The p38 MAPK signaling pathway has been involved in
a number of important biological activities, such as
proliferation, inflammation, cell death, and aging [18].
The activation of p38 is dependent not only on stimuli
but also on cell types. In reproductive cells, it plays a
pivotal role in oocyte maturation [19-22] and
steroidogenesis [23, 24]. On the other hand, p38, similar

to JNK, is known to function as a stress transducer, and
" is highly activated in aged cells and tissues [25-27]. p38
is activated in klotho knockout mice showing a
premature aging phenotype, whereas it is down-
regulated in klotho-overexpressing model [28]. In
addition, a p38 inhibitor prevented death of fibroblasts
from Werner syndrome in vitro {29, 30]. Therefore, p38
is involved in ROS-induced cellular damage during
aging. Interestingly, p38 is activated in the cytoplasm of
aged granulosa cells, whereas it is phosphorylated in the
nucleus of younger cells [31]. Since p38 has been
shown to translocate between the nucleus and
cytoplasm in response to various stimuli [32, 33], the
downstream transporters of p38 including MK2, MK5
and TAB-1 [32, 34], must be involved in age-associated
change in the subcellular localization of p38.

Some GSTs have been shown to be upregulated
through the MAPK pathways as self-defense responses
to toxins and growth factors [35, 36]. However,
MAPKs that regulate GSTT1 expression and functions
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have not yet been reported. Furthermore, there is no
clear under-standing of the roles of GSTT! during
aging. Therefore, we attempted to determine the direct
implications of the MAPK pathways in the expression
of GSTT1. We also studied the involvement of GSTT]
in mitochondrial activity.

RESULTS
Regulation of H,0,—induced GSTT1 by p38 MAPK

In our previous studies, we observed age-associated
changes in GSTT1 expression in granulosa cells [12], as
well as changes in the subcellular localization of p38
[31]. Although H;0, is able to induce these changes in
vitro, it remains uncertain whether GSTT1 induction by
H,O, is controlled through the p38 MAPK signaling
pathway. Therefore, we examined the expression of
GSTT1 induced by H,O, in the presence or absence of
distinct MAPK inhibitors. The immunofluorescence
study revealed that GSTT! was highly upregulated in
response to H,O,, as has been reported previously
(Figure 1). In the cells stimulated with H,O,, only
SB203580 prevented the upregulation of GSTTI
(Figure 1B: ANOVA, P < 0.05). These results strongly
suggest that the p38 signaling pathway specifically
regulates H,O-induced GSTT1.

Figure 2. Effects of the MK2 inhibitor on the expression of
GSTT1 in KGN cells stimulated with H,0, Cells were treated
with H,0, at 200 uM with or without SB203580 at 10 uM or
subjected to
The primary antibody
against GSTT1 was probed with anti-rabbit 1gG-Alexa488
{Green). Cells were counterstained with Hoechst 33342 at 10
uM (Blue). Magnification: x200. A bar graph represent the
mean fluorescence intensity per cell + SEM (B, C}. One-way

CMPD1 at 330 nM for 24 h
immunofiuorescence analysis (A).

and

ANOVA: (B) P < 0.05; (C) P < 0.01.
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Figure 3. Depletion of GSTT1 inactivates the p38—-MK2 signaling pathway. KGN celis (wild—type, Alamin AGSTT1 or
Ap38u cells) were treated with or without H,0, at 200 pM for 24 h before investigation of the expression of GSTT1 and
activation of p38 and MK2 by immunofluorescence analysis (A). The primary antibodies against GSTT1, phosphorylated
p38 and phosphorylated MK2 were probed with anti-rabbit 1gG—Alexa488 (Green). Cells were counterstained with
Hoechst 33342 at 10 uM (Blue). Magnification: x200. Bar graphs represent the mean fluorescence intensity per cell +
SEM (B). One—way ANOVA: (B, GSTT1) P < 0.001, (B, p-p38) P < 0.05, (B, p-MK2) P < 0.001.

GSTT1 is involved in the p38-MK2 signal cascade
under oxidative stress

Since one of the p38 downstream targets, MK2, has
been shown to be responsible for both translocation and
stress signaling of p38, MK2 may play a role in the
regulation of GSTT1 in granulosa cells. KGN cells were
therefore pretreated with CMPDI1, an MK2 inhibitor,
prior to stimulation with H,O, (Figure 2). As expected,

CMPD1 blocked GSTT! induction by HyO; very effici-

ently, which is very similar to the effects of SB203580
(Figure 2B).

For further analysis of the stress-induced regulation of
GSTT1 in granulosa cells, KGN cells stably carrying a
knockdown construct of either GSTT1 or p38a were
established (AGSTT! and Ap38a cells), and the
expression of GSTTI, as well as the phosphorylation of
p38 and MK2 was examined for each cell line (Figure 3).
H>0; induced GSTT1 expression and phosphorylation of
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p38 very efficiently in wild-type and Alamin (cells
carrying the control vector) cells, whereas both were
severely suppressed in AGSTT1 and Ap38a cells (Figure
3B). More interestingly, the phosphorylation of MK2 was
significantly impaired only in AGSTTI cells and was not
even activated by the addition of HyO,, suggesting that
GSTTI is highly correlated with MK2 activity.

Supporting the above results, subcellular

phosphorylation of p38 in AGSTT1 cells differed from

A. Cytoplasm
KGN

that in wild-type and ALamin cells (Figure 4). While
p38 showed greater phosphorylation in the cytoplasm of
wild-type and ALamin cells after treatment with H,Os,
it was unchanged in AGSTT1 cells (Figure 4A). In
contrast, the nuclear p38 in all cell types was not
significantly different before and after treatment with
H,0O,, although it appeared to be increased in AlLamin
and AGSTT! cells compared with wild-type cells
(Figure 4B). These results strongly suggest that GSTT1
is involved in the p38-MK2 signaling pathway.
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Figure 4. Depletion of GSTT1 prevents the cytoplasmic activation of p38. Cells stimulated with or without
H,0, were subjected to fractionation of cytosolic and nuclear proteins. The activity of p38 in each fraction
was then analyzed by immunoblotting (A: cytoplasm, B: nuclei). Fifteen micrograms of total protein were
used for each lane. Bar graphs represent the mean band intensity £ SEM. (A) Student’s t—test: P < 0.0S.
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Figure 5. Depletion of GSTT1 enhances mitochondrial activity. (A) Wild—type, ALamin or AGSTT1 cells
were stimulated with H,0,, and the mitochondrial membrane potential of each cell type was observed by
staining with Mitotracker CMXRos at 100 nM. A bar graph represent the fold increase in mean
fluorescence intensity £ SEM. One—way ANOVA: P < 0.001. (B} Frequency of apoptosis before and after
treatment with H,0, was measured by TUNEL assay. The number of apoptotic cells was counted and
divided by the total number of cells per field. A bar graph represent the frequency of apoptosis = SEM.

