VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

A STUDY OF ASTROCYTOMAS

IN VM MICE

Thesis submitted for the degree of Master of Science

to the Faculty of Science at the University of Glasgow

by
SELINA J CRAIG

at the

University Department of Neurology
The Institute of Neurological Bciences

Southern General Hospital, Glasgow




ProQuest Number: 10647711

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10647711

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



TABLE OF CONTENTS

Summary
Introduction
Materials and Methods

Animals
Passage of astrocytoma

Characterisation of passaged VM
astrocytoma

Passive transfer of VM {umour

Passive transfer of VM astrocytoma into
other mouse strains and other species

Tissue culture of VM astrocytoma
Effect of drugs on tumour growth in vitro
Effects of chemotherapy

Results
Characterisation of passaged VM astrocytoma
Passive transfer of VM tumour

Passive transfer of VM astrocytoma into

other mouse strains and other species

Tissue culture of VM astrocytoma
Effect of drugs on tumour growth in vitro
Effect of chemotherapy

Discussion

Appendix

References

Bibliography

iv

10

10
13
17

21

24
27
30
31

34
38
45

51
54
56

64
88
100
109



LIST

of TABLES and ILLUSTRATIONS

Page
Table 1 Animals 1
2 Tumour incidence and latency 39
3 Transmission of VM astrocytoma hy
killed cell preparations 42
4 Transmission of VM astrocytoma by
cell free extracts 43
5 Attempts to transmit VM tumour with
normal brain homogenates 44
6 Transmission of VM astrocytoma into
other strains and H~2 types 46
T Transmission of VM astrocytoma into
other species 48
8 Trensmission of tumour with tissue
cultured VM astrocytoma 52
9 Bffect of Ribavirin in vitro 54
10 Effect of hormones on course of
VM astrocytoma 57
11 Effect of Levamisole on course of :
VM astrocytoma 59
12 Effect of Dexamethasone on course
of VM astrocytoma 61
13 Effect of Ribavirin in vivo 63
Following Page
Figure 1 Average weight loss in d7
and ¢ tumour bearing VM mice 34
2 Weight gain in 26 o'and 26 ? 34
normal VM mice
3 Curve showing standard mean survival 40
time following iece injection with tumour
Relationship between tumour dose and 40
the latency and incidence of tumour
Plates 1=9 37

ii



ACKNOVWLEDGEMENTS

It is my pleasure to record my thanks to
Dr. P.0. Behan for his help and guidance throughout
this worke I wish alsc to thank Dr. Del. Graham
for his invaluable work on the histology; and Miss
Diana Morgan for her help with tissue culture. In
addition I would like to thank Dr. He Fraser for
helpful discussions, Professor Adam Curtis for helpful
guidance in the earlier part of this work, Drs. Re
Lyle Craig for constructive criticism of the written
work and Mrs. Cathy Menzies for friendly assistances
Thanks are also due to the technicians of the animal

house at the Southern General Hospital, Glasgowe

iii



SUMMARY,

This work consists of a study of the naturally
occurring brain tumour which arises in the VM gtrain of
mouse, This astrocytoma has clinical and pathological
similarities to the human gliomae. It is not known whether
the anpearance of such gliomas is due to pure genetic
factors, the interaction of genetic and environmental

inflvences, or the environment alone,

Clinical signs consist of ruffling of the fur,
development of a hunched posture, loss of hind leg spreading
reflexes, ataxia and weight losg. With progression of the
disease there is exaggeration of these features, together
with immobility and loss of righting reflexes., Pathologically
the brain shows swelling and diffuse infiltration of

anaplastic astrocytomas

The VM astrocytoma can be maintained by passive
transfer with intracerebral (i.ce.) injections of fresh or
frozen tumour homoeenates into the VM and other mouse strains.
Mice injected il.c. with tumour show clinical signs of
severe disease about 21 days later. Passage of the

astrocytoma is related to the cell density of the inoculume
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Attempts at transmission with killed cells occasionally
proved successful, but the cell free filtrates were

ineffectives.

It was found that the tumour could be passaged in
mice across the histocompatibility barriers into the
SJL/J, C57BL 10/ScSn and BSC strains. The tumour was
also successfully transplanted into neonatal hamsters

and gerbilse

The VM astrocytoma was transmissible after being
maintained for variable periods in tissue cultures The
incubation period before clinical signs appeared was found
to be dependent upon the time the tumour was maintained
in culture and the cell concentration., Primary tumour
cultures were effective in transferring tumours, whereas

subcultures were found to be ineffective,

The effects of various drugs on the VM tumour were
studied in vivo and in vitroe. 4An antiviral agent,
Ribavirin (1-p-D, Ribofuranosyl = 1,2-4-triazole ~ 3
carboxamide and testosterone had no effects on the bumour
when administered in vivo. Prolonged treatment of the

Hena

host with Levamisole, an immunosiimulant drug, prior to



and following ie.cs injection did not influence tumour
growth., Treatment with the steroid drug Dexamethasone

did reduce clinical signs and extend the survival time,

Ribavirin and P113 (angiotensin II antagonist =

Saralasin acetate) were examined in vitro for any

inhibitory effects on tumour transmission of the
cultured VM astrocytoma. In this preliminary
experiment , Ribavirin appeared to be without effect,
whereas the angiotensin II antagonist,P113 showed a

capacity to delay outset of clinical signs,

Th;s study extends clinical and pathological data

on this unique murine brain tumour.
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ABBHEVIAT TONS

isCoe Intracerebral
CNS Central Nervous System
DMBA  Dimethylbenzanthrene
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INTRODUCT ION

Gliomas account for 45% of all primary
intracranial tumours of man, and astrocytomas constitute
25-307>of all cerebral gliomas (Russel & Rubemstein, 1977).
There is no treatment other than temporary alleviation of
symptoms by drugs or major surgery and the prognosis is
poor, with nearly all cases ending in death. Very little is
known about the aetiology of astrocytomas and the study
of these tumours is limited by the lack of a good animal

model,

Tumours may arise from factors operative in embryonic
life (Russel & Rubenstein). Genetic factors certainly
account for some tumours, for example,in five out of seven
families in a‘study there was a history of astrocytomas
(Xjellin et al, 1960), Carcinogenic chemicals are
responsible for some human neoplasms and have been shown
to be capable of inducing experimental brain tumoufs in
animals, but they have yet to be cited as specific
causative agents of primary intracfanial tumours in man.
There is increasing interest in the modifications of the
cell genome by oncogenic viruses: but there is no definite
evidence for supposing that bacterial or viral infections

cause gliomas in mans Such viruses have however produced



experimental brain tumours in many different animals
(Bigner & Swenberg, 1975), and have therefore provided

useful tools for research.

Experimental Brain Tumours Induced by Chemical Caxrcinogens

Gliomas have been successfully induced by chemical
carcinogens in mice and other animals using a variety of
routes; i-ees direct intracerebral implantation (Zimmerman

& Arnold, 1941), systemic injection (Schmidek et al 1971),
oral administration (Strooband & Bruches 1968), and

transplacental tumour induction (Joshi et al, 1974).

a) Polycyclic Hydrocarbons ( P C H )

The susceptibility of neurcectodermal tissues to chemical
carcinogens was first demonstrated in 1939 (Seligmen & Shear)
by direct implantation of pellets of a polycyclic hydrocarbon,
es+9s methylcholanthrene, into the brains of mice. This
was confirmed by Zimmerman (1941 & 1955) who showed that
the cytological identity of such tumours depended greatly
on the actuval site of implantation. For instance, an
ependymoma results when the carcinogen impinges on the
ventricular walls, or an astrocytoma when the agent is

placed in the subcortical regions of the parietal white



matter., Another very important finding made by
Zimmerman in this work was that the chemically induced
ependymoma was easily transplantable both subcutaneously
and intracerebrally into other mice, thus providing,

for the first time, a reproducible brain tumour model.

Tumours of the central nervous system ( C N S )have
also been produced transplacentally by oral
administration of dimethylbenzanthrene (DMBA) to pregnant
female rats ( Joshi et al, 1974 ), This resulted
in various intracranial tumours arising in the offspring

of female rats treated in this waye

b) Nitrosamines

The nitrosamines were first introduced as a group of
effective carcinogens in 1964 ( Druckey et al ),
Various malignant tumours of the CNS were produced
transplacentally in the offspring when gravid rats were
given a single dose of ethylnitrosourea (ENU) (Ivanovick &
Druckey, 1968). A related chémical, methylnitrosourea
(MNU) when injected systemically into adult or young rats
was relatively successful in producing intracerebral

tumours ( Swenberg et al, 1972a ). MNU has



also been found to induce brain tumours when given
orally to rats (Strooband & Brudver, 1968), and the

resultant tumours were largely oligodendrogliomase

These models have many inherent disadvantages,
such as the long series of i.v. injections necessary when
using MNU, and the trauma caused by intracerebral
implantation of pellets in the case of polycyclic
hydrocarbons. The tumour models employing systemic
injections of nitrosamines have the advantage over PCH,
in that the brain is not traumatised by rupture of the
blood brain barrier or by tissue damage at the outset
of the experiment. The major drawback however, to
promoting any of these systems as experimental models,
is the enommous variability in both the histological
types of tumour produced and the long latency periods
which can range from 68750 days. Reproducibility is
also poor, especially as the average success rate varies

from 106 - 60% (Swenberg, 1976)

Experimental Brain Tumours induced by Oncogenic Viruses

Cerebral tumowmrs have been induced in rodents and

dogs by both human and animal viruses. Not all tumours



induced by viruses, however, are authentic neuroglial
tumours and some of the previously reported ependymomas
produced in rodents by i.ve injection of virus have since
been identified as meningiomas or tumours of the choroid
plexus (Russel & Rubenstein, 1977). Many of the experimental
tumours that have been genuine ependymomas, have been
produced in hamsters by various viruses, for example

the simian virus SV40 (Gerber & Kirchenstein, 19623

Duffel & . Hinz 1964), the avian adenovirus (Mamcini et al
1969) and human J.C. papovirus ( Walker et al, 1973 ).
The value of such tumour models is limited as ependymomas
are relatively rare in humans, accounting for less than

1% of all primary brain tumours.

