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UMMARY A cytopathic agent causing formation of syncytial giant cells was isolated

by co-cultivation of human embryonic lung cells with brain cells obtained at
autopsy from a patient with subacute sclerosing panencephalitis.

Measles specific intracellular immunofluorescence was detected in syncytial giant

cells developed by the agent.

Paramyxovirus-like nucleocapsids were observed by

electron microscopy in nuclei of the syncytial giant cells. Measles specific immuno-
fluorescence was also detected on the surface of unfixed syncytial giant cells. How-
ever, the syncytial giant cells did not produce either virions or hemagglutinin, and
did not show hemadsorption of African green monkey red cells.

Hence, the newly isolated agent seems to be a defective variant of measles virus,
and was designated as the SSPE-“ BIKEN *’ strain.

INTRODUCTION

Subacute sclerosing panencephalitis (SSPE),
including the diseases described by Dawson

1 Part of this work was presented at the 22nd An-
nual Meeting of the Society of Japanese Virologists
(Sendai, October 10, 1974).

(1933) as ““inclusion body encephalitis ’, by
Pette and Déring (1939) as ““ nodular panence-
phalitis > and by van Bogaert (1945) as * sub-
acute sclerosing leukoencephalitis ”’; is a pro-
gressive, degenerative, neurologic disease of
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children and adolescents. Dawson first de-
scribed inclusion bodies in the brain cells of
patients with the disease, suggesting its viral
etiology (Dawson, 1933).

However, it was not until 1965 that Bouteille
etal. (1965) first suggested from electron micro-
scopic studies that it was due to paramyxovirus
infection. Connolly et al. (1967) reported
elevated titers of measles antibodies in the sera
and cerebrospinal fluid (CSF) of patients with
SSPE and the presence of measles antigen
which was detected in biopsied brain tissue by
the immunofluorescent technique in 1967.
Baublis and Payne (1968) succeeded in in vitro
culture of measles antigen forming syncytia
from a brain biopsy specimen of a patient with
SSPE and later several groups reported the iso-
lation of measles virus from the brain or lymph
nodes of patients with SSPE (Horta-Barbosa,
Fuccillo, and Sever, 1969; Katz, Oyanagi, and
Koprowski, 1969; Hort-Barbosa et al., 1969;
Chenetal., 1969; Payne, Baublis, and Itabashi,
1969; Kettyls et al., 1970; Degré, Vandvik,
and Hovig, 1972; Sato etal., 1972; Greenham
et al., 1974). Sato et al. (1972) reported the
isolation of measles virus which did not pro-
duce virions from a brain biopsy specimen of
a patient with SSPE in 1972. This was the
first case of SSPE reported in Japan.

Different strains of measles virus isolated
from the brains or lymph nodes of patients
with SSPE vary in virological and biological
characteristics. To clarify the pathogenesis
of SSPE, comparative studies are needed on
the virological and biological characteristics of
different strains. Accordingly this paper re-
ports the second case of isolation of measles
virus in Japan from the brain tissue of a patient
with SSPE and some virological characteristics
of this strain.

MATERIALS AND METHODS

1. Case report

A 6 year old boy with myoclonic seizures, was
admitted to Kitano Hospital on December 17, 1973.
His past history was unremarkable except that he
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had had uncomplicated measles infection with
gamma-globulin therapy at the age of 9 months.
There was no family history of neurological diseases.
The patient lived in an urban district of Osaka and
had been in good health until a few months before
admission, when he developed psychic symptoms
consisted of learning disability, forgetfulness, de-
fiant behavior, negativisms and timidity. These
deteriorations of intellect and character were insidi-
ous and after a few months were followed by sudden
myoclonic jerks of the extremities and head.

