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We have derived a monoclonal antibody, MCAb 51, following immunization of BALB/c mice with a Rous sarcoma virus-trans-
formed rat cerebellar cell line. When assayed by immunofluorescence on primary rat cerebellar cultures MCAb 51 recognizes only is-
lands of cells with an epitheloid morphology. Double-label immunofluorescence experiments with MCAb 51 and antisera to tetanus
toxin, glial fibrillary acidic protein, galactocerebroside and fibronectin reveal that these cells do not appear to be neurons, astrocytes,
oligodendrocytes, or fibroblasts, respectively. In contrast, cells from kidney, liver, tongue and choroid plexus epithelium are positive
for the antigen. Of 12 Rous sarcoma virus-transformed cell lines, in contrast to 2 out of 9 chemically transformed lines, 11 exhibit the
MCAD 51 antigen. These findings demonstrate that MCADb 51 recognizes an epithelial cell surface marker. Possible explanations for
the difference in the expression of the antigen on Rous sarcoma virus and chemically transformed neural lines are discussed.

INTRODUCTION

Clonal cell lines that exhibit different degrees of
differentiated properties are potentially powerful
tools with which to study the lineages of neural cells,
and those factors responsible for maintaining the lin-
eages. Ideally, it should be possible to determine the
position that a cell type occupies in a particular line-
age by assessing the level of expression of specific
neural properties. To this end we have established a
library of Rous sarcoma virus (RSV)-transformed rat
cerebellar cell lines and have previously reported the
results of studies concerning the characterization of
two of them5-7. These lines were shown to be either
neuronal or glial based on their capacity to exhibit
veratridine stimulated Na+* uptake, or glial fibrillary
acidic protein (GFAP) respectivelyt. Prior to our
work cell lines established with RSV were thought to
be exclusively glial. In a subsequent communication
we showed the presence of an antigen on both cell
lines which in normal rat cerebellar tissue is shared
by granule cell neurons and astrocytes as revealed by
a monoclonal antibodys.

In this report we extend our prior observations by
describing the cell type specificity of another mono-
clonal antibody, MCADb 51, for a large number of
neural cell lines. MCAD 51 was derived using a RSV
transformed cerebellar cell line as the immunogen.
MCAD 51 is highly specific when assayed on primary
cerebellar cultures and is restricted to islands of cells
with an epitheloid morphology. In contrast, when
screened against either neuronal or glial RSV-trans-
formed cerebeliar cell lines MCAb 51 recognizes
both cell types.

These findings suggest that the cerebellar cell
lines, regardless of their neural phenotype, share a
common neuroepithelial origin. The significance of
this work with regard to the lineage of the RSV-
transformed cerebellar cell lines as well as its rele-
vance to neural development is discussed.

MATERIALS AND METHODS
Reagents

Fluorescein or rhodamine labeled goat anti-mouse
or goat anti-rabbit immunoglobulin (Ig) was ob-
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tained from Cappel Laboratories. Antisera to human
fibronectin was made in rabbits and obtained from
Collaborative Research. Tetanus toxin and antisera
to the toxin were the kind gifts of Dr. R. O. Thomp-
son of Wellcome Research Laboratories. Antisera to
galactocerebroside was made in rabbits as described
previously4. Antisera to glial fibrillary acidic protein!
was made in rabbits and was the gift of Dr. Amico
Bignami of Harvard University. Thy-1 antisera were
made in rabbits as described previously!4. The
MCADb 04 was the kind gift of Dr. M. Schachner of
the University of Heidelberg, F.R.G. DNAase 1 was
obtained from Calbiochem.

Cell lines

RSV-transformed neural lines. All the RSV-trans-
formed cerebellar cell lines were derived from cere-
bellar primary cultures started from BDIX rats that
were between 3 days prenatal and 12 days postnatal.
The details have been reported previously2>. The vi-
ruses used were either a ts src mutant, Schmidt-Rup-
pin Subgroup D LA90, or its wild-type parent. The
ts-RSV-transformed lines exhibit a transformed phe-
notype at the permissive temperature (PT,
33-34 °C) and a normal phenotype at the non-per-
missive temperature (NPT, 38-39 °C). The wild-
type-transformed lines exhibit a transformed pheno-
type at both temperatures. These lines have been
tentatively classified as either neuronal or glial de-
pending on whether they do or do not exhibit veratri-
dine-stimulated Na+ uptake.

