Presence of Two Different Viral Agents in Brain Cells of Patients
with Subacute Sclerosing Panencephalitis! (34765)

G. BARBANTI-BropANO,? S. Ovanaci, M. KaTz, aNp H. KoPrOWsKI
The Wistar Institute of Anatomy and Biology, Philadelphia, Pennsylvania 19104

Subacute sclerosing panencephalitis (SS
PE) is a progressive neurological disease
of children, characterized by the presence of
intranuclear inclusions in the neurons and
glial cells, first described by Dawson (1).
The relationship of this disease to a
paramyxovirus was suggested by the finding
of structures resembling nucleocapsids in the
brains of patients with SSPE (2). Subse-
quently, elevated titers of measles antibodies
were observed in the sera and cerebrospinal
fluids of most patients with this disease (3).
Immunofluorescence revealed an antigen
reacting with measles antibody in the brain
tissue of some of these patients (4, 5).
Presence of a transmissible agent was later
demonstrated when intracerebral inoculation
of ferrets with homogenates of brain tissue
from SSPE patients produced encephalitis
whose histologic characteristics resembled
those of SSPE (6). An infectious agent which
shared antigenic determinants with measles
virus was isolated from cultured brain cells of
patients with this disease (7, 8). It was
encephalitogenic for ferrets (9).

In this report, we present observations
related to the presence of two different
viral agents within the same brain cells in
cultures derived from three patients with
SSPE.

Materials and Methods. Cell cultures were

1 Supported, in part, by U.S. Public Health Service
Research Grants RO1-NS 06859 from the National
Institute of Neurological Diseases and Stroke, SO1-FR
05540 from the General Research Support Branch,
and RO1-CA 10028 from the National Cancer
Institute, and by a Grant (596-A-2) from the Nation-
al Multiple Sclerosis Society.

2 Fellow at the Wistar Institute from the Institute
of Microbiology, University of Bologna, Bologna, It-
aly.

derived from brain biopsies of three patients
with SSPE (ROB, JAC, LEC) and one pa-
tient with Schilder’s disease (BOG III) by
placing minced fresh brain tissue explants in
plastic bottles of 25-cm?® surface area in 10
ml of Eagle’s basal medium (BME) with
10% fetal calf serum (FCS). The explants
were left undisturbed for 2 weeks, by which
time cells migrating from the explants had
formed a monolayer. The cells were then dis-
persed with 0.25% trypsin solution made in
0.1% versene and transferred to another cul-
ture. They grew uniformly and were split at
weekly intervals in a ratio of 1:2.

The brain tissue cultures consist of
morphologically heterogeneous cells which
do not stain with silver and do not contain
reticulin or collagen (10); therefore, they
probably are of histiocytic or endothelial
origin. At the time of our investigation, which
was carried out between the thirteenth and
nineteenth passage levels, the SSPE cultures
contained a large proportion of giant multi-
nucleated cells (11).

Indicator cells. The following cell types
were employed for isolation of the agents: (i)
primary African green monkey kidney
(AGMK) cells; (ii) CV-1, a continuous line
of cells derived from AGMK (12); (iii)
HeLa cells; (iv) WI38, human diploid cell
strain (13); and (v) W18Va2, a line of hu-
man cells transformed by SV40 virus (14).
All of these cells were grown in BME, supple-
mented with 109% FCS and a double concen-
tration of amino acids and vitamins, and
maintained in the same medium supple-
mented with 2% FCS.

Cell fusion. One million cultured brain
cells and an equal number of indicator cells
were dispersed with trypsin and mixed to-
gether in the presence of gB-propiolactone-
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inactivated Sendai virus at a concentration
of 400 hemagglutinating units (HAU). In
addition, fusion was effected within the brain
cell and indicator cell cultures themselves.
Fusion of cells was carried out according to a
previously described technique (15). After
fusion, the mixed cultures were seeded in
milk dilution bottles and examined for 15
days to detect the appearance of a cytopathic
effect (CPE).

The Sendai virus used to produce fusion
was grown in the allantoic cavity of hens’
eggs. The allantoic fluid was harvested at 72
hr after infection, concentrated by high-speed
centrifugation and inactivated by exposure
to B-propiolactone at the final concentration
of 0.03% for 24 hr at 4°. Inactivated Sendai
virus thus obtained agglutinated guinea pig
red blood cells at a titer of 32,000-40,000
HAU/ml.

Absence of infectious Sendai virus (16, 17)
was determined in several controls estab-
lished with indicator cells and with embry-
onated chicken eggs.