The avian Rous Sarcoma Virus (RSV) has been reported
to induce 'typical gliomas' (Ikuta & Kumenishi, 1971)
but these represented only 5% of the tumours that
occurred after 90 days incubation, and those tumours
which developed earlier were of a wide variety of different
tumour types. Puppies were infjected with the Schmidte
Ruppin strain of RSV and reproducible brain tumours were
successfully induced '( Bigner et al, 1969 );
most of which were astrocytomas or the juvenile form -

spongioblastomas. The most successful model for a



reproducible virus induced primary astrocytoma so far, has
been presented (Bigner et Aal, 1973 and 1975/6) in’
which avian sarcoma visus (ASV) injected into rats of the
Fischer 344 strain, resulted in 1006 incidence of

anaplastic astrocytomas about 110 days later.

Astrocytomas have also been induced relatively
quickly and reproducibly by Shein (1968 & 1970) who used
an ingeniocus technique to produce the tumours. He found
that transformation in vitro of cultured foetal or neonatal
hamster astrocytes by polyoma or SV40 viruses, and
subsequent subcutaneous or intracerebral inoculation of
such astrocytes into newborn or adult hamsters resulted in

a very high proportion of astrocytomase.

The virus induced experimental brain tumours have
two advantages over chemical tumour induction, ise. the
number of positive yields is considerably higher, usually
being in the region of 794 of all animals injected, and in
some models the incubation period is shorter, being as
little as 30 days with polyoma viruses and even 15 days

with Rous sarcoma virus ( Russel & Rubenstein, 1977 ).

The above systems, however, produce tumours that are



often multifocal in origin and present a mixture of tumour
types, for few are as consistent as +the Fischer rat -
ASV model. Studies on virus induced brain tumours in

. hameters, rats and other animals demonstrate the ability
of certain oncogenic viruses to cross species barriers,
but they shed little light on the role of indigenous

viruses causing spontaneous tumours.

A Spontaneously Arising Murine Astrocytoma

A spontaneous mouse brain tumour, first described by
Fraser (1971) is a true astocytoma, arising in 1.6% of
inbred VM mice by 500 days of age, being more frequent in
males than in females (145 ¢ 1)s The astrooytoma was first
noticed in the 6th generation of inbreeding of the VM strain,
as an incidental discovery during a study on experimental
scrapie; for which this strain is genetically suitable
(Fraser & Dickinson, 1968), It was shown that this tumour
could be reproduced by intracerebral passive transfer of
viable tumour cells in the inbred host strain with 100
success (Fraser, 1974). This natural tumour provides an
absolutely unique experimental model, with all the
advantages that are lacking in artificially induced iumourse

Here is an animal model where the tumours are consistentiy



of one type, that of an anaplastic astrocytoma, and in which
the clinical and pathological features correlate very well
with the human disease. It is an autochthonous tumour
depending totally on neural tissue for successful
proliferation. Several attempts to transfer this astrocytoma
to extraneural sites have been unsuccessful (Fraser, 1975),
and in this it resembles human gliomas which do not
metastasise outside the CNS., Another major advantage of
this model is the very short latency period, which from
having been 60-90 days in the early passages, is now reduced
to about 21 days following i.c. injection of maximum doses

of tumours.

This tumour at first appeared to keep a close relationship
with the genotype of origin, however, it was successfully
passaged into two other strains, although with a very low
incidence, eg, 1/27 C57BL mice, and 1/28 A.G mice. The

2

number of successful transplants increased in the F, hybrids

1
ege VM x C57BL, in which 10/22 mice developed the tumour

(Fraser, 1974), Fraser also found the VM tumour did not

grow in the BRVR strain, which has an unrelated H-2 type,
but which also develops a spontaneous astrocytoma with

approximately the same frequency. It has since been found

that it is possible to transfer the tumour by i.c. injection



into several other mouse strains, including BRVR (Fraser,
1980) with increased incidence of tumour in the Fq hybrids.
This work showed there was no relationship between H=2

type and susceptibility to the tumours

Of the occasional VM survivors of the i.ce. injection
of tumour, not one out of nine developed tumour when
challenged with a second i.c. injection (Fraser 1975 ),
although peripheral injections provided no protection to
reinoculations This is of some immunological significance
and gives yet another facet of tumour biology to which

this versatile model could be applied.

In this study I have set out to establish the
biological characteristics of the passaged VM astrocytoma,
including the effects, in viveo and in vitro, of some of
the drugs used in the treatment of human tumours. I have
also attempted to show whether or not this tumour can be
transferred to any other mouse strains or into other

species.



MATERTALS AND METHODS

ANINALS

A variety of mouse strains and other animal species
were used in this study, see Table 1. With the exception
of hamsters, all breeding animals were maintained in
monogamous pairs and their offspring weaned at four weeks.
All animals were housed in polythene cages, the mice in
shoebox type cages and the gerbils, rats and hamsters in
larger rodent cages. Sawdust and tissue paper were supplied
as litter and bedding and all animals were fed ad libitum
on rodent complete diet pellets (Diet 41B, Angus Milling Co.,
Perth) and provided with a constant supply of water,' Hamsters
and gerbils were given diet supplements of hay and also

sunflower seeds twice weeklye
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Table 1

Inbred Mouse Strains

Strain -2 type Source

M b Animal Breeding Research Organisation
MM 2 Edinburghe. Courtesy of Drs. Fraser
BSC ? and. Dickinsone

C57BL/10ScSn b

B1OLp -~ a b

B10 D2 d MRC Laboratory Animals Centre (LAC)
B10A a Carshalton, Surrey.

AKR/J k

SJL s

c58/J k Imported from Jackson Labs Bar Harbour,

Maine, Us.S.A.

Inbred Rat Strains

Osborne - Mendel

Sprague ~ Dawley

AS

Brown = Norway

University Department of Neurosurgery

at I.N.S., Glasgow.
Courtesy of Dr. D.I. Graham

Hamsters

S 7 T RAM O

Syrian -~ random bred

LAC Carshalton and Roundhill Rabbit
Farm, Sheffield.

Ger@iiﬁw

VMongolian Random Bred

University Department of Dermatology
Anderson College, Glasgow.
Courtegy of Professor Milne,
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The inbred VM mouse strain originated from sib
matings of the random bred Moredun Institute stock mice
obtained by Drs A.G. Dickinson and V.M.He Miekles
The breeding nucleus for this study was obtained at
the 41st generation of inbreeding and has progressed to
the 45th generation. Inbreeding was continued by
successive matings of siblings at weaning age, which were
maintained together throughout breeding life, arbitarily to

the seventh litter for prolific pairse.
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PASSAGE OF VM ASTROCYTOMA

1o Source of AstrocylLomas

Six female VM weanlings were kindly
injected by Dr. Hs Fraser (at ABRO Edinburgh),
with the VM astrocytoma, at the 54th passage. These
mice served as the first source of tumour for this
study. Since then serial passage has been maintained
up until the 67th passage and from frozen stocks of

tumour prepared from the 64th, 65th and 66th passagese

Do Preparation of Tumour Inoculumse

As Fresh Tumour: Mouse donors exhibiting

severe clinical symptoms were killed. After removing
ears and fur over the head, the brain was excised

(as aseptically as possible), by carefully cutting
around each side of the cranium, starting with the
point of fine scissors through the foramen magnume.
After removing the cranium, the whole brain was

lifted out into a sterile petri dish. A small piece,

13



usually the frontal lobes or cerebellum, was cut off
and fixed in 10% formalin for histological examination.
The remainder of the brain was homogenised, using a
manual glass homogeniser, in Sml sterile tissue culture
fluid (RPMT - 1640 + L-glutamine, Gibco Biocult Ltd.,
Abbotsinch, Paisley.), with added penicillin and
streptomycin, but without serum. Gross particles

were allowed to settle out, and the cell suspension was
then decanted into a sterile universal container. The
cell density was adjusted to approximately 107 cells/m.
diluting, if necessary, with tissue culture fluid, and

this suspension was used as the standard tumour inoculume

Bes Standard Frozen Tumour Suspension: Several brains

from mice showing severe clinical signs of tumour were
excised as previously described, and homogenised in 10ml
tissue culture fluid containing 10% dimethylsulphoxide
(DMSO), which helps maintain the integrity of the cells
during freezing. The cell concentration was adjustel to
2,107 cells/ml and the suspension aliquoted inté plastic
screw-top ampoules containing Q.5ml each. These ampoules
were frozen to m70°C, inside a polystyrene container which
allowed the cell suspension to freeze at a rate of 1°c

per minutes The ampoules could then be thawed as

14



required at 37°C, and diluted to the required
concentration. Stocks were tested before and after
freezing by injecting the maximum dose (2.10° cells)
into weanling mice. The freezer life of these stocks
was about 6 months at »7000, after which time the
latency period before signs of tumour were evident,

became unreliables

3 Method of Intracerebral Tnoculation

Intracerebral (ic) injections of exactly 20ul
standard tumour inoculum containing 2@105 cells were made
using a 1ml luer tip glass syringe with a repeating
dispenser (both from the Hamilton Syringe Company.)
Disposable hypodermic needles size 26G, €' long (Yale
Microlance, Becton Dickinson, UK Ltd., Wembley, Middx.)
were used for all igc, injections. A needle guard was
devised by cutting off the open end of the plastic
needle container- and retaining it on the hub of the
needla, such that only half the needle was exposed, ig,

4mmes This permitted more rapid and reproducible

15



injections, without risk of mortality due to very deep

penetration of the needle into the brain.

Injections were always made into the right
hemisphere, midway between the eye and the right ear;
whilst holding the mouse firmly by the scruff, with one
finger along the left side of the head to prevent it
movinge Care was taken not to inject near the midline
of the head in order to avoid the sagittal veine Using
a 26G needle, injections could be effected easily by
direct penetration through the relatively soft cranium
of weanling mice without 'drilling', as had been
necessary when using a 25G needle forearlier passages

and in adult mice, rats and gerbils,

16



CHARACTERISATTON OF PASSAGED VM ASTROCYTOMA

1s Method of Clinical Grading

Clinical features, accomding to severity, were

arbitarily graded A,B,C,D or E as followss

A ~ mild disease - Selzures were observed with
slight ruffling of the fur over the head and
necks Hind leg spreading and grip reflexes

were weak,

B - tmoderate disease - Ruffling of the fur was
more pronounced and mice started to take on a
'pop~ayed' appearance. Other trophic changes
occurred , including slightly hunched posture
when resting, hind leg reflaxes were poor and
mice had seizures, were jumpy and tended to hold
the tail erect when startled,but they still had

normal mobility.

c = severe disease - Trophic changes were very
marked and the mice were now permanently

hunched, often with the nose touching the grounde.

