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The deliberate obtaining of experimental meningeal tumors in inexpensive and convenient 
small laboratory animals would provide a model of the utmost importance for research. In 
our view the solution of this problem could lie in the fact that viruses have affinity for 
particular tissues. To test this hypothesis we used mesenchymotropic avian myeloblastosis 
virus (AMV) and chicken meninges, which arise from mesodermal anlagen [i]. 

EXPERIMENTAL METHOD 

The virus, a commercial preparation of AMV (strain BAJ-A) [4], in a titer of i09-i0 ~2, 
was supplied by the Institute of Poliomyelitis and Virus Encephalitis, Academy of Medical 
Sciences of the USSR. The experimental animals were chickens within 48 h after hatching: 
White Leghorn (Anya cross) and noninbred. To obtain meningeal tumors the chickens were 
anesthetized with ether and 0.01 ml of inoculum was injected from a tuberculin syringe 
through the cranial skin and bone into the left cerebral hemisphere, beneath the meninges; 
in the case of tumors of the cerebellar meninges the same volume of ineculum was injected 
into the left half of the occiput, into the subtentorial space. After inoculation the 
chickens were kept 5 or 6 at a time in wire netting cages. The birds were inspected twice 
a day. Chickens which died or were in an agonal state were immediately autopsied. The 
material was placed in neutral or acid 10% formalin solution. After fixation the brain was 
separated from the cranial bones, taken through alcohols of increasing strength, and imbedded 
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Legend. *) Undifferentiated brain tumors, **) Rous sarcomas, RSV) Rous sarcoma virus. 
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Fig. i. Benign cerebral meningiomas: a) menin~ioma arising between the cerebral 
hemispheres. 70x~ b) the same preparation. 700x; c) meningioma on lateral 
surface of brain. 450x; stained with hematoxylin and eosin. 

Fig. 2. Benign cerebellar meningiomas: a) meningioma growing on surface of cerebellum 
and wedging itself between its lobules. 90x. Stained with cresyl violet by Nissl's 
method; b) meningioma of cerebellum and occipital lobe of brain. 70x; c) the same pre- 

paration. 700x. Stained (b, c) with hematoxylin and eosin. 

in paraffin wax. Sections 4-5 U thick were stained with hematoxylin and eosin, by the methods 
methods of Nissl, Van Gieson, Snesarev, Foot, and Mallory, and with orcein for elastic fi- 

bers. 

EXPERIMENTAL RESULTS 

Meningeal tumors were induced in 12 experiments on 142 chicks aged 1-2 days, including 
54 White Leghorn (Anya cross) and 88 noninbred (the control consisted of 18 Anya cross, 3 
White Leghorn, and 13 noninbred chicks). A few minutes after inoculation most of the chicks 
came to, fought actively, and took food and water; only a few birds remained motionless and 
appeared stunned for a time. Clinical signs of the disease were usually observed after 7-9 
days. As a rule the affected chicks ceased to move and acquired an ungroomed appearance, 
and after 1-2 days drooping of one or both wings was observed. An almost characteristic 
pose then appeared: the wings spread out, one leg spastically extended and the other flexe~ 
the head dipped, and the beak resting on the floor of the cage. After the first clinical 
manifestations appeared, death was usually fairly rapid -- after 3-4 days. 

Table 1 gives the yield of meningiomas and the results of the control experiments. 
Clearly meningiomas developed in 22 (66.7%) of the 33 Anya cross chicks and in 25 (33.3%) 
of the 75 noninbred chicks inoculated intracerebrally with AMV. Cerebellar meningiomas also 
were obtained in many of the inbred and noninbred chicks inoculated intracerebrally with AMV. 

Cerebellar meningiomas were found in 18 of 33 inbred chicks infected with AMV intra- 
cerebrally in doses of 0.01 and 0.02 ml. The dose of virus had a direct effect on the yield 
of tumors. For instance, with a dose of 0.01 ml the yield of meningiomas was 43.4%, compared 
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Fig. 3. Malignant cerebral meningiomas: a) invasion of and metastasis 
formation in brain tissue. 90• b) multiple metastases in brain tissue. 
90• Stained with cresyl violet by Nissl's method. 
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with 80% with a dose of 0.02 ml. In a dose of 0.01 ml the virus induced meningiomas in 17 
(22.6%) of 75 noninbred chicks. Besides meningiomas, some chicks developed chorionepithelio- 
mas, sarcomas, and undifferentiated tumors. In a group of 33 Anya cross chicks CNS tumors 
were found in three cases, compared with 27 cases in a group of 75 noninbred chicks. 

