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Transglutaminase 2: A Novel Autoantigen in Canine Idiopathic Central Nervous
System Inflammatory Diseases
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aBsTRACT. Necrotizing meningoencephalitis (NME), necrotizing leukoencephalitis (NLE) and granulomatous meningoencephalomy-
elitis (GME) are common idiopathic inflammatory central nervous system (CNS) diseases with unknown etiology in dogs. We previ-
ously showed that IgG autoantibodies in the cerebrospinal fluid (CSF) of NME cases reacted to unknown brain proteins as well as to
glial fibrillary acidic protein (GFAP). In the present report, we evaluated the autoantibodies against transglutaminase2 (TG2) in the
canine CNS diseases. CSF samples obtained from dogs with NME (n=19), NLE (n=7), GME (n=11) and miscellaneous CNS diseases
(n=12) were subjected. CSFs from 20 healthy dogs were used as controls. Indirect fluorescent antibody test on the canine cerebrum
revealed astrocyte-binding IgG in the CSF of NME. After absorption of the CSF with bovine GFAP, the CSF still possessed the re-
activity to astrocytes. Double-color staining showed clear colocalization of the autoantibodies and anti-human TG2 rabbit polyclonal
IgG. An immunoblot assay against human recombinant TG2 revealed anti-TG2 IgG in the CSF from dogs with NME, NLE and GME.
The CSF of canine idiopathic encephalitis cases, notably of NME, tended to show high ELISA OD values against human recombinant
TG2 compared to healthy controls. The presence of anti-TG2 autoantibodies in the CSF may contribute to the elucidation of the etiol-

ogy of canine NME, NLE and GME.
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Necrotizing meningoencephalitis (NME), necrotizing
leukoencephalitis (NLE) and granulomatous meningoen-
cephalomyelitis (GME) are common idiopathic inflam-
matory diseases of the central nervous system (CNS) in
the dog. Several reports have contributed to clarify the
clinical and histopathological features of canine idiopathic
encephalitis. NME is characterized by nonsuppurative nec-
rotizing lesions in the cerebral cortex, and is predisposed
to small-sized dogs especially the Pug [27]. NLE is also
characteristic of necrotizing demyelinating lesions in the
white matter in very limited breeds including the Yorkshire
Terrier [16, 18, 25, 27]. GME is characterized by focal or
multifocal granulomatous lesions consisting of perivascu-
lar histiocytic infusion in the brain and cervical spinal cord
[27].

On the other hand, the specific causes remain unclear
among these diseases. To date, no causative infectious
factor has been identified. Recently, researchers have been
pointing out that these canine diseases have autoimmune
pathogenesis. For example, Uchida et al. [29] and our pre-
vious works [21, 22, 24, 28] revealed the high prevalence
of autoantibodies against glial fibrillary acidic protein
(GFAP) in the cerebrospinal fluid (CSF) from dogs with
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NME. However, the anti-GFAP autoantibodies are not fully
specific to NME [21], or do not directly attack the living
astrocytes [23]. We have also shown the presence of IgGs
targeting proteins other than GFAP in the CSF of NME
cases [24].

In humans, several autoantibodies have been reported as
the markers of CNS inflammatory disorders. For example,
anti-aquaporin 4 antibodies in neuromyelitis optica [10],
anti-N-methyl D-aspartate receptor (NMDAR) antibodies
in NMDAR encephalitis [14], anti-glutamate receptor 3
antibodies in Rasmussen syndrome [20] and anti-trans-
glutaminase (TG) antibodies in CNS celiac disease are
currently known disease-specific autoantibodies [6]. In our
preliminary study we surveyed these autoantibodies in the
canine CSF and found a presence of anti-TG autoantibodies
in the canine idiopathic encephalitis.