GSTT1 is involved in mitochondrial activity

Because the expression of GSTT1 induced by oxidative
stress is mediated through the p38 signaling pathway,
GSTT! may influence the mitochondrial activity.
Therefore we examined the AWm of AGSTTI cells
using Mitotracker CMXRos. As shown in Figure 5A,
suppression of the GSTT1 expression led to a marked
increase in the fluorescence intensity of CMXRos under
normal conditions. In addition, the mitochondrial
hyperpolarity was much more intense in AGSTTI cells
compared with wild-type and ALamin cells after
treatment with H,O,.

Since the mitochondrial membrane potential is closely
related to cellular viability, the apoptosis of these cells
after treatment with 200 uM H,O, was determined by
TUNEL assay. As shown in Figure 5B, the viability of

AGSTT!1 cells before and after H,O, treatment was
comparable to that of wild-type KGN cells, indicating
that the hyperpolarization of AWm observed in AGSTT1
cells is not a sign of senescence.

DISCUSSION

Expression of GSTs is directly or indirectly regulated
through MAPK pathways. In hepatocytes, GSTM1 and
M2 are upregulated by geniposide, an irdoid glycoside,
through the ERK signal pathway [36], and an ERK
inhibitor was shown to enhance upregulation of GSTA1
by sulforaphane in CaCo-2 cells [37]. In Hep3B cells,
GSTA1 has been shown to be induced by alcohol
through both ERK and p38 pathways [38]. Similarly,
EGF-dependent induction of GSTA4 is mediated by the
ERK and p38 pathways [35]. Therefore, the induction
of each GST class through distinct MAPK pathways is
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likely to be cell type- and stimulus-specific. In this
study, GSTT1 was shown to be upregulated in human
granulosa cells by oxidative stress only through the p38
signal pathway, suggesting that the interplay between
p38 and GSTTI may be involved in aging of granulosa
cells.

MK2 is known to be a direct substrate of p38, and
" determines the subcellular localization of p38 [39].
Although it remains unclear whether the age-associated
subcellular localization of p38 in granulosa cells is
caused by the action of MK2, the data shown in Figure
2 indicate not only that oxidative stress-induced GSTT1
is mediated specifically through the p38-MK2 pathway,
but also that aged-related functional modifications in
granulosa cells may be dependent on the action of MK2.
MK2 is regarded as a versatile molecule; it functions in
proinflammatory cytokine stabilization [39] and also
modulates proteolysis through direct interactions with
Hsp27 {40]. These functions are closely associated with
the activity and localization of p38. Endogenous p38 is
located in both the cytoplasm and nucleus of the resting
cells, and cytoplasmic p38 translocates into the nucleus
in response to various stimuli [32]. Activated p38 then
phosphorylates nuclear MK2 and forms a complex
whereby the MK2 nuclear export signal is unmasked,
resulting in its rapid export from the nucleus [33, 41]. In
contrast, p38 has also been reported to be down-
regulated in MK2-deficient tissues [39, 42]. Regarding
the amount of total MK2, it was decreased markedly in
AGSTTTI cells in our preliminary experiments (data not
shown). These results may demonstrate that GSTT1 is
one of the target molecules for MK2 controlled by the
p38 signaling pathway and may be involved in cytokine
production. Further study is required.

Fluctuation in A¥m is important for mitochondrial
activity. AWm is generally accepted to be decreased by
the opening of pores in the mitochondrial inner
membrane in response to oxidative stress, resulting in
apoptotic and necrotic cell death [43]. More precisely,
increasing AWWm is observed only at the early onset of
apoptosis [44]. and triggers cytochrome c release into
the cytosol, collapse of AWm, activation of caspases,
and DNA fragmentation [45]. On the contrary, neurons
with more hyperpolarization are associated with
increased glucose uptake, NADPH availability and
increased viability [46]. Also, the following feedback
mechanism has been suggested; glucose-induced
mitochondrial hyperpolarization leads to a rise in Ca’’,
and the increased Ca®" in turn decreases ATP synthesis
by mitochondrial depolarization, terminating the influx
of Ca™ [47]. Thus, A¥m functions as a signal
transducer to determine subsequent cellular activities.

Although the mechanism underlying the significant

increase in A¥m in AGSTT1 cells remains to be
determined, the lowered activity of p38 before and after
H,O, treatment in AGSTT1 cells may be related to
hyperpolarization. In fact. H,O, has been shown to
induce activation of p38 and depolarization of A¥m in
intestinal epithelial cells [48]. These changes were
attenuated by pretreatment of cells with SB203580.
Similar effects of SB203580 were observed in
hepatocytes treated with arachidonic acid, a model for
alcohol-induced liver injury [49].

The remaining question relating to our results must be
whether or not the increase in AWm observed in the
context of lowered GSTT1 is beneficial for granulosa
cells. As shown in Figure 3, the hyperpolarization of
A¥m in AGSTT] cells was not associated with cellular
apoptosis. Rather, the increased basal A%¥m in AGSTT1
cells may be due to the enhanced activity of
mitochondria, since mitochondria-related steroidogenic
genes are upregulated under normal condition (data not
shown). The expression of one such gene, steroidogenic
acute regulatory protein, is closely related to
mitochondrial activity since it is significantly decreased
after exposure of cells to oxidative stress [50]. We also
observed increased expression of cyclooxygenase 2 in
H,Os-stimulated AGSTT1 cells in our preliminary
experiments. Therefore, the observed mitochondrial
hyperpolarization may enhance the susceptibility of
mitochondria to various external stimuli.

In conclusion, this study demonstrates that oxidative
stress.induced upregulation of GSTT! is mediated
through the p38_MK2 signaling pathway. The changes
in signal transduction induced by oxidative stress, in
turn, influences the mitochondrial activity. Collectively,
these results suggest that GSTT1 is associated with
reproductive aging through its effects on the p38_MK2
signaling pathway.

MATERIALS AND METHODS

Reagents. Hydrogen peroxide (H,O,) was purchased
from Wako Pure Chemical Co. Ltd (Tokyo, Japan).
Hoechst 33342, protease inhibitor cocktail, phosphatase
inhibitors 1 and 2, and a rabbit polyclonal antibody
against phosphorylated p38 (Thr180/Tyri82) for the
immunofluorescence analysis were purchased from
Sigma—Aldrich Inc (Tokyo, Japan). SB203580 (p38
inhibitor) and rabbit polyclonal antibodies against
GSTT1 and phosphorylated MK2 (Thr222) were
purchased from Santa Cruz Biotechnology Inc (Santa
Cruz, CA., USA). SP600125 (JNK inhibitor) was
purchased from Enzo Life Sciences, Inc. (Farmingdale,
NY, USA). PD98059 (ERK inhibitor) and CMPD1 (4-
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(2'- fluorobiphenyl-4-yl) - N -(4- hydroxyphenyl) - buty-
ramide, MK2 inhibitor) were purchased from Merck
Ltd. (Tokyo, Japan). A rabbit antibody against
phosphorylated  p38  (Thr180/Tyr182) for the
immunoblot analysis was purchased from Novus
Biologicals Inc. (Littleton, CO, USA). A mouse
monoclonal antibody against B-actin, a control rabbit
IgG, a control mouse 1gG, and a donkey anti-mouse
1gG  conjugated with HRP were purchased from
Chemicon International Co. Ltd. (Temecula, CA, USA).
A goat anti-rabbit IgG conjugated with HRP was
purchased from Thermo Fisher Scientific Inc.
(Rockford, 1L, USA). A rabbit polyclonal antibody
against lamin was purchased from Abcam Inc.
(Cambridge, MA, USA). A goat anti-rabbit IgG
conjugated with Alexa Flour 488 and MitoTracker
CMXRos were purchased from Molecular Probes, Inc.
(Eugene, OR, USA).

