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Fig. |. Electron micrographs of CD-VLPs prepared from Vero cells infected with Osaka-1 Fi/V (a) or Osaka-2 Ft/V (b) strain. Bars rep-

resent 100 nm.

Table 1. Number of syncytium foci developed in CHO/CDM46,
CHO/SLAM, and Vero cells.

Virus Strain CHO/CD46 CHO/SLAM  Vero
Measles Nagahata” 13 135 109

SSPE Osaka-1 Fr/'V™ 0,0 20,25 460, 477
Osaka-2 Fre/V" 0,0 99, 141 58, 81
Osaka-3 Oc/V* 0,0 54 141, 117

* Syncytium foci was counted 48 hr post-infection.
" Syncytium foci was counted 72 hr post-infection.

particles with diameters ranging from 100 to 1,000 nm.
Some of the CD-VLPs from SSPE virus-infected cell cul-
tures contained fine spikes similar to those of the authen-
tic MV virion (Fig. 1). The titer of the CD-VLPs pre-
pared from the Osaka-2 Fr/V strain dropped from
3.0xX10* PFU/ml to 4.4X10* PFU/ml (approx. 85%
reduction) after filtration with a 0.45-pm filter mem-
brane. The titer of the Nagahata strain of MV decreased
similarly after filtration. This data, together with electron
microscopic observation, suggested that CD-VLPs were
similar in size and surface structure to the MV virion,
We first examined the cytopathogenicity in Vero cells
inoculated with SSPE CD-VLPs and in cells expressing
known MV receptors, CD46 and SLAM. The Nagahata
strain of MV, a laboratory Vero cell-adapted strain, was

used for comparison and induced similar syncytia in
size in Vero, CHO/CD46, CHO/SLLAM cells (Table 1).
The three SSPE CD-VLPs failed to induce CPEs in
CHO/CD46 cells but were able to induce CPEs in both
CHO/SLAM and Vero cells (Table 1). The number of
syncytia produced in CHO/SLAM cells relative to the
number in Vero cells varied among the infecting strains.
The Nagahata strain induced a few more syncytia in
CHO/SLAM cells than in Vero cells and very few foci in
CHO/CDA6 cells. The Osaka-2 CD-VLPs induced 2 to
3 times more syncytia in CHO/SLAM cells than in Vero
cells. In contrast, the Osaka-1 CD-VLPs and the Osaka-
3 CD-VLPs induced 20 to 25 times more syncytia in
Vero cells than in CHO/SLAM cells. CHO/SLAM cells
with syncytial CPE were positively stained with anti-MV
N menoclonal antibody, whereas CHO/CD46 cells had
no syncytial CPE and were negatively stained (data not
shown). Infection of the SSPE CD-VLPs to CHO/SLAM
cells was blocked by a monoclonal antibody against
CD150. On the other hand, infection of the SSPE CD-
VLPs to Vero cells was not blocked by a monoclonal
antibody against CD46 (data not shown). These obser-
vations were consistent with the results of our previous
studies using the VSV pseudotype system (53).
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Table 2. Susceptibility of various cell lines to SSPE virus and measles virus

Cell lines Expression” of Osaka-1 Fi/V Osaka-2 Fi/'V Osaka-3 Oc/V Nagahata OoCu9s-1p

CD46 CD150 Syncytium® FA? Syncytium FA Syncytium FA  Syncytium FA Syncytium FA

Vero + - + + + + + + + + - +9
B95a + + + + + + + + + + + +
CHO - - - - - - - - - — - _
Hela + - + + + + + + + + - -
293T + - + + + + + + + + - -
IMR-32  + - + + + + + + + + - -
SK-N-SH + - + + + + + + + + - -
AlT2 + - + + - + - +9 + + - -
U-251 + - - + - + - + + + - -

9 Expression of CD46 and CD150 (+, positive; —, negative) was examined by flow cytometry.

» Syneytium formation (+, positive; —, negative) was observed under the inverted microscope.

9MV N protein expression (+, positive; —, negative) was detected by the immunofluorescent staining.

489532 cell has a CD46 homologue that cannot be used as a receptor by most MVs because of the lack of SCR-1 domain (26, 39).
+Small syncytia were observed by the immunofluorescent staining.

