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“hemical- and Virus-Induced Brain Tumors!

James A, Swenberg !

ABSTRACT —Experimental animal models resembling most hu-
man brain tumar types can be induced by exposure to oncogenic
viruses or chemical carcinogens: Astrocytomas and glioblastoma
multiforme can be produced experimentally by intracerebral
injection of oncornaviruses, whereas medulloblastomas, choroid
plexus papillomas, and ependymommas can be induced by the
papovaviruses. Adenaviruses have been utilized to cause medul-
Ioepitheiiomas, neuroblastomas, and retinoblastomas. All three
groups of viruses can resuit in sarcoma production. Gliomas
represent the primary tumor type induced in the brain by chemical
carcinogens. These autochthonous tumor systems are reviewed,
with emphasis on methods. tumor type, Iatency penod, advan-
tages, and disadvantages. In addition, recent investigations of
molecular events involved in necplastic transformation by chem-
ical carcinogens are summarized.—Natl Cancer Inst Monogr 48:
3-10, 1977.

A variety ot experimental brain tumor models
resembling most human tumor types have been
developed during the past decade. Biain tumors
can be induced with intracerebral injection of
viruses or chemicals, or by transplacental, paren-
teral, oral, or even topical exposure to chemical
carcinogens. Depending on the model, such tu-
mors arise weeks to years after exposure. The

aillability of suitable animal models has stimu-
lated increased research on brain tumor kinetics,
immunology, chemotherapy, and histogenesis. Re-
cently, these models have been used in the study
of molecular events responsible for neoplastic
transformation. This review is intended to sum-
marize the experimental brain tumor systems
available todav and to highlight some of the
exciing research being done with these systems.

VIRUS-INDUCED BRAIN TUMORS

Work on experimental brain tumor induction
with viruses was reviewed comprehensively in
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TABLE 1.~Specificity of expertmental brain tumor tnduction
with oncogentc viruses

Expenmental brain Inducing viruses

tumor type Group Type®
Anaplastic astrocy- RNA.Oncornavi. ASV, MuSV, 8§V
toma or glioblas- ruses
toma multiforme
Medulloblastoma DNA-Papova Human papova JC

Human adenovirus
type 12

Neuroblastomas or DNA-Adenovirus

retinoblastomas

Ependymomas or DNA-Papova $58V40. human pa-
choroid plexus pova PML.1, JC,
papillomas and BK

DNA-Adenovirus SAT and CELO

Sarcomas or menin- RNA-Oncornavirus ASY gnd MuSV

geal tumors

‘ DNA-Papova Bovine papilloma,
murine polyoma,
human papova JC

DNA-Adenovirus  SA7

*ASV = avian sarcoma virus; MuSV = murine sarcoma
virus; S8V = simian sarcoma virus; BK = human papovavirus
BK; SA7 = simian adenovirus 7. .

several publications (1-6). Intracranial tumors
have been induced by representatives of most
oncogenic tumor virus groups, including the ade-
noviruses, papovaviruses, and oncornaviruses. To
date, techniques for induction and morphologic
descriptions were emphasized in most studies on
these models. Future investigations will prohably
de-emphasize morphologic classification and in-
stead turn toward utilizing such models in buasic
and applied research. Morphologic studies have
led to several generalizations that are summarized
in table 1. For example, only oncornaviruses
induce astrocytomas and glioblastomas, whereas
the human papovavirus JC is the only virus
known to cause the development of medulloblas-
tomas. Choroid plexus papillomas are induced by
simian virus 40 ($V40), the SV-PML papovavi-
ruses isolated from patients with progressive mul.
tifocal leukoencephalopathy (PML) and the avian
adenovirus (CELO), whereas medulloepitheliomas
and ‘retinoblastomas are only elicited with human
adenoviruses. In contradistinction, sarcomas were
induced by members of most tumor virus groups.
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ANA Tumor Viruses
Avian Sarcoma Virus

