlated with the number of Apop
Tag-positive (apoptotic) brain cells, but did not with SP [12].

The inconsistency in these results might be due to the dif-
ficulty in evaluating clinical presentations of CCD. Old dogs
show various behavioral changes, and some of them are very
similar to behaviors caused by CCD [13, 14]. Thus, the border
of the behavioral changes between CCD and normal aging
is not clear. Also, the clinical presentation and progression
patterns vary even within CCD dogs [8, 16, 18]. In addition,
several questionnaires to be completed by the owners have
been developed in previous studies, but their accuracy has not
yet been verified in a large survey. However, a questionnaire
as an assessment tool for the diagnosis of CCD was recently
established by Salvin ef al. based on a large cross-sectional
survey [23, 24]. This questionnaire consists of 13 items and
had an overall 98.9% diagnostic accuracy in their study. In the
present study, we evaluate behavioral presentations of CCD
in 16 dogs using a questionnaire completed by the owners
and examine the relationship between the CCD condition and
histopathological brain lesions. Additionally, we examine the
histopathological changes in the brain of 37 dogs to assess the
physiological aging changes of each brain lesion.
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Table 1.  Questionnaire used in the present study (Salvin ef al. (2011) with modification)
Never Once amonth ~ Once a week Once a day >Once a day
(1 point) (2 point) (3 point) (4 point) (5 point)
1 How often does your dog pace up and down, walk in circles O 0 O O O
and/or wander with no direction or purpose?
2 How often does your dog stare blankly at the wall or floor? 0 0 0 0 0
3 How often does your dog get stuck behind objects and is 0 0 0 0 0
unable to get around?
4 How often does your dog fail to recognise familiar people 0 0 0 0 0
or pets?
5  How often does your dog walk into walls or doors? O O O O O
6  How often does your dog walk away while, or avoid, being 0 0 0 0 0
patted?
Never 1-30% of times 31-60% of times 61-99% of times ~ Always
(1 point) (2 point) (3 point) (4 point) (5 point)
7  How often does your dog have a difficulty in finding food 0 0 0 0 0
dropped on the floor?
Much less Slightly less The same Slightly more ~ Much more
(1 point) (2 point) (3 point) (4 point) (5 point)
8  Compared to 6 months ago, does your dog now pace up and 0 O 0 0 O
down, walk in circles and/or wander with no direction or
purpose?
9  Compared to 6 months ago, does your dog now stare 0 0 0 0 0
blankly at the wall or floor?
10 Compared to 6 months ago, does your dog urinate or O O O O O
defecate in an area it has previously kept clean? (If your
dog has never house-soiled, tick ‘the same’.)
11 Compared to 6 months ago, does your dog have a difficulty Ox2 Ox2 0Ox2 0x2 Ox2
in finding food dropped on the floor?
12 Compare to 6 months ago, does your dog fail to recognise 0x3 0x3 0x3 0x3 0x3
familiar people or pets?
Much more  Slightly more The same Slightly less Much less
(1 point) (2 point) (3 point) (4 point) (5 point)
13 Compared to 6 months ago, how much time does your dog 0 0 0 0 0
spend being active?
Total =

MATERIALS AND METHODS

Questionnaire: The questionnaire for CCD proposed by
Salvin et al., consisting of 13 questions, was used with some
modifications (Table 1) [24]. Dog owners were requested
to fill out the questionnaire after necropsy, and CCD scores
(score 16 to 80) were calculated. Scores of 50 or higher were
considered to be CCD [24].

Brain samples: Thirty-seven canine brains were obtained
through routine necropsies performed at the Department of
Veterinary Pathology, the University of Tokyo. The informa-
tion of the dogs is summarized in Table 2. The ages of the
dogs ranged from 5 to 18 years old, and the median was 14.
Of the 37 necropsy cases, 16 dogs, aged 10 or older, were
evaluated for behavioral changes with the questionnaire.
Various breeds were included in necropsy cases, and most
of them were small- or medium-sized breeds according to
the American Kennel Club breed size division (mongrels are
determined by their weight; <15 kg: small, 15-25 kg: me-
dium, and >25 kg: large), but size data were not available for

one mongrel. The dogs used had died spontaneously or were
euthanized due to various fatal diseases, but individuals with
major brain lesions, such as neoplasms or inflammatory dis-
eases that had been confirmed grossly or histopathologically,
were excluded from the study. Dogs with spinal cord lesions
that caused gait impairment, such as degenerative myelopa-
thy and intervertebral disk herniation, were also excluded
from the investigation.