Infection of Different Human Cell Lines with CD-VLPs
Prepared from the Three SSPE Virus Strains

The system used here was applied to various human
cell lines in order to determine other factors that may
affect cell tropism. First, we rechecked the surface
expression of CD46 and CD150 on these cell lines by
flow cytometry (Table 2). Only B95a cells expressed
CD150. In contrast, all cell lines except CHO cells
expressed CD46. The CD-VLPs prepared from each of
the three strains of SSPE virus-infected Vero cells were
inoculated onto monolayer cultures of neural cell lines
such as IMR-32, SK-N-SH, A172, and U-251, as well as
onto monolayer cultures of Vero, B95a, CHO, HeLa, and
293T. As summarized in Table 2, all the SSPE CD-
VLPs induced syncytial foci in most of the cell lines
examined. Vero and B95a cells developed numerous
large syncytia due to infection with the SSPE CD-VLPs
(Fig. 2, a and b). The number of syncytial foci in Hela,
293T, IMR-32, and SK-N-SH was less than 5% of that
formed in Vero cells. In addition, the size of each syn-
cytium in HeLa and 293T cells was much smaller than
that of syncytia formed in Vero and B95a cells (Fig. 2, ¢
and d). Syncytia formed in IMR-32 and SK-N-SH were
similar in size to those formed in Vero cells (Fig. 2, € and
f). Although infection of U-251 cells with the SSPE CD-
VLPs was not obvious when judged by syncytium for-
mation, clusters of infected single cells without cell
fusion were demonstrated early in infection by immuno-
fluorescent staining (Fig. 2, g). A172 cells showed dif-
ferent susceptibility to each of the SSPE CD-VLPs (Fig.
3). The CD-VLPs from the Osaka-1 Fr/V strain induced
syncytial foci similar in size to those formed in Vero
cells. The CD-VLPs from the Osaka-2 Fr/V strain did
not induce syncytia but infection at the single cell level
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was demonstrated by immunofiuorescent staining (Fig. 3,
b and e). Though processes connected neighboring MV
N protein-positive cells within clusters, cell margins
could be clearly distinguished. The CD-VLPs from the
Osaka-3 Oc/V induced microfusion that was observ-
able by immunofluorescent staining (Fig. 3,cand f). As
predicted by the receptor usage of the strain, the Vero
cell-adapted Nagahata strain induced syncytia in all the
cell lines except CHO (Table 2). In contrast, an MV field
isolate, the OCU98-1P strain, infected the panel of cell
lines to only a very limited extent, Vero cells (though
infected with the OCU98-1P strain) lacked CPEs such as
syncytium formation and cell rounding. Neither the
human epithelial (HeLa and 293T) nor human neural
(IMR-32, SK-N-SH, A172, and U-251) cell lines were
infected with the OCU98-1P strain.

Discussion

Because most genes of SSPE viruses, especially the M
and F genes, are highly mutated and cell-free virus pro-
duction is impaired, SSPE virus must be rescued from
infected brain cells by cocultivation with cells permissive
for MV replication. Though epithelial cell lines (such as
Vero cells) have been used for virus isolation, viruses

-have rarely been isolated. Identification of the biological
properties of SSPE viruses (such as cell tropism) will be
useful for understanding the molecular mechanisms of
persistent infection of the CNS with MYV. Cellutar tro-
pism of MV is broad, and factors determining it could lie
at various stages of the MV life cycle. Little is known
about the cell tropism of the SSPE virus. Cetlular recep-
tors are important determinants of viral tropism. We
employed the VSV pseudotype system 10 identify the
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Fig. 2. Cells infected with CD-VLPs prepared from Osaka-2 Fr/V virus-infected Vero cells were evaluated by immunofluorescent stain-
ing with monocional anti-N antibody. Vero (a), B95a (b), HeLa (c), 293T (d), IMR-32 (), SK-N-SH (f), and U-251 (g), cells were fixed
and stained three or four days after infection. Magnifications are X653 for (a) to (f), X130 for {g).
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Fig. 3. A172 cells infected with CD-VLPs prepared from Vero cells infected with Osaka-1 Fr/V (a, d), Osaka-2 Fr/V (b, ¢}, and Osaka-
3 0c/V (c. f) strains. N protein expression was examined by indirect immunoflucrescent staining (d-f).