N-ethyl-N-nitrosourea transformed brain lines. N-
ethyl-N-nitrosourea (ENU)-transformed rat cell
lines were obtained from Dr. David Schubert at the
Salk Institute. Their properties have been described
in detailZ.

Other cell lines. The rat kidney cell line NRK LA-
29, transformed with a Prague strain of RSV sub-
group A2, was the gift of Dr. Peter Vogt, at the Uni-
versity of Southern California.

Production of MACb 51 hybridoma

Approximately 107 SC9 cells grown at 38 °C were
injected subcutaneously into BALB/c mice in a mix-
ture of phosphate buffered saline (PBS) and com-
plete Freunds adjuvant. The mice were given a tail
vein injection of 105 cells in PBS 3 weeks later. The
spleens were removed 4 days later and the spleen

cells fused to the mouse myeloma cell line SP2/0-
Agl42%, Standard fusion techniques were followed
using polyethylene glycol 1500 as the fusing agent.
The cells were incubated overnight in Dulbecco’s
modification of Eagle’s medium (DMEM) supple-
mented with 20% fetal calf serum (FCS). The next
day the medium was replaced with medium con-
taining hypoxanthine, aminopterin and thymidine.
Clones were apparent in two weeks. The superna-
tants from the clones were tested for antibody secre-
tion by immunofluorescence on SC9.

Hybridoma ascites fluid was made by injecting ap-
proximately 5 x 106 cells into BALB/c mice which
were pretreated with 0.5 ml of pristane given i.p.

Primary culture techniques

Cerebellar cultures. Primary cerebellar cultures
were started from 3-5-day-old rats essentially by the
method of Schier et al.22. Briefly this consisted of re-
moving the meninges, dissecting out the cerebellum,
and mincing it into fine pieces with scissors in cold
HEPES medium. The tissue was then digested with
0.25% trypsin for 30 min at 37 °C. DNAase (40
ug/ml) was routinely added to prevent cell clumping
which arises as a consequence of DNA being re-
leased from fragmented nuclei in the digestion mix-
ture. Trypsinization was stopped by the addition of
an equal volume of DMEM plus 20% FCS. The celis
were washed 3x with DMEM plus 20% FCS and
grown on coverslips containing the same media but
with an elevated level, 20 mM, of K+. Thy-1 staining
was done on cells kept in culture for 10 days.

Mammary and liver epithelial cultures. Mammary
epithelial cultures were prepared according to Top-
per et al.28, Such cultures routinely contained cells
with large vacuoles. Presumably the vacuoles contain
milk proteins and fat. Rat liver primary cultures were
prepared according to Leffert et al.13. Both rat liver
and mammary epithelial cultures were stained with
MCADb 51 48 h after preparation.

Fluorescence staining techniques

Primary cultures. Primary cultures were stained
with MCAD 51 antibody after being kept in culture
for 5~7 days. This consisted of rinsing with HEPES
or DMEM and incubating the cultures with antibody
for 30 min at 37 °C in a CO, incubator. Cultures were
then washed 3x, allowing 5 min between washings



and incubated with the second fluorescent labeled
antibody for 30 min at 37 °C. The cultures were then
washed and fixed for 5 min in a mixture of cold 95%
ethanol, 5% acetic acid. Lastly, the cultures were
rinsed and mounted in PBS containing 10% glycerol.
The procedure for double-label experiments with
MCADb 51 and antisera to tetanus toxin, galactocere-
broside and fibronectin was similar except that there
were two additional antibody reaction and washing
steps. Double-label experiments with MCAb 51 and
antisera to GFAP were done by first having the cells
react with MCAD 51, then fixing them with cold 95%
ethanol, 5% acetic acid followed by incubation with
antisera to GFAP. MCAD 51 ascites fluid was used at
1/50-1/500 dilution.

Tetanus toxin was used at a concentration of 10
ug/ml. Rabbit antitoxin was used at a 1/20~1/50 dilut-
ion. Antisera to galactocerebroside and fibronectin
were also used at 1/20—1/50 dilution.