Mammualun neuro-oncogenicity of ASV was
first described by Rabotti and Raine (7). Subse-
quently, ghomas and intracranial sarcomas were
induced 0 cats, dogs, guinea pigs, mice, rabhits,
rats. and subhuman primates. The relative pro-
poruon of glial and mesenchvmul elements in
these brain tumors varies considerably among
species. Homogeneous glial tumors have clearly
been pioduced in the rat and dog with ASV.
Bigner et al. (8) induced gliomas in 27 of 30
dogs. 19 of which had gliomas only, with no
eudence of sarcoma formation. They later dem-
onstrated that the site of ASV inoculation influ-
enced tumor type: i.e., injection of ASV deep in
pernentricular zones resulted exclusively in astro-
cytomas, whereas only sarcomas were induced if
the virus was injected superficially over the cere-
bellar vermis (9). Well-differentiated astrocytomas
also developed in F344 (/0) and Sprague-Dawley
(I1) rats after neonatal intracerebral injections of
ASV. In addition, Copeland et al. (/2) demon-
strated that rats remained susceptible to the
neuro-oncogenic effects of ASV at 100 days of
age. Although the incidence of brain tumors in
rats inoculated with ASV as adults was only 50%,
nearly all were astrocytic.

In contrast to the rat and dog. a large percent-
age of the hamster, guinea pig, mouse, cat, and
subhuman primate tumors induced with intracere-
bral ASV have a mesenchymal nature. Whereas
neoplastic astrocvtic elements can be observed,
prominent reticulin fibers are also present. Tu-
mors composed of large balloon-like cells (13)
and “giant cell glioblastomas™ (I4, 15) usually
contain such reticulin. This cell type probably
represents a histiocytic element in a mesenchymal
or mixed gliak-mesenchymal tumor,

Several other features of ASV.induced brain
tumors deserve comment: 1) There is generally
no replication of infectious or noninfectious virus
in mammalian tumor systems. However, virus
structural antigens and virus-related transplanta-
tion antigens are usually produced in transformed
mammalian cells. One can “rescue” ASV from
such cells by growing the “nonpermissive” trans-
formed cells with normal avian cells and allowing
cell fusion to occur, 2) The dose of virus required
to elicit intracranial tumors is lower than that for
extracranial tumor induction. This is probably
due to a greater immunologic response against
the latter. 3) Improvements in the techniques for
growing and concentrating ASV have allowed

farge pools of standardized virus to be produced
{16). Using this virus, 1esearchers have obtained
reproducible survival curves for rats bearing a
100% incidence of astrocytomas. This system pro-
vides the first primarv glioma model that is well
suited for chemotherapy trials (/7). Preliminary
results of these trials huve been reported (5, /6~
18).

Other Oncornaviruses

MuSV has been reported to cause brain tumors
in mice and rats tollowing intracerebral nocula-
tion (5). Gliomas, meningiomas, and hemangiocen-
dotheliomas represent the most common tumor
types induced with MuSV. In contrast to ASV-
induced mammalian tumors, replicating virions
were easily detectable in these mouse tumors by
electron microscopy (/9). Recently, a 100% nci-
dence of extremely vascular brain tumors contain-
ing neoplastic astrocytes and extensive endothelial
proliferation was induced in Wistar-Furth rats
with the Kirsten MuSV (20). No C-type virions
were detected by electron microscopy.

Intracerebral inoculation of neonatal marmosets
with SSV induced solitary tumors in 6 of 10
animals (21). The tumors were composed of
pleomorphic neuroglial cells, areas of necrosis,
hemorrhage, palisading, and prominent endothe-
lial proliferation. These S$SV-induced marmoset
tumnors closely resemble the human glioblastoma
multiforme. Infectious virus was isolated from
brain and cerebral spinal fluid of tumor-bearing
animals.

DNA Tumor Viruses

Papovaviruses

Several members of the papovavirus group
cause tumors when inoculated intracerebrally into
animals (5). Bovine papilloma virus induced men-
ingiomas, fibromas, and fibrosarcomas in ham-
sters and calves following latency periods ranging
from 20 days to nearly a year. No virus particles
were detected in the tumors by electron micros-
copy. Fibrosarcomas were also detected in the
leptomeninges after polvoma virus was injected
intracerebrally into newborn rats, hamsters, and
rabbits. Intracerebral inoculations of SV40 into
newborn hamsters induced librosarcomas in the
leptomeninges and choroid plexus papillomas in
the ventricles.

Of greatest interest, however, are the tumors
that developed in hamsters after intracerebral
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injecnions ob JC virus, o human papovasirus iso-
lated trom o patient with PMIL, (22-24). Brain
tumors developed 1in 36 of 63 hamstery inoculated
vith JC virus, with medulloblastomas representing
e most common tumor tvpe. 'hese uppear to
arive trom the internal ywranule cell luver of the
cerebellum and trequently are mulufocal. Several
other tumor types hive been induced with JC
virus, including primitive gliomas, papillary epen-
dvmomas, meningiom.as, and pineocytomas. Virus
was recorvered trom 5 ot 7 tumors tested. The JC
virus is morphologically indistinguishable from
SV40 and SV40-PML wtrain 1, but differs from
them in its cell culture host range and antigenic
properties (5, 25).

