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Analysis of renal renin-angiotensin system in mouse diabetic nephropathy

Jun Tamura

Laboratory of Anatomy, Department of Biomedical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The aim of this study is to clarify the
roles in part of renal renin-angiotensin sys-
tem（RAS）performing in the diabetic nephro-
pathy（DN）．Male CBA/N and CBA/J mice
were used, in which the former Ren‐１typed
mice possess single renin gene, whereas the
latter Ren‐１ Ren‐２ typed mice carry two
renin genes. In this study, dynamics of renal
RAS including morphological changes of the
kidney in streptozotocin（STZ）‐induced dia-
betic mice were analyzed by using immuno-
hisitochemical technique and laser-micro-
dissection method.

It was noted in both strains that renal
pathological changes demonstrating renal hy-
pertrophy and tubular expansion were ob-
served until５６days after a STZ-injection. In
diabetic kidneys , distinct immunoreactivity
for renin and angiotensin�was restricted on
the luminal surface of flattened epithelial
cells in dilated distal tubules and collecting
ducts, whereas no immunoreactive cells were
detected on these regions in control mice. Ex-
pression of renin mRNA was predominantly
detected in the renal cortical artery and

glomerulus, on the other hand, there was no
expression of other RAS-related genes , an-
giotensinogen , angiotensin-converting enzy-
me, and two angiotensin�receptors. Compar-
ing these two strains, CBA/N exhibited an
early and intense renal pathological change
as well as numerous expression of renin and
angiotensin�，whereas CBA/J showed grad-
ual changes in these criteria.

These findings suggest that renin is se-
creted from juxtaglomerular apparatus into
distal tubule lumen via macula densa with
stimulation of hyperglycemia, and then that
angiotensin� produced in these epithelial
cells plays an important role for onset of renal
pathological change. Additionally, it is likely
that Ren‐２ gene functions as a secretion of
non-active renin , prorenin , preventing pro-
duction of angiotensin�and progression of
DN in early stage.

Further more studies should be required
for identification of Ren‐２ gene functions ,
since clinical control of local RAS is a useful
therapy against the diabetic complications as
well as nephropathy.
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Functional characterization of Na＋-HCO３－ cotransporter（NBC）current in bovine
parotid acinar cells : biophysical properties and molecular basis

Souichirou Yamaguchi

Laboratory of Physiology, Department of Biomedical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The parotid glands of ruminants signifi-
cantly differ from other mammalian salivary
glands in secreting a HCO３－-rich, isotonic sa-
liva, which is most likely driven by transepi-
thelial HCO３－ transport in acinar cells . Al-
though Na＋-HCO３－ cotransporter（NBC） is
suggested to play a role in mediating HCO３－

influx across the basolateral membrane for
the eventual HCO３－ secretion in the parotid
acinar cells, its functional properties and mo-
lecular nature still remain unknown. In the
present study using electrophysiological and
molecular techniques, I have now examined
whether electrogenic NBC is expressed in bo-
vine parotid acinar cells . In the whole-cell
patch clamp experiments, acutely dissociated
bovine parotid acinar cells exhibited a mem-
brane conductance（GNa＋/HCO３－），which was de-
pendent on the presence of both extracelluar

Na＋ and HCO３－ and was inhibited by４，４’‐
diisothiocyanatostilbene-２，２’-disulfonic acid
（DIDS；０．５mM）. The reversal potential of
GNa＋ / HCO３－ was consistent with that predicted
from a knowledge of the transmembrane
HCO３－ and Na＋ gradients, but not from either
a HCO３－ or Na＋ gradient alone . Reverse
transcription-polymerase chain reaction（RT-
PCR）analysis showed the presence of tran-
scripts of the pancreatic variant of NBC１
（pNBC）in bovine parotid cells. Human em-
bryonic kidney‐２９３cells transfected with
pNBC cloned from bovine parotid displayed a
GNa＋/HCO３－, whose electrophysiological and phar-
macological properties were similar to those
of the native GNa＋ /HCO３－. These results suggest
that bovine parotid acinar cells express a
functional electrogenic NBC, which may be
mediated, at least in part, by pNBC.

Whole-cell patch clamp studies of Ca２＋‐activated K＋ channel
in rat submandibular acinar cell

Chieko Kunii

Laboratory of Physiology, Department of Biomedical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

It is well established that Ca２＋‐activated
K＋（KCa）channels in the basolateral mem-
brane play a critical role in fluid and electro-
lyte secretion by salivary acinar cells. To date,
two types of KCa channel, Maxi-K＋（Slo１）and
IK（SK４／IK１）have been identified and char-

acterized in salivary acinar cells in various
species. However, previous and recent K＋ flux
and fluid secretion studies have raised the
possibility that non of these KCa channels may
significantly participate in Ca２＋‐dependent
salivary fluid secretion. In the present study
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using the standard whole-cell patch clamp
technique , I have examined whether a KCa

channel that is distinct from Maxi-K＋ and IK
channels would be present in freshly dissoci-
ated rat submandibular acinar（RSA）cells.
When RSA cells were dialyzed with a pipette
solution containing１μM free Ca２＋ concentra-
tion in a bath solution containing tetraethyl-
ammonium（TEA；１０mM），they displayed a
KCa conductance, which was partially inhib-
ited by clotrimazol（CLT；１μM），a SK４／IK
１ blocker . The residual TEA-and CLT-

insensitive KCa conductance had a relative
permeability sequence of K＋＝Rb＋>>Na＋, and
was inhibited by quinine（１mM）and Ba２＋（１
and５mM），but not by linopirdine（１００μM）
or chromanol２９３ B（１０µM），a blocker of
KCNQ１．These results suggest that a KCa

channel, which is different from Maxi-K＋ and
IK channels may be present in RSA cells and
might be involved, at least in part, in Ca２＋‐de-
pendent salivary fluid secretion in rat sub-
mandibular gland.

Nerve Growth Factor-induced membrane hyperexcitability of rat sensory neurons in culture

Takeshi Kuwahara

Laboratory of Physiology, Department of Biomedical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

Primary sensory neurons isolated from
neuropathic model animals produced by an
artificial nerve injury show spontaneous ac-
tion potentials, and such hyperexcitability of
the sensory neurons is considered to be a
cause of neuropathic pain . It was reported
that an expression level of Nerve Growth Fac-
tor（NGF）in the Dorsal Root Ganglion（DRG）
of the neuropathic model animals was in-
creased in hours after sciatic nerve constric-
tion, suggesting that NGF played an impor-
tant role in the pathogenesis of neuropathic
pain . However, it is not clear whether the
spontaneous firing of the DRG neurons was
induced by a direct action of NGF to neurons.
In the present study, I performed the patch
clamp recording and examined the changes in
the membrane excitability of DRG neurons of
rats during culture in the presence of NGF.

Under a cell-attached configuration, al-
most all the control DRG neurons cultured
without NGF showed no spontaneous spike.

On the contrary, a certain proportion of DRG
neurons cultured with NGF showed spontane-
ous spikes. The proportion of neurons showing
spontaneous spikes increased with days of
culture in the presence of NGF. The frequency
and amplitude of each spike were stable in
each neuron and voltage-gated sodium chan-
nel blockers, tetrodotoxin（TTX）or lidocaine,
abolished spontaneous spikes in accordance
with“all-or-none” fashion, suggesting that
spontaneous spikes recorded under the cell-
attached configuration were resulted from ac-
tion potentials . Seventy-five percent of the
neurons showing spontaneous spikes under
the cell-attached configuration evoked tran-
sient spontaneous inward currents（named
“Isp”）under a whole-cell voltage-clamped con-
dition at －５０mV. Isp occurred even at the hy-
perpolarized membrane potentials over －８０
mV, and its inward current did not reverse to
the outward direction even at the depolarized
membrane potential over＋３０mV. The ampli-
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tudes of Isp were not influenced by the reduc-
tion of the extracellular Ca２＋ . These results
suggested that the charge-carrying ion of Isp

was Na＋ . Furthermore, Isp was blocked by
TTX and lidocaine in all-or-none fashion. K＋

channel blocker cocktail（２mM４‐AP，３mM
TEA，０．５mM BaCl２）prolonged the fall time,
from the peak to the baseline of Isp. These re-
sults suggested that Isp was an echo of the ac-
tion potentials that generated in the localized
compartment of neurons in which the mem-
brane potential is not clamped sufficiently be-
cause of the space-clamp limitation. Isp was
also observed under the outside-out voltage-
clamped configuration. The kinetics and the
pharmacological properties of Isp in the
outside-out patch membrane were similar to
those in the whole-cell. The structure, which
was difficult to be voltage-clamped seemed to
exist even in the outside-out excised patch

membrane, and showed spontaneous firing.
These results indicated that the spontaneous
firing in NGF-treated DRG neurons was
caused by the change in the excitability of
neuronal membrane itself. All neurons show-
ing Isp in whole-cell voltage-clamped mode
generated spontaneous action potentials un-
der a current-clamped mode. The pharma-
cological property of these spontaneous action
potentials in terms of the voltage-gated Na＋

channel blocker was the same as that of Isp in
the voltage-clamped mode.

In the present study, it was clarified that
the chronic NGF treatment caused the hyper-
excitability of the DRG neurons. NGF upregu-
lated in the DRG of the neuropathic model
animals may act to the DRG neurons directly
and increase the excitability, which results in
the spontaneous firing causing the neuro-
pathic pain.

５‐Hydroxytryptamine potentiates vanilloid receptor‐１mediating responses in rat
primary sensory neurons

Yuki Ikemi

Laboratory of Pharmacology, Department of Biomedical Science,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

To identify the mechanism of５‐hydroxy-
tryptamine（５HT）‐induced hyperalgesia, I ex-
amined whether５HT changed the vanilloid
receptor１（VR１）function in primary sensory
neurons of the neonatal rats. The effects of５
HT on increases in cytosolic Ca２＋ concentra-
tion（［Ca２＋］i），changes of membrane poten-
tials and inward currents evoked by capsaicin
were examined in dorsal root ganglion
（DRG）neurons. ５HT receptor subtypes in-
volved in hyperalgegia were determined by
pharmacological characteristics, PT-PCR and
immunocytochemistry.

VR１expression was confirmed with VR１
immnoreactivity in many of DRG neurons .
Application of capsaicin evoked a dose-
dependent increase of［Ca２＋］i. Capsazepine,
a VR１antagonist, inhibited the response to
capsaicin. ５HT potentiated the［Ca２＋］i re-
sponse to capsaicin in a dose-dependent man-
ner．５HT augmented a［Ca２＋］i increase evoked
by protons（pH５．５）．５HT increased capsaicin
-induced inward current and depolarization.
In some cells, capsaicin-evoked depolarization
was accompanied with spike discharges in the
presence of５HT. Bradykinin or prostaglandin
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E２potentiated［Ca２＋］i response to capsaicin.
Similar potentiation was produced by phorbol
１２‐mylistate acetate , a protein kinase C
（PKC）activator, or forskolin, an activator of
adenylyl cyclase. Bisindoylmaleimide�（Bis），
a PKC inhibitor, or N‐［２‐（p-bromocinnamyl
-amino）ethyl］‐５‐isoquinoline-sulfonamide
（H‐８９），a protein kinase A（PKA）inhibitor,
suppressed the potentiating effect of５HT on
［Ca２＋］i response to capsaicin. Bis itself partly
inhibited the responses to capsaicin. RT-PCR
indicated the expression of５HT１B，１D，１F，２A，
３，４，５B, and７ receptor subtype mRNAs in
neonatal rat DRG neurons. Both５HT２A and
５HT７ receptor immunoreactivities co-existed
in the same cells in many of DRG neurons．
（±）‐２，５‐Dimethoxy‐４‐iodoamphetamine
（DOI），a５HT２A agonist, or（±）‐８‐hydroxy
‐２（di-n-propylamino）tetralin hydro-bromide
（８‐OH-DPAT），a５HT７agonist, potentiated
the［Ca２＋］i response to capsaicin. Ketanserin,
a５HT２A receptor antagonist, or SB２６９９７０，a
５HT７ receptor antagonist, inhibited the po-

tentiating effect of５HT. An inflammation re-
sponse was evoked by the injection of com-
plete Freund’s adjuvant into the hemirateral
hind paw of neonatal rat. In DRG neurons of
the L４‐L６segments ipsilateral to the CFA
injection（inflammation side），expression lev-
els of ５HT２A and ５HT７ receptor subtype
mRNAs increased, and the potentiating effect
of ５HT on the responses to capsaicin was
more prominent compared with that in the
contralateral control side.