TGs are members of a family of Ca?'-dependant en-
zymes with principally protein-crosslinking activities [11,
13, 15, 19, 26]. Of the eight active TGs, TG2 is the most
ubiquitously expressed in mammals including the brain [5,
15, 17]. Its role in the tissue homeostasis is variable and
associations with pathological conditions such as fibrosis,
atherosclerosis, neurodegenerative diseases, autoimmune
diseases and cancer metastasis have been documented [2,
15, 17]. TG2 is also the major autoantigen in human celiac
disease, a gluten-generated systemic disorder including the
inflammatory encephalopathy [6, 8, 9, 11, 12]. In this study,
we report the anti-TG2 antibodies in the CSF of canine id-
iopathic encephalitis.
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MATERIALS AND METHODS

Canine CSF samples: Samples of CSF were collected
from 69 dogs being investigated for CNS diseases at the
Veterinary Medical Center, the University of Tokyo between
2001 and 2010. The dogs were divided into four groups:
19 NME cases, 7 NLE cases, 11 GME cases, and 12 cases
with other CNS diseases including 3 with canine distemper
virus (CDV) encephalitis, 2 with CNS malignant histiocy-
tosis, 2 with CNS lymphoma, 1 with glioma, and 4 with
idiopathic epilepsy. All dogs were diagnosed by magnetic
resonance imaging (MRI), routine CSF examinations and/or
postmortem examinations. CSF was collected from the cis-
terna magna under general anesthesia, stored at —30°C and
thawed just prior to the analysis. CSF samples from clini-
cally healthy dogs (9 Labrador Retrievers and 11 Beagles)
were used as controls.

Immunohistochemistry: Autoantibodies in the CSFs were
examined by an indirect fluorescence antibody test (IFA).
A cryoblock of the cerebrum from a healthy female Beagle
dog was kindly gifted from Professor Sasaki, Department of
Veterinary Surgery, the University of Tokyo. Cryosections
(10 um) were air-dried and fixed in cold acetone (Wako Pure
Chemical, Osaka, Japan) for 5 min. Subsequently, the sec-
tions were washed with phosphate-buffered saline (PBS) for
5 min and blocked with normal goat serum (Wako) in PBS
(1:100) for 30 min. To demonstrate the presence of anti-TG2
antibodies, CSFs from dogs with NME were tested. For the
preabsorption of anti-GFAP autoantibodies, the CSFs were
incubated with purified bovine GFAP (250 ug/m/ CSF: Pro-
gen Biotechnik, Heidelberg, Germany) at room temperature
for 1 hr. The sections were reacted with the NME-CSF with/
without the GFAP preabsorption at room temperature for
1 hr. After washes, the sections were labeled with FITC-
conjugated goat anti-dog IgG (1:400, Bethyl Laboratories,
Montogomery, TX, U.S.A.) for 1 hr at room temperature.
Double-color staining was carried out to seek the colocaliza-
tion of TG2 and antibodies in the NME-CSF. An anti-TG2
rabbit polyclonal IgG (1:50, Santa Cruz Biotechnology,
Santa Cruz, CA, U.S.A.) was added to the NME-CSF pre-
absorbed with GFAP as indicated above, and incubated for
1 hr at room temperature. After washes, the sections were
labeled in green by FITC-conjugated goat anti-dog IgG,
and also labeled by rhodamine-conjugated goat anti-rabbit
IgG (1:100, Santa Cruz) for 1 hr at room temperature. All
the sections were washed with PBS and were mounted with
Vectashield (Vector Labs, Burlingame, CA, U.S.A.) then
examined by a fluorescent microscope (Optiphoto-2, Nikon,
Tokyo, Japan) equipped with an ORCA-1394 image analyz-
ing system (Hamamatsu Photonics, Hamamatsu, Japan).

Immunoblotting for anti-TG2 autoantibodies: A 0.5
ug of human recombinant TG2 (Immunodiagnostik AG,
Bensheim, Germany) was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on
a 10% gel. The TG2 was transferred onto a nitrocellulose
membrane (Hybond ECL, Amersham Pharmacia Biotech,
Piscataway, NJ, U.S.A.). The membrane was blocked by
5% skim milk (Becton Dickinson, Spards, MD, U.S.A.) in

Tris-buffered saline containing 0.1% Tween 20 (TBST) for
2 hr, and incubated with diluted CSFs (from 2 NME cases, 2
NLE cases and 2 GME cases; 1:100) for 1 hr. After washes,
autoantibodies were reacted with horseradish peroxidase-
conjugated goat anti-canine IgG (1:4,000, Bethyl) for 1 hr
and visualized by a chemiluminescence kit (ECL and Hy-
perfilm ECL, Amersham).