Detection of viral agents. The medium and
cells of the heterokaryon cultures were har-
vested every 5 days during the 15-day obser-
vation period. The cells were disrupted by
sonication (Branson W-185C; total input,
1200 W) and the infectivity of the cell ex-
tracts and medium was determined separately
by inoculation into cultures of the same indi-
cator cells used in fusion. The isolated viral
agents were then propagated in the same cell
substrate.

Immune sera. The following sera were used
in neutralization tests: rhesus monkey
serum, containing antibodies against measles
virus; convalescent dog serum, containing an-
tibodies against distemper virus; rabbit
serum, containing antibodies against rinder-
pest virus; mouse serum, containing anti-
bodies against Sendai virus; and serum from
SSPE patient LEC, obtained late in the dis-
ease.

The first three sera listed above were also
used in an indirect immunofluorescence test,
together with fluorescein conjugated specific
(antispecies) gamma globulins, Immu-
nofluorescence tests were carried out on indi-
cator cells seeded on coverslips and infected
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with the isolated agents. Parallel coverslips
were stained with hematoxylin and eosin.

Electron microscopy. Cells in monolayers
grown in plastic petri dishes were fixed with
29 glutaraldehyde, postfixed with 1% osmi-
um tetroxide, and embedded in situ in epoxy
resin. The sections were stained with lead
citrate and uranyl acetate and examined un-
der a Siemens Elmiskop I electron micro-
scope.

Hemagglutination. The hemagglutination
tests were performed with rhesus, guinea pig
and chicken red blood cells (RBC) according
to the standard technique (18).

Neutralization. Neutralization tests were
carried out according to the standard tech-
nique (18). Tubes of AGMK cells were in-
fected with 100 plaque-forming units (PFU)
of the isolated viral agents in 0.1-ml amounts
previously mixed with an equal volume of
specific serum in serial twofold dilutions. The
virus—antibody mixtures were incubated for
1 hr at room temperature. The highest dilu-
tion of serum which completely inhibited vi-
ral CPE in 50% of the inoculated tubes was
taken as the neutralization titer.

Results. Activation of syncytiogenic agents
from brain cells in culture. No infectious
agents were isolated by direct inoculation of
the medium or cell extracts from SSPE brain
cell cultures on indicator cells.

Heterokaryon cultures obtained by fusion
of JAC and LEC cells, respectively, with
AGMK and CV-1 cells developed a CPE
characterized by the formation of large syn-
cytia on the third to fifth days following
fusion. These syncytia increased in size and
number, leading, in some instances, to the
destruction of the entire culture on the 10th
to 12th days after fusion.

Syncytia were also observed in heterokary-
on cultures obtained from fusion of JAC or
LEC cells with WI38 cells, but the CPE was
minimal.

When JAC cells were fused with Hela
cells, numerous syncytia appeared and a pro-
nounced cytopathic effect was noted. When
LEC cells were fused with W18Va2 cells the
formation of syncytia did not occur.

Syncytia did not develop after fusion of
cells from a third SSPE patient (ROB) with
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TABLE 1. Isolation of Infectious Agents from SSPE Brain Cells in Culture.

Case Infectious agents isolated after fusion of human brain
Nucleocapsids secn cells with cells of the following cultures:?
Schilder’s  in cells of brain
SSPE disease cultures (11) AGMK Cv-1 HeLa WI38 W18Va2
ROB Yes — — ND — —_
LEC Yes ++++  +++  ND £ —
JAC Yes ++++ +++ ++ + ND
BOG ITI No — — — — ND

¢+ and — refer to presence and degree of CPE in different indicator cells infected with the

isolated agents; ND — not done.

the indicator cells. Fusion of BOG III cells,
derived from a patient with Schilder’s dis-
ease, with indicator cells, as well as fusion of
indicator cells with each other, also failed to
produce a CPE. These cultures showed only
the small, stable polykaryocytes produced
during fusion by B-propiolactone-inactivated
Sendai virus.

Isolation of viral agents. As shown in Ta-
ble I, a CPE was observed in AGMK, CV-1
and HeLa cells that were exposed to either
medium or cell extracts obtained from hetero-
karyon cultures originating from fusion of
JAC and LEC cells with the same indicator
cells. Medium or cell extracts of heterokary-
on cuitures produced by fusion of ROB and
BOG TII celis, respectively, with indicator
cells, failed to produce a CPE in the indica-
tor cells.

A slight CPE was also observed after ex-
posure of WI38 celis to JAC and LEC virus,
but the W18Va2 cells showed no CPE when
exposed to the LEC virus.

