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ABSTRACT. Canine distemper virus (CDV) growth and the morphological characterization were examined in a cell line established from
a canine malignant histiocytosis (CCT cell line). The susceptibility of the CCT cells to 3 CDV strains, FXNO, YSA-TC and MD-77
was shown by detection of the antigen in the indirect fluorescent assay. After passaging 4 and 9 times through the CCT cells, only FXNO
strain could produce the syncytia where demonstrated the antigens. Titers of 9 passaged viruses through the CCT cells showed slightly
higher in the CCT cells than those in Vero cells. Morphological characterization of karyorrhexis and specific DNA ladder by extracted
DNA electrophoresis indicated apoptosis in the CDV infected CCT cells.
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Although many trials for canine distemper virus (CDV)
experiments in vitro have been performed [10, 12], it was
extremely difficult to isolate and propagate the virulent
virus using commercial cell lines such as Vero cells [11, 18,
20], because of cell adaptation and easy attenuation of the
virulence through propagation in these cell lines. Since it
had been observed that CDV could initially infect to mac-
rophages and lymphocytes in the respiratory tracts of the
affected animals, it was suggested that there might be a
mitogen stimulated canine or ferret peripheral blood lym-
phocytes, or there might be same potential in the lung and/or
peritoneal macrophages to isolate and propagate the viru-
lence of CDVs from clinical specimens [1, 21]. Therefore,
cell lines derived from dog macrophages or lymphocytes
have been expected to be available for the experiments.
Recently, it has been reported that B95a cells, an Epstein-
Barr virus-transformed marmoset B lymphoblastoid cell
line were highly susceptible to CDV [6] as well as measles
virus (MV) [7] and rinder pest virus [8] belonging to genus
Morbillivirus. It could also succeed to isolate some field
CDV from clinical specimens in Japan. Canine cell lines
originated from macrophages or other histiocytic cells were
extremely rare and there have been no reports on CDV
experiments using such cell lines in spite of their potential
susceptibility to CDV anticipated. Recently, a CCT cell line
established from a canine cutaneous malignant histiocytosis
on a 4 year old male dog and demonstrated characteristics of
macrophages by immunostaining, cytochemical staining
and electron microscopy [13]. We found the CCT cell line
was susceptible to CDV. The present study dealt with the
morphological characterization of the CCT cells and virus
growth after infected with CDV.

Three of FXNO, YSA-TC and MD-77 CDV strains were
used. The latter two strains were kindly supplied by Dr Tok-
iyoshi S (The Chemo-Sero-Therapeutic Research Institute,

Japan). FXNO is a vaccine strain strongly adapted in Vero
cells, YSA-TC is propagated in chick embryo fibroblast, so
called “avianization” and MD77 is a field isolated wild
strain and passaged twice in dog kidney primary cells and 5
times in Vero cells [4]. In our laboratory, they were pas-
saged with the CCT cells or Vero cells and stocked at
-80°C.

To investigate the morphological changes after virus
inoculation, the CCT cells were prepared in 3-cm culture
dish with cover slips and inoculated with the CDV strains.
On 3 to 5 days post inoculation (dpi.), the cover slips were
taken, fixed in cold acetone for 20 min, and stained with
hematoxyline-eosin (HE) or Giemsa. The uninoculated
CCT cells were used as the negative control. To detect the
viral antigens in the cells, the indirect immunofluorescent
assay (IFA) was performed. The first anti-CDV NP mono-
clonal antibody (D110) kindly supplied by Dr Zurbiggen
(University of Bern, Switzerland) and second antibody of
FITC conjugated anti-mouse immunoglobulins (DAKO,
Japan) were used. FXNO-CDV infected Vero cells were
used as the positive control.

Each of CDV strains was passaged through the CCT cells
4 times, and named as FXNO-C4, YSA-TC-C4 or MD-77-
C4. FXNO-C9, YSA-TC-C9 and MD-77-C9 were provided
additional 5 times passages. After inoculation into the CCT
cells, the supernatant and the infected cells were harvested
at 24, 48, 72, 96, 120 hr post inoculation (hpi). For titration,
20 ul of each serially 10 fold dilution was inoculated into
each of four wells of a 96 well plate with the CCT and Vero
cells. Virus inoculation was performed by co-cultivation
with cell and virus inoculum. Virus titer was expressed as a
50% tissue culture infectious dose (TCIDs,) as described
before [23].