At necropsy, the right or left hemisphere of the brain was
fixed in a 10% phosphate-buffered formalin solution. After
fixation, brains were dissected colonially and conventionally
embedded in paraffin. Six parts: 1) the prefrontal lobe, 2)
parietal and temporal lobes with the caudate nucleus, 3) pa-
rietal and temporal lobes with the hypothalamus, 4) parietal
and temporal lobes with the hippocampus and mid brain, 5)
occipital lobe with the cerebellum and 6) brain stem was col-
lected and used for histopathological investigations.

Histopathology: Paraffin-embedded tissues were cut
into 4-um-thick sections. Deparaffinized sections were
then stained with hematoxylin and eosin (HE) for a general
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Table 2.  Age, breed, size and gender of the 37 dogs examined
Dog  Age Breed Size¥  Gender® cCD
No. (years) score

1 5 Labrador Retriever M CM Nd
2 5 Beagle S F Nd
3 5 Beagle S F Nd
4 8 Mongrel S CM Nd
5 9 Beagle S CM Nd
6 10 Beagle S CM Nd
7 10 Mongrel M CM Nd
8 10 Shiba Inu M CM 38
9 10 Beagle S M Nd
10 10 Beagle S SF Nd
11 11 Pembroke Welsh Corgi M M Nd
12 11 Dachshund (Miniature) S SF 34
13 12 Dachshund (Miniature) S F 34
14 12 Shiba Inu M M Nd
15 12 Miniature Schnauzer S M Nd
16 13 Poodle (Toy) S F Nd
17 13 Border Collie M SF Nd
18 14 Papillon S CM 44
19 14 Pembroke Welsh Corgi M SF Nd
20 14 Pembroke Welsh Corgi M M Nd
21 14 Mongrel M CM 58
22 14 Dachshund (Miniature) S SF Nd
23 14 Dachshund (Miniature) S SF Nd
24 15 Pomeranian S M 58
25 15 Papillon S F 40
26 16 Shiba Inu M F 66
27 16 Pembroke Welsh Corgi M SF Nd
28 16 Mongrel S SF 42
29 16 Lhasa Apso S M 38
30 16 Shih Tzu S SF 45
31 16 Pembroke Welsh Corgi M F 38
32 16 Mongrel S SF Nd
33 16 Mongrel S F 50
34 17 Shiba Inu M SF 64
35 17 Mongrel M SF 60
36 17 Mongrel Nd Nd Nd
37 18 Mongrel S SF 50

a) Size; S: small, M: medium.b) Gender; M: Male, CM: Castrated male,
F: Female, SF: Spayed female. Nd: Not determined.

pathological evaluation, and Nissle stain was also performed
to assess the number of nerve cells.

For immunohistochemistry, we used the primary antibod-
ies listed in Table 3 to characterize the AP deposition, ubig-
uitin-positive granules (UBQ), glial fibrillary acidic protein

(GFAP)-positive cells (astrocytes) and Iba-1-positive cells
(microglia). Vascular AP deposition (CAA) mainly consists
of AP40 in humans, but of both AB40 and AB42 in dogs [1].
Therefore, we used an anti-Ap42 antibody to evaluate CAA,
as well as SPs, in the present study. The cerebrocortical CAA
(Cor-CAA) and leptomeningeal CAA (Lm-CAA) were also
evaluated. The cortex of the prefrontal lobe (FC), and that
of parietal and the temporal lobes with hippocampus and
midbrain (PTC) were immunohistochemically evaluated for
AP deposition.

The immunohistochemical staining was performed using
the Dako Envision+System (Dako, Glostrup, Denmark). De-
paraffinized sections were treated with 3% hydrogen peroxide
(H,0,)-methanol at room temperature for 5 min and incubated
in 8% skimmed milk-Tris-buffered saline (TBS) at 37°C for
1 hr to avoid nonspecific reactions. The sections were then
incubated at 4°C overnight with one of the primary antibodies
and incubated with Envision horseradish peroxidase (HRP)-
labeled polymer anti-mouse or anti-rabbit immunoglobulin G
(Dako) at 37°C for 40 min. Then, the sections were reacted
with 0.05% 3’3-diaminobenzidine and 0.03% H,0, in TBS,
and counterstained with hematoxylin or methyl green.