Fusion of LEC cells with each other also
resulted in the isolation of a virus infectious

for green monkey kidney cells (AGMK and
CV-1), ’

The isolated infectious agents propagated
in AGMK and CV-1 cells produced a cytopa-
thic effect first observed on the third to fourth
days after infection. CPE was characterized
by formation of giant multinucleated cells,
which then coalesced to produce syncytia,
and these increased progressively in size until
the cells forming the syncytium became de-
tached from the glass surface.

The LEC and JAC viruses have been seri-
ally propagated in green monkey kidney cells
for 10 consecutive passages. Titration was
performed in the same cells. Infectivity titer
in PFU/ml of the late virus pools was 1043
for the LEC virus and 10%7 for the JAC
virus.

Characteristics of the isolated agents. Neu-
tralization and immunofluorescence tests
were carried out using antimeasles, antirin-
derpest and antidistemper sera. Serum from
the LEC patient was also tested in a neutrali-
zation test with the virus isolated from LEC
cells.

As shown in Table II, antimeasles serum

TABLE II. Neutralization of the Isolated Viruses by Immune Sera.

Immune sera®

Antimeasles Antirinderpest Antidistemper LEC

Viruses NT I NT I NT I NT
LEC 1:512 + 1:64 + <1:4 — 1:1024

JAC 1:256 + 1:32 + <1:4 — ND

* NT = neutralization titer; T — immunofluorescence: first serum was used at 1:4 dilution;
fluorescein-conjugated gamma globulins were employed at 1:10 dilution. Cells seeded on cover-
slips were stained 3, 4, and 5 days after infection. ND = not done.
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Fic. 1. CV-1 cells infected with LEC virus. Inclusion bodies occupy the cytoplasm of a syncy-

tium; 5 days postinfection; (H and E) 400X.
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F16. 2. CV-1 cells infected with LEC .virus. Inclusions formed by viral nucleocapsids are evident
in the nuclei of a syncytium; 5 days postinfection; electron micrograph; scale—= 1 u.

F1c. 3. AGMK cells infected with JAC virus. Budding of viral particles (90 to 120 mg in diame-
ter) from the cell surface (arrows) ; 4 days postinfection; electron micrograph; scale = 0.1 p.

Fic. 4. AGMK cells infected with JAC virus, showing a cluster of virions in the cytoplasm. Note
spherical and filamentous forms released at the cell surface; 5 days postinfection; electron micro-

graph; scale = 0.1 u.

neutralized the LEC virus in a dilution of
1:512 and the JAC virus in a dilution of
1:256. The neutralizing titer of the antirin-
derpest serum was 1:64 against LEC virus and
1:32 against JAC virus. Neither virus was
neutralized by antidistemper serum. LEC
serum neutralized LEC agent in dilution of
1:1024. No further tests could be carried out

with this serum because of its limited availa-
bility. No JAC serum was available.
Immunofluorescence tests with antimeasles
and antirinderpest sera revealed virus anti-
gen only in the cytoplasm of syncytia; no
nuclear fluorescence was detected. Antidis-
temper serum did not reveal any antigen.
Green monkey kidney cells grown on cov-
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erslips and infected with the isolated viruses
showed eosinophilic inclusions within the cy-
toplasm and the nuclei in the syncytia (Fig.
1). Electron microscopy of the green monkey
kidney cells infected with the JAC and LEC
viruses showed intracytoplasmic and in-
tranuclear inclusions formed by viral nucleo-
capsids (Fig. 2) and viral particles budding
from the cell surface (Fig. 3). Both agents
agglutinated rhesus RBC at the 1:4 dilution.

The second virus. Electron microscopy dis-
closed spherical particles without envelope in
the cytoplasm (Fig. 4). They were seen in
the ROB cells examined at the 18th passage
level. However, there was no evidence of
transmission of these particles from the ROB
cells to indicator cells by fusion, or to ani-
mals by intracerebral inoculation. They were
also seen in green monkey kidney cells infect-
ed with the LEC and JAC viruses at various
passage levels. In some cells these particles
were seen alone and in others in association
with the budding paramyxoviruses. Identical
particles were seen in a ferret brain inocu-
lated with LEC virus at the second passage
level in green monkey kidney cells. Examina-
tion of approximately 100 uninfected green
monkey kidney cells per each lot failed to
reveal any similar structures.

Tests of inactivation of Sendai virus. (i)
No CPE was observed in indicator cells inoc-
ulated with supernatant or cell extract of
cultures obtained by fusion of indicator cells
with each other in the presence of B-propio-
lactone-inactivated Sendai virus; (ii) allanto-
ic fluids harvested 72 hr after infection of
chick embryos with the LEC and JAC viruses
did not agglutinate chicken and guinea pig
RBC, while the allantoic fluids of embry-
onated eggs inoculated with comparable
amounts of infectious Sendai virus had an

hemagglutinating titer of 320 HAU/ml; (iii)’

the two isolated viruses were not neutralized
by mouse anti-Sendai serum.