Adenoviruses

The experimental induction of neurogenic tu-
mors in rats, hamsters, and mice atter the animals
received intracerebral, intraocular, or ip inocula-
tions of human adenovirus 12 provides an excel-
lent model tor future research on neuroblastomas,
medulloepitheliomas, and retinoblastomas (26-
31). Medulloepitheliomus were induced in 88% of
the rats given intracerebral injections of human

denovirus 12. These appeared to develop from
ae subependymal plate and were characterized
by the formation ot roscttes, high levels of cholin-
esterase following in vitro cultivation, and the
presence of cilia containing 9+0 tubules (a hall-
mark of normal sensory neuronal cells). Similar
940 tubules were demonstrated ultrastructurally
in the cilia of retinoblastomas induced in rats and
hamsters following neonatal intraocular injections
of humun adenosirus 12,

Other members of the adenavirus group that
elivted intracranial tumors (5) include the simian
and avian adenoviruses (SA7, $V20, and CELO).
SA7 induced poorly ditferentiated tumors of the
thoroid plexus, trigeminal nerve, and dura mater.
Injection ot SV20 into hamsters caused extremely
unditferentiated tumaors, which had the same
morphology whether induced sc¢ or intracere-
bratly. Intracerebral tumors produced with CELO
had a morphology distincly ditterent tfrom neo-
plusms induced with cither the human or the
simiian adenoviruses; they were composed of pap-
llarv arrangements ot cuboidal and columnar
cells that filled the ventricles. Although originally
thought to be ependvmal tumors, the CELO
tumors prohably represent choroid plexus papil-

LS.

MODERN CONCEPLS IN BRAIN tUMOR THERAPY

CHEMICAL- AND VIRUS-INDUCED BRAIN TUMORS

CHEMICALLY INDUCED TUMORS OF THE CENTRAL NERVOUS
SYSTEM (CNS)

The susceptibility of neuroectodermul tissue to
the oncogenic eftects of chemical carcinogens was
first demonstrated in 1939 (32). Since then, brain
tumors have been induced bv local implantation
of several polvcyclic hydrocarbons (PCH). More
recently, additional classes of carcinogens were
shown to be oncogenic for the nervous system
tollowing systemic exposure. These ranged from
agents such as 2-acetylaminofluorene, which
caused a few tumors of the nervous system along
with many tumors elsewhere, to the nitrosoureas
that caused neuroectodermal tumors in 100% of
the animals. Several reviews (33-36) and a mono-
graph (5) have been published on the chemical
induction of brain tumors. In addition to reports
by some scientists on the induction and character-
ization of various brain tumor models, other
investigators used animal models for neuro-onco-
genesis to study the molecular basis for neoplastic
transformation. Whether similar mechanisms are
involved in human brain tumors is unknown. It
has been estimated that 80-90% of all human
cancer is caused by chemicals; however, no chem-
ical carcinogen has been clearly linked to human
brain tumors.

In the section to follow, various brain tumor
models have been arranged by the class of carcin-
ogen used to induce them.

Polycyclic Hydrocarbons

Over 200 years ago, Sir Percival Pott first
theorized the potential carcinogenic hazard ef
PCH. Therefore, it was fitting that the first ex-
perimental tumors of the nervous system were
also induced with PCH (32). Since that time,
brain tumors have been produced with several
PCH. including 3-methylcholanthrene, benzolal-
pvrene, dibenzanthracene, dimethvlhenz{a]-
anthracene (DMBA), and trimethyl benzanthra-
cene. Such tumors have been induced in frogs.
toads, mice, rats, hamsters, and dogs. However,
birds, guinea pigs. rabbits, cats, and monkeys
were resistant to the neuro-oncogenic etfect ot
PCH. In general. brain tumors occur only when
the PCH are in direct contact with the CNS. To
accomplish this, the carcinogens are directly im-
planted in the brain. The incidence and type of
tumor produced by PCH are greaty intluenced
by the positioning of the pellet (37). Few gliomas
but many sarcomas and meningiomas result from
superficial placement of the pellet near the dura.
Ependymomas were primarily induced when the

.
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pellert was placed m the ventrides, whereas ohigo-
dendroghomas were associated with implantation
in the {rontal white matter. Astrocytomas arose
near pellets placed in the subcortical regions of
the panetal lobe, and medulloblastomas formed
after pellet implantation into the cerebellum.