Semi-quantitative and quantitative evaluations of brain
lesions: Each section was semi-quantitatively evaluated by
the histopathological scoring method or the digital image
analyzing method using the Image J 1.43m software (Na-
tional institutes of health, Bethesda, MD, U.S.A.). Sections
of FC and PTC were each divided into the following 5 areas,
respectively; FC consisted of FC1: longitudinal cerebral fis-
sure, FC2: anterior suprasylvian gyrus, FC3: coronal sulcus
and anterior suprasylvian gyrus, FC4: presylvian sulcus
and FC5: proreus gyrus and sulcus olfactorius, while PTC
consisted of PTCI: cingulate gyrus, splenialis sulcus and
suprasplenialis sulcus, PTC2: lateral gyrus and superior side
of lateral sulcus, PTC3: inferior side of lateral sulcus, medial
suprasylvian gyrus and superior side of medial suprasylvian
sulcus, PTC4: superior part of ectosylvian gyrus to posterior
suprasylvian gyrus and PTCS: inferior part of ectosylvian
gyrus to posterior suprasylvian gyrus. Each area was scored
for AP deposition as follows; for SP and Cor-CAA, score 0:
no deposition, score 1: slight deposition or severe deposition
within half of the area and score 2: severe deposition in more
than half of the area (Figs. 1 and 4), and for Lm-CAA, score
0: no deposition, score 1: slight deposition or severe deposi-
tion within half of the leptomeningeal vessel and score 2: se-
vere deposition in more than half of the leptomeningeal vessel
(Fig. 5). The score in each case was defined as the average
total of the 5 areas in FC and PTC (score 0 to 10).

Table 3. Primary antibodies used in the present study
Antibody Type Dilution Antigen retrieval Manufacturer
APx-42 Mouse monoclonal(clone12F4) 1:1,000 Formic acid Merc Millipore, Temecula, CA, U.S.A.
Ubiquitin Rabbit polyclonal 1:100 None Dako, Glostrup, Denmark
GFAP Rabbit polyclonal 1:1,000 None Dako, Glostrup, Denmark
Iba-1 Rabbit polyclonal 1:500 Autoclave Wako Pure Chemical Industries, Osaka, Japan

GFAP, glial fibrillary acidic protein; Ibal, ionized calcium-binding adapter molecule.
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Fig. 1. (a) SPscore 0. Dog No. 1, 5 years old. (b) SP score 1. A small number of SPs are observed. Dog No. 16, 13 years old. (c) SP score
2. Alot of SPs are observed all over the area. Dog No. 19, 14 years old. Immunohistochemistry for AB42. Scale bar=250 um.

Fig. 2. A small number of SPs and diffuse AP deposition (arrowheads) are observed. Dog No. 33, 16 years old. Immunohistochemistry
for AB42. Scale bar=250 ym.

Fig. 3. SPis detected in an area of the cerebral cortex (left), while a cluster of CAA is observed in the area lacking SP (right). Dog No.
24, 15 years old. Immunohistochemistry for AB42. Scale bar=250 um.

Fig. 4. (a) Cor-CAA score 0. Dog No. 5, 9 years old. (b) Cor-CAA score 1. Small amount of CAA is observed. Dog No. 13, 12 years old.
(c) Cor-CAA score 2. Severe CAA is observed all over the area. Dog No. 32, 16 years old. Immunohistochemistry for AB42. Scale
bar=100 xm.

Fig. 5. (a) Lm-CAA score 0. (b)Lm-CAA score 1. Slight AP deposition is observed in the tunica media of a leptomeningeal vessel. Dog
No. 10, 10 years old. (¢) Lm-CAA score 2. Severe AP} deposition is observed in the tunica media of a leptomeningeal vessel. Dog No.
13, 12 years old. Immunohistochemistry for Af42. Scale bar=100 xm.

