the esterase or the epoxide hydrase re-
sponsible for JH metabolism, we have
evidence (9) that other JHA may act
through epoxide hydrase activation. The
initial response of insects treated with
each type of material is of course dif-
ferent though the end result, disrup-
tion of development, is apparently the
same.

Our data may indeed provide the
basis for a more rational approach to
the design and development of a variety
of compounds with potential JTHA ac-
tivity.

MICHAEL SLADE
C. F. WILKINSON
Department of Entomology,
Cornell University,
Ithaca, New York 14850
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Human Papovavirus (JC): Inductien of Brain Tumors in Hamsters

Abstract. Eighty-three percent of hamsters inoculated at birth with JC virus,
a human papovavirus isolated from brain tissue of a case of progressive multi-
focal leukoencephalopathy, developed malignant gliomas within 6 months. Three
brain tumors have been serially transplanted as subcutaneous tumors. JC virus
was isolated from five of seven tumors tested. Cells from four tumors were culti-
vated in vitro. These cells contained an intranuclear antigen with the character-
istics of a T antigen, and this antigen was antigenically related to SV40 T antigen.
Although virus was not recovered from extracts of serially cultured tumor cells,
JC virus was rescued when one tumor cell line was fused with permissive cells.

A new human papovavirus, JC virus,
was recently isolated (I) from brain
tissue of a case of progressive multi-
focal leukoencephalopathy (PML). Al-
though PML is a degenerative disease
of the brain of man, the scattered
giant astrocytes usually present in the
lesions cannot be distinguished from
the malignant astrocytes of pleomor-
phic glioblastomas (2). This obser-
vation in itself could raise a question
concerning the oncogenic potential of
this virus, but, in addition, the follow-
ing points suggest that the tumor-in-
ducing capacity of JC virus should be
examined: (i) JC virus belongs in that
subgroup of papovaviruses (polyoma,
SV40) that have a strong capacity for
transforming cells in vitro and for in-
ducing tumors in laboratory animals;
(ii) JC virus is found in deep tissues
of man (in contrast to the human
papilloma virus); and (iii) approximately
75 percent of adults have serum anti-
body against JC virus, which is evi-
dence of infection by this virus (3).
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The data presented here are part of
such an examination and indicate that
JC virus is strongly oncogenic in the
central nervous system of hamsters.

JC virus is distinct from polyoma,
SV40, and other papovaviruses in
several respects (I); however, we have
unpublished evidence of a weak rela-
tionship between JC and SV40 virion
antigens. Because of this relationship
and because polyoma virus and SV40
are known to be highly oncogenic in
newborn hamsters, care was taken to
reduce the possibility that the observed
effects could be due to adventitious
SV40 or polyoma viruses.

Golden Syrian hamsters (Mesocri-
cetus auratus from Lakeview Hamster
Colony, Newfield, New Jersey) less
than 24 hours old were inoculated both
intracerebrally and subcutaneously with
JC virus or with control material. In-
oculation was into the right cerebral
hemisphere and under the skin over the
shoulders. The virus dose in each site
was 108 TCIDjg, (tissue culture infec-

tive dose, 50 percent effective) (2048
hemagglutinating units) in 0.02 ml.

The virus inoculum was from the
third passage in primary human fetal
glial (PHFG) cell cultures (I) and
was concentrated and partially purified
by differential centrifugation. The con-
trol inoculum was a concentrated and
partially purified extract of uninfected
PHFG cells. The inocula were cultured
for mycoplasma (4) with negative re-
sults. That the virus inoculum had the
characteristics typical of JC virus was
checked by inoculation onto PHFG
cells and two cells derived from Afri-
can green monkey kidney cultures
(Vero and CV-1). JC virus does not
produce cytopathic effects in Vero or
CV-1 cells, but SV40 virus does. Dur-
ing a 21-day observation period, cyto-
pathic effects were seen only in the
PHFG cultures, and only JC viral anti-
gen was detected (in the PHFG cul-
tures) when inoculated cultures of all
three cell types were stained by the in-
direct immunofluorescent technique
with anti-JC, anti-SV40, and anti-
polyoma serums.