receptors used by SSPE viruses for cell entry and our
results suggested entry via some previously unidenti-
fied molecule(s) on Vero, B95a, human B-lymphocytes,
and some human cell lines of neural origin (53). To
obtain more information about the cell tropism of SSPE
virus, artificial virus-like particles obtained from cells
infected with three strains of SSPE virus were tested
for their ability to infect various human cell lines includ-
ing cell lines of neural origin. We found that CD-VLPs
from SSPE virus-infected cells were similar morpho-
logically and could be used like ordinary MV particles to
infect cells.

We first confirmed our previous observation that SSPE
virus could use SLAM but not CD46 as a cell entry
receptor (53). Antibody blocking experiments indicated
the existence of previously unidentified receptors on
Vero cells, as did our experiments that used VSV pseudo-
type virus displaying SSPE envelope glycoproteins (33).
Receptor molecule(s) other than CD46 and CD150 for
MV entry have recently been suggested by other inves-
tigators (1, 24, 56). It is unknown whether the molecule
used for entry into Vero and Jarkat cells (24), human vas-
cular endothelial cells (1), and human primary small
airway epithelial cells (56) is unique to each cell line and
can be used by different MV strains. If the unidentified
molecule(s) for MV entry are closely related to each
other, the molecule(s) must be ubiquitously distributed
among various cell types and different host species.
Notably, the three SSPE strains used in this study have

— 948 —

strong neurovirulence in 3-week-old hamsters, and this
can be demonstrated by intracerebral inoculation of just
a small amount of their CD-VLPs (29, unpublished
observations). In contrast, the results of Niewiesk et
al. (41) in transgenic rats show that CD46 expression
cannot overcome the intracellular block of MV Edmon-
ston strain replication, supporting the requirement of
nonentry-supporting internal cellular factors for MV
replication. One such factor might be IFN, and in fact,
/B IFN receptor-knockout mice have been reported to
be susceptible to Edmonston MV infection (38).

The ability to induce syncytia in glial cells such as
A172 cells was different among SSPE virus strains.
Syncytial formation was induced by the Osaka-1 CD-
VLPs, and less efficiently by the Osaka-3 CD-VLPs,
but not by the Osaka-2 CD-VLPs. It should be noted that
the Osaka-1 and the Osaka-3 CD-VLPs induced more
syncytia in Vero cells, indicating that the Osaka-1 and the
Osaka-3 strains can use more efficiently an as yet uniden-
tified receptor for syncytium formation. Binding affini-
ty between the SSPE H glycoprotein and the receptor
molecule may have some relation to the ability to induce
syncytium in A172 cells. Alternatively, other viral pro-
teins (F, M or P protein) may have been involved in
this failure to induce syncytium by the Osaka-2 CD-
VLPs. The infection of A172 as well as U-251 cells with
the SSPE CD-VLPs at the single cell level and the failure
to form syncytia is unusual for MV infection in vitro. We
have observed a similar phenomenon (failure to form
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large syncytia) in Vero cells infected with the Masusako
strain, and Kouomou and Wild reported a similar finding
(34). MV infection in human astrocytoma cells was
described previously by Duprex et al. (18, 19). By
means of an Edmonston-based recombinant virus con-
struct that encoded green fluorescent protein, they showed
that cell-to-cell spread took place through the cells’
processes during early infection of GCCM cells (18)
and that syncytia formed extensively in GCCM and U-
251 cells (19). Although they did not consider the role of
the cell receptor in the infection process, CD46 is likely
to be involved in this process. Qur CD46-using Nagahata
strain could also infect and induce syncytia in A172
and U-251 cells. Therefore, it is possible that the failure
of the SSPE CD-VLPs to induce syncytia in these cell
lines is not due to a defect in the internal cellular factors
of these lines, but rather, to the inability of the cellular
receptor to interact with the envelope proteins of the
SSPE virus. Altemnatively, reduced replication efficien-
cy might have resulted in the failure to produce viral pro-
teins needed to induce cell fusion. Persistent infection of
these A172 cells by the Osaka-2 Fr/V strain was demon-
strated after 10 days by the appearance of syncytial foci
in cocultures of the infected A172 and Vero/SLAM cells
(unpublished data). The titer, however, decreased grad-
ually with time, indicating the unsuitability of A172
cells for efficient growth of SSPE virus. We did not
detect IFNs in the culture media of the infected A172 and
U-251 cells, and anti-IFN antibodies did not affect infec-
tion (unpublished data). Therefore, other internal host
factors might have been involved in the inefficient viral
replication. The failure to activate NF-xB, type I IFN,
and MHC class I in neuroblastoma cells (14, 15, 21) may
account for the more efficient growth of SSPE virus in
neuroblastoma than in glial cells. Further studies are
needed to understand the viral and/or host cellular factors
that are responsible for the strain differences in SSPE
viral replication in neural cells. When the amino acid
sequences of the two MV strains, IC-B and IC-V, isolated
with B95a and Vero cells, respectively, were compared,
H and F proteins were identical, but there were a few
amino acid differences in the P, M, and accessory V
and C proteins (54, 55). We have compared the amino
acid sequence of viral proteins and the neurovirulence in
hamsters of two Osaka-2 sibling viruses (5, 22, 29).
The Vero-isolate Fr/V of the Osaka-2 strain used in this
study and the B95a-isolate Fr/B of the same strain both
encode an H protein of the same amino acid sequence.
The F protein of the Fr/B sibling virus had only two addi-
tional changes in its amino acid sequence compared
with that of the Fr/V sibling virus. Our preliminary
results showed that the Osaka-2 Fi/B sibling virus did not
infect IMR-32, A172, and U-251 cells. This suggests