Cell culture and treatment. The human granulosa—like
cell line, KGN, was maintained as described previously
[12, 51]. Briefly. cells were cultured in DMEM/F12
containing 1 IU/ml penicillin, 1 pg/ml streptomycin,
and 10% heat—inactivated FBS (Biowest Ltd., Nuaille,
France, culture medium). Cells were seeded at 5 x 10
cells / ml (200 ml / well) in 8-well culture slides (BD
Japan Co. Ltd., Tokyo, Japan) for the subsequent
immunofluorescence studies or in culture dishes (Nunc.,
Roskilde, Denmark) for immunoblot analysis. The
medium was replaced by DMEM/F12 containing 0.1%
BSA (serum—free medium) before stimulation. The cells
were then treated with 200 uM H-O, for 24 h with or
without SB203580 (10 uM), SP600125 (10 uM),
PDY98059 (10 uM) or CMPD1 (330 nM). The final
concentrations of inhibitors are determined according to
the previous reports in which these inhibitors were used
in various cell types [52-54]. After the treatment. they
were either fixed or collected and stored as described
previously [12, 31].

shRNA design and transfection. To construct sShRNA
knockdown vectors, the target sequences of the desired
genes were synthesized and obtained from Invitrogen
Corp.  (Carlsbad, CA, USA). GSTTI1: Top
CACCGCAGGAATGGCTTGCTTAAGACGAATCTT
AAGCAAGCCATTCCTGC, Bottom AAAAGCAGG
AATGGCTTGCTTAAGATTCGTCTTAAGCAAGCC
ATTCCTGC, p38a: Top CACCGCCGAGCTGTTGA
CTGGAAGACGAATCTTCCAGTCAACAGCTCGGC.
Bottom AAAAGCCGAGCTGTTGACTGAAGATTC
GTCTTCCAGTCAACA GCTCGGC, Lamin: Top
CACCGCTGGACTTCCAGAAGAACACGAATGTTC
TTCTGGAAGTCCAG, Bottom AAAACTGGACTCC
AGAAGAACATTCGTGTTCTTCTGGAAGTCCAGC,
These oligonucleotides were annealed and cloned into a

BLOCK~IT RNAi entry vector (pENTER/USG,
Invitrogen Corp.) according to the manufacturer’s
instruction.  After verification by sequencing of the
DNA  sequence inserted into the vector. the target
sequences were transferred into the destination vector
(pLenti6/BLOCK~iT-DEST) using the Gateway system
(Invitrogen Corp.). Lentiviruses were then produced in
293FT cells using ViraPower Lentiviral Expression
Systems, and KGN cells were subjected to lentiviral
infection. Cells stably carrying each shRNA construct
were maintained in culture medium containing
blasticidin at 5 pg/ml. The efficiency of gene knock-
down by shRNA was verified by either immuno-
fluorescence or immunoblot analyses.

Immunofluorescence. Immunofluorescence staining was
performed as described previously [12]. Briefly, the
cells were permeabilized and blocked with Block Ace
(Snow Brand Milk Products Co. Ltd., Tokyo. Japan)
and treated with the first antibody (10 pg/ml for p-p38
and p-MK2., 20 pg/ml for GSTT1) overnight at 4°C
followed by treatment with the secondary antibody
(1:200 dilution) for 2 h at room temperature. Hoechst
33342 at 10 pM was also included during treatment
with the secondary antibody to enable detection of
nuclei. Microphotographs were taken using an
epifluorescence  microscope  equipped  with a
computational CCD camera (Olympus, Tokyo, Japan).
For the image analysis, photographs were taken from
five different areas in each sample using the
MetaMorph program (Molecular Devices Corp. Tokyo,
Japan), and the total fluorescence intensity was
measured for each field. The number of cells per field
was counted simultaneously by careful observation of
Hoechst  stained  specimens. The  normalized
fluorescence intensity was then obtained by dividing the
total fluorescence intensity by the number of cells in
each field. Data were collected from three independent
experiments and are shown as the mean fluorescence
per cell £ SEM.

Immunoblot_analysis. KGN cells were passaged and
cultured in a culture medium for 3 days (usually they
reach to the sub-confluent status during the culture
period) and then maintained for 6 h in a serum-free
medium before treatment with H-O» After treatment, the
cells were washed twice with Tris-buffered saline (20
mM Tris, pH 7.5, 130 mM NaCl, TBS) containing
protease inhibitor and phosphatase inhibitor cocktails
and placed on ice as quickly as possible. They were
then lysed by direct application of a lysis buffer to the
dish.

The nuclear/cytosol fractionation kit (Bio Vision
Technology Inc., New Minas, NS, Canada) was used to
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separate nuclear and cytoplasmic proteins, according to
the manufacturer’s protocol. After isolation of the
proteins, the concentration of the samples was
determined using a micro BCA assay kit (Thermo
Fisher Scientific Inc.). Fifteen micrograms of sample
per lane were electrophoresed on a 12% reducing SDS-
polyacrylamide gel and transferred onto a PVDF
membrane (Immobilon-P; Millipore, Tokyo, Japan).
After blocking with 10% goat serum and 90% Block
Ace at room temperature for 1 h, the membranes were
treated with a primary antibody at 1:1000 dilution in
TBST and subsequently with a secondary antibody at
1:10,000 dilution. SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo Fisher Scientific Inc.)
was then used for visualization, and the signal was
developed on an X-ray film (GE Healthcare,
Piscataway, NJ. USA). The band intensity of
phosphorylated p38 was measured using Adobe
Photoshop Elements 2.0 software and the background
was subtracted. It was then divided by the band
intensity of total p38 for normalization. Data were
collected from three independent experiments and are
shown as the mean changes in band intensity £ SEM.