The myoclonic jerks became aggravated despite
anticonvulsant medication and were easily evoked
by excitement, but disappeared in sleep. Physical
examination showed that he had a right hemiparesis
and repetitive involuntary movements (dystonic or
ballismic), especially on that side. He had no
cranial nerve symptoms or abnormal extraocular
movements, and fundscopic results were normal.
Lumbal puncture yielded clear CSF under normal
pressure. It contained less than 2 white cells/mm?®,
20 mg/dl of protein, of which 18.9%, was gamma-
globulin, and 75 mg/dl of sugar. A skull X-ray,
carotid angiogram and pneumoencephalogram ap-
peared normal. The electroencephalogram (EEG)
demonstrated paroxismal, periodic 2-3 cyclefsec
bursts of complexes of spikes and slow waves at a
rate of 1 per 10 sec on a normal background activity.
The myoclonic jerks coincided with these bursts.

The myoclonic jerks gradually increased in fre-
quency and severity so that he became unable to
sit or to walk, and ataxia, tremor, dysphagia and in-
appropriate verbal responses developed with time.
He became expressionless, dysarthric and could
only swallow with difficulty.

By February, 1974, the frequency of myoclonic
jerks decreased and he became akinetic and unrespon-
sive. Repeated examinations revealed rigido-spas-
ticity, exaggerated tendon reflexes and positive Ba-
binski reflexes with bilateral ankle clonus. Periodic
slow wave bursts in the EEGs which were prominent
in the myoclonic stage disappeared in the coma
stage. 'Three months after the onset of the jerks,
he developed noisy, irregular breathing, hyperther-
mia and diaphoresis, and lapsed into coma. Despite
treatments with ACTH, corticosteroids, anticon-
vulsants and antiviral chemicals such as cyclocide,
he died on March 23, 1974, about 9 months after the
onset of the psychic symptoms.

Serological examinations revealed marked eleva-
tion of the measles neutralizing, hemagglutination



TABLE 1. Measles antibody titers® in sera and CSF of the patient with SSPE
Jan. 26, 74 Jan, 30, ’74 Feb. 15, 74 Mar. 22, '74
Serum Serum CSF Serum CSF Serum
NT? 13.0 13.5 8.5 12.0 7.5 12.5
HI 12 11 7 — — -
CF 8 9 4 — — —
@ n, b Neutralization test.

inhibition and complement fixing antibody titers in
both the serum and CSF (Table 1).
PPD, candida and killed measles vaccine were nega-

Skin tests for

tive. Clinical and laboratory data supported the
diagnosis of SSPE.

2. Serological examination

Measles neutralizing antibody titers in the serum
and CSF of the patient were measured by the micro-
neutralization test (Ueda, 1971).
tination inhibition (I1I) test and complement fixa-
tion (CF) test were carried out by the methods of
Toyoshima et al. (1965). IFor the HI test on the
CSF, kaolin treatment was omitted, following the
suggestion of Sever et al. (1974).

The hemagglu-

3. Co-cultivation of the brain cells with huwman em-
bryonic lung (HEL) cells

A small piece (about 0.2 cm?®) of brain tissue was
obtained from the right parietal cortex of the patient
at autopsy and kept for about 10 hr in chilled growth
medium consisting of a mixture of equal volumes of
Medium 199 (M 119) and Eagle’s minimal essential
medium (MEM) supplemented with 209 fetal
bovine serum (I'BS), 100 pg/ml of streptomycin and
100 units/ml of penicillin.

Then, the piece of brain tissue was incubated in
30 ml of 0.259%, trypsin solution for 30 min at 37 C
with gentle shaking at intervals. Isolated brain cells
were sedimented by low-speed centrifugaticn and
washed once with MEM. The washed brain cells
were suspended in 15 ml of growth medium at a
final concentration of 4x10°% cells/ml, and mixed
with 1.5x10% HEL cells. The mixture was seeded
into 3 plastic dishes (6 cm in diam), and the dishes
were incubated at 37 C in an atmosphere of 5%, CO,
in air.
cells

After incubation for 3 days the co-cultured
The

growth medium was changed to maintenance me-

had formed a complete monolayer.

dium consisting of a mixture of equal volumes of

M 199 and MEM supplemented with 2%, FBS, and
this maintenance medium was renewed twice a week.
After 14 days the co-cultivated cells were treated
with trypsin and seeded at the same original cell
density, At the time of this second subculture,
coverslip cultures in Leighton tubes were made for
immunofluorescent and cytological examinations.