Area ratio of UBQ (%), the number of astrocytes (/mm?) ity with anti-Iba-1 antibody, possibly due to postmortem
and the number of microglia (/mm?) were quantified with change, was excluded from the analysis.
digital images (%40) in the cortex around the coronal sulcus Data analysis: Statistical analysis was performed using
in FC. One sample that showed a weak immunoreactiv- the IBM SPSS Statistics 22.0 software (IBM Japan, Tokyo,
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(a) More SP is observed in the ventral areas (black arrowhead) and around the longitudinal cerebral fissure (white

arrowhead). On the other hand, Cor-CAA is severe in the dorsal areas. Dog No. 25. Immunohistochemistry for Ap42.
Scale bar = 5 mm. (b) Higher magnification of the square b in (a). Scale bar = 250 um. (c¢) Higher magnification of

square ¢ in (a). Scale bar = 250 um.

Japan). The significance levels were less than 5%. Curve
fitting on scatter plots was performed using the polynomial
regression model (linear or quadratic). The Spearman’s rank
correlation coefficient with two-tailed P-values was used to
evaluate the correlations between variables.

RESULTS

Histopathological findings: SPs were observed in the
brains of dogs of 10 years or older. Although the severity of
SP varied among dogs of a similar age, the overall severity
of SP increased drastically between 10 and 14 years old (Fig.
1). The peak age was around 14. SPs were distributed in the
whole of the sulcus or gyrus at these ages. In brains older
than 14 years, SPs were decreased in the cortical areas, but
diffuse AP depositions were increased (Fig. 2). Also, CAA
tended to occur in the cortical areas lacking or containing a
very small number of SPs (Fig. 3).

The severity of Cor-CAA continuously increased with age
(Fig. 4). CAA in the capillary wall was often observed as
a cluster, while it was observed dispersedly in the arteriole
wall. The severity of Lm-CAA also continuously increased
with age (Fig. 5). The AP deposition occurred initially at a
part of the tunica media of the vessel and then extended to
the whole of the circumference with aging.

The SP and CAA tended to be separately distributed in
the cerebral cortex. More SPs were observed in the ventral
cortex and around the longitudinal cerebral fissure of the FC.
On the contrary, Cor-CAA and Lm-CAA were more severe
in the dorsal area of the FC and PTC (Figs. 6 and 7). This
tendency was relatively consistent, regardless of the aging
process (Fig. 7).

UBQ deposition was observed in the neuropil and severer
in the white matter than in the cortex. However, older dogs
showed considerable and various amounts of UBQ also in
the cortex (Fig. 8).

A slight to moderate age-related increase of the number of
astrocytes (Fig. 9), and no such increase of microglia (Fig.
10), were observed in the brains of the dogs. The number of
nerve cells did not change with age.

Age-related brain lesions: The CCD score plots fitted
a linear line, and the score significantly increased with
age (y=2.553x+9.122, R’=0.284, P<0.05) (Fig. 11A). The
SP score plots fitted a convex upward quadratic curve
(y=-0.075x>+2.115x-10.048, R’=0.321, P<0.01) (Fig. 11B),
and the score increased until 14 years old, but tended to de-
crease at older ages. The Cor-CAA score plots fitted a con-
vex downward quadratic curve, and the score significantly
increased with age, especially sharply from older than 14
years (y=0.053x>-0.714x+2.209, R’=0.475, P<0.001) (Fig.
11C). The Lm-CAA score plots also fitted a linear line, and
the score significantly increased with age (y=0.858x-5.159,
R?=0.690, P<0.001) (Fig. 11D). The area ratio plots of
UBQ fitted a quadratic curve (y=—0.002x?+0.055x-0.250,
R?=0.234, P<0.05) (Fig. 12A). The plots of the numbers of
astrocytes, microglia and nerve cells fitted neither linear nor
quadratic curves (Fig. 12B-D).

Relation of CCD with age-related brain lesions: The CCD
score significantly correlated with the Lm-CAA score, area
ratio of UBQ, the number of astrocytes and the number of
microglia (Table. 4, Figs. 13 and 14), and showed a tendency
to increase with the Cor-CAA score (#=0.488, P=0.055,
n=16). Table 4 summarizes the correlations among age,
CCD score and brain lesions.
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Scores of SP (A), Cor-CAA (B) and Lm-CAA (C) in FC1-5 and PTCI-5 in the 3 age groups.