Measurement of mitochondrial membrane potential
(A¥m). To assess the changes in AWm, the cells were
treated with or without 200 pM H,O, for 24 h and
labeled with the MitoTracker CMXRos probe at 100
nM for 30 min. They were washed twice with TBS and
fixed with 4% formaldehyde for 1 h at room
temperature. Fluorescence images were taken as
described above and the fluorescence intensity of each
image was measured with Adobe Photoshop Elements
2.0. It was then divided by the number of cells in each
field. The fluorescence intensity per cell was defined as
1.0 for the wild-type KGN cells to obtain fold changes
in fluorescence. Data were collected from three
independent experiments and are shown as the mean
fold increase in fluorescence = SEM.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling (TUNEL) assay for apoptosis. Cell
apoptosis was detected using TUNEL enzyme and
labeling mix according to the manufacturer’s
instructions (Roche Diagnostics Japan Co. Ltd., Tokyo,
Japan). In brief, cells were plated in 8-well culture
slides for a couple of days and stimulated with 200 pM
H,0, for 24 h as described above. They were then
washed with PBS three times and fixed with 2%
paraformaldehyde in PBS for 1 h. Next, the cells were
permeabilized and labeled with flurescein-dUTP.
During the TUNEL labeling Hoechst 33342 at 10 uM
was included. The number of flurescein-labeled cells
and the total number of cells stained with Hoechst
33342 was counted simultaneously in each field of view

under an epi-fluorescence microscope. The incidence of
apoptosis was -calculated by dividing the number of
TUNEL-positive cells by the total number of cells per
field. The experiments were repeated three times, and
the data are shown as the mean percentage of apoptosis
+ SEM.

Statistical __ analysis.  For  all  immunostaining
experiments, statistical analysis was conducted by one-
way ANOVA. For the immunoblot analysis, differences
in the phosphorylation of p38 in cells treated with or
without H>O, were analyzed by Student’s t-test or
modified Student’s t-test (Welch’s correction) following
an F test. For the analysis of apoptosis. a one-way
ANOVA followed by Student’s t-test was used.
Differences were considered statistically significant if P
< 0.05. All statistical analyses were performed using
Microsoft Excel software.
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ARTICLE INFO ABSTRACT

In the spring of 2007, seven raccoon dogs and a weasel were captured near the city of
Tanabe in Wakayama prefecture, Japan. The causative agent of the animals’ death 1-2 days
after capture was identified as canine distemper virus (CDV) by virus isolation,
immunostaining with an anti-CDV polyclonal antibody, and a commercially available
CDV antigen-detection kit. Sequence analysis of hemagglutinin genes indicated the
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Canine distemper to histidine (M) at position 549 that is associated with the spread of CDV to non-canine
gscecrmn hosts. A serosurvey for CDV was then conducted among wild animals in the region. The
Raccoon dog animals assayed consisted of 104 raccoons, 41 wild boars, 19 raccoon dogs, five Sika deer,
Wild boar two badgers, one weasel, one marten, one Siberian weasel and one fox. Virus-

neutralization (VN) tests showed that, except for fox and weasel, all of the species
assayed had VN antibodies to CDV. Interestingly, 11 of the 41 wild boars (27%) and two of
the five Sika deer assayed possessed VN antibodies to CDV. These findings indicate that

CDV infection was widespread among wild mammals during this epizootic.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Canine distemper virus (CDV) is a non-segmented,
negative-stranded, enveloped RNA virus of the order
Maononegavirale, family Paramyxoviridae and genus Mor-
billivirus. CDV infects dogs and a variety of carnivore
species, causing a fatal disease that manifests as pyrexia,
anorexia, nasal discharge, conjunctivitis, diarrhea, leuko-
penia, and encephalitis (Appel, 1969; Appel and Summers,
1995). Vaccination with attenuated live virus is typically
used to protect domestic dogs and cases of dog deaths by
CDV are currently rare in Japan. However, CDV strains that
are genetically distinct from the one used to produce the
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live vaccine (Onderstepoort strain), have recently been
isolated in different regions of the world, and at least two
of these strains, genotypes Asia-1 and Asia-2, have spread
throughout Asia and Japan (Mochizuki et al., 1999).
Epizootics of CDV in wild animals are considered to be a
serious global problem. For example, the famous discovery
of a “mass grave” of lions (Panthera leo; Felidae) in the
Serengeti National Park of Tanzania in 1994 was later
attributed to CDV infection (Roelke-Parker et al,, 1996), In
California, the island fox (Urocyon littoralis) has become
endangered due to CDV epizootics (United States Fish and
Wildlife Service, 2004; Timm et al., 2009). In Japan, CDV
infections have been reported in wild animals from a
variety of regions (Machida et al., 1992, 1993; Ohashi et al.,
2001; Hirama et al,, 2004; Watabe and Yoshizawa, 2006;
Yoshizawa and Watabe, 2007; Takayama et al.,, 2009). In
2008, CDV cases were reported in rhesus monkeys and
crab-eating monkeys in China and Japan, respectively
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(Morikawa et al,, 2008; Sun et al., 2010). This study reports
the findings of a CDV serological survey that was
conducted among wild animals after a CDV epizootic in
the vicinity of Tanabe in Wakayama prefecture, Japan, in
2007.

2. Materials and methods
2.1. CDV epizootic

Several raccoon dog deaths were reported since the
end of March, 2007 around Tapabe in Wakayama
Prefecture, Japan. The raccoon dogs presented with
prostration and an inability move, and died within 1~
2 days after being sheltered. Raccoon dog No. 729 died on
April 16, 2007, was sent to Yamaguchi University for
diagnosis of the causative agent. A total of seven raccoon
dogs and one weasel (No.734) were subsequently
diagnosed as being infected with CDV. Although no
further cases were reported after May 16, 2007, one
raccoon dog (No.812) from the same area died due to CDV
infection on January 2008. The characteristics of these
infections are summarized in Table 1.

2.2. Cells

Vero cells (Japanese Collection of Research Bioresources
(JCRB) Number: JCRB9013) were cultured in Eagle's
minimum essential medium (EMEM; Gibco, USA) with
5% heat-inactivated fetal calf serum (FCS; Gibco), 1 mM
sodium pyruvate, 100U/m! penicillin and 100 pg/ml
streptomycin at 37°C in 5% CO,. Canine A72 cells
(American Type Culture Collection (ATCC) Number: CRL-
1542), feline CRFK cells (ATCC Number: CCL-94), and A72/
¢SLAM and CRFK/cSLAM cells expressing canine SLAM
(Nakano et al, 2009ab) were grown in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco) supplemented
with 10% FCS and antibiotics at 37 °C in 5% CO,.

2.3. Viruses

CDV KDK-1 (genotype Asia-1) (Mochizuki et al,, 1999)
strain was propagated in A72/cSLAM cells, and the
Onderstepoort strain (vaccine) was propagated in Vero
cells. W729B and W812B strains were isolated from the

Table 1
Characteristics of virus isolates.

brains of raccoon dogs N0.729 and No0.812 in Wakayama
Prefecture in 2007 and 2008, respectively, and then
isolated and propagated in A72/cSLAM cells.

2.4. Virus isolation

DMEM containing high concentrations of antibiotics
was added to swabs and tissues and then vortexed or
homogenized. The samples were centrifuged and the
supernatants were filtrated through a 0.45 wm filter. The
filtrates or sera were then used to inoculate A72/cSLAM
cells expressing canine SLAM. The inoculated cells were
cultured until cytopathic effect was observed.

