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Groups of F-344 rats were inoculated with the Bratislava-77 strain of avian sarcoma
virus (B-77-ASV) within 24 hours of birth, at 9 days of age, or between 97 and 119 davs
of age. Intracranial tumors developed in each age group. Multiple tumors with mixed
histologic patterns developed in rats inoculated at 1 or 9 days of age. Solitary tumors
with a uniform histologic pattern developed in rats inoculated as adults. On the basis of
light and electron microscopic study, the majority of tumors in each age group were
classified as astrocvtomas and divided into either poorly differentiated, gemistocvtic,
pilocvtic, or polymorphic varieties. The polymorphic astrocytomas were most common
among neonatallv inoculated rats, while the pilocytic astrocytomas were most common
among rats inoculated as adults. Ultrastructural characteristics of astrocytes, including
gap junctions and 7- to 9-nm filaments, were present in the majority of tumors in each
age group. Astrocytomas induced in adult rats were remarkable for the presence of
extensive basement membrane along the astrocytic cell surfaces. Intracytoplasmic
virus-like particles (R particles) were common in the tumor cells. These virus-like
particles are morphologicallv distinct from C-type B-77-ASV, and no morphologic
evidence of C-type virus replication was observed in any of the tumors. (Am J Pathol
83:149-176, 1976)

INTRACEREBRAL INOCULLATION of inbred F-:344 rats with avian
sarcoma virus (ASV') induces a high incidence of cerebral gliomas after
short latency-;:2 moreover, in rats, adult as w ell as neonatal animals have
been sho-n to be susceptible to the neurooncogenic effects of cell-free
AS\'.2 The induction of glial tumors in adult inbred rats provides a model
for immunologic, transplantation, and therapeutic studies not feasible in
randomlr bred or neonatallv inoculated animals.2.
The majorit- of ASV-induced brain tumors in both neonatal and adult

F-344 rats have been classified as astrocytomas by light microscopy!
howvever, ultrastructural studies are critical for verification of glial charac-
teristics in experimental brain tumors.5 " In the case of virally induced
neoplasms as wvell as nonneoplastic disorders. ultrastructural studies are
equally essential for the definition of virus-cell interaction, for example,
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in Burkitt's l-mphoma.12 subacute sclerosing panencephalitis, 3 and pro-
gressix-e multifocal leukoencephalopathy.'41l exvidence implicating viral
participation in the pathogenesis of the disease %vas first uncovered by
electron microscopy. In the specific case of ASV, the replication of the
defective Br an strain in nonproducer cells wvas demonstrated by electron
microscopy 16 after attempts to demonstrate viral replication by other
means had failed.

For these reasons, w-e have undertaken a comparative study of brain
tumors induced by the Bratislaxva-77 (B-77 ) strain of ASV by inoculation in
both neonatal and adult F-344 rats. The presence of astrocytic ultrastruc-
tural features in the majority of tumors induced in both neonates and
adults. the formation of basement membrane in the astrocvtomas of the
adult group, and the absence of morphologic evidence for replication of
oncornavirus in these tumors is presented and discussed.

Material and Methods

Virus

(Cell-free. homogeneous subgroup C. B-77-AS\X mas obtained. gromvn. concentrated, and
titratedl b\ presiouslx described methods.

Rats

Pregnant F-:344 rats. CDF strain. mvere purchased from Charles River Laboratories.
Wilmington. Mlass. The size of the litters of these females \sas standardized to 8 pups
per female. Experimental animals wzere dra\-n from these litters at ages calculated by
counting the day of birth as the first postnatal day.

Inoculaion
Rats wsere inoculated at three ages swithin 24 hours of birth, at 9 days of age. and at 97 to

119 days of age. Virus \-vas delisvered in an inoculum of 0.005 ml (8.7 x 0l focus-forming
uIlnits in O.05 \1 sodium citrate buffer pH 6.7 Neonates and 9-day-old rats w-ere inoculated
by presiously described methods.2 Adult rats (97 to 119 days old) w-ere inoculated follos-
ing methoxyflurane anesthesia, incision of the scalp. and perforation of the parietal bone
p)sterior and lateral to the bregma w-ith a 1 16-inch diameter bit in a hand-held electric
drill. The siral inoculum \-as delisered through the perforation w-ith a 1 4-inch 30-gauge
nieedle. gastight microliter syringe. and automatic mechanical dispenser.