17



Wei.ght loss was noticeable although mice fed
normally if offered food on the floor. Hind
leg reflexes were absent, The mice were
conspicuously jumpy and seizures were commong
especially when disturbed. The mice at this
stage were mainly stationary, but had periods
of activity, Mice in most experiments were

sacmificed at this stage.

very severe disease - All symptoms were
exhibited to a greater degree. The mice were
immobile and seizures could be provoked by
disturbance., They did not eat, the eyes were
usually closed and mice often felt cold to
the touch. Weight loss was very marked at

this stage and all mice were emaciatede.

deathe

Weight losst Nommal weight gain in weanling mice was

followed up to the age of 12 weeks by weighing control

mice.

Weight loss was monitored for passage mice and

for those experimental mice receiving drug treatmentse

18



20 Preparation of brain tissue for histological examination

Brains for histological examination, from both
control and experimental mice were placed in 1% formaline
Routine sections were stained with haemalum and

eosin and examined for evidence of tumour.

3e Electron Microscopy

Mice, anaesthetised with ether, were perfused

with a fresh solution of 2% glutaraldehyde by first

exposing the heart and then inserting a blunted 1G

needle through a cut at the base of the left ventricle.

The needle was carefully eased into the aorta and

clamped in position. The glutaraldehyde was expelled at

an even pressure from a 20ml syringe into the aorta.

The right atrium was cut to allow drainage. Perfusion
was observed to be complete when the skin of the

mouse had become yellowish and the animal was

completely turgid, usually after injection of about

5 « 10 ml glutaraldehyde. The perfused brain was

e s s

19
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removed as previcusly described and further fixed in
2% glutaraldehyde, then dehydrated in alcohol and
blocked in epoxy resin and cured, Crids were then cut
and stained with uranyl acetate and lead citrate and

examined on a Philips 201 electron microscope.

20



PASSIVE TRANSFER OF VM TUMOUR

1s Pagssage of tumour by live cell suspensions

A survival curve was constructed for 92 mice
injected ic with fresh standard tumour inoculum.
Using standard frozen tumour suspension, dose response
curves for both tumour incidence and pemiod of latency

were established.

2e . _Passage of tumour by killed cells

Various methods of killing cells were employed
and the resultant dead cells injected intracerebrally
into weanling mice. Fresh standard tumour suspension
was prepared in each casej half was treated to kill
the cells, and the remaining live tumour suspension

was used as a control.
ae A series of killed cell preparations were

made by freezing and thawing (from =70°C to 37°C)

from one to four times.

21



be Ultrasonic rupture of cells was effected
using a sterilised untrasonic probe. This was
immersed in the tumour suspension in a glass
beaker resting on ice. The cells were exposed
to 3D amperes for a total of 3 minutes in 30

second burstse

ce Tumour cells were disrupted using sterile
distilled water. The cell fragments were then
concentrated by centrifugation at 1500 rpm and

used for i.c. injectionss

de Tumour cells were incubated at 37°C in a 1%
solution of tannic acid in tissue culture fluid
for periods of 10, . and 30 minutes; the cells
were then centrifuged and washed three times
prior to l.c. injections

Mice which were apparently unaffected by tumour

were left for 6 months before sacrifice.

3 Passage of tumour by cell free extracts

Cell free extracts of disrupted tumour cells were

prepared using a tissue homogeniser, live tumoulr cells,

22



and dead tumour cells as per a,b, and ¢ above. The

cells were contrifuged at 1500 rpm for  minutes and

the supernatant filtered through a washed 0.45um or
0.22pm sterile disposable Millex filter (Millipore

UK Ltd., Abbey Road, London.)., This filtrate was injected
isCo into weanling mice, and control mice received

live standard tumour inoculums These mice were left for

6 months before sacrifice.

4, Attempts to induce tumour with normal brain susvension

Tumour free brain suspensions were prepared from
a) old VM mice (> 16 months old) and b) weanling VM mices
These cells were injected ie.ce into 1) adult VM mice
(> 16 months old); 2) weanling VM mice; 3) weanling MM
mice; and 4) weanling BSC mice. These mice were left for

6 months before sacrificee.

23



PASSIVE TRANSFER OF VM _ASTROCYTOMA _INTOQ

OI'HER _MOUSE STRAINS and OTHER SPECIES

1e¢ Transmission into other inbred mouse strains:?

Mice of all the strains and histocompatibility
types previously listed in Table 1, were injected
i.ce with 2.105 astrocytoma cells and were all left
for ¢ months unless any clinical symptoms of tumour

were cbserved.

2o Tranmission into gerbils:

Four weanling gerbils, seven ten-day old gerbils
and 30 neonatal gerbils were injected i.ce with standard
tumour suspensions. The weanling and 10 day old gerbils

were kept one year before sacrifices

3s  Trammission into hamsters:

Hamsters were injected i.c. with standard tumour

24



inoculum as neonates, generally one day after birthe.
These animals were left for 3 to 6 months before

sacrifice.

4, Tranmission into inbred rat strainss

Standard tumour suspension was injected into 12
Sprague Dawley and 12 Osborne Mendel suckling rats
10 days old. These rats were kept 6 months before

sacrifices

5e  Tranmission into immunosuppressed rats and gerbils:

The VM astrocytoma was injected i.c. under
anaesthetic into ten adult AS rats and ten adult BN
rats and fifteen gerbils aged six months. Half of the
rats in each group and eight of the gerbils were
immunosuppressed three days previously with 300mg/kg
cyclophosphamide (Endoxana(gl W.B. Pharmaceuticals,

London) by intraperitoneal injection. The animals

25



that were not immunosuppressed stood as controls for
this experiment, These rats were left for 6 months

before sacrifice,

26



TISSUE CULTURE OF VM ASTROCYTOMA

16 Method of tissue culture:

Tumours bearing brains from severely affected mice
were collected as aseptically as possible, and placed in
tissue culture fluid + 1% penicillin and streptomycin
(Gibco Biocult Ltd) in a sterile universal container.
The brains were transferred to a sterile petri dish
and washed in 25ml dissecting fluid (see Appendix 1)
and then transferred to another dish containing 20ml
fluid and chopped into 2mm2 pieces using fine scalpelse.
The brain tissue pieces were then pipetted into a
universal container and the gross particles allowed to
settle out, and the supernatant, containing mainly
necrotic tissue, was discardeds The pleces were
resuspended in 15ml dissecting fluid and again allowed
to settles This washing procedure was twice repeated
and the particles finally resuspended in culture
medium and 1ml injected into each 5ml plastic culture
flaske The volume in each flask was made up to 4.5ml
with culture medium (see Appendix 1) and Q.5ml collagenase

added to break up the tissue, The cultures were then
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pipetted up and down to break up any remaining lumps

and the collagenase washed off by centrifugation at

200g for five minutes. The cell pellet was

resuspended in culture medium and reinoculated into 5ml
flasks and plated at 37000 At this stage the brain cells
were found to adhere to the base of the flask, and to
grow ag a monolayer, The cells were then cultured for
the required period of time or umtil the cells became

confluent, the culbture medium was renewed every four

days e

The cells were recovered from culture by
trypsinisation as followss after discarding the
culture medium, enough PBS/imM EDTA (see Appendix 1)
was added to just cover the monolayer, in order to wash off
the serum which contains antitrypsin. BEnough 025% Trypsin
(Gibco Biocult) was added to cover the momolayer and then
poured off after 60 seconds and the Fflask incubated at
3700 for 15-30 minutes, until the cells were loosened.
The cells were then resuspended in culture medium for
experimental use; or diluted and subculitured at a

concentration of '104 cells/mle
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2e Transmisgion of tumour from tissue culture into mice.

The cultured tumour cells were tested for
oncogenicity after varying periods of tissue
culture (1-5 five days and 3 weeks) by reinjection
into VM weanlings. The supernatants from cultures
were centrifuged and filtered and also injected
into mice asg cell free extracts of cultured

tumoure.
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EFFECT OF DRUGS ON TUMOUR GROWTH 1IN VITRO

1o Ribavirins This was added at a concentration

of 109pg/m1 to 48 hour VM astrocytoma cultures.

The cultures were started for 48 hours without the
drug to allow the tumour cells to commence normal
culture metabolisme After two days culture with
the drug, the astrocytoma cells were harvested and
2.107 cells injected ig, into each mouse, Control
mice were injected with tumour cells treated in

the same manner, but without drugs. Cell viability

was tested by subculture,

2. P 113 (Angiotensin IT antagonist — Saralasin Acetate)

(Baton Laboratories, Morton Norwich Products Inc.,
Norwich, New York) was added %o 48 hour old cultures
as for Ribavirin. The drug was added at three
concentrations : O.]pg/hl, 0.0Zpg/ml and 0.00Tyg/ml.
After 48 hours incubation with the drug, the
astrocytomas cells were harvested and 2.107 cells
injected ig, into each of six mice for each dose.
Control mice received tumour cells which had been

cultured without the drug. Cell viability wasg

tegted by subculture,.
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EFFECTS OF CHEMOTHERAPY

A variety of drugs were administered orally,
intraperitoneally (i.pe.) or intramuscularly (i.m.)
to VM mice to determine whether or not they
affected the tumour. All mice were regularly
weighed and assessed for clinical signs and

compared to controlss

1 Hormone treatment: Mice of both sexes

were given oestrogen or testosterone.
a) Ethinyloestradiol (lynoral @% was given by
suspending ground Img tablets in the drinking
water to give a daily dose of Jng per mouse,
assuming a 12g mouse drinks 3ml water/day.
b) Testosterone was given by intramuscular
injection of 2pl Primoteston Depot (Shering A.G.,
Berlin/Berghamer) giving a dose of 20mg/12g mouse/
weeks Both drugs were administered from the day
of tumour injection until sacrifice,

Two other experiments were performed in
which ethinyloestradiol was given for 2 weeks

before and after tumour inoculation.
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2e Treatment with Levamisole: The effect of

Levamisole (ICI Pharmaceuticals Division,
Macclesfield, Cheshire) was assessed. The drug
was administered by allowing free access to a
stock solution containing 125mg per litre of
drinking water (dose = 30mg/kg). The drug was
given in some experiments from the day of tumour
injection and in others as pretreatment for 2

weeks prior to ie.cs injectione

e Treatment with Dexamethasone: This drug was

administered either on the day of tumour inoculation
or 12 days afterwards. Dexamethasone phosphate
(Decadron.ﬁ2 Merck, Sharp and Dohme, Hoddesdon,
Herts.) 4mg/ml was diluted and given in a dose of
Oe14mg/kg/day (equivalent to 10mg/72kg man) in

the drinking water.

4o  Treatment with Ribavirin: Ribavirin (1=B-D

Ribofuranosyl 1,2,4 - Triazole =3~ carboxamide, ICN
Pharmaceuticals, Nucleic Acid Reasearch Institute,
Irvine, California) was given by i.p. injection.

