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Summary

A glioma cell line, CNS-1, was developed in the inbred Lewis rat to obtain a histocompatible astrocytoma cell
line with infiltrative and growth patterns that more closely simulate those observed in human gliomas. Rats
were given weekly intravenous injections for a six month period with N-nitroso-N-methylurea to produce
neoplasm in the central nervous system. Intracranial tumor was isolated, enzymatically and mechanically
digested, and placed into culture. The tumor cell line injected subcutaneously on the flanks of Lewis rats grew
extensively in situ as cohesive tumor masses but did not metastasize. Intracranially, CNS-1 demonstrated
single cell infiltration of paranchyma and leptomeningeal, perivascular, and periventricular spread with ex-
pansion of the tumor within choroid plexus stroma. CNS-1 cells titrated in right frontal brain of Lewis rats at
10°, 5 x 10°, 10°, 5 x 10" cells per group had mean survival times ranging from 20.5 to 30.2 days. CNS-1 was
immunoreactive for glial fibrillary acidic protein, S100 protein, vimentin, neural cell adhesion molecule, reti-
noic acid receptor a, intercellular adhesion molecule, and neuron specific enolase. The CNS-1 cells commonly
had one or more trisomies of chromosomes 11, 13 or 18; losses, possibly random, of chromosomes (3, 5,19, 30, X
or Y) were noticed, and a marker chromosome made up of approximately 3 chromosomes was usual. Compar-
isons of CNS-1 to 9L gliosarcoma tumor were made. The glial CNS-1 tumor model provides an excellent
system in which to investigate a variety of immunological therapeutic modalities. It spreads within brain in a
less cohesive mass than 9L and is accepted without rejection in non-central nervous system sites by Lewis rats.

Introduction

Glial neoplasms are among the most resistant tu-
mors to conventional antineoplastic therapy. Sur-
gery, radiation and chemotherapy are all palliative;
none successfully eradicate the malignancy [1]. The
reason for this is perhaps partially related to the
growth characteristics of such primary central nerv-
ous system tumors. While they typically occur as a
single mass lesion, the margins of the tumor are of-
tenill-defined and characterized by individual infil-

trative tumor cells. Few are microscopically sharply
demarcated. Thus, if cure is to occur, the therapeut-
ic regimen must not only eradicate the bulk of the
tumor, it must eliminate the small groups of infil-
trating cells that disseminate from the main tumor
mass.

Few of the currently available rat brain tumor
models optimally simulate the infiltration and
growth patterns observed in human gliomas. Fre-
quently they lack the diffuse individual cell infiltra-
tion patterns typical of human gliomas, growing in-
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stead like well demarcated brain metastases or sar-
comas. Such a limitation is particularly disadvanta-
geous when animal brain tumor models are used to
study immunotherapeutic regimens which need to
assess the ability of cytotoxic cells or antibodies to
reach and eradicate individually infiltrating glioma
cells. In addition, minor histocompatibility antigen
differences between the host and the tumor cells
can result in rejection of the test tumor, confound-
ing ones ability to carefully examine the efficacy of
immunotherapeutic modalities in the test system.

The rat brain tumor models most commonly used
have either been created by transformation of cells
with Rous sarcoma virus, by injections of rats with
various mutagenic agents such as methylcholan-
threne or nitrosoureas, or by radiation [2, 3].
Among those more widely used are RT2, T9, C6,
and 9L. The 9L rat gliosarcoma was induced in
Fischer rats by weekly iv injection of N-nitroso-
methylurea [3,4]. Selection for the sarcomatous cell
of this mixed gliosarcoma tumor type has occurred
upon many culture passages.