Although several investigators have successtullv
induced brain tumors n rats with PCH. mice
appedr to he the most susceptible animal species
341 Tumor incidence varies trom less than 10 to
nearlv 100%, with an average of 40-60% of the
animals developing tumors. Most animals die be-
tween 200 and 300 days: however, latency periods
have varied from as short as 68 to as long as 750
dayvs. The primary adsantage of this model is
that the site of tumor formation can be localized.
Disadvantages of the svstem include the variable
incidence and latency period of the experimental
tumors. The model is poorlv suited for quantita-
tive dose-response studies and investigations of
early biochemical processes, since the time of
exposure can vary from minutes to months be-
cause of the extremely long half-life of the pellet.
The importance of unique doughnut-shaped vi-
rions detected in macrophages surrounding pel-
lets of carcinogens prior to tumor formation
requires further elucidation (38). Whether these
virions represent activated viruses that play an
important role in tumor induction remains un-
known. However, they have never been detected
in experimental gliomas and have induced fibro-
sarcomas rather than gliomas when they were
injected intracerebrally into mice.

When pregnant rats were exposed to DMBA iv
on day 21 (39) or orally on days 14, 17, and 20
of gestation (#0). the most frequently detected
neoplasms induced in the offspring were tumors
of the nervous system. Transplacental exposure
to additional PCH will be necessary to determine
whether this is a general phenomenon or a spe-
cific effect of DMBA. In any event, it should now
be possible 1o design pulse exposure experiments
and to demonstrate dose-response relationships
for DMBA.

Nitroso Compounds

A landmark in experimental neuro-oncology
occurred in 1964 when Druckrey and co-workers
(41) selectively induced tumors of the rat nervous
system after iv injections of methylnitrosourea
(MNU). This provided the first reproducible brain
tumor model that did not traumatize the brain.
Since then, several additional carcinogens have
been discovered that primarily induce neuroecto-
dermal tumors following systemic administration.

I hese anmimal models represent some ot the maos
powerful tools tor modern research in chemcal
Neuro-ONCOZenesis.

Methyinitrosourea

This acyl-alkvl-mtrosamide is umong the most
potent of all the chemical carcinogens known
todav. When admimstered iv at repeated low
doses, the nervous svsiem dearly represenis the
target organ. The highest incidence of neurogenic
tumors is obtained with repeated iv injecuons of
MNU at a dose schedule of 5 mg/kg/week tor
32-36 weeks (#2). This dosage has consistently
produced a 90-100% incidence of grossiv detect-
able brain tumors in Sprague-Dawley rats. Well-
ditferentiated neurtnomas are also induced: how-
ever, the incidence of these is much lower. This
low incidence of tumors of the peripheral nervous
systern (PNS) can be reversed if F344 rats are
used instead of Sprague-Dawley (¢3). The rat
and the rabbit appear most susceptible to brain
tumor induction with MNU (5). Dogs have been
more variable; some brain and peripheral nervous
system tumors have been induced in various
breeds. Mice were quite resistant to neuro-onco-
genesis with MNU. Denlinger et al. (44) induced
2 gliomas in 19 C3H mice exposed iv to 25 mg/
kg every 4 weeks (total dose, 175 mg/kg). In spite
of observation periods exceeding 6 years, attempts
to induce brain tumors in rhesus monkeys have
been unsuccessful (5). When cats were exposed to
iv or oral doses of 25 or 20 mg/kg, respectively,
all animals died within 10 days from severe bone
marrow toxicity and septicemia (35). Additional
resistant species include guinea pigs, sheep, and
swine,