These results indicate that５HT potenti-
ates the response to capsaicin via VR１in the
rat DRG neurons. It is suggested that the
PKC-and PKA-mediated signaling pathways
are involved in the potentiating effect of５HT
through the activation of５HT２A and５HT７re-
ceptor subtypes. Under inflammatory condi-
tions , the increases of the biosynthesis of
some５HT receptor subtypes may lead to the
potentiation of VR１ function, and these
changes may participate in the generation of
inflammatory hyperalgesia.

Intracellular Ca２＋increase induced by bradykinin in cultured rat
myenteric neurons

Matsuka Murakami

Laboratory of Pharmacology, Department of Biomedical Science,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

In order to clarify the actions of bradki-
nin（BK） in the enteric nervous system ,
changes of intracellular Ca２＋ concentration
（［Ca２＋］i）and membrane potentials in re-
sponse to BK were studied in cultured rat my-
enteric neurons. Analysis with RT-PCR, phar-
macological and immunohistochemical stud-
ies were carried out to identify receptor sub-
types mediating responses to BK . Involve-
ment of cyclooxygenase（COX）‐prostagland-

ins（PGs）system in BK responses was exam-
ined. In addition, the effects of long-term ex-
posure of BK cultured myenteric neurons on
［Ca２＋］i responses to several receptor agonists
were investigated.

In primary cultured myenteric plexus ,
BK increased［Ca２＋］i in９２．９％ of neurons and
６２．２％ of non-neurons. Less than５％ of neu-
rons were characterized as AH-type neurons,
which exhibited an action potential with after
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-hyperpolarization . Neurons immnoreactive
to calbindin , a marker of AH-type neuron ,
were less than１０％ of neurons. BK increased
［ Ca２＋ ］i in both calbindin-positive and-
negative neurons. BK（１００pM～１µM）evoked
concentration-dependent［Ca２＋］i increases in
neuron. Repetitive stimuli with high concen-
trations of BK showed a profound desensitiza-
tion. Both B１and B２receptor mRNA were de-
tected in cultured myenteric plexus . BK-
induced［Ca２＋］i increase was inhibited by a B
２antagonist, HOE１４０，but not by a B１ an-
tagonist，［Lys-des-Arg９］‐Hoe１４０. A B１ago-
nist，［Lys-des-Arg９］‐BK, did not mimic BK-
induced［Ca２＋］i responses. Immnohistological
staining revealed the expression of B２ recep-
tors in most myenteric neurons. Ca２＋sources
contributing to BK-induced［Ca２＋］i increases
were determined．［Ca２＋］i response to BK was
reduced in the presence of a non-selctive
voltage-dependent Ca２＋ channel blocker, Cd２＋.
In the Ca２＋‐free solution, BK-induced［Ca２＋］i
increase was greatly reduced, but not abol-
ished. After treatment with thapsigargin to
depletes Ca２＋ in intracellular stores , BK-
induced［Ca２＋］i increase was partly declined．
［Ca２＋］i increase induced by BK was inhibited
by a non-selective COX-inhibitor, indometha-
cin or a selective COX１inhibitor, piroxicam.
Application of PGE２but not PGI２，potentiated
BK-induced［Ca２＋］i increase. The suppressed
response to BK by indomethacin was recov-
ered by the application of PGE２. EP３ agonist,
sulprostone, did not mimic the potentiating
effect of PGE２．EP１ antagonist, SC１９２２０，in-

hibited BK-induced［Ca２＋］i increase. Neither
indomethacin nor PGE２ affected BK-induced
［Ca２＋］i increase in the Ca２＋‐free solution, of
which response was mediated by Ca２＋release
from intracellular stores. On the contrary, in
cells treated with thapsigargin , BK-induced
［Ca２＋］i responses was suppressed by in-
domethacin and potentiated by PGE２， sug-
gesting that COX-PGs system was related to
BK-induced Ca２＋‐influx . BK significantly
augmented PGE２ release from cultured myen-
teric plexus.

In cells cultured at low density, the ampli-
tude of［Ca２＋］i increase by BK was smaller
than that at high density. Indomethacin in-
hibited BK-induced［Ca２＋］i increase at high
density, but not at low density. BK caused
persistent depolarization which was accompa-
nied with spike discharges in some neurons.
BK lowered a current intensity required for
evoking action potentials. In myenteric neu-
rons cultured in the presence of BK for２days，
［Ca２＋］i response to BK was increased, but
those nicotine was decreased.

These results suggest that BK increases
［Ca２＋］i through activation of B２receptors in
rat myenteric neurons, which is maily due to
Ca２＋ influx of extracellular Ca２＋．BK-induced
Ca２＋ influx is partly mediated by PGE２ which
is released through COX１activation and acts
on EP１receptor in a paracrine fashion. In ad-
dition to［Ca２＋］i responses, BK depolarizes
membrane potential so as to modulate the
electrical excitability in rat myenteric neu-
rons.
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Involvement of adenosine in synaptic depression induced by hypercapnia in isolated
spinal cord of neonatal rat

Yoshihiko Yamaji

Laboratory of Pharmacology, Department of Biomedical Science,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

In order to determine the mechanisms of
synaptic depression and antinociception by
carbon dioxide（CO２），we examined the effects
of the artificial cerebral spinal fluid gassed
with２０％ CO２（hypercapnic ACSF）on spinal
reflexes in isolated spinal cord of neonatal rat
in vitro. The pH of the ACFS gassed with５％
CO２（normal ACFS）and hypercapnic ACSF
was７．３ and６．７，respectively. The superfu-
sion of hypercapnic ACSF（pH６．７）inhibited
the monosynaptic reflex potential（MSR）and
the slow ventral root potential（sVRP）．The
solution adjusted to pH ６．７ with５％ CO２
（５％ CO２solution）also caused the similar in-
hibition of MSR and sVRP. Hypercapnic
ACSF（pH６．７）and５％ CO２ solution（pH
６．７）had no effect on the compound action po-
tentials derived from A- and C-fibers in the L３
dorsal root fiber. Hypercapnic ACSF（pH６．７）
did not affect the depolarization elicited by
glutamate.

A GABAA receptor antagonist（ bicu-
culline ） and glycine receptor antagonist
（strychnine）enhanced sVRP, but had no effect
on the inhibition of MSR and sVRP by hyper-
capnic ACSF（pH６．７）．An opioid receptor an-
tagonist（naloxone）and α２ adrenoceptor an-
tagonist（atipamezole）also had no effect on it.
An adenosine A１ receptor antagonist（８‐cy-
clopentyl‐１，３‐demethylxanthine）significantly
decreased them in response to hypercapnic
ACSF（pH６．７）and５％ CO２ solution（pH
６．７）．

An ecto‐５’‐nucleotidase inhibitor（α，β‐
methylene ADP）increased the frequency of

spontaneous depolarization, but had no effect
on the inhibition of MSR and sVRP by hyper-
capnic ACSF（pH６．７）．While an adenosine
deaminase inhibitor（EHNA）depressed sVRP
but not MSR, an adenosine kinase inhibitor
（５’‐amino‐５’‐deoxyadenosine）depressed
MSR and sVRP. The depression by the adeno-
sine kinase inhibitor was reversed by and A１
receptor antagonist.

The rise in extracelluar Ca２＋ concentra-
tion enhanced MSR and sVRP. Under this
condition, the inhibition of MSR and sVRP by
hypercapnic ACSF（pH６．７）was significantly
reduced.

Extracellular adenosine concentration
was increased by the incubation of isolated
spinal cords for １０min with hypercapnic
ACSF（pH６．７）．

In behavior experiments , inhalation of
２０％ CO２ for１min significantly decreased
body movement induced by capsaicin in com-
parison with inhalation of５％ CO２．

Theses results suggest that the synaptic
depression by hypercapnia is mediated by the
reduction of pH resulting in the release of
adenosine. An activation of adenosine A１ re-
ceptor by endogenous adenosine may causes
the inhibition of transmitter releases, which
mediate spinal cord reflexes （ MSR and
sVRP）in isolated spinal cord of neonatal rat.
Inhalation of２０％ CO２ causes the antinocicep-
tion , suggesting the involvement of endoge-
nous adenosine in the antinociception by hy-
percapnia.
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Analysis of the inhibition mechanism of the interferon production
by the pestivirus infection

Hirotaka Igarashi

Laboratory of Microbiology, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

Members of the genus Pestivirus of the
family Flaviviridae such as classical swine fe-
ver virus（CSFV）and bovine viral diarrhea
virus are characterized by the existence of two
biotypes, cytopathogenic（cp）and noncytopa-
thogenic（ncp）virus populations. Most of the
ncp pestiviruses show END phenomenon that
is based on enhancement of the growth of
Newcastle disease virus（NDV）by pestivirus
infection in cell cultures. It is postulated that
the END phenomenon is caused by the inhibi-
tion of type１interferon（IFN）production due
to pestivirus infection, but the mechanism re-
mains to be elucidated. Recently, it has been
revealed that transcriptional factor IRF‐３
（IFN regulatory factor３）is the target to pre-
vent IFN production by other viruses such as
NDV and influenza viruses. In the present
study, the amount and the location of the IRF
‐３protein in the cells during virus infection
were analyzed.

Swine and bovine IRF‐３ genes were
cloned , and eleven monoclonal antibodies

against recombinant IRF‐３protein expressed
in Escherichia coli were produced. Of these
three clones, especially clone３４／１，specifically
detected swine IRF‐３protein by immunofluo-
rescence assay and western blotting analysis
in cultured cells of swine origin.

By the infection of CSFV strain ALD,
which shows END phenomenon, IRF‐３ pro-
tein was downregulated and IFN was not de-
tected. On the other hand, IRF‐３protein was
translocated into the nucleus and IFN was
produced by the infection of CSFV strain
GPE－ , which was cloned in the laboratory
from the END phenomenon positive virus
population, does not induce END phenome-
non, and interfere with the growth of NDV.
Then it is suggested that IFN production was
inhibited by the pestivirus infection causing
downregulation of IRF‐３protein.

Analysis of the mechanism of the IRF‐３
protein downregulation and identification of
virus protein responsible for the phenomenon
is underway.

Analysis of pathogenicities of highly pathogenic avian influenza virus A/chicken/Yamaguchi／
７／０４（H５N１）in chickens, quails, starlings, parakeets, mice, and miniature pigs

Norikazu Isoda

Laboratory of Microbiology, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Recent outbreaks of highly pathogenic
avian influenza（HPAI）in chickens and ducks

that occurred in９Asian countries including
Japan alarmed to realize that there is no bor-
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der for infections and gave a rise to great con-
cern for human health as well as for livestock
industries. In Japan, the outbreaks were ef-
fectively eradicated by proper control meas-
ures, though the route of transmission of this
virus infection is still unknown. It is impor-
tant to prepare for the next outbreaks to mini-
mize the damage. This study was aimed to
clarify the host range and pathogenicity of
HPAI viruses in different species of animals
and birds and to develop effective vaccine for
the control of next HPAI outbreak.

A/chicken/Yamaguchi／７／０４（H５N１）［Ck/
Yamaguchi ／０４］，which was isolated from
chickens in Japan, had the ability to replicate
and cause disease in chickens, quails, star-
lings, and parakeets in the laboratory and
showed high pathogenicity for the４ avian
species. On the other hand, mice were suscep-
tible to infection with Ck/Yamaguchi／０４but
with a mild pathogenicity. In contrast, mini-
ature pigs were not susceptible to Ck/Yama-

guchi／０４. These results demonstrate that Ck/
Yamaguchi ／０４is much highly virulent in
avian species but has low or no pathogenicity
for mammalian species.