A variety of approaches to the immunotherapy
of gliomas has been attempted [5]. The immune sys-
tem has the potential for locating disseminated an-
tigen in tissues and eliminating it. For this reason,
pursuing the refinement of adjuvant cellular ther-
apy approaches is theoretically warranted, espe-
cially for non-sharply demarcated primary brain tu-
mors where complete surgical resection might not
be possible. Our laboratory has used the 9L gliosar-
coma model established in the inbred, immunoge-
netically-characterized Fischer rat for our immu-
notherapy studies [6-10]. We chose the 91 model
over the C6 glioma model, which was established in
the outbred Sprague-Dawley rat, in view of the re-
quirement for major histocompatibility character-
ization. Tt is particularly advantageous to know the
specific haplotype of the rats when testing synge-
neic or allogeneic cytotoxic T cells in adoptive im-
munotherapy regimens [6, 10]. This report examin-
es the novel CNS-1 Lewis rat derived glioma cell
line and compares its characteristics to the 9L glio-
sarcoma line.

Methods
Animals

Inbred specific pathogen free and viral antigen free
Lewis (haplotype RT1") rats were purchased from
Charles River Breeding Laboratories. All animals
were male rats weighing 200-250 gm. Animals were
injected intravenously weekly for a six month peri-
od with N-nitroso-N-methylurea (NMU # N-1517,
Sigma, St. Louis, MO} to produce neoplastic dis-
ease in the central nervous system. Animals were
observed daily from six months onward for evi-
dence of gross neurological abnormalities.

Cells

9L gliosarcoma cells were cultured in RPMI
1640:Dulbecco’s modified Eagle’s medium (2:1 v/v)
containing 10% fetal calf serum (Gibco, Grand Is-
land, NY), 200 mM L-glutamine, 100 U/ml penicii-
lin, and 0.1 mg/ml streptomycin.

A single cell suspension of CNS-1 cells were pre-
pared from a primary intracranial tumor by enzy-
matic and mechanical digestion. Briefly, the tumor
in Hank’s Balanced Salt Solution (HBSS, Medi-
atech, Washington, DC) was minced into 1 to 2 mm
pieces. To this mixture, concentrated enzymes were
added so that the final concentrations were 0.002%
DNase type I (Sigma), 0.01% hyaluronidase type V
(Sigma), and 0.1% collagenase type IV (Sigma).
The tissue was further dissociated by mechanical
stirring for 1 to 2 hours at 37° C. The resulting sus-
pension was washed twice with HBSS. The resulting
cells were grown in RPMI 1640 medium (MA Whi-
taker Biologicals, Walkersville, MD) with 200 mM
L-glutamine, 100 U/ml penicillin, 0.1 mg/ml strepto-
mycin, and 10% fetal calf serum at a final pH of 7.2.
The cells that attached to the plastic were passaged
when confluent by dissociating the cells with
0.025% trypsin-EDTA in phosphate buffered sa-
line (PBS, 45 mM Na,HPO,, 5 mM NaH,PO,, pH
7.4, and 0.15 M Na(Cl).



Immunocytochemistry

For immunostaining, tissues with tumor were
placed into Tissue-Tek OCT embedding medium
(Miles, Inc., Elkhart, IN), frozen on dry ice, then 5 p
sections placed onto polylysine-coated slides. Al-
ternatively, tissue culture grown tumor cells were
prepared either as cytospins of passaged cells, or
they were plated onto tissue culture chamber/slides
(Lab-Tek Products, Naperville, IL) and cultured
until semi-confluency was reached. The medium
was removed and the cells washed three times with
PBS. The cells were fixed with acetone:metha-
nol:37% formalin (45:45:10 v/v/v) at 0° C for ten
minutes, rinsed with PBS and stored overnight at
4° C. One slide was stained with Harris hematoxy-
lin; the others were stained by the alkaline phospha-
tase/anti-alkaline phosphatase technique [11] or by
peroxidase/anti-peroxidase techniques according
to manufacturer’s instructions (Sternberger-Meyer
Immunocytochemicals, Inc., Jarretsville, MD).
Negative controls consisted of cultured cells incu-
bated with irrelevant isotype antibody substituted
for primary antibody; controls showed only rare
nonspecific uptake of substrate by degenerating
cells.