Factor VIII staining was performed as described
by Jaffe et al.16.

Fig. 1. Immuhofluorescence staining with MCADb 51 in a prima-
ry cerebellar culture. Labeling is restricted to cells which grow
in colonies and the fluorescence intensity appears greatest at
the edges of the colony. Note that putative granule neurons in
the upper right corner of the picture are not labeled. A: fluores-
cence; B: phase contrast. 491 x.
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Cell lines

All cell lines were grown in 60-mm tissue culture
dishes in DMEM plus 10% FCS. About 2.5 x 105
cells were seeded per dish and kept at either the
PT (33-34 °C) or the NPT (38-39 °C) for 4 days.
Subsequently the cultures were washed with PBS
containing 2% FCS and viable cells incubated with
the hybridoma antibody. Cells were incubated for 30
min at 37 °C, washed 3x and then incubated with
rhodamine-labeled goat anti-mouse for another 30
min. The last incubation was followed with 3 more
washings, then fixation of the cells with a mixture of
cold 95% ethanol, 5% acetic acid. Initial experi-
ments revealed that post-fixation did not alter the flu-
orescence profile of the cells.

Frozen tissue sections

Tissue from adult BD-IX rats was removed and
frozen on dry ice. Sagittal sections 10 #m thick were
cut on a cryostat at 20 °C. Sections were incubated
with first and second antibodies and subsequently
fixed as described for the cell lines.

RESULTS

The specificity of MCADb 51 was assayed on prima-
ry cultures. Fig. 1 shows that the cell type recognized
by the antibody is invariably flat and often found in
small colonies. It is worth noting that the fluores-
cence staining is not uniform across the colony, rath-
er cells at the edges exhibit considerably more in-
tense fluorescence than do cells in the interior. Ini-
tially we thought this might be due to a piling up or
multilayering of cells at the edges. However, obser-
vations on numerous colonies suggest that this is
probably not the case since colonies without obvious
multilayering also exhibit more intense fluorescence
at the edges.

The number of colonies apparent in a 60-mm tissue
culture dish varies from preparation to preparation
of primary cultures. However, starting from an ini-
tial inoculum of 2 X 106 cerebellar cells there are
approx. 1-10 colonies per dish after 7 days in vitro.
The number of cells within the colonies also varies
and ranges from about a dozen to several hundred
cells. Colonies are not apparent until 48 h after the
culture is started and persist for at least 10 days after
which time they become overgrown by other cell
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types. Colonies do not show vigorous growth, but the
appearance of mitotically active cells either in, or
more often on the edges of the colonies, as well as the
observation that the colonies do increase in size with
time, suggest that the cells grow in vitro.

Binding of MCADb 51 to neural cell lines

Table I shows that of 12 RSV-transformed cerebel-
lar cell lines screened by immunofluorescence 11
bind MCAb 51. The expression of the antigen in
those lines transformed with ts-RSV is apparent at
both the PT and NPT. Fig. 2 shows the staining pro-
file associated with one positive RSV cell line and R2
the only RSV which does not bind MCAb 51. In con-
trast to the results obtained with the RSV trans-
formed cell lines, most cell lines transformed with the
chemical carcinogen ENU do not exhibit the antigen.

TABLE I
MCADb 51-binding to the cell lines examined

N means neuronal and G means glial cell line. N, G refers to
cell lines which exhibit properties of both neurons and glia. +,
MCADb 51-binding line, —. non-MCAb 51-binding line.
RVS-transformed lines

SCI(N)
R2(N)
19(N)
WC5(N.G)
12(G)

10D (G)
COA-2(G)
17D (G)
HKCI(G)
wtCl, (G)*
WitCl, (G)*
BC6(G)

I T

ENU-transformed lines

B12(G) -
B15(G) -
B19(G) -
B35(N) -
B49 (N.G) +
B30 (N) -
B92 (G) +
B103 (N) -
B104 (N) -

Other cell lines
C6 () +
PC12** (N) -

* WtCl, and WtCl, were derived with a wild-type Rous sarco-
ma transforming virus.
** The PC12 cell line was derived from a tumor of the adrenal
medulla and had properties of a sympathetic neuron.