To establish vaccine strain against HPAI
virus, Ck/Yamaguchi／０４，R（A/duck/Mongolia／
５４／０１‐A/duck/Mongolia／４７／０１）（H５N１）was
obtained as reassortant. Inactivated test vac-
cine was prepared from the allantoic fluid of
embryonated chicken eggs infected with the
reassortant virus. This reassortant showed a
low pathogenicity for chicken embryos and
chickens. The chickens immunized subcutane-
ously or intranasally with the test vaccine, did
not show severe disease signs or death upon
the challenge with Ck/Yamaguchi／０４. There-
fore, this vaccine strain candidate should be
ideal against Asian H５N１HPAI virus includ-
ing Ck/Yamaguchi／０４. It is needed to deter-
mine the dose and route of vaccination, for the
practical use against HPAI outbreaks.

Establishment of seed vaccine strains of H５and H７influenza viruses against
highly pathogenic avian influenza

Yoshinari Haraguchi

Laboratory of Microbiology, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

Since December２００３，outbreaks of highly
pathogenic avian influenza（HPAI）caused by
infection with H５N１virus have occurred in９
Asian countries . In Japan , three different
outbreaks were successfully controlled by
proper measures for the prevention of the dis-
ease spread. However, it is important to pre-
pare for the reintroduction of the H５N１HPAI
virus in poultry and for the emergence of hu-
man pandemic influenza. The aim of the pre-
sent study is to establish H５and H７influenza

virus strains for vaccine use. Therefore，１９H５
and a H７ influenza virus strains were ana-
lyzed for their antigenicity, genome structure,
and pathogenicity.

To analyze the antigenicity of the H５HA
of virus isolates, monoclonal antibodies aga-
inst A/duck/Pennsylvania／１０１２８／８４（H５N２）vi-
rus were generated. A panel of monoclonal
antibodies recognizing６different epitopes on
the H５hemagglutinin（HA）molecule was es-
tablished and used for the analysis of the an-
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tigenicity of１９H５virus isolates. It was found
that no difference in the antigenicity between
the currently circulating H５ HPAI viruses
and low pathogenic avian influenza（LPAI）vi-
ruses of duck origin.

To enhance the growth capacity of the
vaccine strain candidates of H５N１and H７N７
viruses in embryonated eggs , reassortant
H５N１and H７N７ viruses were generated by
the introduction of the internal protein genes
from a high-growth H９N２LPAI virus strain.
Three vaccine candidate strains , R（Duck /
Mongolia／５４／０１‐Duck/Mongolia／４７／０１‐Duck/
Hokkaido／４９／９８）［R（MM-Hok４９）］（H５N１），

R（Duck/Pennsylvania／１０１２８／８４‐Duck/Mon-
golia／４７／０１‐Duck/Hokkaido／４９／９８）（H５N１），
and R（Duck /Mongolia／７３６／０２‐Duck / Hok-
kaido／４９／９８）［R（Mong７３６‐Hok４９）］（H７N７）
showed that their growth capacities in embry-
onated eggs were higher than those of their
parental H５N１and H７N７viruses.

The results of the pathogenicity tests of
the high-growth strains in chickens and
chicken embryos showed that R（MM-Hok４９）
（H５N１）and R（Mong７３６‐Hok４９）（H７N７）
were low pathogenic, indicating that these vi-
ruses should be useful for vaccine strains
against H５and H７influenza virus infections.

The effect of colostrum feeding on vertical transmission of bovine leukemia virus

Jinya Yamada

Laboratory of Infectious Diseases, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

Bovine leukemia virus（BLV）is the causa-
tive agent of enzootic bovine leukosis . The
major preventive method is“test and slaugh-
ter”because no valid vaccine is available. BLV
is mainly spread through iatrogenic transfer
of BLV-infected lymphocytes. However, in the
present time, the transmission via milk con-
taminated with BLV-infected lymphocytes
and in utero transmission have been sus-
pected as alternative transmission routes of
BLV infection . However, the detailed fre-
quency of in utero and milk-borne transmis-
sion of BLV remains unclear. Thus, in this
study, BLV infection was surveyed by nested
PCR in neonatal calves in a herd with the
BLV prevalence of４１．１％ to evaluate the fre-
quency of vertical transmission of BLV.

In a group of dams with the proviral load
of over１０％，２out of６neonates（３３％）were
BLV-positive at birth determined by nested

PCR , showing high frequency of in utero
transmission. Furthermore, a follow-up sur-
vey was also done for a period of３months to
estimate the relative importance of colostrum
feeding and the risk of milk-borne transmis-
sion . When４ calves born from BLV-positive
dams were fed with a milk replacer at the
first suckling , and subsequently fed with
pooled milk contaminated with milk from
BLV-positive dams, one of them turned out to
be BLV-positive at３months after birth. These
results suggest the importance of colostrum-
acquired maternal antibody for the protection
against milk-borne transmission of BLV. Al-
though both BLV proviruses and infected lym-
phocytes which can transmit BLV were de-
tected in colostrum from a considerable num-
ber of BLV-positive dams, maternal antibody
which was also present in the colostrum sig-
nificantly suppressed the infectivity of BLV
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from these infected lymphocytes as evidenced
by the inhibition of syncytium formation in vi-
tro. In addition, the positive correlation in an-
tibody titers was found between maternal an-
tibody titers in colostrum and serum antibody

titers of dams. This observation indicates that
the risk of milk-borne transmission of BLV
can be estimated by measuring the serum an-
tibody titers of dams.

Preparation of anti-ganglioside GM３monoclonal antibody for therapeutic application against
canine melanoma

Wakako Yonetake

Laboratory of Infectious Diseases, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Over４００kinds of glycolipids are synthe-
sized in human and animals, and a wide vari-
ety of biological functions of these glycolipids
have been reported. Until recently, in addi-
tion to physicochemical tools , only lectins
have been used as probes to analyze the bio-
logical properties of glycolipids . However ,
these methodologies are insufficient since
they are not specific enough to differentiate
each of glycolipids nor convenient for in vivo
analysis. To overcome these problems, highly
specific anti-glycolipid monoclonal antibodies
（MoAbs）may be useful for both in vitro and
in vivo analyses . In this study, an anti-
ganglioside GM３MoAb（No．２‐１４）was suc-
cessfully produced by immunizing mice with
liposomes in which GM３was inserted, though
glycolipids such as GM３are not so immuno-
genic to mice.

Recently, GM３ has been shown to be
abundantly expressed on the surface of hu-
man and mouse melanoma cells, and develop-
ment of anti-melanoma therapy using anti-
GM３MoAbs is now in progress in human .
Thus, GM３may also be a candidate tumor-
associated antigen（TAA）as a target for anti
-melanoma therapy in other animals includ-
ing dogs. When glycolipids extracted from dog

melanoma cell lines were analyzed on thin-
layer chromatography and subsequent im-
munostaining with anti-glycolipid MoAbs ,
GM３was highly expressed in these melanoma
cell lines. In addition, by immunofluorescence
test, GM３was found to localize on the surface
of the cell line, but not detected in normal
blood cells of dogs. These results suggest that,
as reported in human and mouse melanomas,
the high level of the GM３ expression is also
specific to dog melanomas though all of nor-
mal tissues were not analyzed in dogs. When
the therapeutic effect of the anti-GM３MoAb
（No．２‐１４）on dog melanomas was examined,
this MoAb showed complement-dependent cy-
totoxicity in vitro against dog melanoma cells.
Furthermore , the growth of a melanoma
transplant in BALB/c nu/nu mice was par-
tially suppressed when these mice were
treated with the anti-GM３MoAb（No．２‐１４）．
These results raise the possibility that anti-
GM３MoAb could be used for anti-melanoma
therapy in dogs.

In the future, it would be necessary to
further examine whether GM３is a suitable as
a candidate TAA in dogs. For the clinical ap-
plication of anti-GM３MoAb, artificial immu-
notoxins consisting of single-chain antibody
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and antitumor compounds can be developed,
or chimeric antibody can be produced by join-

ing the variable regions of this MoAb with the
constant regions of canine antibodies.

Comparative analysis of the genomes of Marek’s disease virus derived from
chickens and white-fronted geese

Yuuki Yamamoto

Laboratory of Infectious Diseases, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Marek’s disease（MD）can be almost com-
pletely controlled by vaccination with non-
pathogenic strains of Marek’s disease virus
（MDV）. However, the use of more effective
vaccines to control MD resulted in a notable
increase in the virulence of MDV field isolates.
In the１９９０s, several MDV strains more viru-
lent than very virulent MDV（vvMDV）strains
were isolated in many countries , and they
were classified into a new category of patho-
genic MDV, very virulent plus MDV（vv＋
MDV）. In１９９７，an outbreak of MD at the rate
of７～８％ occurred in a poultry farm in Hok-
kaido. This MD incidence was unusually high
whereas chickens had been appropriately vac-
cinated. When some genes of this MDV strain
were compared with those of another strain
isolated from an MD case in Sapporo, Hok-
kaido in ２００３，the nucleotide sequences of
these genes were exactly same between these
two Hokkaido strains. These two MDV stra-
ins showed apparent differences in the genes
such as meq, glycoprotein B and L genes com-

pared to other known MDV strains. However,
no mutations, which were suggested to be con-
sistent with the increase in MDV virulence,
were identified in the two Hokkaido strains.

In２００１，an MD case was reported for the
first time in the world in a white-fronted
goose（Anser albifrons），a migratory bird to
the Hokkaido area, raising the possibility that
MDV carried by migratory birds could poten-
tially spread over poultry farms in Hokkaido.
Thus, epidemiological survey of MDV was per-
formed, and the high rate of MDV infection
was confirmed in white-fronted geese . The
most of the meq gene sequences detected in
these birds were identical to those of a vv＋
MDV strain, W, and a vvMDV strain, Md５ .
However, the meq gene derived from one
white-fronted goose was partially identical to
that of the two Hokkaido MDV strains. These
results suggest the relationship between
MDV strains which cause MD in chickens and
MDV strains which white-fronted geese carry.
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I dentification of host animals of feces by multiplex-PCR,
for epizootiological study of echinococcosis

Takafumi Sano

Laboratory of Parasitology, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Echinococcus multilocularis is a zoonotic
parasite which causes human alveolar echino-
coccosis. It is important to assess the preva-
lence among the definite hosts because the
prevalence is related to the risk of the infec-
tion in humans. Epizootiological studies of
echinococcosis in the definitive hosts have
been conducted using feces collected in the
field. However, host animals of feces are usu-
ally judged by their appearances and other
characteristics, which may not be always cor-
rect . To overcome this problem, multiplex-
PCR was developed for the identification of
host animals of feces.

First of all, methods of DNA extraction
from feces were evaluated . Extraction was
more efficient by using washings of the fecal
surface with buffer than mixture of feces with
buffer, because the washing method enabled
the collection of intestinal mucosal cells which
were allocated on the surface of feces and the
minimal inclusion of PCR inhibitors origi-
nated from feces . Moreover, QIAmp DNA
Stool Mini Kit was shown to be more efficient
to remove PCR inhibitors during DNA extrac-
tion than the other methods using potato
flour or GuSCN. When two methods for ster-
ilization of the parasite eggs, freezing feces at
－８０℃ for２weeks and heating feces at７０℃
for１２hours, were compared, higher DNA con-
centration and more number of successful
PCR results were obtained in frozen samples.
D-loop region in mitochondrial DNA was tar-
geted for the multiplex-PCR. PrH, which se-

quence is conserved among most mammalian
species, was used as a reverse primer. Six for-
ward primers, spFox, spRdg, spDog, spCat ,
spRcn and spWsl, were designed so that the
following conditions were satisfied : the six
primers were specific to fox, raccoon dog, dog,
cat , raccoon and weasels, respectively ; the
sizes of PCR products were about１６０ bp for
fox and cat, about２４０bp for raccoon dog and
raccoon, and about３３０bp for dog and weasels.
In order to distinguish animals by the size of
PCR products, two primer mixtures, Mix１
（spFox, spRdg, spDog and prH）and Mix２
（spCat, spRcn, spWsl and prH），were used in
the multiplex-PCR. The PCR system showed
no cross reaction among the carnivores. More-
over, the system showed no reaction to DNA
from rodents, which are probably preyed on
by carnivores in Hokkaido . The minimum
amount of DNA required for positive reaction
in the PCR was less than１０pg per２０µl reac-
tion volume. In addition, feces could be used
for successful DNA extraction and following
PCR amplification even after exposure to out-
side environment for８weeks although the
amount of extracted DNA decreased.