In some cases, cells grown on slides were fixed for
30-60 sec in absolute MeOH at — 20° C. Following
this, they were extensively rinsed with 0.5 M Tris
buffer at pH 7.6 and then overlaid with an appropri-
ate primary antibody. The remainder of the method
utilized the avidin-biotin complex system previous-
ly detailed [12]. Stains were considered positive
only in the presence of an appropriately negative
control.

The antibodies used and their sources were: rab-
bit polyclonals A587 to neuron specific enolase and
the Z311 to S100 protein, the V9 polyclonal to vi-
mentin, the M762 antibody to neurofilament, and
the 7334 antibody to glial fibrillary acidic protein
allfrom DAKO (Santa Barbara, CA); the 9,100 (F1)
monoclonal antibodies to retinoic acid receptor o
from Dr. P. Chambon, INSERM (Strasbourg, FR);
the 3F4 monoclonal antibody to rat neuronal cell
adhesion molecule (NCAM) from Dr. Susan L.
Haines at the Childrens Hospital Research Founda-
tion (Cincinnati, OH); and the 1A29 monoclonal
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antibody to rat intercellular adhesion molecule
(ICAM-1) from Dr. C. Wayne Smith at Baylor Col-
lege of Medicine (Houston, TX).

Karyotypic analyses

In preparation for cytogenetics, a 25 cm? flask of
cells was transferred to four 25 cm® flasks. Two
hours prior to processing the cells, colcemid and
ethidium bromide were added to the medium [11].
Cells were processed at 2, 3 and 4 days. Slides were
prepared and chromosomes were trypsin banded.
Approximately 25 CNS-1 and 6 9L cells were
counted. A Genevision Karyotyping System (Ap-
plied Imaging, Pittsburgh, PA) was used to facilitate
the identification of chromosomes by computer-as-
sisted enhancement. Chromosomes from a
Sprague-Dawley rat parotid cell line, 2RS, were
used to obtain a normal karyotype; banding was
compared to the rat chromosome idiogram of the
Norway rat, Rattus norvegicus [13].

In vivo titration of tumor

Four experimental groups of animals received tu-
mor cells intracranially by Hamilton syringe [6].
They were stereotactically injected at a point 3 mm
lateral to midline, 2 mm anterior to bregma, at a
4 mm depth intoright frontal cortex. 9 L tumor cells
or CNS-1 tumor cells at various concentrations
were slowly infused in a 10 pl volume. Bone wax was
used to seal the hole and sutures were placed. Sur-
vival of animals was monitored and mean survival
times calculated for each group given a specific in-
oculum of cells.

Temporal study of CNS-1 in rat brain with
permanently-implanted cannulas for invasive
characteristics

Anesthetized rats underwent one surgical proce-
dure for the permanent implantation of a stainless
steel cannula into right parietal brain (3 mm lateral
to midline, 2 mm posterior to bregma, 4 mm depth)
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as described [7]. The rats were allowed to recover
from the surgery for at least one week before being
further manipulated. Intracranial infusion of 10°
CNS-1 tumor cells was given through the implanted
cannula to rats in the awake state [9] and then sacri-
ficed at 3-5 day intervals up to 22 days postinfusion.
Brains bearing CNS-1 tumor were recovered and
fixed in 10% buffered formalin. They were embed-
ded in paraffin, serially sectioned and every thir-
tieth 5 P section stained with hematoxylin and eosin
for histopathological analysis.

Systemic study of CNS-1 invasiveness

To study the invasive characteristics of CNS-1 when
given as a subcutaneous injection, 10° cells were im-
planted in the left hind flanks of animals. Tumor
growth was observed for 120 days; then animals
were sacrificed and necropsy performed.

Statistical analysis

Kaplan Meier survival curves were devised for each
group as explained [14]. Mean survival times were
calculated by Mantel-Haenzel nonparametric lo-
grank and Wilcoxon tests.

