Table 1. Endogenous tissue levels of cyclic AMP. Values are expressed as the mean = standard
error of the mean of quadruplicate determinations, The number of animals is indicated in

parentheses.
Tissue High cholesterol diet Control diet
(pmole/ug of DNA) (pmole/ug of DNA)
Aorta

Lesion 024 +0.03 (6)*

No lesion 0.09 = 0.009 (6) 0.09 = 0.004 (8)
Heart 0.46 = 0.06 (7) 0.40 =0.02 (6)
Liver 0.30 = 0.03 (12) 0.32 = 0.04 (10)
Skeletal muscle 0.63 = 0.07 (11) 0.67 =0.10 (7)
Diaphragm 0.99 +0.12 (5) 0.85 = 0.11 (5)
#* P <.001.

areas without lesions. Those aortas hav-
ing an insufficient amount of lesion in
the designated area were withdrawn
from analysis. All tissues were lyophi-
lized and stored at —20°C until used
for determination of endogenous cyclic
AMP content as described by Steiner
and co-workers (5). Results obtained
from tissues fixed in liquid nitrogen
were identical to those obtained with
trichloroacetic acid fixation. Cyclic
AMP is reported as picomoles per mi-
crogram of tissue DNA (6).

Plasma cyclic AMP, cholesterol, and
triglyceride concentrations from one
experiment (eight experimental, eight
control animals) are shown in Fig. 1.
Cyclic AMP concentrations were not
determined for week 7 because of a
technical error. There was a significant
rise in cyclic AMP in the plasma after
week 1 of the cholesterol diet, coin-
cident with the expected increase in
plasma cholesterol. The plasma cyclic
AMP concentration of cholesterol-fed
animals remained significantly elevated
(P < .001), with some week-to-week
variation, throughout the course of the
experiment. However, it did not equal
the 43-fold overall increase in plasma
cholesterol or the 4-fold overall increase
in plasma triglycerides. Data from the
other experiment supported these con-
clusions. Such a time-independent but
significant increase in the concentra-
tion of cyclic AMP is consistent with
its role as a “second messenger,” that
is, a transducer of physiological signals
designed to elicit specific biochemical
responses without itself effecting the
biochemical response (7).

The change in the circulating cyclic
AMP level demonstrated in the plasma
suggested the possibility of a change
in the tissue concentration of cyclic
AMP. Measurement of endogenous
cyclic AMP in several tissues from ran-
domly selected animals from both ex-
periments (Table 1) showed a signifi-
cantly higher concentration in athero-
sclerotic lesion areas in aortic intima-
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media than in adjacent areas where there
were no lesions (P < .001). Likewise, the
cyclic AMP in lesion areas was higher
than that in the aortic intima-media of
control rabbits. There was no significant
clevation of cyclic AMP in heart, liver,
skeletal muscle, or diaphragm of the
animals on a high cholesterol diet. The
specificity of the increase for aortic
lesion areas is of special interest in
light of the fact that, at 9 weeks, the
liver and aorta of animals on the high
cholesterol diet had large accumula-
tions of lipid.

The increase in cyclic AMP concen-
tration in plasma and lesion areas is
compatible with a disease process char-
acterized by increased lipid permeabil-
ity and increased cell proliferation.
Strange and co-workers (8) noted an
elevation of plasma cyclic AMP con-
centration during the first few hours
after the onset of symptoms of acute
myocardial infarction in man. Bricker
and Levey (9), using a mammalian
liver system, have presented evidence
that cyclic AMP may be involved in

regulating acetyl-coenzyme A incorpo-
ration during de novo fatty acid and
cholesterol synthesis. The significance
of cyclic AMP concentrations in
atherosclerosis has not yet been estab-
lished. It may be involved in the patho-
physiology of the disease, or it may be
a secondary consequence. The observa-
tion is important because of the regu-
latory function of cyclic AMP in many
cellular processes and because, in plas-
ma, the concentration increase can be
demonstrated as early as the increase
in plasma cholesterol.
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Measles Virus: An Unwanted Variant Causing Hydrocephalus

Abstract. Mutagenization of measles virus with proflavine produced a tempera-
ture-sensitive mutant capable of inducing hydrocephalus following intracranial
inoculation of newborn hamsters. Hydrocephalus was not produced by the parental
strain or by other measles virus mutants. Thus, mutants can be the causative
agents of disease not associated with the parental strain. The results dictate cau-
tion in the use and distribution of experimentally induced virus variants.

Intracranial inoculation of suckling
hamsters with mumps virus not adapted
to replication in the brain resulted in
the induction of hydrocephalus (1).
Hydrocephalus, characterized by aque-
ductal stenosis, was similarly produced
with high frequency by intracranial in-
oculation of influenza virus Ao and
parainfluenza virus type 2; but it was
not produced by measles virus (2).
We now report that a mutant strain
of measles virus induced hydrocepha-

lus whereas the parental strain did not.