Host animals could be identified by the
multiplex-PCR in１４０of１４７feces（９５％）col-
lected in the field of Hokkaido, Japan.

These results suggested that the
multiplex-PCR identification would provide
precise evaluation of prevalence in specific
animals in epizootiological studies of Echino-
coccus multilocularis.
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Genetic analysis of the congenital hypothyroid mouse DW/J-grt

Aogu Nagata

Laboratory of Experimental Animal Science, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The DW/J-grt mouse has an autosomal
recessive, fetal-onset, severe hypothyroidism
related to a thyroid-stimulating-hormone
（TSH） hyporesponsiveness and associated
with an elevated TSH. We have previously as-
signed the grt locus on６０centimorgan（cM）
distal from the centromere of Chr５using a
linkage analysis. In this study, one additional
marker D5Mit24 was genotyped relative to
the grt gene in １，０８４ backcross progenies ,
showed no recombination with the grt , indi-
cating linkage of〈０．１cM. Therefore, we per-
formed expression and sequence analyses of
the genes closely located to D5Mit24 and
identified a point mutation in tyrosylprotein
sulfotransferase２（Tpst 2），which leads to
the replacement of a highly conserved his-
tidine with a glutamine at amino acid position
２６６ in the catalytic domain of the enzyme.
TPST transfers a sulfonyl group from the do-

nor３’‐phosphoadenosine５’‐phosphosulfate
onto a tyrosine residue within a target protein,
and tyrosine sulfation is a widespread post-
translational modification , which intensifies
protein-protein interactions. The recent study
showed that tyrosine sulfation of TSH recep-
tor（TSHR）was required in TSH-TSHR bind-
ing that is essential for thyroid hormone se-
cretion and thyroid development. The in vitro
TSPT assay revealed that the substitution in
the Tpst２ resulted in a loss of tyrosylprotein
sulfotransferase activity. Further, Tpst２ in
the two Tpst isoforms is predominantly ex-
pressed in thyroid and has a high substrate
specificity for the peptide sequence from
TSHR. Therefore, I concluded that the hypo-
thyroidism in the grt mouse was caused by a
mutation of Tpst 2，which leads to the defect
in TSH signaling and thyroid development.

Genetic linkage analysis of resistance to Sendai virus infection in inbred mice

Kumiko Murase

Laboratory of Experimental Animal Science, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Sendai virus, a parainfluenza type１virus,
is a serious respiratory pathogen of rodents.
The differences in resistance of various inbred
strains of mice to Sendai virus have been
known. For example, C５７BL／６mice are much
more resistant to Sendai virus infection than
DBA／２mice. However, genetic factors of resis-

tance/susceptibility to this virus are unknown.
In the present study, we examined a resis-
tance to Sendai virus infection using C５７BL／６，
DBA／２，（C５７BL／６X DBA／２）F１（BDF１）and
BDF２mice. C５７BL／６ mice had a longer sur-
vival time than DBA／２ after inoculation of
Sendai virus, and BDF１ mice showed similar
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result to that of C５７BL／６. In contrast, there
was a remarkable difference in survival time
among BDF２ mice, suggesting that survival
times against Sendai virus infection are con-
trolled by multiple genetic loci . A genome-
wide analysis of linkage with survival time
revealed two weak quantitative trait loci
（QTL）on chromosome１１between D11Mit21
and D11Mit4（２０cM‐３７cM）loci and on chro-
mosome１around D1Mit291（１０１．５cM）locus.

Comparing genotype with phenotype on each
marker suggested that C５７BL／６have a resis-
tant allele on D11Mit21-D11Mit4 loci and a
susceptible allele around D1Mit291 locus .
There are some genes that effect host antivi-
ral activity, such as Il12b, Irf1 and Hlx. Our
results suggest that there are polymorphisms
in these genes as providing strain difference
in resistance to Sendai virus.

Production of neomycin-resistant transgenic mice and analysis of their phenotype

Nami Yamada

Laboratory of Experimental Animal Science, Department of Disease Control,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818,Japan

In２００２，genome sequence of the human
malaria parasite Plasmodium falciparum
clone３D７was reported. Moreover, the strat-
egy to produce specific gene knockout malaria
parasites has been established and the analy-
sis of the gene function has been facilitated.
Genome project of the other protozoas such as
Babesia and Theileria parasites, which are re-
sponsible for lots of cases of babesiosis in a
wide variety of wild and domestic animals, is
also in progress. However, some Babesia and
most Theileria parasites were not succeeded
to produce knockout parasites , since they
could not be cultivated in vitro . To overcome
this problem, in vivo screening system for the
knockout parasites is necessary. In this study,

as the first step to establish in vivo screening
system of the hematozoa, I attempted to pro-
duce neomycin-resistant transgenic mice.

After a neomycin-resistant gene was in-
jected to approximately５，４００ fertilized eggs，
３，０００ eggs were transferred to１００ recipient
ICR mice and２０２mice were born . Among
them, only１mouse possessed transgene. The
systemic expression of the transgene in all tis-
sues and in vivo resistance to the drug were
observed in this transgenic mouse and its
progenies. A neomycin-resistant transgenic
mouse produced in this study will be useful to
establish in vivo screening system for gene-
knockout hematozoa.
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The role of lipid-raft protein stomatin for remaining the Na, K-ATPase of canine erythrocytes,
characterized with hereditary high Na, K-ATPase activity

Tomohiko Komatsu

Laboratory of Veterinary Internal Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

In the nomal canine erythrocytes contain-
ing low potassium（LK）and high sodium con-
centrations（ie, LK erythrocytes），it is known
that Na, K-ATPase disappears during their
maturation. It has also been reported that
stomatin, an erythrocyte membrane protein,
disappears with Na,K-ATPase. In contrast,
some dogs have erythrocytes containing high
potassium（HK）and low sodium concentra-
tions as a result of an inherited high Na,K-
ATPase activity（HK erythrocyte）． In HK
erythrocytes, it has also been suggested that a
large amount of stomatin remains along with
Na, K-ATPase. Accordingly, in the present
study, quantitative and qualitative analyses
of stomatin was performed in HK erythro-
cytes and LK erythrocytes to compare the too.
I also investigated the role of stomatin in the
decrease of Na, K-ATPase. The results showed
the amount of stomatin was well correlated
with that of Na, K-ATPase. This suggested
that stomatin might interact directly with Na,
K-ATPase. There were no structural differ-
ences in stomatin between HK and LK eryth-

rocytes , and HK reticulocytes contained a
larger amount of mRNA－ coding stomatin
than LK reticulocytes. Moreover, in HK re-
ticulocytes, stomatin and Na, K-ATPase de-
creased during its maturation into erythro-
cytes, the same as in LK reticulocytes. These
results indicated that the over expression of
stomatin and Na,K-ATPase in the HK reticu-
locytes might cause these to remain in HK
erythrocytes . Furthermore , in the reticulo-
cytes culture in vitro, stomatin and Na, K-
ATPase disappeared from their membranes
and were detected in the vesicle which was re-
leased into the supernatant. Some of them
were also detected in the same lipid-raft frac-
tion. These results showed that they might re-
late to each other in the same lipid-raft, and
they might be released as vesicle during the
maturation into erythrocytes. Although the
role of stomatin was still unclear, it seemed to
be related to the disappearance of Na , K-
ATPase by the vesicle. In HK reticulocytes,
the over expression of Na, K-ATPase might
cause that of stomatin secondarily.

The effects of an ionophore, salinomycin, against Babesia gibsoni and canine erythrocytes

Kensuke Nakamura

Laboratory of Veterinary Internal Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan.

The objective of the present study was to
investigate the effects of salinomycin, a neu-

tral ionophore which catalyzes the diffusion
through membranes of alkaline cations, gen-
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erally potassium ions according to the mem-
brane potential, on Babesia gibsoni in vitro .
The toxicity of salinomycin against canine
erythrocytes was also examined.

In this study, the effects of salinomycin
against B. gibsoni were examined using two
types of canine erythrocytes , HK and LK
erythrocytes. HK dog erythrocytes have high
intracellular K＋ and low Na＋ concentrations
through the function of Na, and K-ATPase be-
ing present genetically in their membranes.
LK cells are normal dog erythrocytes contain-
ing a high Na＋ and low K＋ in their cytosol ,
lacking the ATPase. B. gibsoni was cultured
with HK and LK cells, respectively.

When salinomycin was added to each of the
cultures, the number of B. gibsoni within LK
cells markedly decreased, while the number of
the parasites in HK erythrocytes was not

changed. On the other hand, the intracellular
concentrations of Na＋, K＋ and adenosine５’‐
triphopahate in HK erythrocytes were all
changed after the treatment of the cells with
salinomycin, though the concentration of in-
tracellular K＋ was still higher and Na＋ was
lower than those in LK cells. The concentra-
tions of potassium and sodium in LK erythro-
cytes was almost unchanged.

These results suggested that salinomycin
might directly injure B. gibsoni within canine
LK erythrocytes by the function of changing
cation concentrations in the parasite cytosol,
as was shown in HK erythrocytes treated
with salinomycin. They also suggest that the
cytosol of B. gibsoni may contain relatively
high potassium and low sodium concentra-
tions.

Rapid screening of GM１gangliosidosis in dogs using matrix-assisted laser desorption
ionization time-of-flight mass spectrometry

Toyofumi Yamauchi

Laboratory of Veterinary Internal Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

GM１gangliosidosis is a lysosomal disease
which develops from a deficiency of β‐galacto-
sidase and is inherited as an autosomal reces-
sive trait. GM１ ganglioside, the major sub-
strate of the enzyme , accumulates in the
brain and other visceral organs resulting in
progressive neurologic dysfunction. The con-
centration of GM１ ganglioside in cerebrospi-
nal fluid（CSF）is markedly increased in Shiba
dogs with GM１ gangliosidosis due to GM１
ganglioside accumulation in the central nerv-
ous system and the leakage to CSF. In the
present study, we directly detected GM１gan-
glioside in CSF of affected Shiba dogs with

GM１gangliosidosis using matrix-assisted la-
ser desorption ionization time-of-flight mass
spectrometry（MALDI-TOF-MS），and deter-
mined the utility of this method as rapid
screening in domestic animals with GM１gan-
gliosidosis.

Standard solutions of GM１and GM２gan-
gliosides, and CSF of Shiba dogs with GM１
gangliosidosis were analyzed. One µl of the
specimens and１．５µl of a matrix solution con-
taining ２，５‐dihydroxybenzoic acid were
mixed, and１µl of the mixture was spotted
onto the sample plate, and then allowed to dry.
The analysis of CSF required a deionizing
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step which involved adding２ µl of ０．１％
trifluoroacetic acid to the sample spot and
then removing the supernatant. We used３
different sample plates containing an Anchor-
Chip plate designed so that sample droplets
shrink and become concentrated during sol-
vent evaporation.

Signals of GM１ and GM２ gangliosides
could be detected in the standard solutions at
over ５０nmol / l using an AnchorChip plate
which showed approximately１０‐fold sensitiv-
ity compared with the other plates. GM１gan-
gliosides in CSF（１３１‐６１８nmol/l）of４‐１１month
-old affected dogs was also detected after the
deionizing step. On the other hand, GM２gan-
gliosides in CSF could not be detected al-

though the concentrations of CSF GM２ gan-
gliosides were ８０‐１２７nmol / l , which were
enough high to be detected in the standard so-
lution.