that factors other than the entry receptor are active dur-
ing Osaka-2 SSPE virus replication in neural cells. MV
recombinants containing single or a combination of
mutations identified from the sequence analysis of SSPE
strains will provide clear evidence that virus infection of
neural cells involves viral factors. Some mutations
found in SSPE viruses may contribute to the neuroviru-
lence and persistence of infection in the brain. This is
supported by the fact that a recombinant MV containing
the matrix gene of the Biken strain of SSPE virus repli-
cated slowly in the brain of transgenic mice (45). Brains
infected with recombinant MV containing F proteins
having cytoplasmic tails (similar to the tails of F proteins
of SSPE viruses) also manifested modified virus repli-
cation in the same transgenic mouse mode! (8). These
alterations might promote virus spread and survival in the
brain. Further studies to identify internal host factor(s)
responsible for SSPE viral cell tropism and to identify
novel molecule(s) associated with SSPE virus entry into
cells are needed, thereby providing new insights into
the molecular mechanism of SSPE pathogenesis.
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Table 2 Non Effective Cases

. Finally

Patients Diagnosis S?f.;‘;;e %};&f; Eféective Prognosis
rugs
Intraventricular .

YN hemorrhage GT None Pentobarbital DM
Intraventricular Symptomatic
hemorrhage A partial epilepsy,

YW, Very low birth FC None Zonisamide DM
weight
Lissencephaly Symptomatic

SR. | Chromesome GT None Pentobarbital | generalized
adnormality epilepsy, DM
Lissencephaly Symptomatic

ES. GT None Pentobarbital | partial epilepsy.

DM

HIE | hypoxic ischemic encephalopathy, GT : generalized tonic seizures, FC : focal clonic

seizures, DM ! developmental delay

zE B

Lid ©/hB~0 511 1980 £45 & H #iEF & 1,
SOERBEICRFERICIERESNEYDLEE
#BTwAY LLLLdOTwhABRREHRIC
MLTEAS 7= BRI TR o
KThi,

Lid G2 REIED T, BtEEasaT
LB TAPACH Cho o L H L REBEH
287 2 MERENIERS. £oirvhAf
ARBEBRO--2LLTEZONATWDY, £/
FOABBELLTNaF v 2B LTHO
BERZETERL LW, BEEROI
I F)7TOREEET S, EARRELY
AKBEROBEHREERPSEDEVHE
HEWHB. FIME, KHRELIA =
B LO2BREILEDLEOHEDL H LY,
LA LRI RECHTIHER. TvhAo
BRIEEIRETHDLEONTVD, HIAE
T AN AR Lennox-Gastaut EHEH TO TR A
DELLEFEBREINTVE, KBRS RN
Yyt s h, BREPSENLHvR
AERERE 0%,