Only 2 out of 9 lines are positive (Table I1). Table I
also shows that the cell lines C6 and PC12 do or do not
display the antigen. respectively. It is worth noting
that both neuronal and non-neuronal lines express
the antigen regardless of whether the cell lines were
derived by transformation using RSV or ENU.

Cell type specificity of MCAb 51 in primary cerebellar
cultures

The epitheloid-looking colonies were screened by
double-label immunofuorescence to determine if
they exhibit neuronal or glial properties. Fig. 3
shows the results of using MCADb 51 in combination
with either rabbit antisera against tetanus toxin.
GFAP or galactocerebroside. These antisera recog-
nize neurons!s, astrocytes! and oligodendrocytes
respectively. It is apparent from Fig. 3 that the colo-
nies do not exhibit any of these markers.

In addition to the oligodendrocyte marker galacto-
cerebroside the epitheloid colonies were screened for
the presence of another oligodendrocyte marker, the
04 antigen. While galactocerebroside is restricted to
mature oligodendrocytes, the specificity of 04 en-
compasses immature as well as mature oligodendro-
cytes26. Because 04 is a mouse antibody we did not at-
tempt to do double-label experiments, rather we re-
lied on the characteristic colony morphology of
MCADb 5S1-positive cells to determine if 04 recognizes
these cell types. The results revealed no staining of
the colonies with 04 (data not shown). These findings
suggest that the antigen is not carried by either ma-
ture or immature oligodendrocytes.

Further, Figs. 4 and 5 show that MCAb 51-positive
colonies are fibronectin- and Thy-1-negative. Thy-1
is present on neurons, astrocytes and fibroblasts in
the brain*!® while fibronectin has been shown to be
absent on these cell types but present on meningeal,
choroid plexus, fibroblast and endothelial cells!?-21.

In order to test directly whether the colonies are
endothelial cells, two additional experiments were
done: first, primary cerebellar cultures were stained
with antisera against Factor VIII, and second, rat
brain and rat capillary cultures enriched for endothe-
lial cells were assayed by immunofluorescence for
MCAD 51. Factor VIII has been shown to be a mark-
er for endothelial cells!6. We observed that MCAb
S1-positive colonies are negative for Factor VIIL
Factor VIII positive cells are, however. present in



Fig. 2. Binding of MCADb 51 to two RSV-transformed cell lines, WC5 and R2. A shows phase and B fluorescence pictures of WCS5,
while C shows phase and D fluorescence pictures of R2. Note that MCAb 51 does not recognize R2. 388x.

Fig. 3. Double-label immunofluorescence experiments with MCAb 51 and rabbit antisera to tetanus toxin, GFAP and galactocerebro-
side. A, D, and G are phase pictures; B, E and H are fluorescence pictures of cells stained with rabbit antisera to tetanus toxin, GFAP
and galactocerebroside, respectively. C, F and I are fluorescence pictures of cells stained with MCAb 51. Pictures A~-C, and D-F, and

G-1 are of identical fields. Note that neither neurons (B, C), nor astrocytes, shown surrounding a colony of MCADb 51 positive cells (E,
F), nor oligodendrocytes (H, I) bind MCAb 51. 303x.
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Fig. 4. Absence of fibronectin on MCADb 51-positive colonies.
The double-label immunofluorescence experiment was done
using rabbit antisera to fibronectin (B) followed by fluorescein
labeled goat anti-rabbit serum, and then MCADb 51 which was
detected by rhodamine-labeled goat anti-mouse serum (C). A,
shows a phase picture of the same field shown in B and C.
452%.

the primary cerebellar cultures (Fig. 6) but these
cells are not associated with the colonies. Moreover,
cultures of rat brain or rat capillary enriched for en-
dothelial cells do not bind MCAb 51 (data not shown).
These findings eliminate the possibility that the anti-
body is recognizing endothelial cells.