These results showed CSF GM１ gan-
gliosides of Shiba dogs with GM１gangliosido-
sis can be detected easily using MALDI-TOF-
MS under appropriate conditions as employed
in the present study. This MALDI-TOF-MS
method was much more rapid than the thin-
layer chromatography/enzyme immunostain-
ing method which had been employed for
measurement of gangliosides. Therefore, this
method will be useful for the rapid screening
of canine GM１gangliosidosis.

A study on the effectiveness of tyrosine kinase inhibitor
and on the gene mutation in canine mast cell tumor

Shinichiro Ito

Laboratory of Veterinary Surgery, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Mast cell tumor（MCT）is one of the most
common malignancies encountered in dogs .
Only minor progress has however been made
in its medical intervention so far. Recently, it
was reported that KIT, one of the tyrosine
kinase（TK）receptors, was activated ligand-
independently and that the activation was a
main mechanism of carcinogenesis in canine
MCT.

Imatinib mesilate, TK inhibitor, dramati-
cally inhibited tumor progression in tumors
with ligand-independent receptor TK activa-
tion. Therefore, examination on the effective-
ness of TK inhibitor was expected to be bene-
ficial to evaluate to antitumor ability.

In the present study, mutation of c-kit

gene was firstly investigated in three canine
MCT cell lines. Secondly, TK phosphorylation
was evaluated in a canine MCT cell line with
non-c-kit mutation. Finally, existence of c-kit
mutation in spontaneously developed canine
MCTs was investigated.

It was made apparent in the present
study that TK phosphorylation was correlated
with c-kit mutation in canine MCTs. All of re-
ported TKs were not phosphorylated in VI-
MC cell line. Considering this outcome, there
is a possibility that other protein kinase has
some abnormalities. In clinical cases, c-kit
mutation was observed at the incidence rate
reported previously.
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Therapeutic effects of oral administration of green lipped mussel extracts
on chymopapain-induced osteoarthritis in rats

HeeDuck Cho

Laboratory of Veterinary Surgery, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Osteoarthritis（ OA） is a disease of
synovial joints characterized by destruction of
articular cartilage and osteophyte formation.
In recent years, non-steroidal anti-inflamma-
tory agents and disease modifying OA prod-
ucts, such as neutraceuticals containing glu-
casamin and/or chondroitin sulfate, and in-
traarticular hyaluronic acid , are now avail-
able as therapeutic tools to modify disease
process of OA , while mechanisms of these
agents are not fully understood. Omega‐３
fatty acids and glucosamine are two major
components of green lipped mussel , which
would be one of neutraceuticals for OA treat-
ment.

In this study，２４ rats were randomly as-
signed to four groups based on following con-
ditions : oral administration of green lipped
mussel ethanol extracts（n＝６），oral admini-
stration of meloxicam（n＝６），no food supple-
ment given（no-treatment ; n＝６）and arthro-
centesis for saline injection only（control ; n
＝６）. From２weeks before the injection of
０．１mg of chymopapain through the end of the
experiment, food preparation containing３００

mg/kg of green lipped mussel extracts were
given in６rats. Synovial hyarulonic acid con-
centrations were measured. Histological find-
ings of articular cartilage and synovium were
also examined when animals were sacrificed,
at３or６weeks after the enzyme injection.

In rats given green lipped mussel ethanol
extracts, histological changes of the enzyme-
induced destruction of articular cartilage
were relatively mild , compared with no-
treatment or meloxicam given rats. The high-
est concentration of hyaluronic acid in
synovial fluid was seen in mice given green
lipped mussel ethanol extracts.

In conclusion, histopathological changes
responsible for synovitis in artificially in-
duced OA might be anyhow suppressed by
oral administration of gleen lipped mussel
ethanol extracts . Synthesis of endogenous
hyaluronic acid might be accelerated by food
supplementation of this extracts . Oral ad-
ministration of green lipped mussel ethanol
extracts might therefore be suggestive as one
of effective disease modifying agents in the
course of OA treatments in dogs.
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The effect of photodynamic therapy
with Benzoporphyrin derivative monoacid ring A（BPD-MA）

in three different murine tumors

Sayaka Hoshino

Laboratory of Veterinary Surgery, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University Sapporo 060-0818, Japan

Photodynamic therapy（PDT），which de-
structs a neoplastic tissue by the excitation
light delivery to the tumor after administra-
tion of tumor-specific photosensitizers, is ex-
pected an effective local anti-tumor treatment.
Recently, various new agents have been devel-
oped for improving their tissue penetration
potential and for decreasing side effects, such
as photosensitive dermatitis. In this study, in
vitro cellular uptake of BPD-MA was exam-
ined in cell lines of three different murine tu-
mors including B１６F１（melanoma），LM８（os-
teosarcoma with high metastatic potential to
the lung）and KLN２０５（squamous cell carci-
noma）．Photodynamic in vivo effects of BPD-
MA, which was activated by the light at the
wavelength of６９０nm, were also evaluated at
two different timing，１５minutes and３hours,
after the intravenous injection of the drug
into mice bearing one of these three tumors.

Intracellular concentrations of BPD-MA
in three cell lines were measured before and
１，３，６，１２and２４hours after incubation in the
media with BPD-MA at the concentration of
１，２or４mg/m１．Of these cell lines, the larg-
est amount of cellular uptake of BPD-MA was

seen in B１６F１. That of KLN２０５was likely to
be larger than that of LM８．

Growth of tumorous tissues in tumor-
implanted mice, which were treated with pho-
todynamic therapy with BPD-MA, was moni-
tored. Maximum anti-tumor effects were seen
in KLN２０５treated by either drug-light inter-
vals of PDT. LM８ tumor seemed to be more
tolerant to PDT than that of B１６F１. In mice
with these tumors，１５minutes drug-light in-
terval PDT, which would target on angiogene-
sis of tumorous tissue , was more effective
than３hours interval PDT, which should be
standard and had direct effects on the tissue.

In conclusion, effects of PDT were obvi-
ously different in three tumor cell lines. Sim-
ple correlation between in vitro cellular up-
take of the drug and in vivo anti-tumor effect
was not detected. These results may suggest
that photodynamic effects in anti-tumor treat-
ment would largely depend on features of tu-
mor cells and not on intracellular concentra-
tion of the drug . Angiogenic PDT protocol
would be much more effective than PDT
against tumor cells in destruction of tumor
tissues.
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The effects of immunization using fragmented tachyzoite antigen
on Neospora caninum infection in mice

Takuma Shibata

Laboratory of Comparative Pathology, Department of Veterinary Clinicals Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Neospora（N．）caninum is maintained in
cattle herds by vertical transmission for sev-
eral generations. Horizontal transmission of
the disease by the ingestion of oocysts may
also occure in the herds. So far, effective vacci-
nation to prevent N.caninum infection is not
established.

In the present study, the effects of vacci-
nation on acute or chronic N.caninum infec-
tion were examined . In immunized group ,
mice were inoculated subcutaneously with the
fragmented tachyzoites of N.caninum incor-
porated with Freund’s complete adjuvant .
Both immunized and non-immunized mice
were challenged by an intramuscular inocula-
tion of N.caninum tachyzoites and severities
and distributions of the lesions were com-
pared between the groups. The immunization
enhanced both acute and chronic lesions in
the mice, leading the conclusion that immuni-

zation using fragmented N. caninum tachy-
zoite antigen incorporated with Freund’s com-
plete adjuvant may not protective against N.
caninum infection.

Neospora caninum spreads hematoge-
nously in the infected host, however there are
some evidences indicating transneural spread
of the protozoa. In the present study, distribu-
tions and development of the lesions in pe-
ripheral and central nervous system were ex-
amined. The results indicated the parasites
and inflammations ascended from the periph-
eral nerves to central nervous system, and
they tend to be localized in sensory nerve
routes. These results supported the transneu-
ral spread of N.caninum . Moreover, the re-
sults from in vitro experiment suggested that
N.caninum . could spread extra-axonal routes
other than intra-axonal routes.

Epidemiologial study on retrovirus-induced astrocytoma
－Prevalence in Japan and the virus genome mutations－

Mariko Murakami

Laboratory of Comparative Pathology, Department of Veterinary Clinicals Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Retrovirus-induced astrocytoma（so-call-
ed fowl glioma）is suggested to be a neoplasm
caused by an avian leukosis virus subgroup A
（ALV-A）．ALV commonly induces bursal lym-
phoma, while the fowl glioma-inducing virus

（FGV）is distinct from these ALV-A in that it
has neurotropic oncogenesis. Approximately
４０％ of Japanese fowl in a zoological garden A
in Toyama has been suggested to be infected
with FGV. Since the zoological garden A is a
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major supplier of Japanese fowl and the fer-
tile eggs for other domestic gardens, FGV in-
fection is suspected to be spread among Japa-
nese fowl in Japan by the transportation of
the affected chickens and fertile eggs from
that garden.

In this study, the prevalence of this de-
sease was examined in７３Japanese fowls of a
zoological garden B in Hokkaido，３６fowls in a
zoological garden C in Tokyo and２４fowls in a
zoological garden D in Tokyo by nested polym-
erase chain reaction（PCR），reverse transcrip-
tase（RT）‐nested PCR and enzyme-linked im-
munosorbent assay（ELISA）．These fowls in
the three zoological gardens were originated
from the fowls of zoological garden A. In addi-
tion , the nucleotide sequence of the ３’un-
translated region（３’UTR）and the env gene
of the５ALV isolates were determined be-
cause the FGV-specific sequence has been
demonstrated in３’UTR and because the vi-

ral envelope has been reported as a major de-
terminant for the induction of neoplasm .
Forty seven（６４％）of７３fowls in the zoological
garden B were positive by nested PCR，１６
（４４％）of３６birds in the zoological garden C,
and three（１３％）of２４birds in the zoological
garden D . A phylogenetic tree was made
based on the env sequences of the５viruses
and other ALVs．３’UTR of the５ALV isolates
showed exceptionally high sequence homology
and a close phylogenetic relationship with
FGV. In contrast , env of the isolates fre-
quently showed mutations in their genomes.
These results suggest that FGV mutants of
FGV are prevalent among Japanese fowls
kept in zoological gardens in Japan. Genome
mutation and recombination of the env region
may frequently occur among other ALSVs, in-
cluding FGV, in the infected fowls of these
zoological gardens.

Effect of estradiol-benzoate in estrus synchronization treatment with intravaginal
progesterone releasing device on follicular dynamics in dairy cattle

Yoshiko Okumura

Laboratory of Theriogenology, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The objective of the present study was to
examine the effect of standard（１mg）and
high（５mg）doses of estradiol-benzoate（EB）
in intravaginal progesterone releasing device
（ controlled internal drug release ; CIDR）
treatment on follicular wave dynamics in
dairy cattle. Four non-lactating Holstein cows
in５‐７days after ovulation were treated with
CIDR for ９ days . Estradiol-benzoate and
PGF２α were administered intramuscularly on
the day of CIDR insertion and removal , re-
spectively. All cows were received two CIDR

treatments with a standard（１mg）and a high
（５mg）dose of EB（EB１and EB５treatment,
respectively）．Once or twice a day, number
and size of follicles and corpora lutea were ex-
amined using transrectal ultrasonography,
and blood samples were collected for estradiol
（E２）and progesterone（P４）assays.

Plasma E２ concentrations reached a peak
level on Day０．５（Day０＝EB administra-
tion）and then declined in both EB１and EB５
treatment. In EB５ treatment, peak concen-
trations of E２ were higher than that of EB１
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treatment , and high concentration was de-
layed. Plasma P４ concentrations and corpus
luteum diameters changed similarly between
two treatments. In EB５treatment, the num-
ber of medium-sized follicles（５‐１０mm），but
not small follicles（＜５mm），delayed to in-
crease for２days compared with EB１ treat-
ment . In EB１ treatment , follicular wave
emerged , and dominant follicle was deter-
mined on４．９and７．６days after EB admini-
stration, respectively. Ovulation was occurred
７１．５hr after PGF２α administration. In EB５
treatment, the emergence of follicular wave
and detection of dominant follicle（７．５and９．２
days after EB, respectively）delayed compared
with EB１treatment. Consequently, diameter
of the dominant follicles at the time of PGF２α

administration was smaller , time between

PGF２α administration and ovulation（８６．７
hr）was extended . The duration between
dominant follicle determination and ovulation
（４．５vs．３．８days），diameter of dominant fol-
licles before ovulation（１５．７vs.１５．１mm）and
first follicular wave dynamics and luteiniza-
tion in the next estrous cycle to CIDR treat-
ment were similar between EB１ and EB５
treatment.