There was no evidence of acute
disease caused by the inocula. Sixty-
three of 100 hamsters inoculated with
JC virus and 39 of 69 inoculated with
control material survived the initial
manipulations and were placed under
long-term observation.

Three months after inoculation, four
animals from each group were Kkilled,
and their tissues were examined for
gross and microscopic lesions. Although
no signs of disease had been seen in
these animals, one of the four inoculated
with JC virus had a definite micro-
scopic tumor deep in one cerebral
hemisphere. The other three had col-
lections of abnormal cells in the brain
that suggested early tumor foci. The
control hamsters showed no evidence
of disease.

Approximately 4 months (123 days)
after inoculation overt signs of central
nervous system disease were recognized
in a JC virus—inoculated hamster. Ad-
ditional animals with signs of central
nervous system disease appeared at a
fairly steady rate of five or six per
week. Central nervous system disease
usually was signaled by decreased ac-
tivity, somnolence, unsteady gait, and
circling. In order to obtain fresh tis-
sues, most animals were killed within
5 days after onset of signs of disease;
otherwise they usually died within 10
days.

Six months after inoculation the
nine remaining JC virus-inoculated
hamsters and the control animals were
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killed. A complete autopsy was per-
formed on every animal in this experi-
ment, and the tissues were fixed in 10
percent formalin. Blood was collected
at death whenever possible. All of the
serums (51 from JC virus—inoculated
hamsters and 37 from control animals)
were tested for antibody against JC
virion coat protein by using the hemag-
glutination-inhibition technique (3).
Twelve serums, all from JC virus—
inoculated animals, had detectable anti-
body.

The only significant pathologic find-
ings were related to brain tumors in
the JC virus—inoculated group. Table
1 provides a summary of the results.
Tumors were found in all the major
areas of the brain with some preference
for the thalami and the cerebellar cor-
tex. In gross appearance, the tumors
were gray in color and ranged from 2
to 7 mm in diameter. On microscopy,
the tumors were found to be malignant
and of glial origin. Many contained
bizarre giant cells. Most of the tumors
were glioblastomas (Fig. 1), medul-
loblastomas, or unclassified primitive
tumors. Papillary ependymomas were
found in two animals only. Most brains
contained multiple tumors, and it was
not uncommon for tumors of different
histologic appearance to be located in
the same brain. No metastases were
found in other organs, and no tumors
were observed at the site of the sub-
cutaneous inoculation.

Transplantability of the tumors was
tested with tissue from seven animals.
Excised tumor tissue was broken up
by repeated aspiration and ejection
from a pipette and by forcing through
a 20-gauge hypodermic needle. Each
tumor suspension was injected sub-
cutaneously (0.2 ml) into two wean-
ling hamsters. Within 1 to 2 months,
six tumor cell suspensions had de-
veloped into progressively growing sub-
cutaneous tumors. One tumor suspen-
sion caused small (< 1 cm) nodules
within 2 months, but these did not in-
crease in size. Three of the progres-
sively growing tumors were selected for
serial transplantation and are now in
the fifth subcutaneous passage.

Attempts were made to isolate JC
virus from tumor tissue of seven ani-
mals. Each tumor was disrupted by
forcing it through a 20-gauge hypo-
dermic needle and was suspended in
culture medium as a 10 percent sus-
pension. It was frozen and thawed
once and sonicated for 3 minutes at
20 kc/sec. Each suspension was then
layered over four cultures of PHFG
cells in Leighton tubes. The PHFG
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Table 1. Brain tumors appearing within 6
months in hamsters inoculated at birth with
JC virus.