Table 1. Survival of rats given intracranial inocula of 9L and
CNS-1 tumor cells

Number of cells Mean survival time (days) + SD

9L CNS-1

1,000,000 205%34

500,000 235%35

100,000 233£19 302%55

50,000 29.6+2.6
30,000 23.2+1.6
10,000 28.2+45
5,000 343+33
3,000 36.2+74
1,000 31.6+31
300 40.2+5.3

Titration of 9L gliosarcoma in Fischer 344 rats and CNS-1 glioma
in Lewis rats. N = 6 for each group.
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Fig. 1. Kaplan-Meier survival curves for the CNS-1 tumor-bear-
ing groups where individual animals received inoculums of 10°
(—), 5 x10° (== ), 10° (= —-— ), and 5 x 10* (......) cells.

Results

The titration data on CNS-1 and 9L tumors cells are
as given in Table 1. Lesser numbers of 9L cells are
needed intracranially to produce lethal tumor
growth in a given period than for CNS-1 tumor.

Kaplan-Meier survival curves for each group giv-
en a specific CNS-1 inoculum are shown in Fig. 1.
The medians for each group are: 21.5 days for 10°,
22.5 days for 5 x 10°, 29 days for 10°, and 28 days for
5x10%

CNS-1 and 9L cell lines were immunostained for
neuroectodermal and other marker molecules, the
results of which are listed in Table 2. The CNS-1 pri-

Table 2. Immunohistochemical staining of CNS-1 and 9L tumor
cells

Marker antigen CNS-1 cells 9L cells

|

glial fibrillary antigen protein
$100 protein
vimentin
neural cell adhesion molecule
retinoic acid receptor o
intercellular adhesion molecule-1
neuron specific enolase
neurofilament

1++¢+¢4‘r\+
R I

Antibodies and sources used are listed in materials and methods.
- no staining, +/— trace, + moderate intensity, ++ intense stain-
ing.



Fig. 2. Cultured CNS-1 cells staining positive for glial fibrillary
acidic protein. x 1,200.

mary tumor as well as the tissue-cultured counter-
part stains positively for the typical glial markers,
glial fibrillary acidic protein (passage numbers up
to 15) and S100 protein; 9L gliosarcoma is negative.
Figure 2 shows the tissue cultured CNS-1 cells stain-
ing for glial fibrillary acidic protein. The CNS-1 cells
also stain intensely positive for the primitive cell
marker, vimentin, whereas 9L cells are negative.
Both CNS-1 and 9L cells are positive for neural cell
adhesion molecule, retinoic acid receptor o, inter-
cellular adhesion molecule, and neuron specific
enolase; both were negative for neurofilament.
Chromosomes from a Sprague-Dawley rat parot-
id cell line, 2RS, (Fig. 3A) were used for obtaining
the normal karyotype and banding patterns; they

closely match those from the idiogram drawn of rat

chomosomes of the Norway rat, Rattus norvegicus
[13]. Compared to the normal rat chromosome pat-
tern, aberrancy is seen in both the CNS-1 and 9L
tumor lines. Representative karyograms for the
CNS-1 tumor line are shown (Figs 3B, 3C). The ka-
ryotypes are abnormal but relatively simple with a
modal number of 42. There are one or more triso-
mies of either 11 or 13. Random losses of chromo-
somes occur and one marker chromosome is ob-
served. In contrast, karyograms observed from sev-
eral cells from the 9L gliosarcoma are rather com-
plex (Figs 3D, 3E); it is impossible to assign a
representative karyotype because of the complex-
ity observed in individual cells; many duplicate
chromosomes occur and as many as four copies of
the same chromosome are obtained. The range of
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counts in the 9L cells counted is 56 to 66 (modal
number = 62).

Gross coronal sections of brain from animals that
succumbed from 9L gliosarcoma have a well de-
marcated tumor that essentially fills one hemi-
sphere of brain (Fig. 4A). 9L shows only limited pe-
rivascular and leptomeningeal spread; areas of cen-
tral necrosis and occasional hemorrhage could be
seen within large cohesive tumor masses. In con-
trast, CNS-1 tumor locally and unilaterally infil-
trates normal neuropil and widely extends bilater-
ally into distant parts of the brain by perivascular,
periventricular and subarachnoid space (Fig. 4B).