Fixation
Rats w-hich deseloped symptoms of intracranial mass lesions mvere anesthetized with

methoxv flurane and perfused through the left sentricle of the heart mvith buffered al-
dehvdes at a perfusion pressure of S0 to 95 cm of s-ater for 20 minutes. Four rats w-ere
perfused smith a cacodylate-buffered solution of glutaraldehyde and paraformaldehyde
initiallv at 20%- aldehyde concentration and then at full strength."718 The majority of
symptomatic rats swere perfused smith a single strength phosphate-buffered 4%c formal-
dehvde soluition.19
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Process for Mr
Following perfusion, the brain was removed and divided bv two midhorizontal slices 1

mm apart. Upper and lower portions were routinely processed and embedded w-hole in
paraffin for light microscopy. Horizontal sections 8 p thick were cut from these blocks and
stained with hemotoxvlin and eosin, phosphotungstic acid and hematoxvlin, Holzer's
technique, Gomori's reticulin technique, Van Gieson's method, Nellor's method, or Follis
and Netskv's modification of Cajal's technique. '-" Rats found dead were autopsied, and
brains fixed by immersion in phosphate-buffered formaldehyde 19 and processed as above
for examination by light microscopy only.
The 1-mm-thick midhorizontal section was postfixed for 2 to 72 hours by immersion in

fresh perfusate. Selected 1-mm blocks were then cut from this section and washed in 0.2 MI
sodium cacodvlate buffer, postfixed in 1% osmium tetroxide for 2 hours, stained en bloc
with 3% uranvl acetate,n dehvdrated in graded ethanols, and embedded in Epon. Thick
sections were cut at 1 p and stained with toluidine blue for light microscopy. Silver to gold
thin sections were cut on a Porter-Blum MT-i microtome, mounted on uncoated copper
grids, and examined at 80 kW in a Philips 300 electron microscope.

Resufts

A total of 146 rats were inoculated with B-77-ASV Of these, 47 were

inoculated within 24 hours of birth. Each animal in this group of 47
developed at least one tumor, and most developed multiple neoplasms.
One hundred and fortv-five tumors were identified in this group, for a
mean of 3.09 ± 1.23 tumors per animal inoculated. Mean survival among
the rats inoculated on the first postnatal day was 83.8 ± 21.5 davs with a

range of 39 to 132 days (Table 1).
Thirtv-seven rats were inoculated at 9 days of age. Fiftv-six intracranial

tumors were identified among these rats for a mean of 1.51 ± 0.84 tumors
per animal inoculated. Just as in the group of rats inoculated on the first
postnatal day, all rats inoculated at 9 days of age developed at least one

intracranial tumor. Mean survival for the 9-day group was 166.1 ± 66.2
davs, with a range of 54 to 323 days postinoculation.

Sixty-two rats were inoculated between 97 and 119 davs of age; 325

Table 1-Tumor Incidence and Survival in F-344 Rats Inoculated With B-77-ASV

Age at Animals with Mean survival
inoculation tumors/animals Tumors/animals Mean tumors/ postinoculation

(days) inoculated inoculated animal (days)
1 47/47 145/47 3.09 ± 1.23 83.8 ± 21.5
9 37/37 56/37 1.51 ± 0.84 166.1 ± 66.2

97-119 37/62* 38/62* 0.61 ± 0.23* 183.0 ± 74.4*
Total 121/146 239/146 1.64 ± 1.37 139.3 ± 71.9

Three hundred and twenty-five days after inoculation, 25 rats inoculated at 97 to 1 19 days
of age were still surviving and free of symptoms of tumor.
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dax-s after inoculation. 23 of these rats %vere still surviving and free of
neurologic symptoms. The :37 animals X -hich had died or been killed after
developing neurologic symptoms had a mean survival of 18:3.0 ± T4.4
dax-s and a range of 74 to :309 days post inoculation. Each of 37 rats in this
group x-hich died or w-as killed had dex eloped one intracranial tumor wvith
the exception of 1 animal which developed two tumors. A total of :38
tumors among the rats inoculated as adults gives a mean of 0.61 ± 0.32
tumors per animal inoculated and a mean of 1.0:3 ± 0.2:3 tumors per
moribund animal.
The tumors %vere classified on the basis of both light and electron

microscopy. Preserx-ation of ultrastructural detail bx- perfusion of phos-
phate-buffered formalin wvas judged to be equal to that achieved by
perfusion of cacodylate-buffered mixed aldehydes. On the other hand.
preparationis of formaldehy-de-fixed tissue %vere superior to para-
formaldeh!-de-glutaraldehN-de-fixed tissue for light microscopy. Com-
parison of blocks taken from formaldehyde-perfused brain and tumor
after 2. 24. and 7-2 hours of immersion in fresh buffered formaldehyde and
after 2 hours of postfixation in buffered formaldehyde, and 24 and 72
hours in sodium cacodv late buffer revealed no morphologic changes after
prolonged immersion in either fixative or buffer. Thus blocks for exam-
ination bx- electron microscopy could be selected from the 1-mm midhori-
zontal slice after examination of an hematoxvlin and eosin-stained hori-
zontal section of adjacent brain by light microscopy. This technique
greatly facilitated representative sampling of histologic patterns with a
minimum number of blocks for examination by electron microscopy. A
total of 28 tumors in 21 animals wvere studied b! both light and electron
microscopy. Ten of these tumors X -ere in 3 rats inoculated mvithin 24 hours
of birth: 11 tumors xwere in 9 animals inoculated at 9 day-s of age: and 7
tumors 'were in 7 animals inoculated betw-een 97 and 119 days of age.