SROERE. FEEDIFVHABRRTIR. &
MEUIIZ L A LD EREFEEMEREICES b0
TRERI2EREXEATH Y, HERoHET

O Lid 0RGENGIRERFOITETIRES LN
EEz6hi, LAdDERAAFRE LTHHIOZ S
it. 1~2 mg/kg/dose @ one shot FRIED FiEHT L
B TwizA% 1980 ERLEE 2 mg/kg/dose iv
#iz 2~dmg/kg/hr CRRGET 2 HEN—&
MWTHD, Db ZOBEETITVARE LEIER
AN LEDol, FFRFERICOVWTIRIIFER
ELrRESRLHIAOHRK. #HTsLE
W, R LM, ZITHAT s LW H]
HHE WY, ATEhm R AL 1~6 pg/m! O HHE
T R{EAOHMARLT L mPBELHMT 2
HIF TR, BIEHO—8i 5pg/m! %8 Z
2L0NEnEnbhTns,

Lid 2t vwh AL LT LABORIEE
OWBiE, BAFoxEMETLHALBEIZLL L,
253 EHIF 16 FlicA L TwaY, FORRIE.
BERTE, TVNAZEF4RGEERL LR
205HRB D, K603 F. BERKM 24, £
ROWEX1H, FF—XAETH2HATH -7
fEREARTIE, IR 3H (FFER L LR 2.
DELEFLHITH o7 SEHOERI T IRIRH
1FAasnT, CORRLdETZVaVEEALY
7 A EHH L Twiod iR Lid ik v oy
BEA N Ty ARERERTIIEE L DB
EPHEFRASEDN . Lid TROEHZ 2D
EERIIEBMEZ DT  vnivnbhTuaH,



TADAE 22%2% Z204%¥6A 99

AEICAIHEL B, FMFELET S L9 %
A F 2SR B REH & O A L 22 BRI, VEAR
F. FEREOREHMEBIALLTVWOTIIZY
heEZOND,

Lid EHIH o Tk, ARKZSIZE SMAHR
O LR, BERERLHRERRA & OHEIFA
mEMOLBELFRRICTSERETLILEND
ZLnEEbhd, Lid EHEROHEL AED
TEETIRBRE, HFEBIIBo b D3 %L
e b ERBEEARLOLE>TWAS, RIEL
LS AR B8 EHOT LD TIHANRIIH
80%. RIVERNI# 6% LEERTWAEY, 40
OREH oM 16 (F11%) EPPHFET
BHotl, MOEREORBTRRAEISV/TLE
FAHAERTVHALEBER TV AHRIEDR
BB, FERIZER HEIR V. PR MERD
BHENSKERRREOTLOTHR, 37
LOEHE 635%., BIfEM 132% L HE ST
B0, Lid & 3 ¥ V7 AORERAICRRERER
BwlEXLhD, KRG FEROTVRAR
FoAMIc B 3 Lid ot BoO0 RBUR TR, #H
OHUF LA (DZP, PB. DPH % ) 2t HHT
HolBEDI YV I LEEDIRRED—&
FITRWEBDRD, SHRIIEEHEL L
3 A7 BBOVChARRBHN A BT 4 w5k
BMENBIENZET L, SEORKEICZED. Lid
WERME, FARoREEEEnEREICED TV
RAERICHEYT, LTV ABRATIE
HHEC LT RARSRL TR TELAZ L
Hbhole. S6I, BELTIOHERAIE
2 (EE, OPBEREAESCREBRELR
FI0) CEREEHERTVRT L BREROEELZ
FTR <, SRl Lbi TR Bw AT —EOH
TREEOSELALD LN, Tl VL
SO EE LT, ERMAEO ORI H R
LirEomkict D ERDIICEFASNETE S
E#E ORI, RRE. HERDTORARRC
HLTH, R EBATHEAT I LIdIRFARLR
#FEEbIR.