Brain tumors¥*

Inoculum No. with tumors/ P:ﬁim
No. inoculated tumors
JC virust 521/63 83
Control
extract§ 0/39 0

*Tumors confirmed by histologic examination.
710¢ TCIDg, (2048 hemagglutinating units)
both intracerebrally and subcutaneously less than
24 hours after birth. {Three additional ham-
sters, not counted as positive, had only foci of
abnormal cells suggestive of early tumor forma-
tion. §Concentrated extract of normal primary
human fetal glial cells.

cell cultures were maintained with
twice-weekly changes of Eagle’s mini-
mum essential medium containing 3
percent fetal calf serum. After 3 weeks
of incubation, the cultures were ex-
amined for cytopathic effects. The cells
were then disrupted, a sample was
tested for hemagglutinin (3), and the
remainder was used to inoculate four
new PHFG cultures. These -cultures
similarly were examined for cytopathic
effects and hemagglutinin production
at the end of 3 weeks.

A virus was recovered from five
tumors. The virus was identified as JC
virus in each instance by demonstra-
tion of a hemagglutinin characteristic
of JC virus (3) and by use of the in-
direct immunofluorescent technique to
test for viral antigen. Cells in infected
cultures contained antigen that reacted
with antiserum against JC virus but
did not react with antiserums against
SV40 or polyoma virus. No virus was
isolated from two tumors.

An effort was made to establish cells

s £
o - -

dat . P
Fig. 1. An extrem

ely cellular, pleomorphic tumor

in culture from five tumors and from
brain tissue of two control animals. Tis-
sue was minced and expressed through
a 20-gauge hypodermic needle. It was
planted in plastic flasks in Eagle’s mini-
mum essential medium containing 10
percent fetal calf serum. Cells from four
of the tumors were successfully grown
and are in the 10th to 31st subcul-
ture. Brain cells from control animals
could not be carried beyond the first
culture.

The serially cultured tumor cells
were tested for the presence of JC
virus coat protein by the indirect im-
munofluorescent test with the use of a
rabbit anti-JC virus serum known to
be potent in labeling JC antigen in in-
fected PHFG cells. All four tumor cell
lines were negative. They were also
negative in tests using antiserums against
SV40 and polyoma coat protein.

Most cultured tumor cells contained
an intranuclear antigen that reacted
with serum collected from certain of
the tumor-bearing hamsters. This anti-
gen was similar to the T antigens
described for other papovaviruses (5)
in that it filled the nucleus but spared
the nucleoli and was heat labile (56°C
for 30 minutes). Thirty of the 5!
serums collected from JC virus—inoc-
ulated hamsters had antibody against
this antigen, as detected by indirect im-
munfluorescent tests. Serums from 21
JC virus—inoculated animals and all 37
serums available from control animals
lacked such antibody. When tumor cells
were reacted with antiserums against
SV40 and polyoma T antigens in in-
direct immunofluorescent tests, clear-
cut nuclear staining was observed with
the SV40 antiserum.

. glioblastoma multiforme) from
thalamic region of the brain. Paraffin section, hematoxylin and eosin stain (X 340).
Bar represents 0.1 mm. :
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Cross-reactions among the T antigens
of papovaviruses have not been re-
ported previously. Therefore, it was
necessary to investigate the cause of the
observed reaction between the cultured
hamster tumor cells and SV40 T anti-
serum. The relationship between JC and
SV40 T antigens was investigated in
PHFG cultures, and it was established
that the T antigens of these two viruses
are related. Cultures of PHFG were
inoculated with a mixture of JC virus
and a potent SV40 neutralizing anti-
serum. Twenty days later, many cells in
the culture contained a nuclear anti-
gen that reacted with the SV40 T anti-
serum in immunofluorescent tests (6).

One tumor cell line, HIC-15, started
from a mixed malignant glioma of
astrocytic and ependymal derivations,
was selected for further study. No in-
fectious virus was recovered from this
cell line when a sonicated suspension
of 5 X 105 cells at the 12th passage
level was inoculated into PHFG cell
cultures (42-day observation period).