The present results indicate that use of a
high dose of EB in CIDR treatment delays
emergence of follicular wave. However, de-
gree of synchrony in the time of ovulation and
the period of dominance of the ovulating folli-
cles, which may affect fertilizability and de-
velopmental competence of oocytes, were simi-
lar to the CIDR treatment with a standard
dose of EB and within the normal range.

In vitro culture of mouse secondary follicles using membrane inserts : the effects of serum and
FSH on the development and ovulation of follicles, and the maturation of oocytes derived from

cultured follicle

Chihiro Saito

Laboratory of Theriogenology, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The objective of this study was to exam-
ine the effect of serum and follicle stimulating
hormone（FSH）dose supplemented to culture
media on the survival, growth, antrum forma-
tion , ovulation , estrogen production of cul-
tured mouse follicles and nuclear maturation
of oocytes from cultured follicles using mem-
brane inserts. Secondary follicles were allo-
cated to one of two size-categories：１７５‐２００
μm（large）and１５０‐１７４μm（small）in diame-
ter. Culture medium was supplemented with
５％mouse serum（MS group）or５％ fetal calf
serum（FCS group）. In the MS group, the cul-
ture medium was containing１IU/ml FSH. In
the FCS group, the culture medium was con-

taining１or０．１IU/ml FSH（FSH‐１or FSH‐
０．１groups, respectively）. After３‐６days of
culture, follicles were transferred to new in-
serts of culture medium containing５IU/ml
human chorionic gonadotropin（hCG）for in-
ducing ovulation.

The timing of antrum formation of folli-
cles in MS group was earlier than those in
FCS group, and the diameter of cultured folli-
cles in MS group was larger than FCS group
until day３of culture. However, most of the
follicles in MS group had degenerated at day
４of culture. The follicles in MS group pro-
duced few amount of estrogen, in spite of the
diameter of follicle was more than ４００
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μm. The concentration of testosterone in MS
（０．９８８ng/ml）was about ten times higher than
that in FCS（０．０８５ng/ml）．

When the follicles cultured in the me-
dium supplemented with FCS, there were no
differences in the survival, follicle growth and
timing of antrum formation nevertheless of
FSH dose. But the ovulation rate of FSH‐０．１
group seemed to be higher than that of FSH‐
１group（P＝０．１２８８）. Most of the ovulated oo-
cytes in FSH‐０．１group were at the meta-
phase �（６０％）. However, in FSH‐１group,
there was no oocyte reached to metaphase �
and most of the ovulated oocytes remained at

the germinal vesicle stage. In both group, es-
trogen production of ovulated follicles in-
creased after antrum formation. In FSH‐０．１
group, estrogen production of ovulated folli-
cles decreased after induction of ovulation .
But in FSH‐１group, estrogen production also
increased after induction of ovulation.

These results suggest that the develop-
ment of the secondary follicle is inhibited in
the culture media with the serum containing
high concentration of testosterone, and that
the high dose of FSH inhibits ovulation and
oocyte maturation.

Efficiency and accuracy of estrus detection using radio-telemetric pedometer
in dairy cows housed in free-stall and tie-stall

Ryousuke Fujiki

Laboratory of Theriogenology, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

It is suggested that the efficiency of es-
trus detection by a visual observation is de-
creased because individual cow management
become inadequate in the free-stall barn .
When cows are tied in tie-stall barn, estrus
behaviors（standing etc．）are unobservable.
To develop the effective estrus detection
methods, this study examined the efficiency
and accuracy of estrus detection using a radio
-telemetric pedometer in Holstein cows
housed in free-stall and tie-stall barns.

The pedometers were attached to the
front and rear legs of lactating cows housed in
free-stall（n＝２３），and to the front, rear legs
and neck of heifers housed in tie-stall（n＝９）．
The activity ratio（the count for the last２４hr
to the average count for corresponding２４hr
for the last５days（contrast terms））was calcu-
lated hourly.

There was a high correlation between
front leg and rear leg counts of pedometer
that attached simultaneously to a cow, and
the activity ratios of front and rear legs in-
creased during estrus in the cows housed in
free-stall and tie-stall. There was a low corre-
lation between front or rear leg and neck
counts of pedometer, and the activity ratio cal-
culated by neck pedometer counts did not in-
crease during estrus.

Some cows housed in the free-stall were
pastured to a grazing field for４hr, and it was
examined whether grazing affects pedometer
counts and activity ratio. The mean value of
pedometer counts was increased, and activity
ratio was reduced by grazing in the field. Con-
sequently, the efficiency of estrus detection re-
duced. However, the efficiency of estrus detec-
tion increased, when the data were analyzed
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without pedometer counts during grazing and
walking to a grazing field.

For developing the efficacy of estrus de-
tection using pedometer, the proper contrast
term and the threshold（detecting the estrus
when the activity ratio overcome）were ana-
lyzed. The maximum estrus detection indexes
（efficiency × accuracy）（１００，７６，８３and７５）
were obtained from cows housed in the free-
stall , free-stall with grazing, free-stall with

grazing（only calculated by pedometer counts
in the free-stall）and the tie-stall, when the
thresholds of activity ratios were １．７～
２．１，１．３，１．５ and１．４，respectively, and their
contrast terms were set to１０days. Efficiency
of estrus detection using a radio-telemetric
pedometer in the optimum condition was
equal to or more effective than that by visual
observation.

Molecular interactions
involved in localization of Claudin‐１６to the tight junction

Hirokazu Adachi

Laboratory of Molecular Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Claudins are the major components of the
tight junction in epithelial cells and partici-
pate in intercellular adhesion and paracellu-
lar transport of ion and solutes. Claudin‐１６is
a member of claudin family and distributes
specifically to the thick ascending limb of
Henle’s loop in the kidney. Inherited defi-
ciency of claudin‐１６causes renal tubular dys-
plasia in cattle although other claudins in-
cluding claudin‐３ are also present at the
same tubular segment, suggesting a pivotal
and novel role of claudin‐１６ to form and
maintain renal tubules. It has been antici-
pated that the PDZ（PSD９５／Dlg/ZO‐１）domain
-binding motif at the C-terminus plays an es-
sential role to localize claudin proteins to the
tight junction through association with mem-
brane skeletal and cytoskeletal proteins. The
purpose of the present study is to identify
some proteins that associate with bovine
claudin‐１６ and to verify if wild-type
claudin‐１６ could rescue claudin‐１６ lacking
the PDZ motif（claudin‐１６∆TRV）to localize

to the tight junction. Screening by yeast two-
hybrid system using C-terminal cytoplasmic
tail of claudin‐１６ as the bait found８ identi-
fied and７unidentified proteins derived from
kidney cDNA as candidates for partner to
claudin‐１６．Claudin‐１６and EGFP-claudin‐１６
showed localization to the tight junction when
transfected into wild-type MDCK cells ,
whereas EGFP-claudin‐１６∆TRV exhibited
transport to the plasma membrane but had
broad distribution at basolateral membranes.
In contrast, deletion of the PDZ motif from

claudin‐３（claudin‐３∆YV）caused no change
in its localization to tight junction of MDCK
cells. Stable MDCK transfectants of claudin‐
１６∆TRV represented trafficking to basolateral
regions even in the presence of wild type
claudin‐１６. These findings suggest that
claudin‐１６ but not some other claudins in-
cluding claudin‐３ absolutely requires PDZ
motif-dependent transport to be localized to
tight junction.
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Mechanism of the promoter activation and the role of
erythroid Krüppel-like factor

in bovine γ- to β-globin gene switching

Nobuto Arashiki

Laboratory of Molecular Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Hemoglobin switching of the birth period
is a physiological response that globin chains
change from fetal γ-chains into adult β-chains.
This process is controlled mainly by erythroid
Krüppel-like factor（EKLF）, an erythroid-
specific transcription factor. Anemia of new-
born cattle with unknown etiology has been
suspected of some defects in hemoglobin
switching, despite of the lack of pathobiologi-
cal bases. The purpose of the present study is
to analyze mechanisms for promoter activa-
tion of γ- and β-globin genes and to reveal a
role of bovine EKLF（bEKLF）in γ- to β-globin
switching in cattle . Bovine γ- and β-globin
promoter regions isolated from genomic DNA
had nucleotide sequences very similar to each
other and shared the CACCC box, contrary to
that β- but not γ-globin promoter possessed
this EKLF-responsive element in human .
bEKLF cDNA was isolated and was shown to

be expressed specifically in hematopoietic or-
gans . Reporter assay and electrophoretic
mobility-shift assay demonstrated that
bEKLF activated reporter gene transcription
through binding to the CACCC box at‐１０８bp
of γ- and β-globin promoters and also to a
downstream CACCC-like sequence in γ-globin
promoter. Interestingly, reporter assay in２９３
cells and MEL cells for various deletion mu-
tants of γ- and β-globin promoters showed
that the cells distinguished these promoters
in transcription activation: basically, γ-promo-
ter was activated while β-promoter was sup-
pressed, suggesting that some transcription
factors other than EKLF play critical roles in
controlling promoter activation. In conclusion,
these findings indicate that bEKLF is an im-
portant factor in efficient expression of γ- and
β-globin genes, but not essential to nor suffi-
cient for γ- to β-globin gene switching in cattle.

Molecular identification of a major transmembrane protein, gp１５５in ruminant red cells
as the MRP４，a member of ATP-binding cassette（ABC）transporter subfamily C

（ABCC４）

Mayumi Hirai

Laboratory of Molecular Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Ruminant red cell membranes contain a
unique transmembrane glycoprotein, gp１５５as
a major constituent in addition to other mem-

brane proteins including band３. Goat gp１５５
with an apparent molecular mass of１５５，０００
has multiple membrane spans and appears to
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be associated with band３ and other mem-
brane skeletal components to form a macro-
molecular complex . The present study de-
scribes molecular identification of gp１５５as a
member of ABC transporter superfamily. Pro-
teolytic peptide of gp１５５ isolated from ovine
and goat red cell membranes were analyzed
for their N-terminal amino acid sequences .
Homology search revealed that the sequences
of５out of１２peptides were highly homologous
to those of multidrug resistance protein４
（MRP４／ABCC４），a member of ATP-binding
cassette transporter subfamily C . MRP４
cDNA was isolated from bone marrow cells of
a sheep by combination of PCR and５’and３’
rapid amplification of cDNA ends . The de-
duced amino acid sequence of ovine MRP４
was similar to that of human homologue con-
sisting of two each sets of the transmembrane

domain with６ membrane spans and the
nucleotide-binding domain , and contained
amino acid sequences corresponding to８out
of１２peptides derived from gp１５５．These data
indicated that gp１５５is identical to the MRP４
protein. Relatively high levels of expression
of MRP４ transcripts and the protein were
found in erythroid cells in bone marrow, lung,
liver, spleen, kidney, adrenal gland, intesitine,
and colon. Comprising of１０％ of total red cell
membrane proteins and distribution at the
apical membrane of intestinal epithelial cells
and renal tubules suggested that MRP４par-
ticipates in transport of some metabolites
characteristic to physiology of ruminant ami-
mals. Contribution of C-terminal PDZ（PSD‐
９５／Dlg/Zo‐１）domain-binding motif might be
possible in macromolecular complex forma-
tion in red cell membranes.