Discussion. Although nucleocapsids struc-
turally resembling paramyxoviruses were ob-
served in the three SSPE brain cell cultures
(11), infectious syncytiogenic agents could be
isolated only from JAC and LEC cultures. In
contrast to JAC and LEC cells, no viral anti-
gen could be detected in ROB cells (Ter
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Meulen et al.. unpublished data) although
they formed syncytia in culture. It is thus
probable that the ROB cells contained a de-
fective form of viral genome whose only de-
tectable function was the formation of syn-
cytia. These data per se do not help in the
identification of the agent in the ROB cells,
but they suggest that it may belong to the
paramyxovirus group.

Unlike its form in ROB cells, the viral
genome in cells of JAC and LEC cultures was
able to produce an antigen detectable by
immunofluorescence in the presence of
measles-immune serum (11) and to synthe-
size infectious virus after fusion with suscep-
tible indicator cells. It is noteworthy that a
small amount of the infectious agent was iso-
lated from LEC cells fused with each other,
but not from JAC cells in three separate
attempts under the same conditions. This
may lead to a speculation that the agent in
LEC cells is in a more complete form than in
the JAC cells.

LEC and JAC viruses could be propagated
in green monkey kidney cells by inoculation
with infectious media or cell-free extracts
from heterokaryon cultures but in contrast it
was impossible to isolate the same agents
directly from media or cell-free extracts of
human brain cells. It is likely that only a few
of the JAC and LEC brain cells contained
viral genomes sufficiently complete for their
activation. These cells then, when fused with
susceptible indicator cells, gave rise to the
infectious virus.

The JAC and LEC viruses propagated in
green monkey kidney cultures share antigenic
determinants with measles virus, and, to a
slightly less degree, with rinderpest virus, but
not with distemper virus. This serologic
pattern is characteristic for measles virus
(19, 20). In addition, the LEC and JAC
viruses share with measles virus the property
of agglutinating rhesus RBC.

Production of syncytia, presence of inclu-
sion bodies, and electron microscopic demon-
stration of viral particles budding at the cell
surface are observations not inconsistent with
those of measles virus (21, 22), but are in-
sufficient as criteria for the identification of
the LEC and JAC viruses as measles virus.
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The host range of SSPE viruses was found to
be different from that of measles virus
(Edmonston and “wild” strains) since in pre-
liminary experiments neither the LEC nor
JAC virus was capable of infecting ROB and
BOG IIT human brain cells; whereas, measles
virus did infect these cells. In addition, LEC
virus did not infect SV40-transformed hu-
man and simian cell cultures; whereas, the
Edmonston strain and wild measles virus did.

Therefore, it would be premature to classi-
fy the two SSPE agents as measles virus
before their properties have been more com-
pletely characterized.

The role played by the syncytiogenic vi-
ruses in the etiology of SSPE is uncertain
because of their association with particles
representing a different virus. These particles
were seen in the ROB brain cell cultures
and were apparently transferred, together
with the paramyxovirus, from LEC and JAC
cells to the green monkey kidney cells. Their
identification is the subject of current investi-
gation. Further characterization of these par-
ticles as to their structure and biological and
serological properties may permit clarification
of their role in SSPE. At this point it would
be a mere hypothesis to consider, for in-
stance, that they represent either defective or
complete virus particles and that they may
contribute either primarily or secondarily to
the pathogenesis of the disease. Within the
context of such an hypothesis, however, in-
teraction of the two types of agents resulting
in the disease may be postulated. The two
agents may either interact on the molecular
level or the paramyxovirus may facilitate the
spread of the second agent by cell fusion and
formation of syncytia. It is also possible,
judging by the form in which the two agents
seem to be present in ROB cells, that neither
of them represents a complete virus in brain
cells of SSPE patients. If a method for the
separation of the two agents can be devised
so that each can be tested in vitro and in
vivo, it will be possible to assess their respec-
tive contributions to the pathogenesis of
SSPE.

Summary. A measles-related virus was iso-
lated from two out of three brain biopsies of
patients with SSPE by the fusion of brain
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cells with susceptible cells. B-propiolactone-
inactivated Sendai virus was used in the fu-
sion experiments. The mechanism of activa-
tion and the characterization of the isolated
agents are discussed. Their association with
another virus is reported in light of the etiol-
ogy of SSPE.
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