Based on the results of both light and electron microscopx the tumors
x%ere divided into three broad categories: gliomas. sarcomas. and gliosar-
comas. The glioma category %vas further subdix-ided into four sutb-
categories: poorlx- differentiated astrocx-toma. gemistocytic astrocytoma.
pilocy tic astrocytoma. and poly morphic astrocx-toma. The distribution of
tumors among these categories for each age group is show-n in Table 2. A
descriptioni of the histologic and ultrastructural features of each txype
follows.

Astrocytomas

The astrocytomas presented a xariable morphologic picture in %-.hich
three main cvtologic types occurred in both homogeneous and mixed
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patterns. Long, bipolar astrocytes, large round gemistocytic astrocytes,
and small, poorly differentiated astrocytes could be found in most of the
tumors. When one cell type clearly predominated, it was possible to assign
the tumor to the corresponding astrocytic subeategory; when no cell type
clearly predominated the tumor was designated a polymorphic astrocv-
toma.

Certain ultrastructural features were characteristic of all of the astrocy-
tic cell types. Fine filaments 7 to 9 nm in diameter (Figure 18) were
present in cvtoplasm of all but the most poorly differentiated astrocvtes
(Figures 7 and 8) and were especially abundant in the long processes of
the pilocvtic astrocvtes (Figure 18). End views of the filaments permitted
visualization of a 2.5 to 4 nm hollow core (Figure 18). Gap junctions were
present between astrocytes of each main category but were most common
between the processes of pilocytic and poorly differentiated cells. A 2- to
3-nm gap between the outer leaflets of the apposed membranes was
demonstrable (Figure 15).

Poory Differentiated Aocytma

Tumors composed of dense sheets of small (4 to 8 ts) cells with high
nuclear/cvtoplasmic ratio, hyperchromatic oval nuclei, deeplv basophilic
cytoplasm, and frequent mitotic figures (Figure 3) were especially com-
mon in the periventricular region of rats inoculated at 1 or 9 days of age.
BN' electron microscopy, these tumors were composed of a mixture of cell
types forming a spectrum from very poorly differentiated forms with scant
cytoplasm, few cytoplasmic organelles, and very short processes (Figure 7)
to better differentiated fonns with profiles of granular endoplasmic reti-
culum, an occasional Golgi apparatus, and a few glial filaments in moder-
ately long processes which intertwined with the processes of adjacent cells
(Figure 8). Nuclei of these cells were typically single, irregular in contour,
with margination of nuclear chromatin and a central nucleolus (Figures 7
and 8).

Another component of the poorly differentiated tumors was a spongio-
blast-like cell. These bipolar cells had an oval nucleus and, typically, a
single nucleolus. A few profiles of rough endoplasmic reticulum, mito-
chondria, and an occasional Golgi were characteristicallv present at one
pole of the oval nucleus. Bundles of 7- to 9-nm filaments arose near the
nucleus and continued into long processes which contained, in addition to
the filaments, a few mitochrondria and free ribosomes (Figure 16). Junc-
tions were common between both the poorly differentiated and spongio-
blast-like cells.
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Gemisttoc Astrocytonas

Large, globoid cells with eosinophilic, hyaline. or foamy cytoplasm and
one or more eccentrically placed nuclei (Figure 3) wvere present as a minor
component in many of the neoplasms, however. only in rats inoculated at
1 day of age did cells of this type form discrete. homogeneous foci. Like
the poorly differentiated astrocytomas. the gemistocytic astrocytomas
were common in their periventricular regions of the lateral ventricles.
Gemistocv tic astrocytomas had a predilection for the hippocampus and
periventricular region of the temporal horn of the lateral ventricles while
poorly differentiated astrocvtomas showed a predilection for the peri-
v-entricular region of the basal ganglia. Although gemistocytic astrocytes
predominated in none of the tumors in rats inoculated after 24 hours of
age the distinctive large cells wvere present in multiple foci in many poorly
differentiated, pilocytic and polymorphic tumors. Gemistocvtic cells
seemed to shomv a propensity for dispersion in cysts and throughout the
subarachnoid space. In several different animals. gemistocy-tic astrocvtes
wvere observed to have invaded the stroma of the choroid plexus (Figure
13). \Mitotic figures were not so common among the gemistocytic as-
trocv-tes as in the poorly differentiated tumors, but when present they
wvere typically miltipolar and bizarre (Figure 3).
The fine structure of the gemistocytic forms was especially notewvorthy