JC virus was rescued from the 14th
subculture of HIC-15 cells after fusion
with PHFG cells with the use of
Sendai virus inactivated with [-pro-
piolactone. Suspensions of 2 X 106
HIJIC-15 cells were fused with 3 x 106
PHFG cells or 2 X 108 Vero cells with
the use of 4000 hemagglutinating units
of Sendai virus in 2 ml (7). Each fused
cell suspension was planted in two
plastic flasks (250 ml) in maintenance
medium. After 16 days of incubation
at 37°C the cells were disrupted by
freezing and thawing followed by soni-
cation. A thick suspension of cell debris
from the HIJC-15: PHFG fused cul-
tures was layered on PHFG cells in
Leighton tubes, while that from the
HJC-15 : Vero fused culture was
layered on CV-1 cells. These cultures
were fixed 21 days later and tested for
viral coat protein antigens with im-
munofluorescent techniques using anti-
serums against both JC and SV40
viruses. Many cells in the PHFG cul-
tures contained antigen that reacted
with JC virus antiserum only, whereas
the CV-1 cells were negative with both
antiserums.

This initial experiment demonstrates
that a human papovavirus (JC), which
is associated with a demyelinating
disease of the brain, is capable of in-
ducing malignant gliomas in a high per-
centage of hamsters inoculated intra-
cerebrally as newborns. The majority
of these gliomas are of types not pre-
viously reported to be induced by
papovaviruses in in vivo experiments.
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In hamsters, SV40 virus induces glial
tumors of the ventricular lining
only (ependymomas, papillary ependy-
momas, or plexus papillomas), while
polyoma virus induces mesenchymal
tumors in the brain (8). The rescue
of JC virus from hamster tumor cells
by fusion with permissive cells is evi-
dence for the continued presence of the
JC virus genome in the cultured tumor
cells.
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Stimulus-Coupled Secretion of y-Aminobutyric Acid from

Rat Brain Synaptosomes

Abstract. Synaptosomes treated with radioactive y-aminobutyric acid can be
stimulated to release this substance. The release is maximal within 40 seconds after
stimulation and is dependent on calcium. Magnesium and manganese ions, known
to block stimulus-secretion coupling processes, depress calcium-dependent release.
This release is specific to synaptosomes because microsomal or myelin fractions
do not release accumulated y-aminobutyric acid. The data illustrate a simple in
vitro system suitable for analysis of secretion of y-aminobutyric acid in brain and
in addition describe several new aspects of uptake and secretion of this compound

at brain nerve endings.

Understanding the mechanism of
synaptic transmission is essential for
understanding brain function. Although
synaptic transmission is chemical in
nature, few chemical techniques are
available to directly study the process.
In particular we need to understand (i)
the nature of the secretory process; (ii)
the nature of the transmitters secreted;
and (iii) the action of drugs which af-
fect neuronal transmission. Ideally in
order to study function at chemical
level, it is essential to study the synapse
directly. Centrifugation techniques have
made it possible to isolate presynaptic
endings (synaptosomes) in abundance
and in fairly pure fractions from the
central nervous system. It has now been
demonstrated that the function of syn-
aptic endings can be studied in vitro
under a wide range of controlled con-
ditions.

Studies from several laboratories in-
dicate that putative transmitters are re-
leased from synaptosomal fractions (/,
2). However, specific criteria required

for demonstration of transmitter release
have not yet been met. Investigations on
neurosecretory activity of isolated syn-
aptosomes require that a number of
criteria must be met in order to assume
that the observed chemical changes
are due to stimulus-induced secretion:
(i) The appropriate stimulus should trig-
ger a very rapid efflux of neurotrans-
mitter; (ii) the secretion should be Ca-
dependent; (iii) the secretion should be
blocked by Mg and other antagonist
divalent ions; (iv) the secretion should
be specific to synaptosomes; and (v) the
Ca-dependent secretion should be dis-
tinguished from possible artifacts of the
system such as blockage of reuptake
and surface exchange. All of these cri-
teria are general properties of stimulus-
secretion coupling processes found in
various systems in vivo (3).

We have characterized a functional
synaptosomal system for the release of
y-aminobutyric acid (GABA) which
meets all of the criteria listed above. To
study transmitter release, synaptosomes
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