The doge regime was 75mg/kgﬁiay for 14 days following
tumour inoculation and was given digsolved in

O.2ml saline.
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Controlss Control mice for these experiments
were injected i.ce with tumour on the same day
and were given no treatment, except for those
experiments involving injections, where the same
volume of saline was injected at the appropriate

site.

The results were treated throughout to a Students
t test to determine the mean latency periods,

standard deviations and probability (P) values,
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RESULTS

CHARACTERISATION OF PASSAQGED VM ASTROCYTOMA

1e Clinical characteristics

Clinical signs of tumour were evident 15
days after intracerebral inoculation. These
consisted of mild subtle signs which gradually
intensified until the animals death about 12 days
later. Mice were usually sacrificed at 'stage C!
of the disease, about 21 days following ic

injectiones See Plate 1.

Some mice with the tumour showed additional
clinical features tc those previously listed.
These included ataxia, in which the mouse, when
held by the tail, revolves very fast; and walks
in circles, holding its head to one sides Tumounr
bearing mice that were rotated two or three times
by the tail showed severe exaggeration of their

ataxia and often developed seizures.

The weight loss found in tumour bearing mice
injected igc, at 21 days and 32 days of age can be seen
in Pige1, and the weight gain in normal weanlings

is shown in Fig.2.
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2e Pathological characterigiics

a) Distribution of the tumour The tumour was

largely confined to the white matter, at least in
the early stages, but at late stages invaded the

cerebellum and brain stem.

At aboubt 5 days following ie.ce. inoculation
the tumour was observed in small foci in the
corpus callosum, the septal area and the fimbria.
By ten days the tumour had spread to the fornix,
corpus striatum and anterior commissure. From
ten days onwards the tumour spread to the thalamus
and extended along the peduncles into the cerebral
hemispheres, and along the descending fibres to
the brain stem. ILater, in mice with C or D stage
disease, the tumour may spread into the wentricles
and subarachnoid space. No extracranial extension

was observed.
Brain swelling was conspicuous (see Plate 2)

in mice sacrificed at 'stage C's The distribution

of the tumour, which was often asymmetrical, can
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be seen in Plates 3a and b, showing the coronal
section of a brain from severely diseased mouse

(stage C) compared with that of a normal mouse.

b) Histology of the tumour Light microscopy

Virtually no variation in histological features
of the tumour was observed in all the mice, gerbils
and hamsters that were examined. Microscopic
examination of the tumour showed variable cellular
pleiomorphism ranging from apparently well
differentiated pilocytic to anaplastic forms.

Nuclei were often either small and darkly

staining or larger with a more open structure

(Plates 4a and b)e. Multinucleated giant cells

were observed and cellular cytoplasm was present

in only moderate amounts (Plates 4a and b). Moderate
but variable numbers of mitoses were found. Areas
ofgﬁnﬁiginous necrosis with pseudo~pallisading

of surviving cells were found in the ﬁost anaplastic

regions of the tumour,
The tumour type was identified on general

morphological features and was further characterised

using special staining techniques. Phosphotungstic
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acid haemotoxylin positive stains showed the

presence of glial fibres in some cells, but silver
staing for reticulin were negative. The histological
appearance of the tumour was in keeping with

that of an intermediate grade or anaplastic

astrocytoma.

e Blectron. Microscopy:

As can be seen from Plate 5, the nuclei
showed irregular morphology oftén with a prominent
nucleolus and clumps of heterochromatin along
the nuclear membrane. In better differentiated
areas of the tumour , bundles of neurofilaments
could be observed in the cytoplasm of the cells

but microtubules were scarce (Plates 6 and 7T)e

In some cells, normal mitoses were observed
ad jacent to the areas of necrosis, cell debris
was found along with some phagocytosis and the
occasional presence of polymorphonuclear leukocytes
and macrophages. No inclusion bodies were found

and nor was there any evidence of wviral particles.

The general features were again consistent

with those of an astrocytoma.

37



Plate la - Normal healthy 5 week old VM mouse.

Plate 1b - VM mouse (b weeks old) 21 days following
i.e. injection with standard,tumour inoculation
exhibiting signs of stage *f£ *.



Plate 2 - Gross comparison between the brains of
a normal VM mouse (left) and a tumour bearing
VM mouse (right). Note swelling of cerebral
hemispheres in the tumour bearing brain.



Plate 3a - Coronal section of cérebral hemispheres of
a normal VM mouse. x 16.

Plate 3b - Coronal section of cerebral hemispheres of
tumour bearing VM mouse. Tumour is present in the deep
white matter, including the corpus callosum (CC),
hippocampus (H) and thalmus (T). x 16.
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Plate 4a - Moderately anaplastic astrocytoma. There
is some nuclear pleomorphism and the occasional multi-
nucleated giant cell is seen.

Haemalum and eosin x 420.

Plate 4b = Anaplastic astrocytoma showing focal necrosis,
nuclear pleomorphism and the occasional giant cell
formation.

Haemalum and eosin x 420.






Plate 5 - Low power electron micrograph to show tumour
infiltrating the white matter of the corpus callosum.
Note variation in size and shape of nuclei (N}, the
surviving bands of myelinated fibres (MY) and normal
capillary (C).

Uranyl and lead x 4,000,






Plate 6 - Higher power electron micrograph of tumour
cells, There is considerable irregularity in shape and
size of nuclei (N) in which clumps of heterochromatin are
seen, The cytoplasm is maderately abundant and contains
the usual organelles. M = mitochondrion; G = Golgi
apparatus; RER = rough endoplasmic reticulum; D = dense
bodies. Note bundles of neurofilaments (NF),

Uranyl and lead x 12,000.

Plate 7 - Edge of tumour invading neurophil of corpus
striatum. N = astrocytic nuclei; F = focus of necrosis;
NF = bundles of neurofilaments.

Uranyl and lead x 12,000.
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Plate 8.

Anaplastic astrocyfoma passaged in gerbil
from tissue culture. The appearances differ
somewhat from those of Figure 4 as the
photomicrograph has been taken from the

edge of the tumours

Haemalum and eosin x 420,

Plate 9s

Anaplastic astrocytomas passaged in hamster
from tissue culture., The appearances are
similar to those seen in Figure 4.

Haemalum and eosin x 420.






PASSTVE TRANSFER OI' VM TUMOQUR

1o Live cell passage:

a) Fresh tumour preparations

The meaﬁ latent period, i.e. the average time
taken for mice injected with tumour to reach
stage C and be sacrificed, was found to be 22.4
+ 2,43 days ( see Table 2 ). Of the 111 mice
that were used for maintaining the tumour
passage, there were four which fell beyond
this latent period and only three mice which
did not develop tumour after three months,
giving a 97.3% incidence of tumour take. The
three survivors were rechallenged with tumour
and were found to be again unaffected after a

further three months.
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Table 2

Tumour Incidence and Latency

Latency ~ (duration from i.c. injection of tumour
uwntil C disease and tumour incidence in passage mice

injected i.cs with standard tumour inoculum

(2x1050ells/house)
Passage No. Tuamour Latency
Incidence (days)
54 /8 26
55 /1 23 a
56 8/8 22
57 8/10 22
58 12/12 19
59 6/6 22
60 8/8 21
61 6/6 24
62 5/5 18
63 12/12 25
64 4/5 21
65 6/6 20
66 3/3 23
67 4/4 25 b
64 3/3 21
65 4/4 22
66 3/3 21 ¢
9745% = 22.4% 2,43

a 2 mice not included in calculation had tumour at 41 and 60 days
b 1 mouse not included in calculation had tumour at 32 days

c 1 mouse not included in calculation had tumour at 34 days.
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As can be seen from Fige 3 the 50% survival
period on the standard survival curve is 20,47 g 244
dayse The survival values were obtained from
the number of mice sacrificed at any given
time taken as a percentage of the total number

of mice injected with tumour.

b)  Prozen Tumour Preparations:

F'rozen tumour gtocks were titrated out to
various cell densities from 500 up to 2.105 cells/
2qP1 dose and it was clearly shown that both
latency and tumour incidence were dependent upon
dose, i.e. the number of cells injected (Figed)e
The threshold dose for inducing 100% tumour
incidence appears to be about 7.103 cells. At
high doses, i.c. 1.105 or 2.105 latency is similar

to that shown by fresh cell suspensions.

The age of recipient mice had no effect on
the latency or take of the tumour. Three aged
VM females (> 16 months old) injected with the
standard inoculum were sacrificed with stage C

disease at 21433 L 2453 days (P => 0.005),

40



ﬁ U149 - yans v soSessed prepueis ut Inouny yiTM uotT4oefuT SBUTMOTTOJ SUWTT UT TRATAINS 9% SUTMOUS 8AIND TBATAINS pIepuels ¢ 8amB14

WNOWNL IG NOlLOILN  HIYRIAI>puINI iS04 — SAYJ

G2 0c Sl - 0Ol

=0

\

=0S

shop Hy F  itroz = [PAAMMG xvch !
(2t =v) 7otw

SNIAAYNG 0\0

/. . ool

b S B rorbier o




UNTNOoUT USZOXJ PIEPUBLS L POONPUT SINOWNY JO 20USPIOUT Pue LOusqe] 9UL Pu® SSOP Inouny useMieaq dTYsuoTyeloy 4 aandiyg

NolL222L wil .Q.s\ CON TI™D ; \quA e
L ot (8] 3
Lno. e *. -ﬂ_
=01
.ﬂ -
059+ _og
FINITQIZN| ,D Fovls  TUNn
ynown | o\ (sAva) A>n~Naiy-
©
0%
OOFI I oo e —— ] a———
=01




2e Killed cell passage

Rupture of cellsg with hypotonic solution
and tannic acid treatment did not appear to
interfere in any way with successful tumour
passages. Cells killed by freezing and thawing
several times, were sometimes successful in
transmitting tumour. Mice so treated with killed
cell preparations survived longer than mice
treated with standard tumour suspensions (see
Table 3). In one experiment using cells which
had been frozen and thawed four timesyand which
were used at three times the usual concentration,
the recipient mice developed severe tumour, on
average, at 18 days following i.ce. inoculation.
Tumour cells disrupted by ultrasonic treatment
failed to produce tumour in VM mice after 6

months observation.
Microscopy of frozen and thawed preparations

revealed no intact cells, but some intact cells

were seen in hypotonically ruptured cell preparations.
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Table 3

Transmission of VM astrocytoma by killed cell

preparations.
Method of Tumour Mean
cell kill incidence survival (days)
Freeze & thaw 0/9 e
x4 9/9 18433% 0.5 < 0.005
/14 484295 1.8 ¢ 0005
x1 3/3 416335 1415 < 04005
x2 0/3 -
x3 0/5 -
x4 0/4 -
Ultrasonic 0/22 -
rupture
Hypotonic 4/4 21.75% 145 > 042
rupture
Tannic acid
at 37°C 10 mins 5/5 33.8% 1.64 & 04005
at 37°C 30 mins 1/1 33 Lo -
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e Cell Free Passage

Cell free exiracts of tumour cell
preparations failed to induce tumour in any of the

83 recipient VM mice.