2.5. Serum samples

A total of 129 sera were collected from wild animals
captured around Tanabe in Wakayama Prefecture from
2007 to 2008. Wild animals included 104 raccoons
(Procyon lotor), 19 raccoon dogs (Nyctereutes procyo-
noides), two badgers (Meles meles), one weasel (Mustela
itatsi}, one Japanese marten (Martes melampus), one
Siberian weasel (Mustela sibirica), one red fox (Vulpes
vulpes), 41 wild boars (Sus scrofa) and five Sika deer
(Cervus nippon). Furthermore, 28 and 20 sera were
collected from wild boars and Sika deer, respectively,
captured around Tanabe in Wakayama Prefecture from
2009 to 2010. All sera were heat-inactivated at 56 °C for
30 min and stored at —20 °C until use.

2.6. Virus neutralizing (VN) test

VN test for KDK-1 was performed by a 75% plaque-
reduction neutralizing test (PRNTys) using our established
cell line, CRFK/cSLAM (Nakano et al., 2009a,b). For the first
screening of CDV-positive sera, 10 pul of sera was added to
90 ! of virus solution containing approximately 100
plaque forming units (PFU) of KDK-1 diluted with DMEM
supplemented with 2% FCS and incubated at 37°Cfor 1h
(1:10 ditution). Then, 50 ! of the mixture was added to
each well of a 24-well plate (Sumilon, Japan) subcon-
fluented with CRFK/cSLAM. The plate was incubated at
37°C for 1h, washed twice with DMEM without FCS and
overlaid with DMEM containing 0.8% agarose and 7% FCS.
Plates were then incubated at 37 °C in 5% CO,, for 3-4 days.

No. Species Date (yr/m/{d) Sex Body weight (kg) Virus isolate® CDV antigen®
729 Raccoon dog 2007/4/16 M 235 B.U N.D4

731 Raccoon dog 2007/4/20 F 2.80 F +

734 Weasel 2007/4/25 M 0.50 B +

738 Raccoon dog 2007/5/11 F 3.05 - +

741 Raccoon dog 2007/5/15 F 3.00 F +

742 Raccoon dog 2007/5/15 F 3.30 - +

743 Raccoon dog 2007/5/15 F 2.25 U, F +

744 Raccoon dog 2007/5/16 M 220 UrF +

812 Raccoon dog 2008/1/31 F 235 B,UFES +

3 CDV were isolated from brain (B), fecal sample (F), urine (U) and/or serum (S).
b €DV antigen was detected by Checkman CDV and/ar immunohistopathology using a CDV-specific polyclonal antibody.

¢ M, male and F, female.
¢ N,D.: not done.
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Cells were fixed with 5% buffered formaldehyde for 1h

before agarose layers were removed. Plaques were counted

after staining with crystal violet. Compared to the mean

number of plagues in control wells, sera that reduced the

number of plaques by more than 75% were considered to
. be positive.

Inorder to determine the VN titers of CDV-positive sera,
sera were diluted to 1:5 and then serially diluted twofold
with DMEM containing 2% FCS. Diluted sera were then
mixed with equal volumes of virus solution containing
100 PFU of the KDK-1 or Onderstepoort strains, followed
by incubation at 37 °C for 60 min. Mixtures were added to
CRFK/cSLAM and PRNTys was performed. Compared to
control wells without serum, the titer of VN antibody was
expressed as the highest dilution of serum that reduced
more than 75% of the plaques.

2.7. RT-PCR and hemagglutinin (H) gene sequencing

Total RNA was extracted from virus-infected cells using
a QIAGEN RNA Mini kit (QIAGEN, Germany). Reverse-
transcription (RT) was carried out with a random 9-mer
primer using TaKaRa RNA LA PCR™ kit (AMV) Ver.1.1
(Takara, Japan). The H gene was amplified using primers
204b (5-GAA TTC GAT TTC CGC GAT CTC C-3') and 232b
(5-TAG GCA ACA CCA ATA ATT TRG ACT C-3') (Martella
et al, 2007). Amplification was performed using a
temperature cycling protocol consisting of 40 cycles of
denaturation for 305 at 94 °C, primer annealing for 30 s at
50 °C, and extension for 1.5 min at 72°C, followed by a final
extension step of 15 min at 72 °C. The amplified products
were purified using a QIAquick PCR Purification kit
(QIAGEN) and nucleotide sequences were determined
using an ABI PRISM 310 Genetic Analyzer autosequencer
(Applied Biosystems, CA, USA).

To determine the nucleotide sequence of the complete
H genes in W729B and W812B, H genes were amplified
using primers CDV-HR (5’-AGA TGG ACCTCA GGG TAT AG-+
3"y and CDV-HF (5-AAC TTA GGG CTC AGG TAG TC-3)
(Demeter et al, 2007). The amplified products were
purified using a QlAquick PCR Purification kit (QIAGEN)
and nucleotide sequences were determined by ABI PRISM
310 Genetic Analyzer autosequencer (AppliedBiosystems).
For sequence analysis, the H gene primers, HF, HR, 1F (5~
AGG TAT GTA CTA TAG CAG TG-3), 2F (5'-TAG TAA CCT
GGA TGG TGC CT-3"),.3F (5-CCA GGG AAT CAA GTG GAA
AT-3"), 4F (5’-CTC CAT ATC CTC TTT CAG CA-3'), 5F (5'-TCG

AAC TCC AGT GAT GGC AA-3), 204b, 1R (5'-AGG CAC CAT

CCA GGT TAC TA-37), 2R (5/-CAC TGC TAT AGT ACA TAC CT-
3%, 3R(5-TTT TGA CCC CAA CTG CAT CG-3') and 232b were
used.

2.8. Sequence analysis of fusion (F) protein signal peptide

To amplify the signal peptide region of the F gene, RT
reaction was carried out as described above. PCR ‘was
performed using primers CDV-5668R (5'-GCA GTG ATT
TGT GCA GCT GT-3") and CDV-4713F (5/-TCG CCT CTA GGA
ATC TCA CT-3") and a temperature cycling profile consist-
ing of an initial denaturation step of 2min at 94°C
followed by 30 cycles of denaturation for 30s at 94°C,

annealing for 30 s at 60 °C, extension for 1 min at 72 °C, and
a final extension step of 15 min at 72 °C. The amplified
products were purified as described for the H gene. For the
sequence analysis, primers CDV-4713F, CDV-5668R, 5275F
(5'-AAC TCA GGC TCT CAG TGC A-3’) and 5283R (5'-TGC
ACT GAG AGC CTG AGT T-3') were used.

2.9. Histopathology and immunostaining

For histopathological examination, specimens of var-
ious tissues were fixed in 10% neutral buffered formalin
and embedded in paraffin wax. Sections (3 pm) were
stained with hematoxylin and eosin (HE). Immunostaining
was performed using polyclonal antibody against CDV
(Ikeda strain). Secondary reactions were performed with a
peroxidase-conjugated Histofine-Simple stain kit (Sim-
plestain MAX-PO; Nichirei, Tokyo), with 3,3'-diaminoben-
zidine and H.0, used to visualize the reaction products.
Slides were counterstained with Mayer's hematoxylin. For
negative controls, the primary antibody was omitted.

