of neuronal transmission to the pineal,
possibly secondary to an exhaustion of
norepinephrine from nerve endings in
the gland. This explanation seems un-
likely for the following reasons. (i)
The sympathetically mediated, exoph-
thalmic response was maintained during
the 3 hours of stimulation, and (ii)
with the use of this preparation a
linear fall in HIOMT activity over an
8-hour period of electrical stimulation
was demonstrated (5). If neuronal
transmission indeed remains intact, then
the reduction in N-acetyltransferase ac-
tivity after the stimulation-induced in-
crease may be due to a process intrinsic
to the pineal and not dependent on
continued nerve stimulation. The re-
sponse of pineal N-acetyltransferase to
electrical stimulation may be relevant
to the observation that a rhythm in N-
acetyltransferase activity persists in
blinded rats and in rats kept in con-
stant darkness (3). The physiological
response of pineal N-acetyltransferase
to darkness and to electrical stimula-
tion appears similar; after the initial
rise in activity that occurs in both cases,
enzymatic activity returns toward basal
levels without any apparent change in
afferent input to the pineal.

In vitro studies of pineal function
(3, 4) have demonstrated that norepi-
nephrine and dibutyryl cyclic adenosine
monophosphate cause an increase in
N-acetyltransferase activity. Norepi-
nephrine also elevates pineal adenyl
cyclase activity in vitro (9). However,
serotonin, which is present in pineal
nerves (/0), is ineffective in raising
N-acetyltransferase activity in vitro
(3). Stimulation of N-acetyltransferase
activity produced by norepinephrine
and dibutyryl cyclic adenosine mono-
phosphate can be blocked by cyclohexi-
mide (4, I1), an inhibitor of protein
synthesis. Therefore, the rise in N-
acetyltransferase activity in vitro is pre-
sumably mediated by a norepinephrine-
stimulated adenyl cyclase—cyclic adeno-
sine monophosphate mechanism that is
dependent on protein synthesis (I1).
Our in vivo results are consistent with
this hypothesis. The postganglionic
sympathetic fibers to the pineal un-
doubtedly contain norepinephrine (12).
Excitation of these nerve fibers by
preganglionic sympathetic stimulation
presumably releases norepinephrine
from pineal nerve endings and, as
predicted, increases activity of pineal
N-acetyltransferase.

PauL H. VoLKMAN, ALFRED HELLER
Department of Pharmacology,
University of Chicago, Chicago, Illinois
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Subacute Sclerosing Panencephalitis: Isolation of
Suppressed Measles Virus from Lymph Node Biopsies

Abstract. Measles virus was isolated in mixed cultures of lymph node cells and
HeLa cells. The agent was isolated by cocultivation from biopsy specimens of
two of five patients with subacute sclerosing panencephalitis. The virus was
identified by hemagglutination-inhibition, immunofluorescent, and neutralization
tests. Biopsies from controls did not show evidence of measles virus.

Subacute sclerosing panencephalitis
(SSPE), a fatal disease of children and
young adults, has been shown to be

associated with a suppressed measles

virus infection of the central nervous
system (I—4). One characteristic lab-
oratory finding in SSPE is an extremely
high concentration of measles anti-

Fig. '1. Cocultivation of lymph node cells
and Hela cells demonstrating measles
antigen by immunofluorescence (X 540).

bodies in the serum and spinal fluid of
virtually all known cases of this chron-
ic neurological disease (5, 6). Despite
the presence of circulating antibodies,
the disease inexorably progresses to
death.

The present report demonstrates that
the infection is not limited to the cen-
tral nervous system and suggests that
SSPE may be associated with a spe-
cific defect of cellular immunity.

Lymph node biopsies from five pa-
tients with SSPE and five controls were
included in this study (7). Although
these specimens were obtained at dif-
ferent times, they were handled and
processed in a similar fashion. Clinical
and laboratory data supported the diag-
nosis of SSPE.

A part of each node was washed in
Hanks balanced salt solution and
minced into small fragments which
were then suspended in Eagle’s mini-
mum essential medium (EMEM) en-
riched with 20 percent fetal bovine
serum (FBS). After 3 days the cultures
showed fibroblasts growing out of the
edge of the explants and nonattaching
cells which were presumed to be
lymphocytes dispersed in the medium.
Both types of cells appeared free of
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virus inclusions or virus cytopathic ef-
fects, or both, and showed an overall
normal morphology when fixed and
stained with hematoxylin and eosin.
The nonattached cells were decanted
from the culture, centrifuged, and resus-
pended in Roswell Park Memorial In-
stitute (RPMI-640) culture medium
with 20 percent FBS. This cell suspen-
sion was used to prepare mixed cul-
tures with the Ohio strain of HeLa
cells (8) which is routinely grown in
our laboratory in spinner cultures. The
mixed cultures contained approximate-
ly five HeLa cells for each node cell,
with a total of 105 cells per milliliter.
These cultures were incubated at 37°C
and, once confluence of the cells was
observed, monolayers were maintained
in EMEM with 2 percent FBS. The
white cells appeared to be attached to
or trapped by the HeLa cells and could
be easily differentiated from the latter
under phase microscopy. Table 1 lists
the isolations obtained from the pa-
tients included in this study.