Table 4

Transmission of VM Astrocytoma by cell free extracts
prepared from killed cell suspensions

1

Method. of Tumour incidence
cell rupture

Freeze and thaw 0/10
x4 0/9
0/9
0/7
Mechanical = o/12
homogenisation
Ultrasonic rupture 0/12
Hypotonic rupture 0/7
" 0/7 '
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4 Passage with Normal Brain Suspensions

As can be seen in Table 5, attempts to
induce tumour by il.ce injection of aged VM
normal brain into aged and weanling VM mice were
unsuccessful. Similarly using young VM normal
brain suspension, tumour could not be produced

in aged or weanling VM mice.

Table 5

Attempts to transmit VM tumour with normal Brain homogenates

Inoculum Recipient Tumour incidence
V¥ 0ld normal VM > 16 months 0/3
brain VM weanlings 0/6
homogenate BSC " 0/5

MM " 0/6
VM weanlings VM > 16 months 0/3
normal brain VM weanlings 0/6
homogenate Bsc " 0/4.

MM " 0/8
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PASSIVE TRANSFER OF VM ASTROCYTOMA INTO OTHER

MOUSE STRAINS AND OTHER SPECIES

1o Inbred mouse strains

Tumour was successfully passaged into the
C57BL/1OScSn gtrain, having the same
histocompatibility type as the VM (H-2°), SIL/J
strain (H-2°) and BSC strain of unknown H-2
type. Abttempts to produce tumour in various
other inbred mouse strains (see Table 6) were

unsuccessfule.

45



Table 6

Transmisgsion of VM Astrocytoma into mice of

other strains and histocompatibility (H-2) types.

Strain H=2 Tumour Latency
incidence (days)

C57BL/10 b 2/10 46,73 days

B10Lp~a b o/5

B10 A a 0/15

B10 D2 d 0/5

c58 k 0/14

AKR k 0/6

MM a 0/30

BSC ? 4/23 25,25,43,52

SJL s 2/12 36,65

VM controls b 12/12 25
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2 Cerbils

Out of a total of 56 gerbils injected i.c. with
standard tumour inoculum, five of fhose which had
been injected as neonates were found to have developed
tumour ( see Table 7 ). One of these five gerbils
was found to be very wasted after 28 days, but did
not otherwise exhibit any of the clinical signs
previously described for VM mice with the tumour.
Three siblings of this gerbil did not thrive and
were subsequently found dead, but cannibalism by the
mother prevented histological confirmation of tumour.
These three gerbils were excluded from the figure of
incidence. The other four gerbils which developed
tumour were also siblings,but of a different gerbil
family. They showed no €linical signs other than
slow development,and at sacrifice were found to
have very mild tumours. The fifth member of this
litter had no tumour and was considerably larger
than its siblings. Histology showed the tumours in
the gerbils to be astrocytomas, although the sections
looked slightly different from the usual passaged

tumour in the VM mouse { see Plate 8 ).
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Table T

Transmission of VM Astrocytoma into other species

Species Age at i.ce latency Tumouy
injection (days) incidence
Mongolian > 10 days - 0/26 *
gerbil
neonatal 28,44.,44 5/30
44,44
Syrian neonatal 19,27, 30 5/40
hamster 33,54
AS rat adult - o/10 *
BN rat adult - 0/10 %
OM rat 10 days - 0/12
SD rat 10 days - 0/12
8 Gerbils Immumosuppressed with 300mg/kg cyclophosphamide
5 AS rats 3 days prior to i.c. injection of VM tumour.

5 BN rats
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3e Hamsters

The VM tumour was also successfully induced
in a2 second species, the Syrian hamster. Five
hamsters, three of which were siblings, showed
signs of weight loss and poor developments On
sacrifice and histological examination these hamsters
were found to have tumours which looked very
similar to the passaged material in the VM (see
Plate 9). These hamsters had been injected as
neonates with standard tumour inoculum and developed
tumour within four weeks (see Table T7) except
for one which was found to be severely affected

by tumour after 54 days.

Q;n Rats

No tumours were found in any of the inbred

rats that were injected with VM tumour suspensions

5e Immunosuppressed Rats and Gerbils

An unsuccessful atitempt was made {to induce
VM tumour in 5 AS rats, 5 BN rats and 8 gerbils

which had been immunosuppressed with
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cyclophosphamide (BOOmg/kg) three days prior fo
ic, injection with tumour. The control rats and

gerbils did not develop tumours either.
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TISSUE CULTURE OF VM ASTROCYTOMA

The VM tumour was successfully maintained
in culture for periods of up to four weeks. It
is not known how long it is possible to culture
the tumour and retain its ability to reintroduce
tumours in mice. Intracerebral inoccula of
primary astrocytoma cultures, three weeks old,
were found to successfully transmit the tumour
back into VM micee Secondary subcultures were
unsuccessful in recipient mice that were observed

for nine weekse.

As can be seen from Table 8, the incidence
of tumour take in VM mice depended upon cell density
and how long the tumour had been cultured. Duration
from the time of i.ce inoculaiion to reach stage C
in the recipients, also bore relation to the time
the tumour had been in culture, eg after one day,
iece inoculation of 2.105 cultured cells produced
clinical disease C in 25,5 days, whereas using
cells cultured for four days, the latency was .

34e4 dayse
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Table 8

Transmission of tumour with tissue cultured

VM Astrocytoma

Period of ~ Dose Tumour Latency P
culture cell no./mouse  incidence (days)
1° 3 weeks 2000 5/19 9ed L 19,23 €0.005
2° 6 weeks 100 0/12
1000 0/16
10% 0/16
10° 0/12
1° 0 day 2,107 4/4 25,5 £ 1,89
1w " 6/6 2545 = 1,97 <042
o n " 5/6 27 82 b 2;17 < 04005
30 " 6/6 30 £ 1.26 <0.005
4 v " 5/5 34 % Te8  >0405
5 " cultures unhealthy O/A
7 " 0/4
cell free
extracts
1° 1 day -
2 n 0/3
3 0n 0/3
4 " 0/3
5 " 0/1

52



Tumours taken from mice injected i.c. with

cultured tumour inocula, were found to be
successful in further inducing tumour in VM mice,

with the same incidence and latency as the standard

inocula.e
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EFFECT OF DRUGS ON TUMOUR GROWTH IN VITRO

1a Ribavirin

Attempts to reduce tumour growth in recipient
mice by tréating primaxry tumour cultures with
Ribavirin at a concentration of 10qu/ml were
unsuccessfule Both control and test mice reached
stage C at the same time, i.e. within 3045 &

3636 days ( P 0.05) following i.ce injection
(Table 9)s The treated and control tumour
cultures were both successfully subcultured, showing

that Ribavirin had not killed the tumour cellse

Table 9

EBffect of Ribavirin in vitro on ability of cultured VM tumour
cells to transmit tumour.

Noe of mice Treatment Tumour incidence Iatency
(days)
20 1.0, ingection 20/20 3043 & 3416
of 24107 cultured
tumour cells treated (P <0.05)

with 109pg/ml Ribavirin

10 Controls iece 5 10/10 30455 = 3436
injection 2410
cultured tumour
cells
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2, P 113 (Saralasin acetate)

Control mice and those injected with cultured
tumour treated with O.Tug/ml and 0.007ug/ml

all succumbed to the tumour within 40=45 dayse
Mice injected with tumour treated with 0,07ug/ml
showed clinical signs of severe tumour on
average after 66 days; this includes one mouse
presenting tumour as early as 42 days and one

mouse which survived until 134 dayse
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EFPECT OF CHIMOTHERAPY

1. Hormones

a) Oestrogen: In two experiments the administration
of gpg/mouseﬁiay oestrogen in the drinking water

was found to significantly alter the latency

of tumour development in both males and female

VM mices As can be seen in Table 10 the effect

was to slightly extend this period by a few days’

and in one experiment by a weeke In a repeat
experiment involving pretreatment with oestrogen,

there was no apparent effects
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Table 10

Effect of hormones on course of VM Astrocytoma

Noe. of mice Treatment Tumour Latency P

& sex incidence (d,a,ys)

5 o7 control 5/5 20.6t 0.89

70 " /1 19T 2421

g o testosterone 9/9 21% 1.94 7 05
i.me 0.05mg/ N

10 9 mouse /week 10/10 2004~ 0496 5045

10 o7 oestradiol 9/10 23,115 1483 <0405
oral 1.2pg/ +

10 ¢ mouse /day 10/10 24e1 = 142 < 0005

14 ¢ oestradiol/ 14/14 2947 = 242 <€0,005

} oral 1e2 KR
8 o7 mouse/da);g 8/8 2045 - 0.93  >0405
8 o from 2 weeks 8/8 20425~ 1404 > 0.5

prior to ieCe
tumour injection
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b) Testosterone: This had no effect on the
latent period or incidence of the tumour

development in treated mice,

2o __levamisole

Levamisole did not prevent or delay the
courge of tumour development, even with a long
preinoculation period of treatment at a dose of
30mg/kgﬁday. If anything Levamisole slightly
shortened the latent period by a significant

amount (P = {0.005) (see Table 11)a
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Table 11

Effect of Levamisole treatment on the course of VM

Astrocytomae
Treatment Tumour Latency P
incidence (days)
+
Controls 12/12 22,92 = 1.88
30mg/kg/day 24./24 20.88 % 1,87 < 0,005
in drinking
water
30mg/ke/day 10/10 2046 = 0.84 £0.005

in water from

2 weeks prior to
ieCe injection of
Tumour
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e Dexamethasone

Thig drug was administered to try and
control cerebral oedema in tumour bearing mice,
at the dose of O.14mg/kgﬁiay. Hhen administered
on day 12, following i.c. inoculation of tumour,
Dexamethasone was without apparent effect on the
clinical condition or survival of mice. However
fivg mice given the drug from the day of tumour
injection until sacrifice, whilst gtill
exhibiting stage B signs of the digease, survived
for longer. These five mice (see Table 12)
showed. a latent period of 24.8 = 1,2 days, as
compared with 20.44 = 073 days for control mices.
Interestingly, fhe short treatment with the drug

appears to very slightly reduce the latent periods
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Table 12

Effect of Dexamethasone treatment on the course of

VM Astrocytoma.