for the richness and varietv of cvtoplasmic organelles and the character-
istic appearance of the gemistocytic nucleus. The nucleus Nvas alw-ays
eccentrically placed. Chromatin was usually finely dispersed but on occa-
sion Xwas clumped just beneath the nuclear envelope. One or more nucle-
oli were typically present. Invaginations (Figure 11) of the nuclear mem-
brane wvere common and in some cases so complex that it was impossible
to judge if cells had multiple nuclei or just one extremely complex nucleus
(Figure 12). In the center of the cell adjacent to the nucleus there was a
rich assortment of cytoplasmic organelles including: mitochondria. rough
endoplasmic reticulum. smooth endoplasmic reticulum. Golgi appara-
tuses. and lysosomes. Fine 7- to 9-nm filaments and rare 25-nm tublules
were interlaced through the organelles of this region (Figure 10). Lipid
droplets and cytosegresomes were also frequently present among the
cytoplasmic organelles. In some cases the cytosegresomes were so in-
timately apposed to the lipid droplets that transition bet'ween the t-o
seemed plausible (Figure 11). The periphery of the gemistocytic cells was
not so rich in organelles as the center and most often contained only
scattered free ribosomes in a matrix of glial filaments (Figure 10). Gemis-
tocytes had only very short processes, and junctions between gemistocytes

I EC
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were rare. In some regions, gemistocytic astrocytes were separated bv a
uniform 20- to 30-nm extracellular space, while in other areas the extra-
cellular space was much larger and the cell surface of the gemistocytic
cells was marked by numerous microvilli and pinocytotic vesicles (Figure
10). A basement membrane was present on the surface of the gemistocytic
astrocxtes only when juxtaposed to blood vessel walls (Figure 9).
No budding or extracellular C-type virus particles were observed in anv

of the tumors despite a thorough examination of more than 6,000 cells;
however, a not uncommon feature of the gemistocytic astrocytes was the
presence near the cistemae of the rough endoplasmic reticulum of clusters
of 73- to 80-nm virus-like particles (Figure 10). These particles, which
have been designated R particles and described in detail in a separate
report,23 consisted of a central core of 35 to 40 nm which was usuallv
electron dense but occasionally had an electron-lucent center, a round
peripheral shell about 7 to 8 nm thick, and spoke-like structures radiating
between core and shell (Figure 10). In no case did the outer shell appear
membranous even when the trilaminar structure of adjacent membranes
was clearly resolved. R particles were not seen in the extracellular space or
within the cisternae of the endoplasmic reticulum. While commonly seen
in gemistocvtic astrocvtes, they were also found in pilocytic astrocytes and
spongioblastic cells but were not seen in poorlv differentiated cells.

P -
The most common tumor tvpe among the rats inoculated as adults was

the pilocytic astrocytoma (Figures 4 and 6). These tumors were typically
solitarv and located in the region of the basal ganglia and cerebral cortex
(Figure 1). Unlike the poorly differentiated astrocytomas, the pilocytic
astrocvtomas were only rarely contiguous with the subependymal zone.
Serial sections confirmed that the tumors were entirely intraparencyhmal
and were not contiguous with the meninges or the cranial nerves. By light
microscopy this tumor was composed of intersecting streams of elongated
spindle-shaped cells with oval nuclei. Mitoses were not uncommon but
were not seen as frequently as in the poorly differentiated astrocytomas.
Trabecular zones of necrosis were common in this tumor variety, and a
dense network of reticulin in these necrotic areas around blood vessels and
extending between tumor cells for some distance away from the blood
vessel could be demonstrated by appropriate stains. Collagen deposition
was confined to the vascular adventitia. The tumor cells were relativelv
uniform in appearance, but an occasional foci of gemistocytic forms was
sometimes noted.
By electron microscopy the piloeytic astrocvtes were remarkable for the
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density of glial filaments in the long processes and for the frequent
presence of basement membrane along the cell surface (Figures 17 and
18). In manv sections, basement membrane could be traced from the
perivascular region along the surfaces of the pilocytic processes. Away
from the perivascular region, basement membrane was often discon-
tinuous, and bundles of pilocytic cells and cell processes were covered by
basement membrane only where the cell surface was exposed to a rela-
tively large extracellular space (Figures 17 and 18). Collagen fibrils were
present in the necrotic regions and around blood vessels but were not seen
betwveen tumor cells or cell processes.
The nucleus of the pilocytic cell was oval and frequently had a promi-

nent nucleolus and finely dispersed chromatin. A few lamellae of rough
endoplasmic reticulum and one or more Golgi complexes were present
along with a few mitochondria in the perinuclear region. The overall
appearance of the pilocytic astrocytes was similar to that of the spongio-
blast-like cells seen in the poorlv differentiated astrocvtoma with the excep-
tions that the nuclear/cytoplasmic ratio was higher in the spongioblast-
like cells, glial filaments were more densely packed into the longer and
more complex processes of the pilocytic cells, and the pilocvtic cells had,
in manv cases, a basement membrane not seen in the spongioblast-like
cells.

Po L.mrpi AstroctomlasWP I aP

Manv tumors especially among the rats inoculated on the first postnatal
dav were composed of a mosaic of the cell types described above. Within
such tumors the transition from a region of one cell type to another might
be abrupt (Figure 6) or more gradual. In other areas the different cell
tvpes were so mixed that it was impossible to identify a predominant cell
type at all. Transitional forms intermediate between poorly differentiated
and gemistocytic and poorly differentiated and pilocytic forms were com-
mon.