The virus inoculated CCT cells were harvested with cell
scraper on day 3 and 4. After washing with PBS, cell pellets
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Fig. 1. Indirect immunofluorescent assay.
The CCT cells inoculated with FXNO-
C4 strain 5 days postinoculation. Bar=5()
um.

were dissolved in 100 u/ per microtube of lysis buffer (10
mM Tris-HCI containing 10 mM ethylene diamine tetraace-
tic acid. pH 8.0, and 0.5% Triton X-100) and placed at 4°C
for 10 min. The uninfected cells were used as the negative
control. The lysates were centrifuged at 15.000 X g for 30
min. The supernatant was extracted and treated with 2 u/ of
20 mg/m/ RNase A (Ribonuclease A, Type II-A : Sigma.
England) for I hr at 37°C and subsequently treated with 2 !
of 20 mg/m/ Proteinase K for 1 hr at 37°C. Then it was
mixed with 0.5 M NaCl and 50% isopropanol, and stored at
—=20°C overnight. After centrifuged at 15,000 x g twice for
30 min, the petlet was resuspended in TE buffer (10 mM
Tris-HCI containing | mM EDTA, pH 8.0). run on a 2.0%
agarosc gel in Tris-borate. EDTA (TBE) buffer (89 mM Tris
and 89 mM boric acid containing 2 mM EDTA. pH 8.0)
added 12 pf of ethidium bromide at 100 V (Mupid. Ado-
vance) for 2 to 3 hr, observed on a UV transilluminator
(Funakoshi, Japan), and photographed (Polanoid MP4 Land

Camera, U.S.A). A 100 bp DNA ladder (BioLabs, England)
was used as a reference.

The CCT cells infected with any strains of CDV includ-
ing initial stock virus were all positive for IFA. CDV-NP
antigens were detected most in the cytoplasm and some-
times in the nucleus (Fig. 1). FXNO virus showed the stron-
gest reactions among 3 strains.

Cytopathic Effect (CPE) in the CCT cells induced by
CDV infection was morphologically different depending on
the infected virus strains. The virus not passaged through
these cells showed no remarkable CPE except for sporadic
cytolysis indistinguishable from that in the uninfected cells.
FXNO-C4 and -C9 induced the earliest and the most promi-
nent CPE in the cells, and characterized by the syncytium
formation demonstrating many nuclei along with flotation
of large round cells in the medium (Fig.2 A, B). YSA-C4
and -C9 and MD-77-C4 and -C9 had almost the same CPE
characterized by smaller size of rounding cells without any
syncytia. The uninfected control cells were detached due to
overgrowth. By Giemsa staining, karyopyknosis and/or
karyorrhexis of the nuclei, apoptotic figures, were induced
following inoculation of all CDV-C9 (9 times passages in
the CCT cells) after 3 dpi (Fig. 3). But uninfected negative
control cells showed no significant apoptotic figures. It was
difficult to distinguish the viral inclusion bodies from eosi-
nophilic granules which were normally distributed in the
cytoplasm.

Table | shows comparison of virus titration in the CCT
cells. The virus titers on -C9 measured in the CCT cells at
48 hpi was clearly higher than that of in Vero cells. FXNO-
C4 and -C9 showed also high titers in Vero cells. When
compared between several -C4s and -C9s, FXNO-C9, MD-
77-C9 and YST-C9 showed higher titers than those of -C4s
in the CCT cells.

Figure 4 shows the results of electrophoresis. On 3 dpi,
only FXNO-C9 inoculated CCT cells showed a ladder of
DNA. But on 4 dpi, all strains of CDV showed the ladders
in the CCT cells. The uninfected negative control cells did
not show any prominent ladders.

Fig. 2.
Two large multinucleus syncytium cells are observed. HE staining. B: Inoculation with FXNO-C9 strain 4 days postin-
oculation. Some floating round cells are observed. Examined by phase-contrast microscope. Bar=50 ym.