Temperature-sensitive (ts) mutants
of measles virus were isolated after the
virus had undergone chemical muta-
genesis (3) and were examined for
their neurovirulent potential in the
newborn golden Syrian hamster (4).
During these initial experiments, it was
observed that, of eight hamsters autop-
sied between 18 and 49 days after intra-
cranial inoculation with ts mutant G
(tsG), six showed hydrocephalus char-
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acterized by extreme dilation of the
lateral ventricles. An additional two ani-
mals killed after 8 months showed
similar pathology. This mutant had been
derived after treatment of the parental
measles virus with proflavine (7.5 pg/
ml). To determine whether tsG could
reproducibly induce hydrocephalus with
high frequency, we inoculated new-
born hamsters with tsG previously
treated with either specific antiserum to
measles virus or with nonimmune serum
(5). Of 55 animals examined between
14 and 33 days after inoculation with
nonneutralized virus, 42 (76 percent)
were hydrocephalic (Table 1). Hydro-
cephalus occurred in all litters, ranging
in frequency from 50 to 100 percent
of the hamsters. There were degrees
of hydrocephalus ranging from mod-
erate to severe dilation of the lateral
and third ventricles with disruption of
normal brain structure (Fig. 1). Mutant
G was recovered from the brains of
two hydrocephalic animals tested for
the presence of the virus 14 and 18
days after inoculation. Examination of
the 18 hamsters inoculated with “neu-
tralized” virus revealed that only one
animal developed a moderate case of
hydrocephalus; the pathogenesis of hy-
drocephalus was therefore inhibited by
specific antibody to measles virus
(P >.001; Fisher's exact two-by-two
test). The stenosis of the midportion of
the aqueduct was characterized by a
loss of ependymal cells and the presence
of inflammatory cells in the ependymal
cell layer as well as within the aqueduct.
Extensive resolution of inflammation
was observed 1 month after inoculation.
The inflammatory process associated
with hydrocephalus was similarly pre-
vented by prior treatment with immune
serum.

Pressure of the cerebrospinal fluid
often resulted in distension of the brain
with a caudal-ventral displacement of
the cerebellum. Many of the hydro-
cephalic animals had deformed dome-
shaped skulls. Although some animals
exhibited ataxia, most hydrocephalic
animals were asymptomatic even as long
as 8 months after inoculation.

The ability of mumps virus to induce
hydrocephalus was not associated with
a specific strain, but was due rather to
an inability to produce acute encepha-
litis. Attenuation of neurovirulence does
not account for the ability of tsG to
induce hydrocephalus, as this encepha-
lopathy did not evolve as a sequel to
intracranial inoculation of five other
similarly attenuated ts mutants of mea-
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Table 1. Incidence of hydrocephalus after intracranial inoculation of measles virus. Hamsters
were inoculated with 3 X 10* plaque-forming units within 24 hours of birth.

Animals

Hydro-

Inoculum autopsied cephalus Per-
(No.) (No.) cent
Noninfected cell homogenate 22 0 0
Parental virus 6 0 0
Five other ts mutants (combined data) 43 0 0
Ts mutant G (untreated) 11 8 73
Ts mutant G (prior treatment
with nonimmune serum) 55 42 16
Ts mutant G (prior treatment
with immune serum) 18 1 5

sles virus (Table 1). It is obvious that
some property unique to tsG is respon-
sible for its unusual ability to produce
hydrocephalus. The pathogenetic mech-
anism of this unexpected neurological
disorder remains to be determined. It
has been suggested that a mutant strain
of measles virus may be involved in the
pathogenesis of subacute sclerosing pan-
encephalitis (6). Our observation that
tsG, unlike other strains of measles
virus, produced hydrocephalus is in
agreement with the reported alteration
of neuropathogenic properties of ts
mutants of reovirus (7). These findings
support the concept that mutants can
indeed induce aberrant disorders not
observed during infection with the wild-
type virus.

Recently, there has been increasing
controversy concerning the advisability
of conducting genetic experiments in-
volving the production of new autono-
mously replicating bacterial plasmids,
hybrids of animal virus and plasmid
DNA molecules, and recombinant in-
fluenza viruses (8). It is also possible

Fig. 1. The induction of hydrocephalus by

intracranial  inoculation of newborn
golden Syrian hamsters with 3 x 10*
plaque-forming units of ts mutant G of
measles virus. The coronal section on the
left is from an animal that was inoculated
33 days earlier with mutant G that had
been treated with measles virus-specific
antiserum. Hydrocephalus is absent. The
coronal section on the right is from an
animal that was inoculated 33 days earlier
with mutant G that had been first treated
with nonimmune serum. The severe hydro-
cephalus results in disruption of normal
brain architecture. The abnormally di-
lated third ventricle (arrow) can be ob-
served at the ventral aspect of the brain.

to select for measles virus variants that
are resistant to neutralization (9). Our
studies demonstrate that in isolating ts
mutants, the “workhorse” of animal
virus genetics, one may inadvertently
produce mutants capable of inducing
diseases not associated with the parental
strain. Therefore, it is our opinion that
virus mutants should be considered po-
tentially more hazardous than the pa-
rental strain and should be handled and
treated accordingly.
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