ELISA for anti-TG2 autoantibodies: Anti-TG2 IgG an-
tibodies in the canine CSFs were measured by an ELISA.
Briefly, 96-well microtiter plates (Sumitomo Bakelite,
Tokyo, Japan) were coated with 0.2 ug/well of human re-
combinant TG2 (Immunodiagnostik AG). The plates were
blocked with PBS plus 3% bovine serum albumin (BSA
Fraction V ; Sigma-Aldrich, St. Louis, MO, U.S.A.) for
2 hr. After three washes with TBST, diluted CSF samples
(1:20) were added (50 ul/well) in duplicate to corresponding
wells and incubated at room temperature for 2 hr. After three
washes with TBST, a 100 u/ of horseradish peroxidase-
conjugated goat anti-canine IgG (Bethyl) (1:2,000) was
added to each well and incubated at room temperature for
1 hr. After washes, the plates were developed with 1 mg/
m/ 2,2’-azinobis 3-ethylbenzothiazolin-6-sulfonic acid. The
optical density at 405 nm was measured by a Model 680
plate reader (Bio-Rad Laboratories, Hercules, CA, U.S.A.).

Statistical analysis: ELISA data were evaluated using a
Kruskal-Wallis test using GraphPad Prism 5 (La Jolla, CA,
U.S.A.). Statistical significance was assigned at P<0.05.

RESULTS

Detection of anti-transglutaminase autoantibodies in the
CSF: To confirm the presence of CSF autoantigens against
cerebral components, an IFA on the canine cerebral tissue
was performed. Figure 1A shows strong immunoreactivity
of the CSF from a NME dog to astrocytes. No immunoreac-
tivity was observed in the CSF from a healthy control (Fig.
1B). After the preabsorption of the CSF with purified bovine
GFAP, the immunoreactivity to astrocytes was still observed
at a less extent (Fig. 1C). A double immunofluorescence
assay using an anti-TG2 antibody revealed that the CSF
reactivity was consistent with the localization of glial TG2
(Fig. 1D and 1E).

Immunoblot analysis for TG2 autoantibodies: Presence of
TG2 autoantibodies in the CSF from dogs with NME, NLE
and GME were detected by immunoblotting against human
TG2 protein. As shown in Fig. 2, a common single band
was detected at approximately 80 kDa in the idiopathic en-
cephalitis dogs, while no band was detected in the controls.
Samples from miscellaneous diseases showed negative re-
sponse to the IFA analysis and thereby were not conducted
to the immunoblot analysis.

ELISA: The ELISA-OD values of anti-TG2 IgG in dogs
with various CNS inflammatory diseases and healthy con-
trols are shown in Fig. 3. The OD values of NME dogs were
significantly higher than those of control dogs. Dogs with
GME and NLE tended to show high values as compared to
healthy controls.
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Fig. 1. Indirect fluorescent antibody test (IFA) on canine cerebral
cryosections. Positive signals on astrocytes demonstrated by IgG
in the CSF of canine necrotizing meningoencephalitis (A), 1gG
after absorption with purified bovine GFAP (C; green signal by
FITC), anti-human TG2 polyclonal antibody (D; red signal by
rhodamine), and common sites labeled by both antibodies (E;
merged yellow signal). No signals were detected in the control

®).

- 80kDa

Fig. 2. Immunoblot against human recombinant TG2
protein with CSFs of canine idiopathic encephalitis.
Necrotizing meningoencephalitis (NME; lanes 1 and
2), necrotizing leukoencephalitis (NLE; lanes 3 and
4), granulomatous meningoencephalomyelitis (GME;
lanes 5 and 6), control CSF (C) and second antibody
alone (N). A common band at approximately 80 kDa
was detected in the canine idiopathic encephalitis
cases.

DISCUSSION

Many studies on NME, NLE and GME revealed the pre-
disposed breeds and the clinical courses of these diseases,
however, the exact cause and etiology remains undeter-
mined in each disease [27]. We previously reported the
high correlation of CSF anti-GFAP antibodies with NME
cases [21, 22, 24, 28], and sought to clarify the pathogenic
antigens from the perspective of humoral immunity. We also
demonstrated that the anti-GFAP autoantibodies in NME
dogs do not directly damage astrocytes in vitro [23], and
also referred to the possibility of other autoantigens [24].
Hence, in this study we aimed to identify novel autoantigens
in the canine CSF.