The CCT cells infected with CDV-FXNO strain. A: Inoculation with FXNO-C4 strain 3 days postinoculation.
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Fig. 3.

The morphological change of CDV inoculated CCT
cells. The MD-77-CDV passaged in CCT cells inoculated
CCT cells. The cell in the center shows karyorrhexis. Giemza
staining. Bar=50 um.

Table 1. Growth of CDVs in CCT cells
Titrated by CCT cells

249 48 72 96 24 48 72 96

Titrated by Vero cells

FXNO-C4 05 30 30 3.0 0 125 275 3.0
FXNO-C9 0 275 35 35 0 0 25 325
MD77- C4 0 0 20 27 0 075 175 20
MD77-C9 0 1.5 225 275 0 0 225 25
YST- C4 0 0 20 225 0 1.0 20 25
YST- C9 0 1.5 20 30 0 0 225 25

a) Hrs postinoculation.
b) Logio TCIDsy/20 ui

The present study demonstrated that the CCT cells origi-
nated from the mononuclear-phagocyte system were sus-
ceptible to CDV. Although the initial stock viruses could
not induce obvious CPE except for sporadic cytolysis indis-
tinguishable from that in the uninfected cells, virus antigens
could be readily detected by IFA. But this phenomenon
resembled to that in the blast lymphocytes infected with
CDV [1]. After passaging through the CCT cells, only
strain FXNO of CDV could produce the syncytia. Hirayama
et al. [4] reported that all CDV strains used in Japan for
examination of the biological and molecular characteristics
could induce the syncytium in Vero cells. There would be
some mentions about this phenomenon. Firstly, it has been
demonstrated that viral envelope proteins, hemagglutinin
(H) and fusion (F) proteins are important to attach and
invade to the susceptible cells following syncytium forma-
tion. These proteins are known to work for attenuation of
the virus after adaptation [3, 5, 17]. Secondary, the viral
receptors on the CCT cells might be different from those of
Vero cells. Vero cells have MV receptor of CD46 which is
a complement binding protein belonging to a family known
as the regulators of complement activation (RCA) gene
function [22]. HeLa and human T cells also have specific

Fig. 4. The DNA fragmentation
assay by electrophoresis. Lane 1:
100 bp DNA ladder, lane 2: FXNO-
CDV, lane 3: YSA-TC-CDV, lane
4: MD-77-CDV inoculated CCT
cells, lane 5: uninfected negative
control CCT cells. CDV inoculated
CCT cells 4 days postinoculation.
All virus inoculated cells show
DNA ladder. The negative control
shows no DNA fragmentation.

protein, CD46. But recently, another molecule, SLAM, sig-
naling lymphocyte-activation molecule also known as
CDw150, was demonstrated on the MV infected lympho-
cytes. B95a cell line which is susceptible to CDV as well as
MYV also expresses abundant SLAM, suggesting SLAM
might play as a receptor for CDV [19]. Whereas, dog
SLAM has been known to be a real receptor for CDV and
we reported an efficient isolation of CDV in Vero cells
expressing canine SLAM [16]. However Vero cells were
from monkey kidney. Although the CCT cells were origi-
nated from dog histiocytic cells, the same or other types of
receptor might exist in these cells. On the other hand, the
antibody to CDw150 could not react to dog SLAM. Produc-
tion of an antibody to dog SLAM, CDV receptor, is a critical
issue in future studies. The third, antibodies to CD9, the tet-
raspan transmembrane protein detected in HeLa, Vero and
dog brain cell cultures, which could prevent the syncytium
formation and allow virus to release in the infected cultures
[14]. Itis perceived that a cell-to-virus interaction can play
a critical role in the formation of syncytia.

The slight higher titers of the -C9 viruses compared to
those of the -C4 viruses may suggest that these viruses
adapted to the CCT cells, because the viruses used in the
present study were not provided from the fresh samples in
the diseased dogs, unfortunately.

The target cells responsible for initial infection and main-
tenance of virulence of CDV in dogs are thought to be mac-
rophages and/or lymphocytes. Using the CCT cell line, the
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isolation and cultivation of virulent wild strains of CDV
might be expected. Further examinations including virus
isolation, elucidation of mechanism of virus-cell interac-
tions, and other investigations using the CCT cells will be
needed.