Treatment Tumour Latency P

incidence (days)

+

Controls 9/9 2044 = 073
Dexamethasone 10/10 19.3 £ 0,95 0.0093
from Day 12
Dexamethasone 5/5 20.8 L 1.2 0400002
from Day O
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e Ribavirin

Ribavirin administered at a dose of 75mg/
kg/ﬂay, for fourteen days following ile.ce. inoculation
of tumour had no significant effect on the clinical
condition or swrvival period of the treated mice
(see Table 13)s The survival periods for both
control and test mice is longer than the standard
period of 22 days, but this was typical of frozen
tumour stocks used for this experiment and which

had been stored for more than six months.
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Table 13

EBffect of Ribavirin administered in vivo on the

courge of VM Astrocytoma

Treatment Tumour Latency P
incidence (days)

Ribavirin in 11/17

Oe3ml saline ~ +

iepe T5mg/keg/ 36 & 3.45 Y 0.1

day - for 14

days

Tumour i.Ce ON
2nd day of drug
treatment.

Controls — i.p.  11/11
injection QOe3ml

+
049% saline 34636 = 2,69
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DISCUSSION

The results in this study demonstrate the general
behaviour of the VM astrocytoma under experimental
passage conditions. Results are also given of attempts
to transfer pagsively the tumour with killed cells,

The effects of various drugs on tumour growth in vivo
and in vitro and the ability of the tumour to grow
in other mouse strains and in other species are also

demonstrated,

The clinical presentation of the VM tumour is
similar to that of many murine diseases in that affected
mice show a general malaise and wasted appearance. It
is however characterised by a number of specific
neurclogical signs such as loss of reflexes, ataxia and
seizures, Weight loss is primarily due to an increasing
inability to reach the food hopper as even severely
affected mice would eat readily if food was placed
within reach., It was therefore accepted as an expression
of clinical involvement of the tumour. Weight loss was
first evident at approximately 15 days following ie.ce

injection with tumour and coincided with the first
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clinical signse

A single spontaneous astrocytoma was found in
one 220 day old female from the breeding colony,
ultimately totalling 96 mice. The spontaneous tumour showed

a similar histological pattern to the passaged materiale.

The pathological features of VM astfocytomas
found in this study were similar to the description
given of the histology of spontaneocusly arising VM
astrocytomas (Fraser, 1971). It was observed, as
reported in Fraser's study (1980), thait in severe
cases the tumour invaded the ventricles and subarachnoid
space. Some tumours included several giant multie
nucleated cells and bore a resemblence to glioblastoma
multiforme. These features were also evident in some of
the tumours derived from culitured VM astrocytoma cellst
Giant cells with bizarre nuclear patterns typical of
glioblagtoma multiforme have also been reported in
high grade astrocytoma induced by Nemethylnitrosourea

(Schmidek et al, 1971)a

Passage of the tumour was standardised and the

variability in latency period, as reported by Fraser (1975)
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was minimised. The latency period was found o be
approximately 21 days, which was shorter than the 25«30
days indicated by Fraser (1980). This was possibly a
dose response effect as the standard dose in this study
was 2.105 oells/b.%ul as compared with 104 cells/b.apl
used by Frasere A definite relationship was found
between the number of cells injected and the tumour
latency period and incidence, The minimum latency
period has yet to be determined, but it is possible that
there is a meximum cell concentration above which

there is no reduction in time for the tumour to

manifest itselfs Likewise, it is possible that there is
a ‘threshold number of cells below which tumour cannot

be induced. The threshold dose would be below 500 cells,
but it would be difficult to establish a very précise
number, since the proportion of tumour to nonwtumour
cells may be variable. It would however, be useful

to establish an approximate threshold dose of {tumour
inoculum for the investigation of the immunology and
chemotherapy of the tumour. There were four cases in
which the tumour presented severe signs alfter 30 days,
one being as late as 60 days. This can be explained
either by a low ratio of tumour cells to normal cells

in the inoculum given to these particular mice or by

a slight resgistence fo the tumour in these individuals.
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Three mice, at the 54th, 57th and 64th passages

(from the first passage carried out by Fraser, 1974)
developed no tumour. These survivors were challenged
ieCe With the tumour and remained unaffected.
Resistence by VM mice to the passaged astrocytoma and
to subsequent challenge has been reported at earlier
passages (Fraser 1974 and 1980). It was observed
that the latency period was slightly longer in those
passages including survivorse. This was also reported
Frager (1974), who suggested that this was due to too
few tumour cells being present in the inoculums This
does not explain, however, the resistance shown by
these mice to further challenge. It is possible that
a subpopulation of the VM strain is either privileged

with an immunologic resistance to the tumour, or is

by

genetically incompatible with the tumour causing agent

The genetically determined predisposition of VM mice *to

succumb or resist the passaged astrocytoma could be
tested by observing the behaviour of the tumour in
selectively bred offspring of apparently immune VM
mice., Another possibility is that the surviving mice
did, in fact,receive a subthreshold dose which was
gufficient to invoke a cell mediated immunity to

subsequent challenges
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Contrary to previous belief, the brain is not an
immunologically privileged sitej both inhibitlon and
rejection of an i.ce implanted mouse glioma havebeen found
following intradermal immunisation of mice with isologous
glioma = adjuvant mixture (Scheinberg & . Taylor, 1968),
VM mice, however, immunised by various peripheral
routes succumbed to intracerebral challenge with the
tumour (Fraser 1980). It may be possible to stimulate
an immune response in VM mice by lecs immunisation of a
subthreshold dose of tumour cells., Humoral antibodies
cytotoxic for cultured astrocytoma cells are present in
human glioma patients and have been studied for diagnostic
use in a microcytotoxicity test (Philips et al, 1976).
Cellular immunity in Fischer rats bearing primary brain
tumours has been demonstrated by the specific
inhibition of peritoneal macrophage migration by soluble
extracts of avian sarcoma virus induced glioms tissue
( Adams et al, 1977 and 1978 ). An antibody
dependent cellular cytotoxicity reaction has been shown
to cure a mouse neuroblastoma in vivo (Byfield et al 1976).
This was however achieved on a tumour which will grow
subcutaneously in syngeneic A/J mice, The cure was
effected by first injecting antibody coated mouse
neuroblagtoma cells and then rat spleen cells into the

flanks of micee
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It has previously been reported that the
VM tumour failed to grow in any of a variety of sites
outside the CNS, even using neonatally thymectomised
mice (Fraser, 1974)e The VM tumour has, however,
been grown subcutaneously in totally immunodeprived
CBA mices Immunodeprivation was carried out as
followss 7 week old male CBA mice were neonatally
thymectomised; 3 weeks later they were given 850 rads
whole body radiation, followed immediately by an
i.ve injection of 5.106 syngeneic bone marrow cells.
Immunodeprived mice were injected sece with the
standard VM tumour dosee After four weeks
subcutaneous growth measuring Oe.5cm across were found
along a blood vessele Histological observations
were not available at the time of writing, but it is
possible that these growbths were astrocytomas, as
tissue cultured cells have since been found o grow
intramuscularly and subcutaneously in nude mice
(Serano et al, 1980)e (Work done at the National
Hospital for Neurological Diseases, Queen Square in
conjunction with Dr. Ne Bradley, Royal Marsden Hospitals)
Such immunodeprivation techniques should be explored
to examine the possible extraneural growth of the tumour

in VM mices

Of the various methods of cell kill used, only
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ultrasonic rupture consistently inhibited tumour
transmissions It is possible that the tumour
transmitting capacity of the cells was destroyed

by heat, as generation of high temperature is an
inherant problem in the sonication of liquidse It

was attempted to minimise this effect by keeping
tumour preparations on‘ice during sonications
Alternatively, as sonication disrupts the cell
completely, it is possible that no sﬁffioiently

large fragments remained to allow a membrane associated

agent to transmit the tumours

Hypotnic cell rupture showed no effect on the
tumour latency period or incidence. This is not
surprising as a few intact cells were seen amongst

the large cell fragments in the preparatione Whole

intact cells may have persisted in the inoculume

Cell preparations killed with tannic acid were
still able to transmit the tumour, although there was
a significant extension of the tumour latency period
to 33 days. The incubation time with tannic acid
did not vary the result, i.e. tumour latency period
was the same from both the 10 minute and 30 minute

incubationse. Vital staining with methylene blue
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showed that no viable cells were present in the
inoculum. This suggests that intact killed cells
were able to transmit the tumour and that the ‘tumour

causing agent was not inactivated by tannic acid.

I'reeze and thaw killed cell preparations
produced rather variable results. In some cases
total tumour kill was achieved, and in others the
oncogenicity of the tunour was retained. Where
successive freezing and thawing was carried out
only the X1 preparations produced tumour, the X2,

X3 and X4 freeze and thaw preparations producing no
tumours after 6 months observation. Two previous

¥4 preparations had, however, proved successful in
producing tumours and one had not., It is interesting
to note that in two experiments, a X4 and a X1
preparation, there was a significant delay in tumour
latency period to 48 and 41 days respectively. In
another ¥4 preparation, the 1aten§y period for both
test and control animals to show severe tumours was
only 18 days. Since this preparation contained

three times the standard cell concentration, and
therefore a greater concentration of %the iransmissible

agent, a dose response effect may account for the
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very short latency period. Intact cells were not
found in any of the X2, X3 or ¥4 freeze and thaw
preparations, but some were seen in the X1
preparation. It is not clear whether all cells were
killed by this method. It is therefore possible
that incomplete cell kill merely extends the tumour
latency period by a dose response effect. It appears
therefore that VM tumour cell fragments and intact
dead cells can transmit the tumour, but that the
damage caused by successive freezing and thawing, or
by tannic acid may inhibit or delay the onset of

tumourse

Cell free filtrates prepared from all the above

methods of cell kill failed to produce any tumours
in 73 VM mice. Previous attempts to induce VM tumours
with ie.Ce. inoculations of cell free filtrates were
also unsuccessful (Fraser, 1975). Successful
transmission of a spontaneous transplantable mouse
neuroblastoma using cell free extracts has been
reported (Prasad et al 1970) but another group (Myers et al,