Binding of MCADb 51 to epithelial cells

In light of the epithelial cell type morphology that
MCAD 51-positive colonies exhibit and the absence
of the antigen on a variety of neural cells, several epi-

thelial cell types were screened to determine if the
antibody is epithelial cell-type specific. Fig. 7 shows
that MCAD 51 binds to both mammary and liver epi-
thelial cells when assayed on primary cultures. Fig. 8
shows MCADb 51 staining of kidney and tongue epi-
thelium in frozen sections. Staining in kidney sections
is specific and is not due to antibody trapping since

Fig. 5. Double-label immunofluorescence experiment with
MCADb 51 and rabbit antisera to Thy-1. A, B and C show an
identical field. A is a phase picture and B and C fluorescence
pictures of MCADb 51 and Thy-1, respectively. Note that the
colony is negative for Thy-1. 312x.



Fig. 6. Factor VIII-staining of two primary cerebellar cultures. A and C are the phase pictures of B and D respectively. Two features
are worth noting. First, the cell type which reacts with Factor VIII does not appear in colonies as do those cells which react with MCAb
51; second, the cells exhibit speckled cytoplasmic fluorescence which is typical of Factor VIII staining. 776 .

Fig. 7. MCAD 51 staining of mammary (A, B) and liver (C, D) epithelial primary cultures. The fluorescence associated with the mam-
mary cultures is clustered at the edges of the colony. Liver epithelial cells do not show the fluorescence clustering phenomena. Note

that a number of cells in both the mammary and liver cultures do not react with MCAb 51. Presumably some of these are fibroblasts. A
and C are phase and B and D are fluorescence pictures. 378
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Fig. 8. Frozen sections of rat kidney (A, B) or tongue (C, D) labeled with MCAb 51. A and C are fluorescence pictures and B and D

phase pictures. 669X .

little or no staining is seen when other MCADbs are
substituted for MCADb 51. It is worth noting that the
fluorescence associated with mammary cells in cul-
ture, similar to that seen in primary cerebellar cul-
tures, is greater for cells at the edges of the tissue
than for cells in the interior. Lastly Fig. 9 shows that
MCAD 51 binds to choroid plexus epithelial cells in
tissue sections.

Fig. 9. MCAD 51 staining of choroid plexus in tissue section.
430X.

DISCUSSION

Previous work has shown that neurons, oligoden-
drocytes, astrocytes and other cells associated with
neural tissue can be identified utilizing cell type spe-
cific markerst. Neurons have been shown to exhibit
receptors for tetanus toxin, while oligodendrocytes
and astrocytes express galactoctocerebroside and
GFAP, respectively. It is surprising that MCAb 51-
positive colonies do not exhibit any of these markers
and thus do not appear to be representative of these 3
cell types. Consistent with our findings is the absence
of Thy-1 and 04 on MCADb 51-positive colonies. Thy-
1is present in the nervous system on neurons, astro-
cytes and fibroblasts#19. It is worth noting that
GFAPU.1125 and Thy-1!8 show overlapping but
non-identical staining of astrocytes. Since a priori
it seems unlikely that GFAP and Thy-1 would have
the identical astrocyte subclass specificities, antise-
rum to Thy-1 offers an independent means of estab-
lishing that the MCAD 51 colonies are not astrocytes.

The 04 monoclonal antibody recognizes mature
and immature oligodendrocytes26. The former cell



type is also recognized by galactocerebroside. The
absence of 04 on MCAD 51-positive colonies is con-
sistent with the colonies lacking galactocerebroside
and suggests that the colonies are not immature oli-
godendrocytes.

Perhaps the most surprising result from the immu-
nofluorescence experiments was the absence of fi-
bronectin on the colonies. Fibronectin has previously

been shown to be absent on neurons, oligodendro-
cytes and astrocytes but present on meningeal, cho-
roid plexus, fibroblast and endothelial cells!2!. In
the case of endothelial cells, however, it is unclear
whether fibronectin is synthesized by the cells or is
present as a result of the deposition fro:n the blood.
Although fibrorectin was absent from numerous co-
lonies examined, it is necessarv (o note that occa-
sionally we did observe colonies that exhibited small
amounts of fibronectin. However, the number of
‘such colonies varied considerably from one primary
culture to the next, and because of this variability and
the poor level of staining, we were unable to con-
vince ourselves whether the staining is a result of syn-
thesis and secretion of fibronectin by the cells in the
colonies, or is initially produced by other cell types
and subsequently adheres to the colonies.