G cmas

Some neoplasms contained both mesenchvmal and glial neoplastic
elements. Such tumors typically had large foci of anaplastic mesenchvmal
cells with abundant reticulin and collagen deposition intermixed with
gemistocytic or poorly differentiated astrocytic regions. Since mesenchv-
mal proliferation in the leptomeninges and in the perivascular adventitia
is associated with glial anaplasia, onlv those tumors in which mesenchv-
mal elements were clearly anaplastic, invasive, and destructive of normal
cytoarchitecture were assigned to the gliosarcoma categorv. The bound-
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arv between mesenchvmal and glial zones of these tumors was tvpicallv
sharp and electron microscopy of blocks taken from these tumors revealed
cell populations similar to either the sarcomas or the astrocytomas. Onlv
rarely were fields seen in which mesenchymal and glial cells were mixed.

Fibrosarcomas occurred intraparenchymally and in the meninges and
in both cases most commonly in the posterior fossa. Grosslv and micro-
scopically the appearance of these tumors was similar to previously des-
cribed ASV-induced intracranial sarcomas in rats,' hamsters,5'7 and
dogs.6'9"0 The tumors were composed of sheets of spindle cells with
pleomorphic, dense nuclei. Appropriate stains revealed a fine network of
reticulin surrounding individual tumor cells throughout the neoplasm.
Collagen deposition and calcification were common.
By electron microscopy, sarcomas consisted of irregularly shaped cells

in a flocculent extracellular matrix interspersed with abundant collagen
fibrils. Rough endoplasmic reticulin and multiple Golgi complexes were
prominent in the cell cytoplasm. Fine filaments 5 to 7 nm in diameter
were occasionallv seen in small bundles just beneath the cell membrane
but were not a prominent feature of the sarcoma cells. Nuclear chromatin
was typically clumped beneath an irregular nuclear envelope. Cell junc-
tions and basement membrane were not observed in the sarcomas.
u,_A

Four tumors were not assigned to any of the above categories. In each
case, tissue was available for light microscopy only. By light microscopic
study, the tumors were tentatively diagnosed as: isomorphic oligoden-
droglioma (1), ependymoma (1), and hemangioma (2). In view of the
rarity of tumors of these types among ASV-induced intracranial neoplasms
and the unavailability of well-fixed tissue for electron microscopy, final
classification of these tumors is withheld pending opportunity for fine
structure study of similar ASV-induced neoplasms.

D~won
The role of the subependvmal cell plate in the genesis of tumors of the

central nervous system has long been recognized.24 The predilection of
ASV-induced intracerebral neoplasms in the neonatally inoculated rat and
dog for the subependymal zone is consistent with a postulated spread of
viral inoculum throughout the ventricles in neonatally inoculated rats 2
and the subsequent transformation of cells in the subependymal zone.25 2
Further supporting this hypothesis are the ultrastructural features des-
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cribed in this study of the poorly differentiated astrocx-tomas Nvhich arise
in this region.
The fine structure of the subependymal cells in many animals. includ-

ing the rat, is well characterized.27-30 Small cells with irregular Inuclei aidb
marginated chromatin, scant cytoplasm of medium electron density.
many free ribosomes but little endoplasmic reticulum. few mitoclhondria
and an occasional Golgi profile are common in the subependymal zone.
These cells may be distinguished from microglia, lymphocvtes. ani(
macrophages bv the absence of primary Iysosomes in the subependynmal
cells.27,3' Labeling studies with tritiated thymidine support the hypothesis
that these poorly differentiated cells in the subependymal regioni may
divide. migrate aw-a- from the v-entricle into the cortex, and differenitiate
into astrocv-tes and oligodendrocytes.32 Consistent N%ith this obser-ation.
cells with fine structure intermediate between the subependymal cell and
mature astrocvtes have been described in the periphery- of the suib-
ependymal zone. Such cells commonlv have a few glial filamenits in the
cytoplasm and longer processes than the subependymal cells.28 The sin-
ilarities in fine structure between these poorlv differentiatedl suib-
ependymal cells of the normal rat brain and the predominate cell type of
the poorly differentiated B-77-AS\-induced astrocytomas. coupled w itl
the tendency for tumors of this type to occur in the subependymal regionl
of neonatally inoculated rats, support the hypothesis that suclh tumnors
arise by transformation of poorly differentiated glial precursors in this
area. This hypothesis is consistent with experimental evidence in the dog
in which electron microscopy of serial sections of the subependynmal plate
following intracerebral inoculation of ASV sho\- ASV particles eniteriing
subependymal plate cells.2526