2.10. Statistical analysis

Chi-square and Fisher's exact probability tests were
used for the statistical analysis. The level of significance
was p < 0.05.

3. Results
3.1. CDV epizootic in wild animals

Seven raccoon dogs (N0s.729, 731, 739, 741, 742, 743,
744) and one weasel (No0.734) were captured around
Tanabe in Wakayama Prefecture, Japan from April to May
in 2007 (Table 1). The animals, which were prostrate and
could not move (Supplementary Fig. S$1), died within 1-
2days after capture. There were no clinical signs of
infection except for diarrhea (Supplementary Fig. S1).

To the best of our knowledge, no instances of epizootic
CDV .infection in wild animals have previously been
reported near Tanabe, and with the exception of one
raccoon dog (No.812) that was captured on January 31,
2008, no CDV cases have been reported from the area since

‘May 16, 2007. Using fecal or oral swabs, all of the animals

examined using Checkman CDV kits were positive for the
CDV antigen (Table 1).

3.2. Virus isolation from raccoon dogs and a weasel

The characteristics of the virus isolates used in this
study are listed in Table 1. CDV was isolated from seven
animals and two raccoon dogs (No.739 and No.742) were
negative for virus isolation. Specifically, five CDV isolates
originated from feces, four viruses from urine, three from
brains, and only one from serum. Two isolates (W729B and
W812B), which were obtained from the brains of raccoon
dogs No0.729 and No.812, respectively, were used as
representative isolates.

To confirm whether the isolated viruses were CDV, RT-
PCR and sequence analysis were performed using primers
232b and 204b (Martella et al,, 2007). Sequence analysis
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Table 2

Summary of histopathology and immunostaining witha polyclonal antibody to CDV.

No. Bronchus Alveolus Tongue Esophagus Stomach  Small Large Renal  Bladder Lymph Cerebrum Cerebellum
intestine  intestine  pelvis node

734 4+ — - + +4 - - - - 4+ e —

739 4+ + - - - - - - - - - -

741 - + - - - + - - - - - -

742 -~ - — - - et e - - i - -

743 4+ + - - + L b E=S b A+ - -

744  ~ - - - - + + - pe - - -

812 4+ + + + 4 i 4 b 4 o ++ 4

+, CDV-antigen positive; ++ inclusion body with CDV antigen; —, CDV-antigen negative,

Fig. 1. Immunostainirig of CDV antigen in raccoon dog No. 812.(a) cerebrum, (b} cerebellum, (¢} large intestine, (d) urinary bladder, (b") magnification of
tissue section enclosed by the inset in'(b), (d") magnification of tissue section enclosed by the inset in (d).

showed no significant changes amiong our isolates in the
hemagglutinin(H) gene, except for one substitutionin the
weasel isolate (W731F) (data not shown).

3.3. Histapathology and immunohistopathology to detect
CDV antigen

The results of histopathological and immunohisto-
pathological examinations of seven dead animals are
summarized in Table 2. CDV antigens were detected in
several of the organs and tissues examined; in No.734 and
No.739, CDV antigens were mainly detected in the
respiratory organs, but in No.744, most antigens were
restricted to the digestive tissues. All of the organs in
No.812 were positive for the CDV antigen (Fig. 1). The
distribution of antigens was correlated with virus isolation
{Tables 1 and 2).

3.4. Comparison of H and F genes

To assess the homogeneity among strains, 2022 bp
fragments containing the H gene were amplified from
W729B- and W812B-infected cells by RT-PCR using
primers CDV-HF and CDV-HR (Demeter et al,, 2007). The
nucleotide sequences determined by direct sequencing are
available under the accession numbers AB605890

{(W729B) and AB605891 (W812B) which were deposited
at the DNA Data Bank of Japan. Both H genes consisted of a
1824 bp region encoding 607 amino acids (Supplementary
Fig. §2), and the identity between the nucleotide and
amino acid sequences of W729B and W812B was 99.7%
and 99.3%, respectively (data not shown). Interestingly,
alignment of the deduced amino acid sequences of the H
proteins showed that a substitution from tyrosine (Y) to
histidine (H) was observed at position 549. This mutation
is considered to have arisen in CDV as anadaptation to wild
carnivores (Alex et al,, 2007). The amino acid sequence of
the signaling lymphocyte activation molecule {(SLAM)
receptor-binding region (amino acid residues 525-529)
(Zipperle et al., 2010) was completely conserved (Supple-
mentary Fig. §2). The amino acid sequences of our isolates
showed 97-98% identity to other Asia-1 strains, 93-95% to
other genotypes, and 90% to the Onderstepoort strain (data
not shown).

Since the signal peptide region (amino acid residues 1-
135) of the F protein is the most variable region of the CDV
genome (Lee et al,, 2010), the nucleotide sequences of this
region were analyzed by direct sequencing. These
sequence data are available under the accession numbers
ABG607904 (W729B) and AB607905 (W812B) in the DNA
Data Bank of Japan. The results showed 99% identity among
the signal peptide regions of our isolates, but only 73-82%
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Fig. 2. Evolutionary relationship of CDV isolates inferred using the Neighbor-Joining method. Phylogenetic analysis was performed using a total of 607
amino acid positions with the MEGA4 program. Genotypes are indicated on the right. Accession numbers of the sequences used are BAA33740 (Tanu96),
BAA84209 (KDK-1), BAAT9585 (Hamamatsu), BAA19584 (Ueno), BAAT9586 (Yanaka), BAB39167 (HM-3), BAAB4208 (98-002), AAQG3642 (5VD), BAB39166
(26D), CAAB7688 (Danish mink}, CAA59358 (German ferret), AAD49703 (A75/17), CAAS0879 (Black panther A92-6), CAA87691 (American dog), CAA59359

(5804/Han80}, AAM11476 (Dog Turkey), AAQO5829 (DKO1A), CAB01252 (2544), CAA87684 (Greenlandic dog), CAASS357 (PDV-2), AAG15490 (Snyder Hill),

3

CAAB4626 (Convac), AAK54669 (Onderstepoort). Scale bar indicates the number of nucleotide substitutions per site.

identity with amino acid sequences of other reported
strains. In particular, amino acid sequence homology with
the Onderstepoort vaccine strain was as low as 65-66%
(data not shown).

3.5. Phylogenetic analysis of CDV isolates

Phylogenetic analysis of the predicted H proteins was
performed to elucidate the evolutionary relationships
between the CDV isolates of this study and other strains.
Both of the isolates, W729B and W812B, from this CDV
epizootic formed a common cluster and were classified as
belonging to the Asia-1 genotype (Fig. 2).

3.6. Detection of antibodies against CDV in wild animals

To clarify CDV infection among wild animals in the
vicinity of Tanabe, serum samples of feral animals were
collected from 2007 to 2008 after the epizootic and a
plague reduction neutralization test (PRNTy5) was per-
formed (Table 3, Supplementary Tables §1~83), The results
showed that 54 of 104 raccoons (52%) and four of 19

Table 3
Seroprevalence of CDV in wild animals.

raccoon dogs (21%) possessed VN antibody to CDV strain
KDK-1 (genotype Asia-1). In addition, two of five Sika deer
(40%), 11 of 41 wild boars (27%), both of which belong to
the Artiodactyla, and one badger, one Japanese marten, one
Siberian weasel were also VN antibody-positive. The one
fox and one weasel sampled had no VN antibody to CDV.
However, CDV positivity in wild boars and Sika deer
captured from 2009 to 2010 reduced to 4% and 0%,
respectively (Table 3).