Quite different results were obtained in the control groups. The "age control," for 
instance, showed that, other conditions being the same, Anya cross chicks aged 7-8 days do 
not develop meningiomas either after intravenous injection of the virus or after intracere- 
bral injection of blood serum from healthy chicks. Tumors of the CNS that were not meningio- 
mas were obtained in some control groups. For example, after intraeerebral inoculation of 
four chicks with Rous virus, three developed sarcomas. 

The morphological types of the meningiomas are given in Table 2. Although a detailed 
description of the cellular structure of the meningiomas will not be given, it is important 
to emphasize that the morphological pictures of the cerebral and cerebellar meningiomas in 
the same bird were analogous. 
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Thus AMV was found to possess the hitherto unknown property of inducing tumors of vari- 
ous CNS tissues. The tumors most frequently found were cerebral and cerebellar meningiomas. 
The pathomorphological types of meningiomas differed, but on the whole they corresponded to 
the WHO classification of these tumors [2, 3]. Some types included in the WHO classifica~ 
tion were not found in our material. The absence of psammomatous meningiomas was evidently 
accounted for by age of the birds (they were too young) and by the rapid course of the dis- 
ease. In the frequent meningotheliomatous meningi0mas there was often a tendency toward the 
formation of concentric figures. Fibroblastic meningiomas were characterized by intensive 
foci of proliferation of fibrous tissue containing comparatively few cells. 

~xed meningiomas contained about equal numbers of cells of fibroblastic and meningo- 
theliomatous forms. Meningiomas in which tumor cells arose around blood vessels, forming 
cuffs, were very interesting. During development of the tumor its cells invaded the vessel 
wall and a group of concentrically arranged cells appeared at that site. Signs of hyaliniza- 
tion were sometimes observed in the center of these concentric figures. It can be tentative- 
ly suggested that the meningiomas just described have a mechanism of formation similar to 
that of hemangiopericytic meningiomas in man. The mutual arrangement of the tumors and the 
brain is of great interest. In the cerebrum, more or less flat (saucer-shaped) meningiomas 
merely compressed the brain substance without damaging its structure (Fig. i: a~ b, c). 
Nodular meningiomas pressed into its substance, forming conspicuous depressions. Meningiomas 
of the cerebellum covered the surface of its lobules in strongly developed layers and wedged 
themselves between the lobules (Fig. 2: a, b, c). If a meningioma began to form between 
the lobules, on section it was spindle-shaped in appearance. As a rule the meningiomas 
simply "surrounded" the lobules of the cerebellum without penetrating into their substance. 

Anaplastic meningiomas invaded the molecular layer of the cortex and spread along blood 
vessels quite deeply into the brain tissue (Fig. 3a, b). 

In conclusion it must be emphasized that no metastases or primary tumors [6] were found 
in the internal organs of either the experimental or the control chickens. It is evident 
from the data obtained that avian myeloblastosis virus (strain BAJ-A) gives rise to tumors 
of the cerebral and cerebellar meninges in young birds (chickens) in a high percentage of 
cases [7]. 

This conclusion is evidence in support of the viral etiology of the origin of meningio- 
mas, although o~her factors also undoubtedly exist: trauma, chemical carcinogens, radiant 
energy, etc. [5], which may be capable of inducing diseases such as these. 

Thus avian myeloblastosis virus induces meningeal tumors in a high percentage of cases 
in White Leghorn (Anya cross) chicks and less frequently in noninbred chicks. According to 
the WHO classification meningiomas induced by AMV belong to five principal types: meningo- 
theliomatous, fibroblastic, mixed, angiomatous, and anaplastic. Each type of meningioma in 
chicks corresponds in its basic features -- shape, cell composition,lrelations with underlying 
tissues -- to its human analog. Furthermore, in a small percentage of cases other CNS tumors 
also may be found. The avian myeloblastosis virus was shown to possess a hitherto unknown 
property -- that of inducing other CNS tumors besides meningiomas. 
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