Large round cells have been described in a number of both Xirallv andl
chemically induced neoplasms in the rodent. The origin of such c-ells in
ASV-induced mammalian tumors has been ambiguous sinlce large cells
with features of both gemistocytic astrocytes and vacuolated histocotes by
light microscopy have been reported in both astrocy-tic and sarconmatous
tumors.3 Kumanishi 34 described large cells with eccenitric nticlei, in-
creased numbers of Golgi profiles. and 8-nm filaments in moutis I)raill
tumors induced by inoculation of whole cell suspensions of Rous chickeni
sarcomas. Burgers described similar cells in ASV-induced intracerebral
neoplasms in hamsters. Cells with similar morphology by light microscopy
have been described in subcutaneously induced hamster sarconmas. in
AXSV-transformed chicken cell in vitro, and in ASV-induced primate brain
tumors.' The large cells of the ASV-induced subcutaineous tumors ver\
likely arise by transformation of mesenchymal cells. The large cells of tlle
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AS-induced brain tumors could arise bv transformation of eitiler nelu-
roectodermal cells or mesenchv-mal elements associatecd with the vessels
and coverings of the brain.

While the origin of such cells in ASV-induced brain tumor has l)eeni
controversial, the neoplastic nature of similar large cells in rat b)rain
tumors induced bv eth\-l-nitrosourea and meth\-l-nitrosourea has l)een
questioned.35.3 Lantos,37 based on the ultrastructural study of etlhl1-nitro-

sourea-induced brain tumors in BD-IX rats, has characterized such genmis-
toc!-tic cells as reactive astrocvtes.
The large gemistocvtic astrocytes of the B-,T-ASV-induced tumors in

this studv are clearly a proliferative component of the neoplasms. The
presence of discrete homogeneous nodules of these cells in the rats in-
oculated within 24 hours of birth. the occurence of bizarre mitotic figures
and extreme nuclear irregularity. and most importantly the invasion of
choroid plexus and seeding of the subarachnoid space strongly support the
anaplastic nature of these cells.
The astrocvtic identitv of the large cells is supported by the presence of

7- to 9-nm hollow filaments in the cy toplasm: occasional gap junctiOls.
especially in cells intermediate in fine structure between the large genmis-
tocvtic cells and the poorly differentiated astrocytes: and the preseince of a
basement membrane over the surface of gemistocytic cells only whiel inI
apposition to the w all of a blood vessel.

Three morphologically distinct classes of intracellular filameints hiave
been described in mammalian nervous tissue: 5-nm microfilameints. 6- to
9.5-nm glial filaments, and 9.5- to 1:3-nm neurofilaments.38 (;lial and(
neural filaments have a hollow core and a substrueture consisting of 2.5- to
3.5-nm (liameter globular subunits linked by fine crossl)ars.39 Neirofila-
ments are reported to have an average external diameter of 11 nmn andl anl
average internal diameter of :3.5 nm. while glial filaments have ail average
exterinal diameter of 7.5 nm and an average internal diameter of 2.5 nm 39
The dimeinsioins and substructure of the filaments in the .XAV-induticedl
tumors of this study are consistent with the dimensions of glial filamenits.

Normal astrocvtes are joined by both macula adhereins andI gap juIlnc-
tions in which appropriate tissue processing reveals a 2-nmn gap bet\ eun
the outer leaflets of apposed astrocytes.22 Such gap junctioins hla\ l)e II
observed in humanI gliomas 40 and htiman meningiomas;-l experinicltal
gliosis:42 astrocytes responding to Wallerian degeneration:43 B-77-AS-
induced astrocvtomas in hamsters: and ependymal cells, neuronal proc-
esses. I)ial cells, and smooth muscle cells.5 While neither gap) jutnctioins nor
7- to 9-nm hollow cytoplasmic filaments are specific astrocy tic niarklers
their joint occurrence in cells of an intraparenchymal brain tumnor w hich
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ha-e a basement membrane onlv at the site of contact w-ith blood vessels
supports the astrocvtic nature of the large round cells and the classifica-
tion of tumors in 'which this cell type predominates as gemistocytic
astrocx-tomas.
The classification of the pilocx-tic tumor is more problematic. The

finding of extensiv-e basement membrane formation as unexpected. T-he
fine structural appearance of fusiform cells w ith basement membrane and
long processes which interdigitate and sometimes form w-horls is charac-
teristic of the schw-annoma. Furthermore, the light microscopic appear-
ance of the pilocytic tumors -would be consistent w-ith a diagnosis of
schwannoma, and intracerebral schw-annomas of humans are reported in
the literature." 45 On the other hand. intracerebral human tumors 'with a
similar histologic pattern are usually classified as pilocytic astrocytomas
or spongioblastomas. The similarity of the histologic patterns w-as under-
scored bx- Perciv-al Bailev w-hen he equated the terms .sponigioblastonwa
and neuironma centrale for the classification of intracerebral tumors of this
type.46