s W
KB, FEROTVHABRIIN T S Lid

— 956 —

S0 Fe b RANICHRE L. 96555
(56%) WA TH-o72ht 5 b 1 EILEIER (r
IR) oroitbdake o, B, EEEE
R MPEREOFINS | REARECHBER
FIED bOIIENTH o7z BHERIRBERIE
EOEHHEERANRDRI

FRETOBRRFIEBETAHAES (003410
B, ilE) CTRFELL, BB, BEGHHFHER
BE, DRENEMEFORITEENEFATE (Lo
HohABERCST2EYREOTIEF AR T 5
RS H14~/DE-004) iz X hfTshis,

x ®

1) Bernhard CG, Bohm E, Hojeberg S. A new treatment
of status epilepticus : intravenous injections of a local
anesthetic {lidocaine). AMA Arch Neurcl Psychiatry
1955 ; 74 © 208-214.

2) EEiEX, HARER, adbmy, OFRER—, ®HoR
F, THEETF, 5. ARBEHAETVWRAGCHY S
lidocaine M EOE AL L F ORI, BL 72
1997 ; 29 @ 39-44.

3) Volpe JJ. Neonatal seizures. In I Volpe JJ. ed. Neurol-
ogy of the newborn, 4th ed. Philadelphia : WB Saun-
ders, 2000 © 178-214.

4) EEEE, EE # BEXE, RET, SREE,
FHLE, HORAERES LUBRBRETANAL
sy Fa 4 oRE-FER, URERLOI— B
L RE 19855 17 1 203-209.

5) # B, RESE EACE BHER, ®HE-—,
BT, &. U FH4 rofir AR, AEH
EER 1985 ; 38 [ 2283-2280.

6} Evans DE, Kobrine AL LeGrys DC, Bradley ME. Pro-
tective effect of lidocaine in acute cerebral ischemia
induced by air embolism. J Neurosurg 1934 ; 60 :
257-263.

7) Haschke RH, Fink BR. Lidocaine effects on brain mito-

chondrial metabolism in vitro. Anesthesiclogy 1575 ;

42 1 737-740.

WXk, HRER, DX &S, DNEE

—, BEWTF, 6. K, RIREHRI lidocaine

FHEMEEEMES L7 Doose IEEH O 1M, KL

€ 1996 ; 28 © 325-331.

9) Mesulam MM. Lidocaine toxicity and the limbic sys-
tem. Am ] Psychiatry 1987 ; 144 © 1623.
10) Kobayashi K, Ito M, Miyajima T, Fujii T. Okuno T.

—

8



100 TADABR 22%2%

Successful management of intractable epilepsy with
intravenous lidocaine and lidocaine tapes. Pediatr

Neurol 1999 ; 21 : 476-480.

11) HIEED, W& {=. J F# 4 ¥ (lidocaine} Difv i
AEREMRCNTAHE. EESHR 2R

~ 9

200456 A

& PRMERZFH ORI EBET RN AR
DHVRAERIIN T2 ERFEOIY 7 ALK
TLWE - PRULAEERE FTHFRELY
2003 © 63-72.

EHRTIFTER 14~16 EFITHEVT, FEFRHERR
BHNS MENESBRNORTRESKARER -
MNRESHERRESR) 22UHRELEBRRRTS

%o

57 —



TAPARFSR 2004 522 201-205

EREE

TADPAZEDE LR INEED 3 51

Three Cases of Primary Microcephaly Associated with Epilepsy
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Fig. 1 . Cranial MRI at the age of 2 months showed hy-
poplasia of cerebrum. However, cerebellum,
brain stem and thalamus had almost normal for-
mation and structures.
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Fig.2 Cranial CT scan at the age of 14
months showed hypoplasia of ante-
rior portion of cerebrum. How-
ever, there were no anatomical abno
rmalities.
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Fig.3 EEG at the age of 12 months, asleep. Top : In-
terictal EEG. monopolar montage. showed spo-
radic spikes mainly in the posterior regions. Bot-
tom . Ictal EEG, bipolar montage, showed poste-
rior discharges characterized by bursts of sharp
activities.
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Fig. 4 Cranial MRI at the age of 4 years. Microcephaly
was noted. Bilateral frontal lobe was rela-
tively small compared to the other parts. Slight
macrogyria could be seen in bilateral temporopa-
rietal region. Myelination was age—matched.
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