With the cultures from SSPE patient
No. 3, foci of syncytia were seen scat-
tered throughout the monolayers and
developed into characteristic measles-
produced giant cells within 2 to 3 days.
In these cultures Lemadsorption took
place with rhesus monkey erythrocytes,
while control cultures did not hem-
adsorb. Fluids from the mixed cultures
hemagglutinated rhesus monkey eryth-
rocytes with a hemagglutinating titer
(HA) of 1:16. This HA activity was
inhibited by serially diluted serums
from SSPE patients as well as by anti-
serums from patients convalescing from
measles, but not by serums from the
same patients taken during early stages
of the disease. In addition, immuno-
fluorescent assays (FA) with these
mixed cultures, in which paired serums
from natural measles were used,
showed specific intracellular viral fluo-
rescence (Fig. 1). Disrupted cells and
fluids from these cultures were centri-
fuged to remove cell debris and the
resultant supernatant was used to in-
oculate HeLa monolayers. Typical and
extensive cytopathic effects were pro-
duced on the second or third day of
incubation. The virus suspension ob-
tained therefrom was tested for hemag-
glutinins and infectivity, and showed
an extremely high titer of 1 : 64 in HA
and an infectivity titer of 1080 per
milliliter or more in African green
monkey kidney tissue culture.

Measles virus was also isolated from
lymph node cells of SSPE patient
No. 5, which were mixed with He-
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Tabie 1. Isolations of measles virus from
lymph node biopsies of SSPE patients.

Patient Age Sex  Isolation
No. 1 (D.F.) 13 F —
No. 2 (R.S) 7 M —_
No. 3 (M.H.) 12 F +
No. 4 (C.T.) 11 F —
No. 5 (K.F.) 10 F +

La cells. However, in this case, the
agent switched from its suppressed
form to a fully replicative stage only
after two subcultures of the mixed cul-
ture, hence suggesting that this isolate
was somewhat less virulent than the
previous one. In fact, this proved to
be the case by HA and infectivity
assays in which the virus isolated by
cocultivation from patient No. 5
yielded an HA titer of 1:2 and an
infectious titer of 103-3 per milliliter,

_even after two additional passages in

HeLa cultures.

Filtration experiments performed
with both isolates established that the
released viruses from the mixed cul-
tures could pass Millipore membranes
with pore sizes of 0.8 and 0.45 um.
Membranes with a pore size of 0.22
pm retained most of the virus. Neutral-
ization tests, in which we used serial
dilutions of SSPE and normal serum
samples with 10 and 100 TCIDjy, (tis-
sue culture infective dose, 50 percent
effective) of these isolates and a stan-
dard Edmonston strain of measles
virus, showed that all these viruses
were equally neutralized by equivalent.
dilutions of serums.

Tissue from each node was prepared
for electron microscopy by fixation in
cacodylate-buffered 2 percent glutaral-
dehyde, postfixing in Dalton’s chrome-
osmium, and embedding in Epon and
Araldite. Ultrathin sections were cut
and double-stained with uranyl acetate
and lead citrate. Intracytoplasmic fila-
mentous structures, suggestive of para-
myxovirus nucleoprotein, were seen in
the node tissue from SSPE patient No.
3. These filaments, however, could not
be considered as conclusive evidence
of myxoviruses since reticular fibers
may have similar configurations.

Tissue culture and electron micros-
copy studies performed with the five
control lymph node biopsies from chil-
dren and young adults failed to show
evidence of measles virus.

It is of interest that the two isola-
tions were obtained from patients show-
ing early clinical symptoms of the dis-
ease, while the patients from which

measles virus could not be isolated
were in later stages of SSPE, with

~severe mental and motor impairment.

One hypothesis that emerges from
this observation is that a chronic intra-
cellular viremia persists during the in-
cubation period of SSPE. Since nat-
urally occurring measles produces
viremia, it is not unreasonable to pos-
tulate that in SSPE patients this viremia
may continue intracellularly by virtue
of a specific deficiency in cell immu-
nity, either congenital or measles-in-
duced. These measles-carrier white cells
would eventually move into the lymph
node and then finally into the central
nervous system to initiate the neuro-
logical phase of SSPE.

The data presented here reveal that
the suppressed measles virus infection
observed in SSPE is not restricted to
the brain alone. Moreover, the pres-
ence of a latent, intracellular measles
virus in the lymph node cells of two
patients suggests a tolerant infection
with specific defectiveness of the cellu-
lar immunity. The presence of an
aberrant immunological condition war-
rants further and detailed examination
of the immune competence of SSPE
immunocytes, particularly in the pres-
ence of measles antigens.
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