Physiological and pathological roles of LYST, a product of the causative gene
for Chediak-Higashi syndrome in formation of secretory granules

Keiko Matsumoto

Laboratory of Molecular Medicine, Department of Veterinary Clinical Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The LYST（lysosome trafficking protein）
is a protein product of causative gene identi-
fied for Chediak-Higashi syndrome（CHS）in
human , beige mice , and cattle . LYST has
been anticipated to play key roles in forma-
tion, transport, and secretion of intracellular
granules, lysosome-related vesicles. In addi-
tion , studies on mutations and pathobiology
of CHS in beige mice and Japanese black cat-
tle suggested that distinct structural domains
consisting of LYST（HEAT repeat, BEACH,
and WD‐４０）had different functions in forma-
tion of secretary granules: beige mice with the
deletion mutation of BEACH and WD‐４０do-

mains exhibited immunodeficiency and bleed-
ing, while Japanese black cattle with a single
amino acid substitution at the C-terminal
part of the HEAT repeat had only abnormal-
ity in blood coagulation. The purpose of the
present study is to establish antibodies that
specifically react with LYST proteins, and to
establish cell culture system to investigate
roles of LYST. Antibodies were raised against
recombinant proteins consisting of N- and C-
terminal regions of bovine LYST tagged with
６xHis motif and the antibody recognizing C-
terminal part of LYST（anti-LYST-Ct）was ob-
tained. Immunofluorescence microscopy using
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anti-LYST-Ct showed granular signals in the
cytoplasm of myeloblasts and myelocytes from
bovine bone marrow cells but not in erythroid
progenitors. Megakaryocytes also possessed
LYST although signals were week. In K５６２
cells that were induced into megakaryocytic
but not erythroid differentiation showed an
increase in expression of the LYST gene. To
study LYST function in formation of melano-

somes, a subclone B１６cells（B１６mel＋）was
established. The vast majority of B１６mel＋
cells showed differentiation into melanocytes
in response to an inducer and revealed en-
hanced expression of the LYST gene and in-
creased the level of LYST proteins. The cells
established would provide useful information
on the mechanisms for physiotogical function
of the LYST.

The function of mosquito JNK in the WNV infection

Yoshihiko Ako

Laboratory of Public Health, Department of Environmental Veterinary Medicine,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

West Nile virus（WNV）has become a sig-
nificant problem all over the world. An out-
break of WN encephalitis occurred in New
York City on late August１９９９，and more re-
cently , the WNV epidemic is spreading
throughout the United States, and there is a
possibility that WNV is introduced to Japan.
Mosquitoes are important key vector for
spread of WNV infection to humans. Aedes
（A．）albopictus, which is spreading in Japan
and a vector of Dengue virus and Japanese
encephalitis virus, has a capability to be a
vector of WNV when WNV invades Japan. Be-
cause there is no vaccine for WNV right now,
control of mosquitoes is the only way for pre-
venting the spread of the disease . For the
purpose of it , accumulating the information
on the mosquito cells is also important to
know the target molecules of mosquito cells to
WNV infection. C６／３６cells derived from A.
albopictus are widely used for flavivirus re-
search even though the characteristics of the
cells are poorly understood. In this study I
characterized the cells and studied the WNV
infection in the cell.

It has been shown that C６／３６ cells can
phagocytose the bacteria and artificial micro-
spheres , and c-Jun amino-terminal kinase
（JNK），one of the mitogen-activated protein
kinases（MAPKs）， is associated with the
phagocytosis of the cell . Firstly, to clarify
whether new activation of JNK by the stimu-
lation（e.g. bacteria）is required for phagocy-
tosis , I incubated C６／３６ cells with FITC-
labelled Escherichia（E.）coli or fluorescent
microspheres, and detected activated JNK by
Western blotting. New activation of JNK was
observed only when the cells were incubated
with E.coli . This indicates that phagocytosis
of the cell is occurred by spontaneously acti-
vated JNK and new activation of JNK is not
required for phagocytosis. I also found that
phagocytosis of E . coli increased with time
and there was a trend that bacteria were
phagocytosed strongly compared with micro-
sphere. This indicated that phagocytosis was
enhanced by newly activated JNK.

It has been shown that JNK of C６／３６
cell is activated by the stimulation of lipopoly-
saccharides（LPS）or４５℃. I incubated the
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cells with fluorescent microspheres after the
stimulation by LPS or４５℃, and observed the
phagocytosis activity. Compared with them, I
found that phagocytosis increased slightly af-
ter the LPS stimulation but not４５℃ treat-
ment. Then, I detected activated JNK by the
LPS or４５℃ stimulation with Western blot-
ting, respectively. I found that JNK activated
by the LPS stimulation had a higher molecu-
lar weight than that by４５℃ stimulation.

It has been shown that MAPKs such as
ERK１，２，ERK５，p３８ are associated with
the cell proliferation. To know whether JNK
is associated with the cell proliferation, I incu-
bated C６／３６ cells with SP６００１２５，a specific
inhibitor of JNK. I found that the cells incu-
bated with S９６００１２５did not increase in num-
ber. This indicates that JNK is associated
with the cell proliferation.

It has been shown that JNK of the C６／
３６ cell is associated with endocytosis , and
WNV enter the C６／３６ cells by endocytosis.
Therefore, the JNK inhibitor can protect the
WNV entrance to C６／３６cells. In this study,
it is revealed that JNK of the C６／３６ cell is
associated with the cell proliferation. To clar-
ify whether JNK of C６／３６ cell is associated
with the WNV replication, I incubated C６／３６
cells with SP６００１２５ after the WNV infection
and observed the WNV replication. WNV rep-
lication was inhibited by SP６００１２５in２４hours
post infection（hpi）but no inhibition in WNV
replication was observed in３６ and ４８ hpi .
This indicates that JNK of C６／３６cell is asso-
ciated with the WNV entrance or early events
of infection to the C６／３６ cells but not with
the later events of WNV replication such as
virus release.

Development of West Nile virus detection test using real-time PCR

Hirotsugu Miyoshi

Laboratory of Public Health, Department of Environmental Veterinary Medicine,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

West Nile virus（WNV）appeared in New
York City for the first time in the western
hemisphere in late August１９９９，and rapidly
expanded to the whole country of the U.S.. It
is anxious that WNV may invade Japan due
to the frequent trade and traveling.

On the other hand, Japanese encephalitis
virus（JEV）which belongs to flavivirus of the
JEV serocomplex exists in Japan. The diag-
nostic methods to distinguish the both viruses
will be necessary when WNV invades Japan.
It is difficult to differentiate the two virus in-
fections by serological diagnostic tests . Mo-
lecular diagnostic methods are therefore pre-
ferred and reverse transcription（RT）‐PCR

has been used to develop as sensitive and spe-
cific assay for the identification of WNV. Re-
cently, more sensitive assays, such as fluoro-
genic real-time（TaqMan）PCR, SYBR Green
-based real-time PCR, and loop-mediated iso-
thermal amplification（LAMP），have been de-
veloped for the diagnostic test to detect WNV
genome. However, the diagnostic methods de-
scribed above were designed to detect only
WNV or, more specifically, the New York
strain of WNV. In this study, we developed di-
agnostic method that can detect and distin-
guish WNV and JEV using TaqMan RT-PCR.

It has been reported that only genotypes
１，２，and３of JEV are widely distributed in
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Southeast and East Asia. Therefore, we used
the sequences of WNV lineage１strains（NY
９９‐３８２‐９９，Eg１０１），WNV lineage２ strain
（FCG），JEV genotype１strain（K０４P０５），
JEV genotype２strain（FU），and JEV geno-
type３strain（JaGAr０１）to design the TaqMan
probe and primers.

To determine the cycles of threshold（Ct）
values for the TaqMan assay, we performed
the assay with serially diluted cDNA from the
NY９９‐６９２２strain and decided that a Ct value
of＜４０and a ∆Rn signal of ＞０．５were consid-
ered positive. The specificity of the primer
sets was tested using various flaviviruses. The
results indicated that the primer set for WNV
could detect only WNV strains. The primer
set for JEV could detect only JEV strains .
Other flaviviruses were also not detected by
either primer sets.

Next, to measure the sensitivity of the
TaqMan assay for WNV and JEV, we per-
formed the assay using serially diluted cDNA
samples from titrated virus stocks. At least

１０－１ PFU of virus was required for fluores-
cence detection by the TaqMan assay with the
WNV or JEV primer sets. And１０－２PFU of vi-
rus was required to detect FCG strain of WNV.

Finally, we examined whether the primer
sets used in this study could detect viruses in
animal tissues. We performed the TaqMan as-
say for tissues from experimentally infected
mice. BALB/c mice were infected with１０３

PFU of WNV（BC７８７，B-LP, B-SP, Eg１０１）via
the i .p. route . Consequently, the assay de-
tected viral RNA in the blood, spleen, brain
samples.

In addition, our method used only a sin-
gle probe. Thus, our TaqMan assay was cost-
effective for the detection of WNV and JEV.

In summary, we developed a diagnostic
method that is able to detect WNV and JEV
using real-time PCR assays with a single
probe and specific primer sets. We believe
that the TaqMan assays presented here will
be useful for the detection of WNV in JEV-
endemic regions.

Application of tick-borne encephalitis virus recombinant proteins to ELISA antigen and
immunogen.

Kazue Kawakami

Laboratory of Public Health, Department of Environmental Veterinary Medicine,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

In October １９９３，a human case of en-
cephalitis was diagnosed as tick-borne en-
cephalitis（TBE）in Kamiiso, Hokkaido. Far-
Eastern subtype TBE virus strain Oshima U‐
５‐１０was isolated from a sentinel dog in the
same area. Since the suspected vector ticks
and reservoir rodents are commonly found in
Japan, TBE virus may be endemic not only in
the area where a patient was found but also
in other parts of Japan. Seroepidemiological

survey among field rodents is an effective
mean to detect TBE endemic area. Now, virus
-neutralizing test（NT）is used for serological
survey of wild rodents. NT is highly specific,
but it has some disadvantages because it is
needed to use hazardous live virus and many
samples can not be tested at once. Therefore,
enzyme-linked immunosorbent assay（ELI-
SA） system which can detect TBE virus-
specific antibodies from rodents sera was es-
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tablished by using recombinant TBE E pro-
tein domain � as antigen. The cut-off value
of ELISA was determined on the basis of the
NT of field rodents of Kamiiso. When the cut-
off value was set at０．５９，sensitivity and speci-
ficity of the ELISA was７７．３％ and７７．０％ re-
spectively. This result indicates that the
ELISA is able to detect TBE specific antibod-
ies by high probability. In order to check the
usefulness of this ELISA, we tried a screening
of the field rodent sera of Khabarovsk , en-
demic area of TBE. Among２８ serum sam-
ples，３samples were positive In the ELISA
and all of them were also confirmed to be posi-
tive in NT. From these results, it was shown
that this ELISA combined with NT as confir-
matory test is useful to specify TBE endemic
area rapidly.

For immunoprophylaxis against TBEV,
inactivated TBE vaccine is now commercially
available in Europe. However, the vaccine has

not been approved in Japan and TBE vaccina-
tion to Japanese is restricted. Therefore, it is
necessary to develop new vaccine against TBE
virus existing in Japan. In order to assess the
ability of VLPs and recombinant DNA ex-
pressing VLPs to induce protective immune
response, we evaluated the neutralizing anti-
body response after inoculation of these im-
munogen. All the mice inoculated１or１０µg of
VLPs and a part of mice inoculated DNA vac-
cine developed neutralizing antibodies. Re-
sults of this study indicate that VLPs and
DNA vaccines can be possible measures for
the future TBE vaccine development. And it
is suggested that DNA vaccine may become
effective measure of immunization by improv-
ing the inoculation procedure of plasmid DNA.
In future, it is expected that the protective ef-
fect will be evaluated against challenge by
live virus and usefulness of these vaccines
will be established.

Expression and antigenic analysis of Amur type hantavirus glycoproteins

Atsushi Tachi

Laboratory of Public Health, Department of Environmental Veterinary Medicine,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Hantavirus causes two human illnesses,
hemorrhagic fever with renal syndrome
（HFRS）and hantavirus pulmonary syndrome
（HPS）. Variety of hantaviruses are carried by
rodent species and distributed in the world.
In the Far East Russia, it was revealed that

two hantavirus serotypes, Amur type（AMR）
and Hantaan type（HTN），cause severe HFRS.
Although HTN and AMR are carried by differ-
ent species and genetically distinct, the anti-
genic properties of HTN and AMR are ex-
tremely close. To make the differential diag-
nosis between HTN and AMR, cross neutrali-

zation test（NT）should be carried out. How-
ever, live hantavirus is used in NT and７to１４
days require to obtain the result.