4. Immmunofluorescent staining

1) Staining of acetone-fixed cells

Coverslip cultures of the co-cultivated cells or
HEL cells infected with the CP agent were fixed in
cold acetone for 10 min. Immunofluorescence was
examined by the indirect method.
2) Staining of unfixed cells

The method of Hiyry and Defendi (1970) was
adopted to detect possible antigen on the surface of
HEL cells infected with the CP agent.
3) Antisera

The antisera employed for both types of immuno-
fluorescent staining were acute and convalescent sera
from patients with typical and atypical measles, and
sera from children before and after measles im-
munization, Sera and CSTF obtained at different
stages from the patient were also used.

Fluorescein-labelled rabbit antiserum against hu-
man gamma-globulin (Eiken Chemical Co., Ltd.,
Tokyo) was obtained commercially.

S.  Hematoxylin and eosin (HE) staining

Coverslip cultures of the co-cultured cells or HEL
cells infected with the CP agent were fixed with
Bouin’s solutien for 15 min and stained with HE
for cytological examination.

6. Electron microscopy

The infected monolayer cultures grown in plastic
dishes (6 cm in diam) were fixed i sifu with
phosphate-buffered 2%, glutaraldehyde for 30 min,
and then scraped off the surface of the dish with a
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rubber policeman and cetrifuged into a pellet.
They were then post-fixed in 1% osmium tetroxide
in phosphate buffer for 1 hr and embedded in
Spurr’s low viscosity epoxy resin (Spurr, 1969) after
dehydration in a graded alcohol series and treatment
with glycidyl n-butyl ether.

Ultrathin sections were cut with a LKB-4801A
microtome, stained with uranyl acetate and lead
citrate, and examined under a Hitachi HU-11Ds
electron microscope.

7. Passage and storage of the CP agent

Trypsinized HEL cells infected with the CP agent
were suspended in fresh maintenance medium at
5- to 10-fold the original cell density. The suspen-
sion of infected cells was seeded onto confluent
monolayers of HEL cells in either glass bottles or
plastic dishes, and cultured at 37 C.

As stock of the CP agent, trypsinized HEL cells
infected with the CP agent were suspended in growth
medium containing 10% dimethylsulfoxide (DMSO)
at the one-tenth the original cell density and stored
at —80 C.

8. Hemadsorption and hemagglutination

Volumes of 0.3 ml of 0.5%, suspension of African
green monkey red cells were added to coverslip cul-
tures in Leighton tubes at each passage of the CP
agent. After 2 hr of incubation at 37 C, the cultures
were washed 4-6 times with 3 ml of phosphate-
buffered saline and immediately examined micro-
scopically or stained with HE.

Cultures of the CP agent in bottles were disrupted
by freezing-thawing 3 times in a dry ice-acetone bath
or by ultrasonication. The supernatant fluid after
centrifugation at 3,000 rev/min for 15 min at 4 C
was tested for hemagglutinating activity.