Examination of serial sections of such tumors in adult rats of this studx-
indicated that the tumors arose from a purely intracerebral site aind were
not contiguous with any of the cranial nerves at the base of thle brain.
NMoreover. the intense glial fibrillogenesis. the presence of gap junctioins
and the presence of cells intermediate in fine structure betw~een the
pilocytic forms and the poorlx- differentiated astrocytes support the as-
trocx-tic nature of these pilocytic cells. Basement membrane was often
discontinuous and present only o-er the free surface of pilocytic cells not
extending betmveen closely apposed pilocx-tic processes. and collagen fi-
brils in the extracellular space of these tumors vere extremelx rare: these
tw o features 'would be atypical for a schw-annoma.

tUnder normal circumstances. astrocvtes demonstrate a basemeint mem-
brane over processes that are adjacent to -ascular endothelium.47 " Receint
w-ork suggests that a variety of neuroepithelial cells-including embryonal
retinal pigmented epithelium. developing neuroepithelium. aindl ethx-l-
nitrourea-induced rat astrocx-toma cells in vitro-are capable of forming
basement membrane and producing connective tissue proteins, including
collagen.49 Increased basement membrane production has also been noted
in cultures of neoplastic astrocytes from human gliomas.50

For these reasons, vve favor the diagnosis of pilocx-tic astrocx-toma for
these tumors and propose that the deposition of basemeint membraine
along the surfaces of the pilocytic cells is either an alteration in the
expression of the cell genome secondarv to transformation or an augmen-
tation in susceptibility to vectors xvhich normall- induce l)asement mem-
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brane formation at the glial-mesenchymal interface so that in the ASV-
induced tumors basement membrane is deposited along the astrocytic
surface at a distance from the actual site of glial-mesenchymal contact.

Intracerebral inoculation of B-77-ASV in neonatal rats induces multiple
poorly differentiated and gemistocytic astrocytomas in the periventricular
region of the cerebral hemispheres while intracerebral inoculation of B-
77-ASV in adult animals induces solitary pilocytic astrocytomas of the
cerebral cortex and basal ganglia. Despite the differences in morphology
and location between tumors in rats inoculated at different ages, the
majority of B-77-ASV intracranial tumors at any age are astrocytomas with
anaplastic cytologic and histologic features. While ASV-induced astrocy-
tomas in the rat have many morphologic features in common with the
most common human glioma, glioblastoma multiforme, there are signifi-
cant morphologic differences, most notably the absence of endothelial
proliferation in the rat tumors. The significance of these differences must
be considered in perspective with the morphologic features of spontan-
eously occuring brain tumors in the rat. Spontaneous glioblastomas have
been reported in the rat,51--" but the published photographs and descrip-
tions of these tumors do not show or describe endothelial proliferation.
Other large series of intracranial tumors in rats include no glioblastomas
but show astrocytomas to be the most common intracranial tumor,",5 and
describe considerable histologic variation including marked anaplasia
within the astrocytoma category.5 We suggest that strict application of
the nosologic criteria developed for human tumors permits use of the term
glioblastoma multiforme only when unequivocal endothelial proliferation
is present; thus, true spontaneous glioblastomas, if they occur in rats at all,
must be exceedingly rare. The most common type of spontaneous rat
brain tumor is the anaplastic astrocytoma and in this respect B-77-
ASV-induced intracranial tumors in the rat, especially those induced by
inoculation of adult animals, parallel spontaneouslv occurring intracranial
tumors of the rat and represent a pathologic abberation from the normal
in the rat that is homologous to the aberration represented by glioblas-
toma multiforme in the human.

Virus-like particles have occasionally been reported in ultrastructural
studies of human brain tumors, but none of the morphologic observations
have been confirmed and some reports have been shown to be spurious
observations of nonviral cellular components.,3 Negative morphologic
findings in the case of C-type oncornaviruses are especially significant
since budding of the virus through the cell membrane is a characteristic
and necessary feature of oncornavirus replication. While viruses may play
a role in the induction of human brain tumors, it seems unlikely that
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human tumors grow bv replication of complete virus which is then re-
leased into the extracellular space and then infects and transforms neigh-
boring cells. The absence of morphologic evidence of viral replication and
budding into the extracellular space is, therefore, an important criteria in
the selection of an animal model for human brain tumors.

C-type virus particles in mammalian ASV-induced brain tumors have
been detected onlv once in an ultrastructural study of a canine meningeal
tumor.6 Mammalian cells are typically nonpermissive for ASV replication;
however, B-77-ASV mav rarelv transform and replicate fully infectious
virus in rat cells." In the present studv, no extracellular C-type particles or
evidence of virus budding was seen in any of the over 6,000 cells in the 28
tumors studied bv electron microscopy. In another series of B-7 -
ASV-induced rat brain tumors, no infectious virus was detected by bio-
logic assav.' Although virus replication could occur at levels so low as to
escape detection, the absence of either morphologic or biologic evidence
of B-77-ASV replication suggests rat B-77-ASV-induced tumors do not
grow primarily through infection and transformation of neighboring cells
with fullv replicated B-77-ASV.