A low power photomicrograph from the brain of
arat with 9L gliosarcoma (Fig. SA) shows the well-
demarcated border between tumor and normal
brain and demonstrates compression at the inter-
face. A higher power photomicrograph (Fig. 5SB)
shows highly undifferentiated, malignant spindle
shaped cells with frequent mitotic figures.

A low power photomicrograph from the brain of
a rat with CNS-1 tumor (Fig. 6A) demonstrates pe-
rivascular spread and individual neoplastic cell per-
meation of brain parenchyma. Higher power
photomicrographs from the same CNS-1-bearing
brain shows perivascular localization of tumor (Fig.
6B) and mitotically active, individual tumor cells
growing near the ventricular surface (Fig. 6C) with
some individual neoplastic cell permeation of brain
parenchyma. Where CNS-1 formed a more cohe-
sive mass in leptomeninges, cystic formation was
sometimes seen (Fig. 6D).

Animals receiving intracranial 10° CNS-1 tumor
cells were sacrificed at 3-5 days intervals after in-
fusion into right parietal cortex. The glioma-bear-
ing brains were subjected to histopathological
screening for an assessment of the infiltrative pat-
terns of the tumor. Individual cell permeation was
more apparent with CNS-1, both at early and at lat-
er time points, than in 9L. Parenchymal infiltration
of CNS-1 usually did not extend beyond one hemi-
sphere nor was there a particular proclivity for in-
volvement of white matter bundles such as the ante-
rior commissure or corpus callosum. In late stage
disease, compared to 9L gliosarcoma, CNS-1
showed more extensive leptomeningeal, perivascu-
lar, and periventricular spread.
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Fig. 3.
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Fig. 3. Chromosomes from a Sprague-Dawley rat parotid cell

line, 2RS, show a normal karyotype (A), representative karyo- Fig. 5. Low power photomicrograph from the brain of a rat with 9L
grams from the CNS-1 tumor cell line (B, C), and karyograms gliosarcoma (A) showing the well-defined border between tumor
from several 9L gliosarcoma cells (D, E). and normal brain and demonstrating compression at the interface.

Higher power photomicrograph (B) from the same 9L tumor-bear-

Lewis rats giv en subcutaneous il’lj ections of ing brain shows the highly undifferentiated, malignant nature of this
experimental tumor line. Mitotic figures (arrow) are commonly seen

CNS-1tumor l'n the 'ﬂank or thlgh were Sacrlﬁceq at within this cohesive spindle cell tumor. Hematoxylin-eosin stained.
120 days postinjection. The tumor caused massive (A) x 144 (B) x 360.
local tissue distention but the animals did not suc-

Fig. 4. Gross coronal section of brain from an animal succumbing to 9L gliosarcoma (A) shows a well demarcated tumor that essentially fills one
hemisphere and causes significant midline shift. Central hemorrhage and necrosis is commonly seen. Coronal section from the brain of a rat
succumbing to CNS-1 glioma (B). The CNS-1 tumor spreads throughout the ventricles with frond-like expansion of
the choroid plexus stroma (solid arrows). The instillation site is also evident at this level (open arrow). Hematoxylin-eosin stained. (A, B) x 36.



cumb to the tumor. Autopsy of the animals revealed
that the tumor remained at the site of injection and
did not metastasize. Tumor formed a relatively co-
hesive mass in muscie with only limited infiltration
between individual muscle fibers. Cystic degener-
ation was seen centrally in the tumor mass (Fig. 6E),
similar to that seen in cohesive tumor masses in the
central nervous system (Fig. 6D). Histologically the
tumor was identical in muscle to that in the central
nervous system.