In order to preclude anti-GFAP antibodies from the CSF
of NME dogs, we preabsorbed the CSF with bovine GFAP.
The preabsorbed CSF still showed the reactivity to canine
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Fig. 3. Autoantibodies against human recombinant TG2

protein in the CSFs of dogs with necrotizing meningoen-
cephalitis (NME), necrotizing leukoencephalitis (NLE),
granulomatous  meningoencephalomyelitis  (GME),
miscellaneous CNS diseases (misc) and controls. Each
symbol represents the mean optical density of duplicate
assays; *P<0.05.

astrocytes. The double-immunofluorescent staining using
anti-human TG2 IgG demonstrated that the CSF autoanti-
body binds to canine TG2. In fact, our immunoblot analysis
against human-recombinant TG2 protein revealed the clear
reaction of NME-CSF to human-TG2 of approximately 80
kDa. Unexpectedly, the immunoblot analysis showed the
presence of anti-TG2 antibodies in the CSF of NLE and
GME cases. Our ELISA procedure for the CSF anti-TG2
IgG showed high prevalence of anti-TG2 IgG in canine
idiopathic encephalitis, while NME cases showed relatively
higher titers of anti-TG2 IgG than NLE and GME cases.
As shown in our IFA data, TG2 is mainly distributed in
astrocytes in the canine brain. TG2 is known to play roles
to keep the integrity of blood-brain-barrier [1, 11, 12]. We
speculate that the higher titers of anti-TG2 autoantibody in
NME cases may reflect the damage of blood-brain-barrier
or loss of other astrocytic functions caused by necrotizing
inflammation.

The majority of NME cases assessed in the present study
were positive for CSF anti-GFAP autoantibodies in our pre-
vious reports. We found no significant relationship between
anti-GFAP and anti-TG2 autoantibody titers in these NME
cases (data not shown). On the other hand, almost all of
NLE and GME cases in the present study were negative for
anti-GFAP autoantibodies, thus, we currently speculate that
anti-GFAP and anti-TG2 autoantibodies were independently
generated by different causes.

TG2 is widely distributed throughout the human tissue
including the brain [5, 15, 17]. In human celiac disease, IgG
and/or IgA antibodies against TG2 are known to be serum
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hallmarks [6]. Celiac disease is a systemic disorder strongly
associated with human leukocyte antigen (HLA) haplotypes
and a part of celiac patients show chronic neurological
manifestations especially cerebellar ataxia (CNS celiac
disease) [6]. Reports have shown that the sera from celiac
disease patients with anti-TG antibodies induced transient
ataxia in mice [3, 4] and mitochondrial-dependent apoptosis
in cultured neuronal cells [7], suggesting the neurotoxicity
of anti-TG2 antibodies.

In human CNS celiac disease, the histopathological find-
ings of the brain are characterized by lymphocytic infiltra-
tion and perivascular cuffing especially in the white matter
of cerebrum and cerebellum, associated with cerebellar
atrophy [6, 12]. The distribution of brain lesions and clinical
symptoms in human CNS celiac disease are quite differ-
ent from those of canine NME, NLE or GME. However,
considering the contribution of TG2 in the CNS functions
[1, 2, 5, 11-13, 15], we can speculate that the inflamma-
tory characteristic of canine idiopathic encephalitis may be
provoked by the autoimmunity to TG2.

By the lack of specificity to NME, NLE or GME, we
cannot utilize the canine CSF anti-TG2 autoantibodies as a
disease marker, however, we can expect the autoantibodies
as an essential candidate to consider the undiscovered patho-
genesis of canine idiopathic encephalitis. It affords a clue
that these diseases might share a common mechanism in the
initiation or progression of inflammation. Further study is
needed to elucidate whether the anti-TG2 autoantibodies are
produced intrathecally or peripherally, as well as whether
the autoantibodies are the cause or result of diseases.
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