9, Plaque reduction test by measles antibody

Volumes of 0.5 ml of HEL cells infected with the
CP agent suspended in the maintenance medium
were mixed with an equal volume of hyperimmune
rabbit serum against the Tanabe strain of measles
virus which had been diluted to a measles neutraliz-
ing antibody titer of 1:10 or as a control with an
equal volume of normal rabbit serum. After 1 hrof
incubation at 37 C, 0.2 ml volumes of the mixtures
were inoculated onto confluenct monolayers of
HEL cells in 4 plastic dishes (6 cm in diam). The
dishes were incubated for 1 hr at 37 C in an atmos-
phere of 5% CO, in air to allow infected cells to
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come in contact with HEL cell monolayers. The
dishes were then overlayed with 6 ml of medium
consisting of M 199 (90%), FBS (10%), NaHCO,
(2.25 mg/ml) in 1% Special Agar Noble (Difco Lab.,
Detroit), and incubated at 37 C in an atmosphere of
5% CO, in air. The second overlay was done 4
days after the first one with the same medium con-
taining neutral red (0.12 mg/ml). Plaques were
counted 3 days after the second overlay.

10. Detection of infectious cell-free virus

The HEL cell cultures infected with the CP agent
were disrupted at the 4th, 17th, 18th and 23rd pas-
sages by freezing-thawing 3 times in a dry ice-
acetone bath or by ultrasonication. Then they were
centrifuged at 3,000 rev/min for 15 min at 4 C and
0.5 ml of the supernatant fluid was inoculated into
HEL cell coverslip cultures in Leighton tubes.
After 1 hr of incubation at 37 C, 1 ml of fresh main-
tenance medium was added. The tubes were kept
at 37 C for 3 weeks and the medium was renewed at
intervals. During this period, the coverslip cultures
were examined by both immunofluorescent micro-
scopy and HE staining.

RESULTS

1. Development of syncytial giant cells

Syncytial giant cells first appeared after 2
sequential subcultures of co-cultivation of the
brain cells with HEL cells, that is after 3 weeks
of co-cultivation.

Then, the agent inducing syncytial giant
cells was successfully passaged by * cell-to-
cell”” infection. Syncytial giant cells usually
appeared within 12 hr after seeding infected
cells onto fresh HEL cell cultures. They grew
to 1-2 mm in diameter and usually began to
autolyze from the center and then became de-
tached from the culture vessels. The site of
giant cell detachment became covered by in-
growth of surrounding cells, and another giant
cell appeared again in the * healed”” mono-
layer.

On HE staining, syncytial giant cells were
seen to contain diffuse eosinophilic matrices in
the cytoplasm and patchy eosinophilic inclusion
bodies were occasionally detected in the nuclei

(Fig. 1).












DISCUSSION

The CP agent which was newly isolated in co-
cultures of HEL cells with brain cells of a pa-
tient with SSPE forms syncytial giant cells.
Measles specific immunofluorescence was de-
tected mainly in the cytoplasm and occasionally
in the nuclei of syncytial giant cells. This
fluorescence was diffusely distributed in the
cytoplasm and appeared as speckls in the
nuclei. But the CP agent produces neither
virions nor hemagglutinin, so it seems to be a
defective variant of measles virus and was des-
ignated as the SSPE-“ BIKEN ** strain.

Various distributions of immunofluorescence
have been reported by different groups on dif-
ferent strains (Freeman et al., 1967; Baublis
and Payne, 1968; Horta-Barbosa et al., 1969,
1971; Opyanagietal., 1971; Degré etal., 1972;
ter Meulen et al., 1972; Hamilton et al., 1973),
and the distribution seems to depend on either
the stage after infection or whether the strain
produces virions or not.

The syncytial giant cells developed by the
SSPE-“ BIKEN ** strain had surface anti-
gen(s) of measles virus, as shown by indirect
immunofluorescent staining and the plaque re-
duction test. Dot et al., (1972) reported simil-
ar results of a plaque reduction test with the
Niigata-1 strain of SSPE virus which did not
produce virions. Moreover, in studies on the
same strain Dubois-Dalcq et al. (1974) clearly
showed the surface antigen by electron micro-
scopy using immunoperoxidase. In the pre-
sent work the surface antigen was stained with
the serum or CSF from the patient as well as
with convalescent sera from patient with
measles. This suggests the existence of anti-
body against surface antigen in the serum and
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