3.7. High seroprevalence of CDV in raccoons

Half of the raccoons (52%) were seropositive for CDV.
The data for the raccoons were categorized according to
capture locality, sex, and body weight (Table 4). Significant
differences were observed between CDV seroprevalence
and capture locality or body weight; raccoons in Tanabe
(60%) showed significantly higher levels of seropositivity
for CDV than those in cities surrounding Tanabe (41%)
(p«0.05) and adult raccoons (»4kg, 76%) showed
significantly higher levels of seropositivity for CDV than
young raccoons («4kg; 43%) (p«0.05). In addition,

Animals 2007-2008 2009-2010
No. of examined % of CDV-positive No, of examined % of CDV-positive
animals animals animals animals
Raccoon (Procyon lotor) 104 52 - -
Raccoon dog (Nyctereutes procyonoides) 19 21 - -
Badger (Meles meles) 2 50 - -
Weasel (Mustela itatsi) 1 0 ~ -
Martes (Martes melampus) 1 100 - -
Siberian weasel (Mustela iratsi sibirica) 1 100 ~ -
Fox (Vulpes vulpes) 1 Q - -
Wild boar (Sus scrofa) 41 27 28 4
Sika deer (Cervus nippon) 5 40 20 0

— 433 —



Y. Kameo et al./ Veterinary Microbiology 154 (2012) 222-229

227

Table 4
Seroprevalence of CDV in raccoons.
Cities Sex Body weight (kg) Total
Tanabe Other Male Female ~3.9 4.0~
No. of examined raccoons 58 46 61 43 75 29 104
No. of CDV-positive raccoons 35 19 35 19 32 22 54
% of CDV-positive raccoons 60 41 57 44 43 76 52
A 32 - o B 320
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Fig. 3. VN titers to KDK-1 and Onderstepoort in wild boars and raccoon dogs. Sera from CDV (KDK-1)-seropositive wild boars and raccoon dogs were
examined for VN titers to KDK-1 and Onderstepoort by PRNT,5. Horizontal bars show geometric mean of VN titer, Numbers show the number of animals

with same VN titer.

comparisons of VN titers to KDK-1 and Onderstepoort in
CDV-positive raccoons possessing high VN titers to KDK-1
(over 1:640) revealed that 70% of raccoons possessed VN
titers to KDK-1 that were more than 4-fold greater than VN
titers to Onderstepoort (Supplementary Table 51),

3.8, Seroprevalence of CDV in raccoon dogs

In raccoon dogs, only four animals (21%) possessed VN
antibodies to CDV. No significant differences were
observed in the seroprevalence of CDV between capture
locality, sex, and body weight because the number of
captured animals was too small (data not shown).
Comparisons of the geometric mean titer of VN to KDK-
1 and Onderstepoort among CDV-seropositive raccoon
dogs revealed that the VN titer to KDK-1 was significantly
higher than the VN titer to Onderstepoort (p < 0.05) (Fig. 3,
Supplementary Table 53).

3.9, CDV-positivity in wild boars and Sika deer

A quarter of the wild boars (27%) sampled possessed VN
antibodies to CDV. Examining the data by sex and body
weight revealed that there was a significant difference in
seroprevalence among animals with different body
weights (Supplementary Table $2) (p < 0.05). More adult
wild boars (>50kg; 55%) were seropositive than young
wild boars (<50 kg; 17%), and no significant difference was
observed between sexes. In addition, comparison of the
geometric mean titer of VN to KDK-1 and Onderstepoort
among CDV antibody-positive wild boars revealed that the
VN titer to KDK-1 was significantly higher than the VN titer

to Onderstepoort (p < 0.05) (Fig. 3, Supplementary Table
$3). In Sika deer, two animals possessed VN antibodies to
KDK-1 and the VN titers of the CDV-positive sera were very
low, 1:20 and 1:80 (Supplementary Table S3). In order to
detect CDV-specific immunoglobulin in wild boars and
Sika deer, ELISA was developed using lysate of KDK-1-
infected Vero cells as an antigen and horseradish
peroxidase-conjugated anti-swine immunoglobulin (MP
Biomedicals, OH, USA) or anti-deer immunoglobulin (KPL,
MD, USA) as secondary antibodies. The result showed that
ELISA could also detect CDV-specific antibody in VN
antibody-positive wild boars and Sika deer (data not
shown).

4. Discussion

This study showed that the CDV epidemic occurred
among many animal species in Tanabe. To our knowledge,
this is the first report of a CDV epidemic in this region,
implying that CDV may have been carried to Tanabe by a
CDV-infected mammal, or that CDV may have jumped to
wild mammals from a domestic dog in Tanabe.

Raccoon dogs seem to be highly susceptible to CDV
infection, exhibiting high morbidity and mortality after
infection. Indeed, a CDV epidemic in raccoon dogs
presenting with pneumonia and gastroenteritis has been
reported previously in Japan (Machida et al., 1993). In this
study, eight of the raccoon dogs sampled died due to CDV
infection. The lower seropositivity of CDV-positive raccoon
dogs (21%) compared to raccoons (52%) may indicate that
most of the raccoon dogs infected with CDV died before
they were captured. Although finding dead wild animals is
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difficult, the increased sensitivity and relatively high
numbers of raccoon dogs would mean that, among wild
animals, raccoon dogs may be well suited for use as
indicators of an CDV epidemic in Japan.

On the other hand, raccoons exhibited the highest
seropositivity to CDV, indicating that most of the raccoons
sampled survived CDV infection during this epidemic. In
North America, raccoons are considered to be important
carriers of CDV and are responsible for transmission of the
virus to other wild animals and domestic animals (Appel
et al., 1994; Lednicky et al., 2004). Raccoons are exotic
species in Japan and populations of this introduced species
have increased rapidly in recent years. In Tanabe, the
number of raccoons being captured is increasing (Sato and
Suzuki, 20086), and it is possible that this increase in the
raccoon population may be responsible for the transmis-
sion of CDV to other wild animals or that a single raccoon
may have carried CDV to this area.

The wild boar and Sika deer sampled in this study both
possessed VN antibodies to CDV. Only one report of CDV
transmission to a peccary (suborder Suina) has been
published to date (Appel et al,, 1991), and no reports of
CDV transmission to deer are known in the literature. Since
wild boars are omnivores, they may become infected by
either eating or coming into direct contact with diseased
animals. Conversely, since deer are herbivores, they are
unlikely to become infected by CDV through their feeding
activity; however, they may come into contact with CDV-
infected carnivores, such as raccoons and raccoon dogs.
Further study is therefore required in order to clarify the
route of CDV infection to these animals, particularly since
the potential host range of CDV may be larger than we
expect (Harder and Osterhaus, 1997).