The nature of the cell type MCAD 51 recognizes is
unclear, but considering its morphology it appears to
be epithelial. Indeed the fact that the antibody specif-
ically binds to epithelial cells from neural as well as
non-neural tissue supports this interpretation. The
strongest piece of evidence is that MCADb 51 binds to
choroid plexus cells in brain sections. The choroid
plexus contains an epithelial cell layer which is de-
rived from the ependymal lining of the ventricles8.17.
Presumably the islands of flat cells that MCAb 51
binds to in primary cultures are composed of similar
epithelial cells. Schachner et al.2! have shown that
choroid epithelial cells exhibit fibronectin whereas
our MCAD 51-positive colonies are fibronectin-nega-
tive. A word of caution should be inserted, however,
when fibronectin is used as a marker for epithelial
cells. Chen et al.3 have shown that not all epithelial
cells express fibronectin in vitro and those that do of-
ten express levels that are low relative to the amount
produced by fibroblasts. Equally important is that fi-
bronectin expression disappears with time in vitro.
Thus it is possible that MCADb 51 is recognizing epi-
thelial cells which are fibronectin-negative in culture.

69

In regard to the epithelial cell-type specificity of
MCAD 51 it is important to note that a key marker for
epithelial cells is the cytoplasmic protein keratin. Ke-
ratin is a term which encompasses a family of related
intermediate filaments, members of which are
thought to be expressed in epithelial cells in different
stages of differentiation?’. Previous investigators
have shown that keratin is absent from neural tis-
suel227, Thus MCADb 51 may prove to be a valuable
new marker for epithelial cells in that it recognizes a
cell surface antigen with a specificity that is distinct
from, yet overlaps that of keratin.

Most interesting in light of MCADb 51’s unique cell-
type specificity in a primary culture is the finding that
11 out of 12 of the RSV lines are positive. There are
several possible explanations for this observation.
First, the expression of the antigen could be a conse-
quence of transformation such that the normal cell
types which were initially transformed were negative
but as a consequence of transformation the cell lines
express the antigen. Thus, one might expect all the
RSV as well as the ENU lines to be positive. Howev-
er, since one RSV line does not exhibit the antigen,
and only 2 out of 9 of the ENU lines do, it is unlikely
that antigen expression is a result of transformation.
Indeed, the observation that the RSV lines express
the antigen at the temperature at which the trans-
forming effect of the virus is abrogated suggests that
the expression of the antigen in the lines is not linked
to the transforming capacity of the virus.

A second explanation that might account for the
observation that all but one of the RSV-transformed
lines are positive for the antigen is that RSV may be
selectively transforming neuroepithelial cells which
are positive for the MCAD 51 antigen in perinatal an-
imals. This hypothesis is supported by two findings:
first, in primary cultures from perinatal animals orly
epithelial-like cells exhibit the MCAb 51 antigen;
and, second, 11 out of 12 RSV-transformed cell lines
derived from perinatal animals exhibit the antigen.
However, there is no evidence in the literature by
others that suggests that RSV exhibits such cell type-
specific transforming potential. Indeed studies have
shown that RSV yields tumors which are predomi-
nantly gliomas®, whereas our previous findings indi-
cated that both astrocytic glial and neuronal cells
were transformeds-7. These data may be reconcila-
ble if RSV transforms multipotential neuroepithelial
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precursor cells that have the capacity to exhibit a va-
riety of properties as they differentiate?s. If this is the
case, however, then one needs to explain why in both
primary cultures and tissue sections, glia and neurons
do not show MCAD 51 staining. A possible explana-
tion is that they carry the antigen but at levels too
low to be detectable by immunofluorescence. This
point may be resolved by assaying for MCAb 51-
binding by radioimmune assay. Alternatively, the
MCAD 51 antigen may disappear as neurons and glia
mature and expression is retained only on epithelial
cells in the adult, for example choroid plexus epithe-
lial cells.

It is worth noting that the work of other investiga-
tors has suggested that neuroepithelial cells can be
transformed with ENU and that cell lines generated
from them are multipotentiall®.2®. Assuming that
RSV is similarly transforming multipotential neuroe-
pithelial cells it is striking that only 2 out of 9 cell
lines generated with ENU bind MCAb 51 while 11
out of 12 RSV lines do. This suggests that most of the
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