FC1; longitudinal cerebral fissure. FC2; anterior suprasylvian gyrus, FC3; coronal sulcus and anterior
suprasylvian gyrus, FC4; presylvian sulcus, FCS5; proreus gyrus and sulcus olfactorius, PTC1; cingu-
late gyrus, splenialis sulcus and suprasplenialis sulcus, PTC2; lateral gyrus and superior side of lateral
sulcus, PTC3; inferior side of lateral sulcus, medial suprasylvian gyrus and superior side of medial
suprasylvian sulcus, PTC4; superior part of ectosylvian gyrus to posterior suprasylvian gyrus, PTC5;
inferior part of ectosylvian gyrus to posterior suprasylvian gyrus.

DISCUSSION

In the present study, the relation between CCD and the
age-related histopathological brain lesions, such as SP and
CAA, was investigated. The results revealed no significant
correlation between the severities of CCD and SP. Interest-
ingly, the severity of SP increased until 14 years old, but
tended to decrease thereafter, regardless of the high incidence
of CCD at the older ages. In addition, severe SP formation
was observed also in dogs without CCD around 14 years old,
and mild SP formation in some CCD dogs at the older ages.
Further, the number of nerve cells correlated with neither the
severity of SP nor CCD. Therefore, canine SP might not be
involved in neuronal death or behavioral dysfunction, un-
like SP in human Alzheimer’s disease. Canine SP consists
largely of diffuse plaques, the most primitive subtype of

SP, and amyloid-containing matured plaques are very rare
[7, 30]. The different ratio of SP subtypes between humans
and dogs might cause the different pathological significance
of SP. Also, the difference of the duration of the AP load,
which is much longer in patients of Alzheimer’s disease than
in aged dogs, possibly explains the different influence of SPs
on the pathogenesis.

The reason of the decrease of canine SPs at the older ages
is uncertain. SPs are reported to regress in the later stage of
Alzheimer’s brain in human, and the mechanism is suggest-
ed to involve the degradation by astrocytic and microglial
phagocytosis at the ages [17]. Since glia tended to increase
in old dogs, a similar degradation mechanism to the human
cases may be involved also in the canine cases.

Canine Cor-CAA and Lm-CAA exhibited a weak statisti-
cal correlation with CCD. On the other hand, the correlation
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Fig. 8.
(b) Increased UBQ. Dog No. 21, 14 years old. Scale bar=50 um.

Fig. 9.

Immunohistochemistry for UBQ. (a) Normal UBQ immunoreactivity in an aged dog. Dog No. 12, 11 years old.

Immunohistochemistry for GFAP. (a) Normal GFAP immunoreactivity in an aged dog. Dog No. 12, 11 years old.

(b) Increased GFAP-positive astrocytes with activated shape. Dog No. 21, 14 years old. Scale bar (single line) = 250

um, scale bar (double lines) =25 ym. WM: White matter.

Fig. 10. Immunohistochemistry for Iba-1. (a) Normal Iba-1 immunoreactivity in an aged dog. Dog No. 12, 11 years old.
(b) Slightly increased Iba-1-positive microglia with activated shape. Dog No. 21, 14 years old. Scale bar (single line)
=250 um, scale bar (double lines) =25 ym. WM: White matter.

between age and CAA was stronger than the correlation
between CCD and CAA. The Cor-CAA and Lm-CAA con-
tinuously increased with age. A considerable amount of CAA
was observed even in old dogs with a low CCD score. Thus,
the positive relationship between CAA and CCD might be
a confounding bias of brain aging rather than a direct link
between them.

Additionally, our results revealed an interesting distribu-
tion of SP and CAA, two major lesions of AP deposition.
The severities of Cor-CAA and Lm-CAA correlated strongly
with each other. On the other hand, the severity of SP and
that of CAA showed only a weak correlation. Severely
affected areas of SP and CAA were separately distributed
rather than mixed. These results suggest that there may be
different mechanisms to form these lesions. Also in human,
the distribution of SP and CAA does not always overlap. It
is suggested that the two lesions may develop individually

through different factors, such as the ratio of Ap 40/42 in the
brain or other cerebrovascular abnormalities [2, 33].