1971) failed repeatedly to reproduce their work and
cast doubts on the validity of Prasad¥s methodss
The VM astrocytoma therefore requires intact cells or
cell fragments in the inoculum in order to transmit

the tumour successfullye
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These results are difficult to interpret
megningfully as more work on the effects of cell kill
is necessarye. Three points may, however,be drawn
from these experimenis., Iirst, the VM astrocytoma
grows faster in the host from intact viable tumour
cells. Secondly, the transmissible tumour causative
agent is associated with cell membranes or other cell
structures. Thirdly, it is possible that the tumour
is transmitted, in the passage situation, by infection
of the hosts brain cells, rather than by proliferation
of inoculated tumour cells; both mechanisms mey however
work concurrently. This last point would be clarified
by establishing the sexual identity of fumour cells
in male and female mice. The original spontaneous
tumour, from which the passaged material was derived
arose in a femsle VM mouse, Chromosome banding for
example, with Giemsa or quinacrine staining of mitotic

tumour cells, would demonstrate the VM karyotypes

The VM astrocytoma was transmitted across the
histocompatibility barrier, into the SJL/J strain
(H = ZS), BSC strain ( H -~ 2 unknown) and also into
the C57BL/10 strain of mouse, which has the same H - 2

tyve as the VM (H w 2b). The number of such
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transmissions was very low and the tumour latency
period extended. The tumour could not be reproduced

in a number of other mouse strains (Table 6)s It was
reported by Fraser and McConnell (1975) that attempts to
produce the tumour in other strains had been generally
unsuccessfule Subsequent work, however, has shown

that the VM tumour can be induced in other mouse
strains, with increased tumour incidence in the F1
generation of VM hybrids e.g. VM/C57BL (Fraser 1980).
No correlation was found in either study between

tumour incidence and histocompatibility type. It was
proposed by Fraser and McConnell (1975) that the success
of the tumour depended on its maintaining a close
relationship with the genotype of origine The tumour
hag however been successfully transmitted across the
species barrier into 5/&0 hamsters and 5/30 neonatal
gerbils, Three siblings of one of the tumour bearing
gerbils showed similar wasting and poor development,

but cannibalism by the mother prevented histological
confirmation of tumour. The actual frequency of
passaged UM tumour in gerbils could be as high as

8/30. The latency period was usually longer than in the
VM host, being between three and eight weeks. The

tumour could not be grown in four different rat strainse
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Transfer of brain tumours to heterologous species

in not unknowni human glioblastomas have been
transplanted both directly and indirectly, wvia the
anterior chamber of a guinea pig eye, into guinea

pig and mouse brains (Greene 1951). Human

ependymomas and astrocytomas treated in the same way
failed to grow and Greene attributed the success of
the glioblastoma to its extreme malignancy. Similarly
the high malignancy of the VM anaplastic astrocytoms may
account for its successful transmission into other
species. Immunosuppression with cyclophosphamide

did not aid transmission of the tumour into adult

rats and gerbils. The possibility of transmitting

the tumour into yet more mouse strains and species,
however, should be examined in more detail. The use of
immunosuppressive drugs and immunodeprivation
techniques, such as irradiation and neonatal thymectomy
would be helpfule The VM tumovr may grow for example
in the Fischer rat , in which artificially induced
agstrocytomas have heen obtained by i.c. injection of
RSV (Wilfgong et al 1973)}s The monkey would be an
obvious candidate, as successful growth of the VM
tumour would provide a useful parallel with human

glioma researche

(P



Thet +the VI tumour is capable of transmitting
tumour to other mouse strains, and more importantly
to other species, is consigtent with a viral aetologye
It also supports the hypothesis that the tumour is
transmitted by infection of the host cells, and not be

proliferation of inoculated ¥foreign' cells,

The VM tumour was successfully maintained in
culture for short periodss up to three weeks in
primary (1°) culture and six weeks in secondary
(2°) culture. Tt failed however on subseguent
subculturing. Fraser (1975) also found that the VM
tumour could be maintained in tissue culture, although
he found that it failed on the firgt subculture. It
was found that tumour cells from 1° cultures would
transmit fthe tumour back into the host; this was also
reported by Fraser (1975). Secondary cultures,
however, did not transmit the tumour into VM mice,
Intracerebral incculations of three week old. cultures
of VM tumour at 200 oells/OeO2yl/mouse produced
tumours in 5/19 mice, after an average of 94 days,
although one tumour developed as early as 75 days.
This shows a significant delay and reduction in tumour
incidence, A similar dose of standard inoculum

produces severe tumours after approximately 44 days

76



in 75% of mice. Some 1° cultures were maintained for
only a week, and groups of mice were injected i.ce
with 2.105 cells from cultures harvested on each

daye Although the groups of mice were small, there
was 100% tumour incidence in those groups injected on
days O=4e It is interesting to note that the

latency became progressively longer, being 34 days

on day 4, as compared with 25 days on day Oes This
culture unfortunately failed on day 5, but as tumour
incidence had been 100% up to day 4, it is unlikely
that this explains the gradual extension of the latency
periode It is possible, that had this culture
survived for three weeks, the latency period would
have been comparable with that of the previous three
week 1° culture. A4 possible explanation is that the
tissue culture environment favours growth of normal
VM cells, and that with time the proportion of

tumour cells diminishes, This might also explain

the failure of 2° cultures to transmit tumours. 4n
alternative explanation for the failure of subculiures
is that the incubation period had become so long

that it fell outside the 6 month observation periode
It has since been reported that 5 cell lines have

been successfully established in tissue culture,
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and that these cell lines retain their
tumourgenicity after several subcultures and give
rise to tumours in vivo not only intracerebrally
but subcutaneously and intraperitoneally

(Serano et al 1980)s  Successful growth.of the
VM tumour in tissue culture will be most useful
for in vitro assays of antitumour and antiviral

drugs and for immunological studiese

The drug Ribavirin was synthesised by Witowski
et al (1972) and its broad spectrum antiviral activity
in vivo and in vitro was described (Sidwell et al 1972,
1973 and 1975). The effects of Ribavirin on RNA and
DNA viruses was also reported (Huffman et al 1973).
Ribavirin has also been shown to be effective
in vitro against Erlich ascites tumour cells (Smith
et al 1974), and Friend leukaemia virus (Sidwell et al
1975); from these studies it was suggested that
Ribavirin has direct antitumour propertiese The
effects of Ribavirin were therefore examined on 1°
VM tumour cultures., The Ribavirin treated cultures,
when inoculated i.c. into VM mice, produced tumours
with the same latency period as untreated control
cultures, i.ec. about 30 days. Tumour incidence was

100% in both cases. Ribavirin may have failed to
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inhibit or delay VM {umour growth at the
concentration i.es 100pg/ml which was useds The VM
tumour culfures should be treated with Ribavirin at
a range of concentrations, before the efficacy of
the drug can be dismissed. Another explanation cén
be offered in that Ribavirin affects the early stages
of the virus cycle, by inhibition of synthesis of
viral antigen and infectious virus when added within
4 hours of infection of cell cultures with influenza
virus (Durr & . Lindh 1975). Sidwell et al (1975)
concluded that tissue culture studies had shown that
Ribavirin was not virucidal at the cellular level,
neither did it prevent penetration or gbsorption

of virus to the cell. Ribavirin has been shown to
inhibit intracellular synthesis of viral nucleic
acids and their incorporation into the viral genomej
it does this by inhibiting inosinate dehydrogenase
which is required by synthesis of guanine ribonucleosides
(Streeter et al 1973). Ribavirin was added 24 hours
after placing the VM tumour cells in culture. These
cells would already be infected with the putative
virus, and therefore would not be affected hy
Ribavirine It might be informative to infect normal
WM brain cell cultures with viable tumour cells or

cell fragments and to test the resulting cultures for
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oncogenicity in the VM mouse. Newly infected
cultures could then be treated with Ribavirin at
various concentrations before reinoculation into

VM mices

The gpecific angiotensin II antagonist P113
was shown to suppress cell growth of mouse fibroblasts
and Simian 3V 40 virus transformed fibroblasts
in vitro (Schelling et al 1975). This drug was
therefore examined, in a prelimiﬁary experiment, on
the VM tumour in tissue culture., P 113 appeared to
delay the onset of tumour where it had been added in
low doses to the tumour cultures prior to i.ce
injection into VM mice. Cultured cells treated with
0.0Tyg/hl P113 produced clinical signs of severe tumour
in recipient mice on average 66 days after i.ce
injections. There was considerable spread in the
results and one mouse showed signs of severe tumour
as early as 43 days, and one as late as 134 dayse
The control mice injected with untreated cultured
cells succumbed to the tumour within about 42 dayse
It is possible that the P113 suppressed cell growth
in vitro and thus slowed down the proliferation of
the inoculated tumour cells in vivoe The delay

in onset of tumour may reflect the time taken for
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cells affected by P113 to recover. This experiment
should be extensively repeated to determine the most
effective dosage of P113 to add to VM tumour cultures.
The behaviour of both VM normal brain cell cultures
and tumour cell cultures in the presence of the

drug should also be determined.

A selection of drugs were tested in vivo for any effects
on the course of the VM tumour. The use of steroids, 1l.e.
oestradiol and testosterone was mainly withouk effect. In two
of the trials with oestradiol, however, the tumour latency was
significantly extended (P = 0,002) by up to a week in female
mice only., This result was not consistently repeatable, a
possible explanation is that solution of cestradiol tablets
in drinking water did not glve a constant dosage. The effect
of oestrogen on the VM tumour should be further examined in
view of the results obtained by giving owstrogen to rats with
a transplantable glioma. Methyl- Prednisolone was found to
increase survival, reduce cerebral oedema and dramatically
decrease the weight of tumours in rats with intracerebral
gliomas ( Gurcay et al, 1970 and 1971 ).

Use of the immunostimulant drug Levamisole did

not delay or inhibit the onset of tumour development.
In fact mice treated with Levamisole succumbed to the

tumour two days earlier than the controls, which is
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gsignificant in a latency period of only 20 dayse.

The dose (30mg/kg/day) given was the equivalent of

that given to humans and may have a slight toxicity

for mices Levamisole may have been ineffective if

the immune processes of the VM are not affected by

the astrocytomae, This seems unlikely in view of the

documented decrease in immunological competence,

as shown by diminished responsiveness of T cells to

mitogens in humen gliome patients . ( Thomas et
al, 1975 ), and in Fischer rats with RSV induced

astrocytomas (Roszman et al 1978 )o Another possibility

is that those immune responses involved with the tumour

are not affected by Levamisole., It is also possible

that such immune processes are involved entirely

within the braing it may be significant that only

those mice which were immunised i.cs, survived challenge

with tumour, Levamisole can potentiate an existing

immme responses and as this tumour has arisen in

genetically identical inbred mice, it is possible

that there is no rejection of the isologous tumour,

Tt would be interesting to see whether Levamisole has

any effect on the VM tumour in héterologous systems.