Anaplastic gliomas, mixed gliomas, and oligo-
dendrogliomas represent the most common brain
tumors induced with MNU. These are frequently
located near periventricular regions, in subcorucal
white matter, and in the hippocampus. If the
dose of MNU is raised from 5 mg/kg/week to 10
or 20 mg/kg twice a week, a shift from gliai to
mesenchymal cell types becomes apparent, with
most tumors being sarcomas or gliosarcomas (+5).
MNU is also a potent carcinogen when adminis-
tered locally, as shown clearly in experiments
utilizing the sc, ip, or oral routes. Tumors develop
at the site of administration and to a lesser extent
in the nervous system. The lower incidence of
tumors detected in the nervous system can best
be explained by the decreased levels of circulating
MNU. In addition to tumors at the site of injec-
tion and in the nervous system, a high incidence
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of thymic Ivmphomas can bhe induced after oral
or s¢ admimistraton of 20 mg/kg twice a week tor
9 weeks. These types of experiments have clearly
shown that MNU is not "neurospecific.” Rather,
MNU is a potent carcinogen for many tissues.
Potential mechanisms involved in determining
which target site is affected by this and related
carcinogens will be discussed later.

Ettwintrosourea (ENL)

The exquisite sensitivity of the tetal rat’s nerv-
ous system to the oncogenic effects of ENU was
firt demonstrated in the experiments of Ivan-
kovic and Druckrey 46). A 100% incidence of
neurogenic tumors developed in offspring ex-
posed to a single dose of 20 mg/kg or more
during the last trimester of pregnancy. Clear
dose-response relationships exist with single doses
of 1, 5, 20, or 50 mg/kg inducing a 12, 79, 100,
and 100% incidence of neurogenic tumors, re-
spectively (47). While the tumor incidence in-,
creased, the latency period for tumor induction
decreased from a mean of 655 days for | mg/kg
to 21} days for 50 mg/kg. Age ot the individual
greatly influences the suscepubility to the neuro-
oncogenic effects of ENU. The rat fetus is resist-
ant to the carcinogenic effects of ENU before the
12th day of gestation; however, it is susceptible to
teratogenic etfects before this stage of develop-
ment. Susceptibility 10 neuro-oncogenesis in-
creases from the 12th day of gestation to birth,
after which it begins decreasing (33). By 30 days
of age, the rat has a susceptibility comparable to
the adult: i.e.. the nervous system no longer
represents the target organ and much higher
doses of ENU are required to induce a similar
incudence of neoplasia.

ENU has usuallv been administered iv to preg-
namt rats, although it can be given orally, ip, or
s¢. Neurogenic tumors were even reported in
387 of the ottspring whose mothers had 50 mg/
kg of ENU apphed topically to the skin (48). It
has also been possible to induce tumors by admin-
istration of precursors of ENU in the food and
water of pregnant rats. Under the mildly acidic
conditions of the rat's stomach, ethylurea and
sodinvm nitrie undergo nitrosation and form ENU
IN vive (49).

Rats are the species most sensitive to the neuro-
oncogenic effects of ENU. Hamsters, mice, and
opossums have also developed neurogenic tumors.
In hamsters, tumors have been contined to the
PNS, whereas in mice a low incidence of CNS
and PNS tumors develops. Mixed gliomas and
oligodendrogliomas represent the most common

MODERN CONCEPTS IN BRAIN TUMOR THERAPY

CHEMICAL- AND VIRUS-INDUCED BRAIN TUMORS n

brain tumors induced with ENU. whereas anaplas-
tic neurinomas are the tvpe occurring most ire-
quently in the PNS. Anaplastic gliomas and sarco-
mas are rare. Animals hearing anaplastic
neurinomas die significantlv earlier than those
bearing gliomas. When the sequential develop-
ment ol these tumors was investigated, evidence
of neoplastic proliferation was detected in trigem-
inal nerves as early as 3 weeks after exposure
to ENU (50). Comparable changes were not evi-
dent in the brain until + months after ENU
exposure. Mechanisms involved in this differential
triggering of neoplastic proliferation between glial
and Schwann cells remain unknown.

Other Nitroso Compounds

Additional nitroso compounds possessing neuro-
oncogenic properties have been described since
the original discovery of MNU (J, 33), including
dimethylnitrosourea, trimethvinitrosourea, pro-
pvinitrosourea, butylnitrosourea, dinitrosopipera-
zine, nitrosopiperidine, nitrosomorpholine, ethyl-
nitrosobiuret, methylnitrosobiuret, ethyini-
trosourethane, and methylnitrosourethane. In
general, these offer no major advantages over
MNU and ENU and will not be discussed in
detail.

Other Carcinogens
Tnazanes

Several of the dialkyl-arvi-triazenes have been
shown to be carcinogenic for the nervous system
as well as tor other tissues (5/). Neuro-oncqgene-
sis has been successful both in adult rats and
transplacentally. As noted for MNU and ENU,
the methyl compounds were most effective in
adults, whereas the corresponding ethyvi com-
pounds were highly oncogenic to the fetal rar'’s
nervous system.