The other results in the present study suggested that the
amount of UBQ, the number of astrocytes and microglia
positively correlated with the CCD aggravation. A previous
study by immunoelectron microscopy revealed that UBQ is
distributed in the synaptic process and myelin in dogs as in
humans [15]. Ubiquitinated proteins are normally degraded
by the ubiquitin-proteasome system. Misfolded proteins
are also eliminated by this system [29]. The system also
regulates the quantity of postsynaptic scaffold proteins and
neurotransmitter receptors, and plays an important role in
the synapse plasticity [29]. The increase of ubiquitinated
proteins in the brain of CCD dogs may suggest the failure
of protein homeostasis in the synapse and/or myelin. Thus,
such changes might be involved in the pathogenesis of CCD.

The increase and activation of glial cells are suggested to
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Fig. 14. Relation between CCD score and the area ratio of UBQ (A) or the number of astrocytes (B), microglia (C) and nerve cells
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Table 4.  Correlations among age, CCD score and brain lesions
Arearatio  Number of  Number of  Number of
Age  CCDscore SP score CosrC—OCr/:A Lr;lc_(():r[:A of UBQ astrocytes microglia nerve cells
(%) (/mm?) (/mm?) (/mm?)
Age =1.000
n=37
CCD score =0.568 r=1.000
P<0.05 n=16
SP score r=0.349  r=0.077  r=1.000
P<0.05 Ns n=37
Cor-CAA score =0.709 r=0.488 r=0.357 =1.000
P<0.01 P<0.1 P<0.05 n=37
Lm-CAA score =0.774  r=0.590  r=0.407 r=0.717 =1.000
P<0.01 P<0.05 P<0.05 P<0.01 n=37
Area ratio of UBQ (%) r=0.513  r=0.628  r=0.524 r=0.492 r=0.659 =1.000
P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 n=37
Number of astrocytes ~ 7=0.346  =0.670  =0.263 r=0.251 1=0.384 r=0.346 r=1.000
(/mm?)
P<0.05 P<0.01 Ns Ns P<0.05 P<0.05 n=37
Number of microglia =0.087  r=0.514 =-0.180 r=-0.054 r=-0.026 r=-0.012  r=0.270 =1.000
(/mm?)
Ns P<0.05 Ns Ns Ns Ns Ns n=36
Number of nerve cells  =0.026 ~ r=0.339  =-0.115 =-0.028 r=0.199 r=0.173 =—0.039 r=-0.186 =1.000
(/mm?)
Ns Ns Ns Ns Ns Ns Ns Ns n=37

r=Spearman’s rank correlation coefficient. P=Probability level. Ns: Not significant.

be associated with the onset of neurodegenerative diseases
[4, 11, 26, 27]. The glial increase and activation after the
exposure to misfolded or aggregated proteins may induce in
the clearance of these proteins [11]. Glial cells are also acti-
vated in the old brain due to a failure in the homeostatic bal-
ance of inflammatory and anti-inflammatory molecules [26,
27]. The increase of glial cells also causes a brain damage
through immunological mechanisms, such as the imbalance
of cytokines, interleukins and other potentially cytotoxic
molecules released from activated glia [11, 26, 27]. Also,
glial alteration influences the dopaminergic system that is
relevant to animal behavior [19]. Thus, the increase in glial
cells possibly aggravates the CCD condition.

Previous studies revealed that the increase in the number
of astrocytes was prominent in the cortex, subcortical and
deep white matter of the cerebrum and the cortico-medullary
junction in dogs [20]. On the other hand, UBQ was scattered
throughout the white matter, but showed no change between
frontal and temporal lobes [1, 15]. Further studies are needed
to clarify culprit brain regions of CCD conditions.

On the other hand, mild increases of UBQ and glial cells
were observed also in old dogs without CCD, suggesting
that there was a pathological spectrum between normal brain
aging and CCD. We therefore hypothesize that dogs with
CCD consist of cases with extremely developed brain aging,
rather than of cases with a neurodegenerative disease caused
by a specific pathogenic factor.

The results in the present study may indicate that AP
deposition, especially in the form of SP, is not a direct patho-
genic factor of CCD, and that the possible impairment of the
synapse and/or myelin, indicated by the increased amount of

UBQ deposits, and glial activation within the normal aging
process may be involved more closely in the pathological
mechanism of CCD.
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