As mentioned about the nature of CPE observed in the
CDV inoculated CCT cells, apoptosis of these cells was also
suspected. To confirm this assumption, the DNA extraction
to detect the DNA fragmentation was performed, and spe-
cific DNA ladder was observed. It has been described that
CDV would initially infect to lymphocytes or macrophages
in vivo and might induce apoptosis of the infected cells [9]
resulting in leukopenia, while the mechanism of this event
has not been confirmed nor understood, well. MV closely
related to CDV is known to induce apoptosis of lympho-
cytes [2], and some observations exist about CDV-induced
apoptosis in lymphocytes, within the lesions of chronic
demyelinating encephalitis [15] and lymphocytes in lymph
nodes [9].

Our data might indicate a possibility of in vitro experi-
ment using the CCT cells, since apoptosis induced by CDV
infection. These suggest that CDV has a potential to induce
apoptosis in the mononuclear-phagocyte system in vitro.
Further examinations for understanding the relationship
between CDV and the host cells, the mechanism of virus
entry, and the possibility or mechanism of apoptosis shall be
warranted in the future.
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Trypanosoma congolense ¥ EMZWI IR £ R T 28 Tabel 7 7 I ) —&HEEH K
EOS%2— F+25%EEDNAPION s O—= T ENTz. abel 77 3 —&BH
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7D CoQ MBI N ) /8 V=< RIZL 77BN E LTI HFs T 5.
BEREOD abel BB IEH D VIE I P ar MY TIZRET 555, cDNARFI»LTFEIH
Zp7ADT 3/ BEIIIZIBMOMBITY VP VB I hay FYTBITY 7TV
RS CE hos, /HF 70y MENORKE, MKERMED p74EE L N )Wid 70
YA 7))y s BREOK4EEVI EFBL L oz, TOBRISFEAKE T
YIAY Y Tay MEFICE o THEMNIT SN, T2, FET IV BEFN»SEES
N5 pIADHFEIIH TADa THHH, TTAY 70y MEFTOKRAL P Lo 7
ST EIEIH56kDa Th o7z, ZHoDFERIE pTA RO ¥ 7 F VEFIRE & E DR
BIEEE % ST TVA I EERELTWA, pT4 DELR LHEEEMHNTIC X > TT. congolense
D CoQ BRI T 2H - MA LA /L L PHFTE S,

KBS LEEFIELTD Eimeria pragensis < I RIZHE T2 7V 4714
ORI YT LB EPAREOTHES E OMEM—Yunus, M." - ¥ -
#it &Y - Smith, AL? (VERAFREBRENREHE, P EEHWHEFHEFR) 165170

C57BL/6 7 ™7 A~ EERH Eimeria pragensis (E. pragensis) EE\ T 5 7)) ¥ ¥~ 4
Y OEBNEY A — 2 A NEEDOWFIB X OE. pragensis. DMIBNA T — Y DEFEE
OREIZE->THEL. 710 <43 800mgkgday DAETOEGZ]1~4BB
FU4~8 B FCHIMKZSTAILICL Y, MEMTH, TRIEKLE EOBKRERD
MELEDIF— VA NEEDOBEELBRTB IV Y Y T - HHEDORFTIMH EHE S
N7z, BEREVI X, ZOEYMIRSEER~ Y AOFBGIIN T 5 P %EZ 5 <
HEM 2 BLEB1I~ RHFTORIANORHERD 7 ) v 5< A L v O%5E, &
L BEBRFEIR & 4 — ¥ A PREAEZ I L 7225, R T ANOBFBEGIIN T 5 EM R
BEETIhhor. HHRELT, INLOFERIE, las VRl LTDr ) >
¥4 O L U B X OB O E pragensis DMRINA T — YRR T
NLHREHGEYFECEILILERBEL TN,

s | .