Intracvtoplasmic virus-like particles, R particles, were seen in many
tumor cells, but we believe these particles are unrelated to B-77-ASV. R-
type virus-like particles have previously been observed in BHK-21 ham-
ster cell lines, in virus-transforned BHK-21 cells, in chemically induced
hamster tumors, and in B-77-ASV-induced rat brain tumors,23 but bio-
logic activitv of the R-particles has not been demonstrated." Unlike the
intracytoplasmic location of the R particles in the rat cells in this study,
most of the R particles in hamster cells have been seen in the intracisternal
spaces. Intracisternal R particles in hamster cells are typically membrane
bound, and budding through the membranes of the endoplasmic reti-
culum has been reported; acquisition of the outer envelope from the
intracellular cistemal membranes is, therefore, likely.
The viral inoculum used to induce the tumors studied in this report and

the inoculum used in the original report of R particles in B-77-ASV-
induced brain tumors came from a common viral pool which was, in
turn, grown from virus rescued from hamster glioma cells which had been
induced by uncloned B-77-ASV. Although no virus particles were seen in
the hamster gliomas and no R particles detected by electron microscopy of
viral pellets from the inoculating pool of B-77-ASV, the R particles may
have originated from the rescue of an endogenous hamster viral genome
from the hamster glioma cells." Failure to bud through the cistemal
membrane in rat cells would account for the absence of an outer envelope
and for the extracisternal, intracytoplasmic distribution of the R particles
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in the neoplastic rat cells. The biologic activity and role of R particles can
onlv be fully, assessed following their isolation and further character-
ization.
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Fgu 1-Horizontal section of brain from rat inoculated with B-77-ASV at 97 days of age. Solitary
cerebral tumor with pale necrotic zones. (H&E, x 6.4) Fue 2-Horizontal section of brain from
rat inoculated with B-77-ASV within 24 hours of birth. Bilateral tumors of basal ganglia and temporal
lobes. (H&E, x 6.4)
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Figure 3-Poorly differentiated astrocytoma beneath ependyma of collapsed lateral ventricle (LV)
(H&E, x 275). Fee 4-Pilocytic astrocytoma (H&E, x 275). Fir 5-Gemistocytic astrocy-
toma (H&E, x 275). Figure 6-Transition between poorly differentiated astrocytoma at top and
pilocytic astrocytoma at bottom. Note necrosis and pseudopallisading of nuclei (arrows). (H&E, x 100)
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Fewe 7-Poorty differentiated cell in a subependymal tumor of a neonatally inoculated rat
(Formaldehyde fixation, x 10,620). Fir 8-Moderately well-differentiated astrocytes in a
subependymal tumor of a neonatally inoculated rat (Glutaraldehyde fixation, x 18,780)
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Figure 9-Two gemistocytic astrocytes adjacent to an endothelial cell lining a capillary lumen (CL).
Basement membrane (BM) is present on the astrocytic cell surface at the endothelial interface but
is absent between astrocytes. (Formaldehyde fixation, w 9690)
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Fgure 10-Detailed view of the perinuclear region of a gemistocytic astrocyte showing cytoplasmic
organelles, 7- to 9-nm filaments, and R particles (arrows) (X 19,150). Inset-R-particles from
another cell showing inner core and radiating spokes; note that some cores are hollow and others
electron dense (Formaldehyde fixation, x 143,600).
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Fgu 11-Detail of gemistocytic astrocyte showing contiguity of amorphous lipid and cyto-
segresomes; note numerous Golgi profiles and invagination of nuclear membrane (Formalde-
hyde fixation, x 13,680).

Figure 12-Extreme invagination of nuclear membrane in a gemistocytic astrocyte (Formalde-
hyde fixation, x 6200).

Figure 13-Light micrograph of a 1-As-thick section stained with toluidine blue showing in-
vasion of chroid plexus epithelium (CPE) by gemistocytic astrocytes (Formaldehyde fixation,
x 375).
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Fee 14-Gap junction between the processes of a cell intermediate in morphology between poorly
differentiated and gemistocytic forms (Glutaraldehyde fixation, x 59,200). Fge 15-Gap junc-
tion between processes of pilocytic astrocytes showing 3- to 4-nm gap between outer leaflets of
apposed cell membranes. Note end view of 7- to 9-nm intracellular filaments showing hollow core.
(Formaldehyde fixation, x 205,428)



Fgw. 16-Spongioblast-like cells in a poorly differentiated astrocytoma. Note junctions (solid ar-
rows) and filaments (hollow arrows) in longitudinal and end views. (Formaldehyde fixation, x
12,900) Fgure 17-Neoplastic astrocytes in a pilocytic astrocytoma; basement membrane (BM)
covers some but not all cell surfaces (Formaldehyde fixation, x 12,270).



Fure 18-Marked glial fibrillogenesis in a pilocytic astrocytoma; note basement membrane (arrows)
(x 28,720). Inset-End view of 7- to 9-nm filaments in large cell showing hollow core and sugges-
tion of globular subunits in wall (Formaldehyde fixation, x 490,000).