1.2-Diethylhydrazine, Azoethans, and Azoxyethans

Transplacental neuro-oncogenesis has been in-
duced in the rat with these three carcinoygens
(33). In contrast to the triazenes, adult rats desel-
oped rmultiple intestinal tumors instead of neuro-
genic neoplasms when the methyl counterpuart
was administered.

INVESTIGATIONS ON THE MECHANISMS OF CHEMICAL
NEURO-ONCOGENESIS . '

Scientists conducting studies at several liboia-
tor'es have suggested a possible mechanmm tor

.
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the neurospeahicny of some chemical caranogens.
That chemical carcinogens are electrophilic re-
agents has been known for several vears (52).
Those carcinogens that are not electrophilic must
he metabolized to form electrophiles, which inter-
act with macromolecules such as DNA, RNA, and
protein. Neoplastic transformation represents a
heritable change at the cellular level, with the
most likely site for this change being the DNA of
the originally transformed cell (53).

Invesugations of several carcinogens and tissues
demonstrated alkvlation of DN A buses, The great-
est amount of this alkylation occurred at the N-7
position on guanine, with lesser amounts being
detected at the N-3 position of adenine and the
Of-position of guanine. When the extent of N-7
alkvlguanine formution was determined in brains
and livers of adult and 10-dav-old rats given
injections of ENU. no correlation was found
hetween DNA alkvlation and carcinogenicity (54).
Subsequent studies determined the degree of
puring alkylation at various times after ENU
exposure. Goth and Rajewsky (55, 56) demon-
strated surprising differences between the repair
rates of O%ethylguanine and those of N-7 ethyl-
guanine or V-3.ethyladenine. Q% Ethylguanine
persisted for long periods in the target organ
(brain) but wuas repaired much more rapidly in
the liver. N-7-Ethylguanine was removed rapidly
in both tissues. If one determines the brain:liver
ratio for each of the major sites of purine alkyla-
tion, a high degree of correlation is evident
between alkylation at the OS-position of guanine
and carcinogenicity.

Further support for this hypothesis has been
reported by Kleihues and co-workers (57-59),
who demonstrated persistence of O%-methylguan-
ine in brains of rats treated with MNU and
methylmethanesulfonate (MMS). Both methylat-
ing agents caused brain tumors in rats; however,
MMS has a much weaker neuro-oncogenic effect.
When equimolar doses of MNU and MMS were
administered to rats, only 0.05 as much O¢-
methylguanine was present after exposure to
MMS. Thus the extent of initial O%-alkylguanine
formation and its persistence over time correlates
with carcinogenicity. A possible mechanism for
this correlaton was suggested by Loveless (60).
Alkylation at the Of-position of guanine forces
the base into the enol form, which causes anoma-
lous base paining during DN A replication. Instead
of pairing with cvtosine, O%alkylguanine pairs
with thvmine. Fixaton of anomalous base pairing
requires that at least one cell replication take
place before repair of the damaged DNA. The

lack of this rephcation in end-stage neurons mas
explain why no neuronal tumors have been in-
duced with MNU, even though DNA alkylation
occurs to a greater extent in neurons than in gha
(61). It also helps 1o explain the predilection sites
for ENU- and MNU-induced gliomus, since these
areas contain the glia with the greatest propensity
for cell replication. Enzymic repair systems for O%-
alkylguanine have recently been demonstrated
(62, 63). If these svstems are deficient in rat
brain, the exquisite susceptibilitv of the fetal rat
brain to carcinogens may thus be explained. Over
half the 35 or more compounds that caused
transplacental carcinogenesis induced tumors of
the rat nervous system.

In summaury, pathogenetic mechanisms imvolved
in experimental neuwo-oncogenesis seem to be as
well or better known than those ot other neo-
plasms. Delayed repair of OS%-alkviguanine ap-
pears to be a major factor in sensitizing the rat
nervous system to carcinogenesis. Whether this
mechanism is responsible for human brain tumors
remains 10 be investigated. Sensitivity to neuro-
oncogenesis may be a general phenomenon for
many carcinogens it effective tissue concentrations
reach the nervous system. At present, the somatic
mutation theory of cancer induction hest explains
chemical neuro-oncogenesis.
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