EEMEOIO—FT 1> BRBECES N A BECORRRE—RABESYH " - B
E7 - BEE—BY @ERE" - HA 2P -4k FVEIAEY  BAR
RFY - FH A -£F5EEY(VEFAY, "HEAPAYRIESBRELHEH,
9 NOSAL IS RESHMAER, ¥ () TERFHSHERWRIGITTER) ocrrerrrrrrcccsine 171-178

EETBWIC LD CL-16 KIBIE L WS 7z 2 ~ 65 » A O BB 37 451 0 Bk
COWTHRBEEMRERTo7. EATCRERTRERR, BAL, AN, E0%L
DERIFERATED 7. FIERE L B OfBRZED o a -7z, AELEE
BEOHBTIHTIZEEF L LAHERL TV, BRERESEEOEN T, %
WL DBROB/INA SN, BROREAGAORE TILARERORY, KKK
B X ORME ORI, BEOBIELS X 0 2 SEROBE % 1) REKMEB L O
WS DEFEAZD SN, EHETRIFEVBELERICB VTS, EF4 L TH
BN RERKEA A 7 ¢, RB RIS X R RAE DB SN TE Y, AR
KRR SN TV EBEMEAEL W ARSI, ZOFERPS, CL-I6BZTFORIE
i, [EEMOBRRES ] CHE5 L Twa 2 EAVRIBS N, REMAMILEITE, E%
HBAEDAN Y LOTF EFHOKRGERSTO R CL-16 B F OYLIIE 3 L T4
Gt 2R L0 LT, HEOBERME ERMBsEl ot ioR L, BRAE L
FHBEIZ BT 5 CL-16 DRIBASR SN2,

RERFLIN—Y (L ZOREMAEIRERR CCT MIIC 5 3 WSS (EH) — L0
=V EHT Y - EHIMEY c mEMEY - Rk -l BY (VERKERY
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BREFREFHE, " BEAYREBREFESHE, ¥ ERASLEREHEHR) .......... 203-206
KEMMEREHR CCTHIFIZBIT AL X VAT v 3= 4 )L A DN & AR 45

W7, CCTHIBE T, FXNO, YSA-TC K UFMD-77 @ 3tk & b BiiEsedikic & 2

MERETRZEI R ENT. FXNO DAD 4L L OCHE R EMIIL %2 K L F DO

WHFEPEREEZR L, OIS L2 4 W 2D HliRIE Tl Vero ML & b CCT

R 72139 25 R E W IlAHB 5 W A MEIMICH - 72. CDV &S CCT fia Ik 7 &

b= ADH SN

DRETEE .

EAOKRERRT FIREEL O HHREICHT 2 24 ERORBEFHOLE(GER)—FH
BT ek BEMET - BBEEY - BER 2V aEED (O ALY
EZEARER) 207-210

2000 FEIIRES S DTEEEI N T FYUERE 88k E L KB 6l B VT, HAR{LZE
WEFERBEICE L ERFRGIET U RN OR/NEERILBEL2F/. 7 PO RE
TRT7EL) 2 (364%) NIRRT (352%)ICxT AT ERIEL, L
YERRE T, #F T bIHA 200 459%) D F <42 (213 %) IR AR
BEPo 7z, 2BOF X4 2 ViFERRIZ, mecA BIETFEHEAE LTV, 1k, Ko
B 8 & B 3k @ Staphylococcus epidermidis T, b 9 1%k, A OHERXH XD
Staphylococcus cohnii T& - 7.

n # %
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BPHE) 179-182
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MB/ONMNYD /) 8FA T 7 FATAEHRBENHE2T > ~ROREE—B
.| Y. Hs XD EKRTV HBERY . AER—" . gHEE’
(Y EAMEEEAFREBFREEEHE, ¥ HERSENE ) RSMTRELE) e 151-156
RIEEZME T2 EWCTALERN, BBt Ol ~Y ) Y (CMA)DA 75 v MRl TR
WL7ZHERSHED, 177 M EHZEOBBERRILL L Ot r 4O + o
— VR ERBRET L, 72, BURLABEFOMFLVE IZOWTHIRE L. #
DFER, CMAA > 77 7 MU HOMEMIIHBELOBICETIALN 2P o7,
L2L, 3y b —VREIREBITEL, FEERBZRELZDORAON R 2D
WL, CMAA 75 RGBT, BHEBEO2~ 4B BORE CRRE T 7
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