In this study, therefore, pseudotype ve-
sicular stomatitis virus（VSV）bearing the
AMR H５strain envelope glycoprotein（VSV∆
G*AMRG）was generated to develop a simple,
safe and rapid NT for differential diagnosis.
The pseudotype VSV（VSV ∆G*G），in which
the enveloped protein（G）gene is replaced by
the green fluorescent protein（GFP）gene, has
advantages in safety and time because of its
impossibility of budding and rapid expression

Jpn. J. Vet. Res. ５３（１－２），２００５ Information １０１



of GFP in infected cells.
The plasmid for the expression of the full

length glycoprotein precursor of the H５
strain（pCAG-H５M）in mammalian cells was
constructed to generate pseudotype VSV .
Moreover, two plasmids, pCAG-G１and pCAG-
G２，which express G１and G２glycoprotein, re-
spectively, were constructed to investigate the
antigenicity, expression and distribution of
glycoproteins in mammalian cells. In indirect
fluorescent antibodies assay（IFA）by using
a panel of monoclonal antibodies（MAbs）to
HTN glycoproteins , AMR recombinant gly-
coproteins and the authentic virus glycopro-
teins reacted with each MAb in the same way.
It is known that hantavirus glycoproteins ac-
cumulate in the Golgi complex following virus
infection. However, when G１and G２were ex-
pressed separately, each protein did not accu-

mulate in the Golgi complex. This result sug-
gests that the Golgi localization of hantavirus
glycoproteins needs the coexpression of G１
and G２．

In addition，２９３T cell were transfected
with pCAG-H５M and infected with VSV∆G*G
to generate AMR pseudotype（ VSV ∆ G *
AMRG）．HTN pseudotype（VSV∆G*HTNG），
which is bearing HTN glycoproteins was
kindly provided by Dr.Yoshimatsu. The pseu-
dotype VSVs were neutralized by HTN or
AMR antisera. The neutralization titer of an-
tiserum to the homologous pseudotype VSV
were more than４times higher than that of
the antiserum to heterologous pseudotype .
This result shows that VSV∆G*AMRG and
VSV∆G*HTNG are used for a rapid, safe and
specific NT for differentiating HTN and AMR
infections.

Suppression of cell proliferation in colon２６solid tumor by a treatment combining
X irradiation and local injection of T３４A mutant survivin fused with membrane permeable

TAT peptide.

Makoto Amitani

Laboratory of Radiation Biology, Department of Environmental Veterinary Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Survivin is known to be a member of in-
hibitor of apoptosis proteins（IAP）and has an
activity to inhibit apoptosis induction. The in-
hibition of apoptosis is reported to be induced
through the binding of survivin phospho-
rylated at３４threonine with caspase‐９．Since
there are many reports that overexpression of
survivin occurs in many types of tumors, the
overexpression of survivin is considered to be
responsible for the resistance of tumor cells to
chemotherapy and X irradiation. In this study,
antitumor efficacy of radiation treatment was
investigated in the case that the antiapoptotic

function of survivin was targeted in the solid
tumor. For this purpose, a wild type survivin
（TAT/WT survivin）and a dominant negative
T３４A survivin protein（TAT/T３４A survivin）
fused with membrane permeable TAT peptide
were constructed by E. coli protein expression
system using T７‐promotor-based expression
vector, and the TAT-fused proteins were lo-
cally injected to solid colon ２６ tumor im-
planted in foot pad of mouse. The distribution
of the TAT/WT and TAT/T３４A survivin in co-
lon２６solid tumor was immediately examined
within３０min after injection by immunostain-
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ing with an antibody for survivin. The results
indicated that the fusion with TAT peptide
gave the high efficacy of intracellular delivery
of survivin . TAT / T３４A survivin injection
alone or X irradiation alone did not influence
the growth rate of tumor, but the combination
of the local injection of TAT/T３４A survivin
and X irradiation significantly suppressed it.
In histological examinations , nuclear frag-
mentation , chromatin condensation and
TUNEL-positive cells , characteristic for the
increase of apoptosis, were observed in the tu-
mor with the combination treatment . Fur-
thermore, prolifelative cells, which were de-
tected by immunostaining with an antibody
for Ki‐６７，decreased in the tumor suggesting
that apoptotic cell death was predominantly
induced in the prolifelative cells. In addition,

it was demonstrated that the combination
treatment of injection of TAT/T３４A survivin
and X irradiation did not change the radiation
-induced increase of cyclin B１，which was
known to increase around the G２／M phase.
From these results, it was suggested that the
dysfunction of anti-apoptotic activity of endo-
genous survivin by the injection of TAT/T３４A
survivin decreased the prolifelative cells in
tumor by inducing apoptosis during radiation-
induced G２／M checkpoint. The present study
revealed that the fusion of protein with TAT
peptide was useful to deliver protein to solid
tumor cells and that the combination treat-
ment of injection of TAT/T３４A survivin and X
irradiation gave strong suppressive effects on
tumor growth.

Overexpression of survivin mutants enhances radiation-induced apoptosis in mouse
fibroblast NIH３T３cells

Aki Ogura

Laboratory of Radiation Biology, Department of Environment Veterinary Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Survivin is a member of IAP（inhibitor of
apoptosis proteins）that has been implicated
in both apoptosis inhibition and cell cycle con-
trol. Majority of tumors expresses survivin at
high levels, and this is one of causes that tu-
mors resist radiation and chemotherapeutic
agents. This protein is reported to be phos-
phorylated at threonine３４（T３４）by Cdc２and
to suppress apoptosis by inhibiting caspases
through cysteine８４（C８４）residue. Recently,
aspartic acid５３（D５３）residue was also dem-
onstrated to be important for the inhibition of
apoptotic signaling. Moreover, survivin was
shown to keep mitosis accurate by the forma-
tion of complex with Aurora-B kinase and IN-

CENP. In this study, we examined effects of
survivins with point mutation（T３４A, C８４A
and D５３A）on mitotic control and radiation-
induced apoptosis. In addition, the phospho-
mimic mutants, T３４E and T３４D, were also
used to clarify the role of negative charge at
these residues. The expression vectors were
transfected to mouse fibroblasts NIH３T３cells
by using LipofectAMINE PLUS. After irra-
diation of cells with２０ Gy, they were incu-
bated in medium with or without caspase in-
hibitors for４８h. The apoptosis induction was
evaluated by observing cells after nuclear
staining with propidium iodide. Overexpres-
sion of survivin-T３４A,‐C８４A and-D５３A en-
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hanced the radiation-induced apoptosis in
comparison with that of wild type survivin .
Moreover, this enhancement was suppressed
by caspase‐９and caspase‐３inhibitors. The
amount of radiation-induced apoptosis in
T３４E- and T３４D-transfected cells was similar
to that in wild type survivin-transfected cells.

These results suggested that the point muta-
tions at T３４A, C８４A and D５３A abolished the
antiapoptotic activity of survivin and en-
hanced the induction of caspase-dependent
apoptosis in X-irradiated mouse fibroblasts
NIH３T３cells.

Enzymatic characteristics of Cytochrome P４５０in livers of horse and deer

Kazuma Okubo

Laboratory of Toxicology , Department of Environmental Veterinary Sciences ,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

Cytochrome P４５０（CYP）comprises a su-
per family of monooxygenases that catalyze
the metabolic activation and detoxification of
substrates, which can be found in a broad
spectrum of structurally unrelated compoun-
ds including ; drugs, chemical carcinogens, en-
vironmental pollutants. The characterization
of CYP-dependent drug metabolisms is impor-
tant from the clinical point of view. Although
the variations in expression and activity pro-
files of CYP related to sex, species, strains and
genetic polymorphism are reported, most of
the knowledge on drug metabolism is based
on studies in man and in experimental ani-
mals. The information of drug metabolisms in
domestic animals, such as bovine, swine and
sheep is less known compared to laboratory
animals. Especially, there is little report on
the drug-metabolism of horses or deer. Thus,
I studied on the enzymatic characteristics of
hepatic CYPs of horses and deer.

In present study, I measured catalytic ac-
tivities of CYP isoenzymes in liver micro-
somes from horses and deer. The metabolic
activities of alkoxyresorufins, diazepam, and
bunitrolol were measured which were typical
substrates for CYP１A，２B，２C，２D and３A sub-

families of experimental animals. Since the
kinetic study is fundamental to profile the
patterns of drug-metabolism , I attended to
the substrate concentrations and calculated
kinetic parameters in each metabolic assay. I
found that most CYP isoenzymes in horse
liver showed low substrate affinities com-
pared to those of rats. The liver microsomes
of horses showed higher catalytic activities in
ethoxyresorufin O-deethylation（typical sub-
strate of CYP１A in rat）and methoxyresorufin
O-demethylation（CYP１A）than those of rats.
On the other hand , activity of pentoxyre-
sorufin O-dealkylation（CYP２B）was low in
horse liver.

I detected higher affinities of CYP iso-
forms to substrate in deer liver than those of
rats. Deer’s CYPs showed equal or higher lev-
els of metabolic activities in diazepam N-
demethylation（catalyzed by CYP２C in rat）
and３‐hydroxylation（CYP３A）than those of
rats. In deer, I also found existence of the ex-
tensive and poor metabolizers in the catalytic
activity of diazepam p-hydroxylation.

Furthermore, I isolated cDNA fragments
of CYP１A and CYP３A from liver of horses and
deer, using the degenerate RT-PCR method. I

Jpn. J. Vet. Res. ５３（１－２），２００５Information１０４



sequenced CYP isoforms of horse and deer,
and aligned with corresponding CYPs of other
mammalian species. Phylogenetic trees were
constructed from sequences of fragments of
CYP１A and CYP３A of horses and Hokkaido

sika deer. Both of horses and deer CYP１A se-
quences were similar to rabbit CYP１A２. Iso-
lated horse and deer CYP３A were closely re-
lated to the bovine CYP３A２８，and to sheep
CYP３A２４，respectively.

The genetic polymorphism of diazepam metabolism in rats

Noriaki Sakai

Laboratory of Toxicology, Department of Environmental Veterinary Sciences,
School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan

The previous studies reported inter-or
intra-strain differences in diazepam metabo-
lism among Sprague-Dawley（SD），Brown
Norway（BN），Dark Agouti（DA）and Wis-
tar rats. In particular, there were marked
inter-or intra-strain differences in diazepam p
-hydroxylation activity at low concentrations
of substrate . However, the enzyme which
catalyzed diazepam p-hydroxylation was still
unclear. Then, to identify the diazepam p-
hydroxylase, the assay of diazepam metabo-
lism was carried out using rat-cytochrome P
４５０（CYP）２D isoforms expressed in the yeast
as recombinant enzymes . I found that
CYP２D３ was responsible for diazepam p-
hydroxylation. This result was in good agree-
ment with the observation that polymorphic
expression of CYP２D３ was consistent with
phenotype of diazepam p-hydroxylation. In
addition , diazepam N -desmethylation was
partially catalyzed by CYP２D４，which was
highly expressed in DA rats compared to
other strains. Thus, the polymorphic expres-

sions of not only CYP２D３ but also CYP２D４
are involved in strain differences among four
strains.

Furthermore, to determine the mecha-
nism of polymorphic expression of CYP２D３，I
investigated genetic polymorphism among
four rat strains. Although there was no differ-
ence in the expression level of CYP２D３mRNA
between extensive and poor metabolizer（EM
and PM）rats, I identified a single base inser-
tion in the sequence of CYP２D３of PM rats. It
resulted in a frameshift and the creation of
premature termination codon in the upstream
of heme-binding region, which is essential to
maintain proper heme binding and active P
４５０. The deletion of heme-binding site pro-
duced a non-functional CYP２D３，and was as-
sociated with low activity of diazepam p-
hydroxylation. In contrast, EM rats had no
point mutation. This is the first report that
genetic polymorphism of CYP２D３ causes the
inter-or intra-strain differences in diazepam
metabolism.
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