Fig. 6. Low power photomicrograph from the brain of a rat with
CNS-1 tumor (A) demonstrating perivascular spread (arrow)
and more individual neoplastic cell permeation of brain paren-
chyma than is seen with 9L. High power photomicrographs from
the same CNS-1 bearing brain showing perivascular localization
(B), individual tumor cells growing near the ventricular surface
(C, see arrowheads for ependymal cell lining) with individual ne-
oplastic cell permeation of brain parenchyma, some undergoing
mitoses (arrow). Where CNS-1 occasionally forms a cohesive tu-
mor mass in the leptomeninges, cystic degeneration in the tumor
is seen (D). Cystic degeneration is also present in CNS-1 tumor
growing subcutaneously (E). Hematoxylin-eosin stained. (A,
D) x 144 (B, C, E) x 360.

Discussion

One difficulty in testing immunotherapeutic mod-
alities for any neoplasm lies in choosing an appro-
priate experimental system that mimics the human
situation. Immunotherapy, if it is to succeed, must
identify normal self while destroying tumorous self.
If the experimental tumor is non-self, i.e., it is not
totally MHC compatible with the host animal, then
the immunological mechanism which could cause it



to be destroyed might have absolutely no signifi-
cance to treating brain neoplasms in man. The un-
derlying immunological mechanism in such an ex-
perimental model may merely be graft rejection
(elimination of non-self tissue) and not any antine-
oplastic immunological effect. Human patients are
suffering from a tumor that arose from their own
tissues; they will not eliminate it via the mechanism
of allogeneic graft rejection. Therefore, we legiti-
mately questioned whether an appropriate experi-
mental system was available to study immune re-
gimens for the treatment of human gliomas.

In the rat, most available glial tumor models were
either derived from outbred animals, have been in
tissue culture for decades, and/or are very poor
mimics of the growth and spread of typical human
gliomas. With the potential of antigenic drift to oc-
cur over time in inbred rats from isolated colonies,
the success of any given immunotherapeutic re-
gimen tested today could be held in question. For
these reasons, we decided to induce and character-
ize a new astrocytic neoplasm with useful character-
istics in an inbred, immunologically characterized
rat strain.

In this study, decreased numbers of 9L cells in re-
lation to CNS-1 cells were needed to produce lethal-
ity in a given period in the rat. This is probably re-
flective of the malignant phenotypes of 9L, its sar-
comatous nature, and its ability to grow as a well-
circumscribed, spheroidal mass which produces

mass effect in the animal. In our system only limited

local perivascular and subarachnoid spread was
seen with 9L. Others have documented that 9L tu-
mor adjacent to the instillation site and main tumor
mass invades parenchyma by periventricular and
perivascular routes [15]. 9L in our hands better sim-
ulated a human brain metastasis or sarcoma than a
human glioma. In contrast, the CNS-1 glial tumor
cells had fewer predictable chromosomal abnor-
malities, infiltrated normal neuropil, leptomening-
es and perivascular space and was less well circum-
scribed. The animals probably died because of tu-
mor growth in a critical center(s) of the brain, rather
than by mass effect as in the 9L model.

The diffuse pattern exhibited by CNS-1 in ani-
mals at death more clearly resembles a human glio-
blastoma multiforme [16] than does the more cohe-
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sive mass seen with 9L. The invasive pattern of
CNS-1in early and late stage disease showed a high
degree of leptomeningeal, periventricular, perivas-
cular spread in addition to individual tumor cell
permeation of parenchyma. While the extensive
leptomeningeal spread observed may be partially
an artifact of the infusion itself [17], we used identi-
cal infusion mechanism for 9L and CNS-1, and 9L
showed less such spread.

Overall, the CNS-1 brain tumor model closely
simulates growth and histochemical characteristics
of human malignant gliomas. The model meets
both genetic and infiltrative glial simulation re-
quirements for ideally testing adoptive immunoth-
erapy regimens in vivo, and as such, seems superior
for such trials when contrasted with the 9L gliosar-
coma model. Moreover, since it is accepted without
rejection in non-central nervous system sites by in-
bred Lewis rats, it should provide an excellent mod-
elin which to investigate a variety of immunological
therapeutic modalities.
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