Dexamethasone, when administered from the day
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of i.Ce injection with tumour was able to delay

the onset of clinical signs of tumour by Ffour dayss
When given from day 12 after tumour inoculation the
drug had no beneficial effect. Dexamethasone 1s used
to control oedema in human tumours and has heen shown
to increase survival of mice with ependymoblastoma,
by irhibition of tumour growth and reducing oedema
(Shapiro & . Posnery; 1974). +he same mechanisms
could account for the delay in latency period in

the VM tumour. That the drug did not affect the
onset of tumour when given after day 12, is possibly
due to the growth of the tumour being too far

advanced at that stages

Ribavirin has been shown to be effective in vivo

i Bt

against various virus infections, including herpes
induced encephalitis in hamsters (Sidwell et al 1973),
spontaneous leukaemia in AKR/J mice (Randawa et al
1974) and to have antitumour activity against Friend
leukaemia virus (Sidwell et al 1975)s In the light
of thié worky Ribarvirin was given "i.p. . to VM mice
injected i.c. with tumour. There was, however, no
effect on tumour development in mice treated with
Ribavirine. The dose, 75mg/kg/aay, was chosen as the

N
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safest maximum as Ribavirin was toxic to mice at
higher does (Sidwell et al 1975)s Other dose

regimes may, however, be more effective againgt the
VM tumoure Khare et al (1973) suggested that the
efficacy of Ribavirin was dependent also on the
concentration of influenza virus used to initiate
infection, and that there was a maximum dose of virus
rabove which Ribavirin was ineffective., It is possible
therefore, that the standard dose of VM tumour
overwhelmed any effects of the Ribavirine The i.pe
route of admihistering Ribavirin may not be suitable
in the case of the VM tumour. Ribavirin was most
effective when given i.pe against Friend leukaemia
virus (Sidwell, et al 1975) but was only effective
against encephalitis when given ie.c. (Sidwell et al
1973). Ribavirin should be tried again in the VM
mice by subcutaneous, oral, i.v. and especially

i.ce routes.s A simultaneous i.c. injection of VM
tumour and Ribavirin might be the best way to test

the drug in vivo.
It is interesting that Ribavirin has been shown

to have an immunosuppressive effect on humoral

antibody response, but not the cell mediated response,
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in influenza virus in ferrets ( Potter et al 1974)e
It is possible that such immunosuppression in VM
mice could outweigh any therapsutic effects of

Ribavirin against the VM tumour.

Combined immunotherapy and chemotherapy has been
examined in the ABV « Fischer rat glioma model
( Mahaley et al, 1977 5. It was fouﬁd
that triple therapy with BCG 4 i.pe injections of
sarcoma cells + i.ve administered BCNU prolonged the
survival time of rats with virus induced glioma., It
is suggested that such treatment be applied to the

VM brain tumour model.

CONCLUSIONS

The spontaneous astrocytoma in VM mice has been
clinically assessed and passive transfer in the host
was standardised. 4 cleaf relationship between cell
density of the inoculum and tumour incidence and
latency period was demonstrateds The VM tumour was
maintained in tissue culture and could be transmitted

back into the host. Preliminary in vitro drug
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trials showed that low concentrations of P113 could
delay the onset of the tumour in mice. In vivo
treatment with Dexamethasone also delayed the
development of tumoure. It was possible to

transmit the tumour with killed cells and cell
fragments, but no tumowurs were induced by cell free
filtrateses The VM tumour was successfully induced
in hamsters, gerbils and some other mouse strains.
The latter findings suggest that the VM tumour may

be transmitted by a membrane associated virus,

The oncogenicity of the passaged VM tumour
appears to have increased with successive passages.
This is indicated by a decrease in latency period,
increase in tumour incidence, and loss of a host
age factor described in early passages. (Fraser, 1975).
Transmission into other mouse strains and across the
species barrier by later passages C) 54th passage)

also supports this hypothesis.

In the light of experiments in this work and
previous reports on the immunology of human gliomas
and artificially induced animal tumours, the

immunology of the VM astrocytoma and the possibilities
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of immunotherapy and chemotherapy, in vivo and

in vitro, should be extensively examined. The
spontaneously arising VM mouse astrocytoma is
autochthonous, consistently reproducible and has
a short incubation period which makes it an ideal

animal model for human glioma studya.
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APPEIDIX

1o 'Tissue Culture Media

Dissecting fluid

Tanks balanced salt solution (BSS) (Gibco Biocult Ltd)

Penicillin
Streptomycin)
Kanamycin

Amphotericin (Fungizone ®)

Culture Medium (Hams F12 and antibiotics)

2 (10 x)
Nonessential amino acids
Herpes buffer (M)
NaHCO, T+5%

Glutamine

Na OH (IN)

Foetal calf serum

Water

Penicillin

Streptomycin

Kanamycin

PBS /ImMEDTA

0.9% Saline

(Flow)

(Gibeo)

to pH

to

Phosphate buffer (0.2M NaHpPOj o2Hp0 s NapHPOy) pH T2

EDTA

88

100ml.

100 units/ml
100 pg/ml
293Pg/ﬁ1

45 ml
5 ml
9 ml
205ml
5 ml
Te2
20%
400 ml

SOu/ﬁl

100yg,/m1

900m1

100m1.

1 millimole



2, MWeight monitor for 26 normal VM Q mice

Age Days = grams SD

21 6e1 I 112
28 Te95 (P
31 8e9 1424
35 10498 1495
40 12459 2.64
42 145 1451
47 1548 1423
50 16406 0499
55 16425 0e8

58 16459 1411
63 16497 133
10 17469 1456
Vil 18483 273
84 20472 2.7
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3. TWeight monitor of 26 normal VM ¢ mice

Age Days = grams Sh

21 642 + «99
28 8452 1438
31 10438 Te55
35 12,63 Te55
40 15423 17

42 16445 1458
47 1841 1028
50 18436 1445
55 19.72 0e94
58 19435 1.07
63 1971 1432
70 20425 0493
84 21486 1438
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de Weight monitor for VM passage mice injected at 21 days

Age Noe & . grams SeDe

(days) sex
21 23 @ 5643 £ 0.42
26 Te 34 0481
31 10442 1635
35 1152 1468
40 10422 1494
43 9.81 1402
46 8a3 0498
219 25 o7 6456 1,08
26 8e56 09
31 10456 1402
35 1242 1436
40 11406 184
43 9456 0.94
46 912 0483
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5 Weight monitor of VM passage mice injected at 33 days

Age Noe & > grams SeDe

(days) sex
35 15 ¢ 9471 + 0,92
41 1243 1461
45 12494 1672
50 124,50 246
54 12425 2486
56 10479 2436
35 15 o” 10657 113
41 13621 2432
45 14486 3404
47 16,92 2459
50 15472 3e33
54 14494 1492
56 12444 2693
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6e Weight monitor of VM passage mice injected Day 28 & 40

Age No. & e grams SeDe
(days) sex

TIC 28 days 6 ¢

28 9453 + 1.4
35 12442 0466
42 133 0493
50 11442 1+88
52 9466 1408
TIC 40 days 5 o?
40 11 140
45 1248 0484
52 1448 084
57 138 Te6
59 1246 246
61 10¢4 1495
40 g 11 0482
45 1145 0482
52 1245 0482
57 1128 1649
59 10.14 2448
61 9e21 2423
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7« Dose Response for VM Tumour cell Suspension frozen to
~70%C in 10% DMSO at 101 cells/ml TCF

Dose Mean SeDe Tumour
no.cells/20pl Incubation Standard Incidence
Period Deviation
24107 1848 Lo 16/16
5 - +
1410 2641 = 1e9 9/9
1.10% 3943 L 8.0 6/6
4410° 43 Lo 7/8
3 : + =
2,10 4349 - 1241 12/13
1.10° 5842 Louysx 2/
500 60 L 1546 * 1/3

( * for the purpose of this calculation it was assumed that all
survivors succumbed on day 69 (end of experiment) e
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8¢ Transmission of VM Astrocytoms into Mongolian Gerbils

Age at ie.ce Tumour Latency Pathological
injection incidence (days) grading of
tumour
6 months 0/7 -
6 months immuno= 0/8 -
suppressed
3 weeks 0/4 -
10 days o/7 -
neonatal - 1/ % 28 + 4
neonatal 0/4 —
neonatal 0/4 -
neonatal 0/2 -
neonatal 4./ 5 44 +
neonatal 0/4 -
neonatal 0/3 -

* 3 giblings were found dead and cannibalism made

histological examination impossibles
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9s Transmission of VM Astrocytoma into neonatal

Syrian Hamsters

Tumour incidence Latancy Pathological grade of
(days) ‘tumour

0/6 -

0/5 . ~

/4 -

0/3 -

1/3 27 P

0/2 -

o/4 -

1/2 54 + o+

1/2 32 + o+

2/2 3 '

0/2 —

o/1 -

0/5 -
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10 Dexamethasone = weight monitor

Days post Noe of x grams SeDe
i.ce injection mice
6 controls 12,08 L 1493
5 1240 Lo
10 16425 L 1.5
14 1640 Y 2,56
19 15412 L o4.68
21 1340 Lo
0 10 Mel4 t 1.9
5 Dexamethasone - f0.46 1436
10 13433 1429
14. 1524 1e33
19 13637 2413
24 5 12.6 1482
28 %;ﬁﬁegﬁsg’;e 1140 1o
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11e Weight monitor for mice treabted in vivo with

Ribavirin
Days post No. of VM Weight (g) S
iecs injection mice (n) (=
+
0 20 8'95 - 2009
6 20 10438 T 2.09
12 20 12.21 L o2, 0
16 20 12,88 Y 2,03
20 20 13432 £ 2.87
25 17 1157 L 2,08
29 17 10432 Yo
35 17 9«7 g 0495
38 14 917 L 1,93
CONTROLS
0 11 L 4.03
6 t 0.82
12 L 0497
16 L o425
+ .
20 - 1.76
+
25 - 1009
29 L 1.5
35 Y .04
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12+ Weight monitor for mice treated with lLevamisole

Days post Noe. of VM Weight (g) SeDe

iece injection mice (n) (=)

0 24 1307 L L.13
7 13465 Lo
11 14407 - 0.9
14 14,46 141
18 15402 L1713
21 13479 L 0.7
24 11463 L 1,04
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