Since antibody to CDV is cross-reactive to other
morbilliviruses such as measles virus (MeV), rinderpest
virus (RPV), peste-des-petitis ruminants virus (PPRV) and
so on, it is difficult to deny the possibility that these CDV-
positive animals were infected with other morbilliviruses.
However, these morbilliviruses were serologically cross-
reactive each other in VN test using hyperimmunized
animal sera or some monoclonal antibodies, but in RPV-
infected cattle and MeV-infected monkey, VN activity to
CDV was less than detectable level (Sato et al,, 1981). In
addition, CDV-positive wild boars and Sika deer in 2009~
2010 were 4% and 0% (Table 3), respectively, indicating
that wild boars and Sika deer had not been infected with
CDV or CDV-like virus after the CDV epidemic and that CDV
might be only a morbillivirus to infect these animals
around Tanabe city. These results strongly suggest that
wild boars and Sika deer around Tanabe city must be
infected with CDV, but not other morbilliviruses, during
this epidemic.

All of the isolates obtained from wild animals belonged
to genotype Asia-1. Phylogenetic analysis revealed that
W812B isolated in 2008 had undergone more mutations
than W729B in 2007, suggesting that a CDV epizootic
among wild animals lasting 1year could induce CDV
evolution. When compared to the Onderstepoort vaccine
strain, the amino acid sequence of the H proteins
sequenced in this study exhibited lower homology (about
90%). In VN tests, cross-reactivity of the KDK-1 field isolate

was lower than that observed with the Onderstepoort
vaccine strain (Fig. 3), suggesting that the vaccine may
become less effective for preventing field isolates of CDV
due to the accumulation of mutations in the CDV infecting
wild animals. It is therefore important to consider the
evolution of CDV in order to develop of new vaccine
strains.

We also observed a single amino acid mutation, from Y
to H, at site 549 (Y549H) in our isolates. It has recently been
reported that this mutation (Y549H) in the binding domain
of SLAM (CD150) is associated with the spread of CDV to
non-canine hosts (McCarthy et al., 2007). The findings of
this study indicate that the change in residue 549 may
affect the affinity between the CDV H protein and SLAM,
increasing the potential of these mutants to infect wild
animals.

In conclusion, CDV infection was found in several
species of wild animals in Japan. In addition, a decrease
was observed in both the homology of the H protein and
crass-reactivity with the vaccine strain. Recent reports of
CDV-induced mortality among rhesus monkeys in China
and Japan (Morikawa et al, 2008; Sun et al, 2010)
emphasize the need to monitor CDV in wild animals, clarify
the host range of CDV, and improve the effectiveness of the
CDV vaccine.
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~7,

C. canimorsus

th 18 ¥EDS[EETER 98% LI E T C. canimorsus & [BI5E
Eh, 28k (H-10, D-2) 5 C. canimorsus & 5 Wit C.

cynodegmi DWEFNHTH 3 LREIES NIz, —FHEY
D 4HETE, C camimorsus, C. eynodegmi I2HNZ T
H-7 # T & Gardnerella vaginalis %, H-8 # T i3
Capnocytophaga ochracea M EEREH & 72 - 72, C-3
BT C. canimorsus WA T Avibacterium para-
gallinarum ERER & 72 - 72, D-1 ¥Rz PCR &
Tl C canimorsus ERFEEEN TV B4, KBTIk
MR 99% T C. cynodegmi EFISE& Ntz D-1¥ETIR
1B C. camimorsus TIRBHICK BV R 7 a— 245
JRREDSIBIE T H o foe —F, F 2 DIEHUTHGE L okl
B E4LO TH, 3BHSE D1,D4) RVT, 144
2 99% LI EDEESRT C. canimorsus LRIES N, 6 &
5 C. canimorsus 75 2~3 MO ERBEHEF D > b o
—> (FEEWHR50~60%H) L¥EShis, oy
FBEDIHE Tl rb I HI S T B2 - 2 b
DWF s EHEE TR NES A BEAMN LI
LEBSDSNT, Tk, HTHMTF « oEHBE TR
I- FESRPICEMEES L LMY, D4R

# 4. C. canimorsus MErmss

5% v+ FUEMA N~ b4 ¥ 72— 5 VEREHY

F a3 L— FEREH EX

[Baf7

a-F  EENE  WE  EEES  BE o-r  EEES 0 BE 0 AEEE R
H-1 3010001 C. canimorsus >99% — 3010001 C. canimorsus >99% -
H-2 3018121 C. canimorsus  98% — 3010001 C. canimorsus >99% —
H-3 3010001 C. canimorsus >99% — 3010001 C. canimorsus >99% —
H-4 3001121 C. canimorsus  99% — 3000001 C. canimorsus >99% —
H-5 3001121 C. canimorsus  99% — 3000001 C. canimorsus >99% —
H-6 3018121 C. canimorsus 98% - 3011101 C. canimorsus 999% —
H-7 3017161 C. canimorsus  62% C. cynodegmi 31% 3010041 47 L —_
H-8 3037121 C. ochracea 53% C. canimorsus 29% 3087121 C. ochracea 53% C. canimorsus 29%
H-9 3013121 C. canimorsus  98% e 3017121 C. canimorsus 649 C. cynodegmi 32%
H-10 8017121 C. canimorsus  64% C. cynodegmi 32% 3017121 C. canimorsus 649 C. cynodegmi 32%
H-11 3018121 C. canimorsus  98% — 3010001 C. canimorsus >99% —
H-12 3010001 C. canimorsus >99% — 3010001 C. canimorsus >999% —
D-1 3037171 C. cynodegmi 99% — 3037171 C. cynodegmi 99% —
D-2 3017121 C. canimorsus  67% C. cynodegmi 33% 3017161 C. canimorsus 679 C. cynodegmi 33%
D-3 3018121 C. canimorsus  99% — 3010001 C. canimorsus 5495 A. paragallinarum 46%
D-4 3013121 C. canimorsus  99% — 1010001 A. paragallinarum >99% —
D-5 3013121 C. canimorsus  99% — 3013121 C. canimorsus 999% —
D-6 3013121 C. canimorsus  99% — 3010001 C. canimorsus 5496 A. paragallinarum 46%
D-7 3050001 C. canimorsus >999% — 3050001 C. canimorsus >999% —
C-1 3053121 C. canimorsus  99% — 3053121 C. canimorsus 99% —
C-2 3013121 C. canimorsus  99% - 3013121 C. canimorsus 99% —
C-3 3010001 C. canimorsus 549% A. paragallinarum 46% 3010001 C. canimorsus 549 A. paragallinarum 46%
C-4 3018121 C. camimorsus  99% — 3013121 C. canimorsus 999% —
A-1 3018121 C. canimorsus  98% — 3010001 C. canimorsus >99% —

* H-1-12: & M, D-1-7 A =k, C-1-4: % 3ph3k, A-1: ATCC35979 # (Type strain)

3 HHOMHEME I RPEE (FBR)
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