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1. ABSTRACT

The mature nervous system contains a large number of
terminally differentiated glial cells that developed from
progenlitors in the embryonic nervous system. Many aspects
of the differentiation pathways leading to the formation of
glial cells remain elusive because of the cellular and
molecular complexity of the brain. One way to reduce the
complexity iIs to study particular developmental stages 1in
glial differentiation using cultured cells. This paper
focuses on cultured glial cells from neonatal mouse cerebrum
as one model to study glial differentiation. This model can
be used to identify glial subtypes including their progeni-
tors under serum-free conditions.

I'n iChapteir B, the imethods “of pirimary L cUlitunre ands cirye=
presevation of glial cells under serum-free conditions are
described. Astrocytes, the most abundant glial subtype in
the brain, were highly enriched by primary culturing cells
from neonatal mouse cerebrum in a serum-free, chemically de-
fined medium optimized for the selective growth of astro-
cytes. Furthermore, the enriched astrocytes can be cryopre-
sielvielde siint e pirieistelniciel Sosf 1 il0Ms duiimestiyAlksiull T onxitdiemwainid SO 1%
methylcellulose. These methods should significantly enhance
ol nesalbiitlbilty "ol sitilidiya Thle’ ‘chiairialc fein'iis thi'c s Noiff Iaisitirlo.c Y e s:.

In Chapter 4, the characteristics of glial cultures

starting from primary cultures of astrocytes are described.



The cells subcultured in a serum-free medium for month
consisted of four glial subtypes: type-1 astrocytes, oligo-
dendrocyte-type-2 astrocyte (0-2A) progenitors, oligodendro-
cytes and type-2 astrocytes. Using the mixed glial cul-
tures, the expression of fibronectin and laminin, which are
considered to play important roles in the development of em-
bryonic neurons, was examined. Immunofluorescence experi-
ments revealed that the expression patterns of the molecules
differ among the subtypes. Type-1 astrocytes appeared to be
the most active producer of the molecules among the glial
subtypes. In addition, Western blot analysis showed that
glial fibronectin has a slightly higher molecular weight
than mouse plasma fibronectin (230 kDa), and glial laminin
is a variant with a 220 kDa B chain present and the 400 kDa
AREc hiar s miigsisuidnign

In Chapter 5, the characteristics of a newly estab-
lished cell line of astrocyte progenitors (AP-16) are de-
scribed. Cell line AP-16 was established by long-term cul-
ture of the mixed glial cells under serum-free conditions.
Transforming growth factor-8 (TGF-8) induced AP-16 cells to
differentiate into phenotypically mature astrocyte. R
thermore, TGF-B8 increased the expression of fibronectin in
AP-16 cells. This novel cell line should be useful for
studying the roles of TGF-28 in the differentiation of
astrocyte progenitors.

In Chapter 6, cytokines affecting survival and differ-



entiation of the astrocyte progenitor cell line (AP-16) are
described. Epsihdiernimabl iainiowit i Faicitoin® HIEGENN:» st ain'stiormidnig
growth factor-a and basic fibroblast growth factor (bFGF)
acted as survival factors that prevented death of AP-16
cells by apoptosis. The differentiation of AP-16 cells into
astrocytes was induced by ciliary neurotrophic factor (CNTF)
and leukemia inhibitory factor (LIF). The results obtained
with AP-16 cells suggest that these cytokines are involved
in astrocyte development in the central nervous system.

In the present study, three types of glial cultures
were developed using serum-free conditions: the primary
culture, the mixed glial culture and the cell line. These
cultures are considered to be valuable in vitro cellular
systems to study the differentiation and functions of their
in vivo counterparts. In particular, the novel cell line
AP-16 has enabled us to increase our understanding of the
astrocyte development. This is the first report describing
cell death by apoptosis in astrocyte progenitors and in-
volvement of the various cytokines in the astrocyte develop-

ment.



2. INTRODUCTION

Most cells in the central nervous system are either
neurons or glial cells. Glial cells are up to 10 times as
numerous as neurons and can comprise up to 50% of the total
cell volume in the cerebral cortex (Pope, 1978). Glial
cells have traditionally been implicated in a variety of
maintenance functions within the central nervous system (for
review, Kimelberg and Norenberg, 1989). They wrap around and
enclose the axons, dendrites, synapses and blood vessels.
They control the composition of the interstitial medium
which 1s fundamental to the operation of the system of
computation and transmission that is dependent on membrane
CUIRIPEIN I S8 Recent evidence indicates that glial cells are
much more dynamic components than previously realized. In
particular, they maintain specialized interactions with neu-
Rolnisait hroitigihiet hieswp rioidiuic tiileiny worfs wsipieiciiffitiicl “ieclelll i=aid hieistiieins,
extracellular matrix or neurotrophic molecules (for review,
Lander, 1989). Therefore, it has become evident that the
central nervous system will never be fully understood with-
out an understanding of the properties and functions of
glial cells.

In the past two decades, the characterization of glial
cells has been improved considerably with cultured cells and
immunological markers for cell 1identification. Booher and

Sensenbrenner (1972) showed in their pioneering work that



cells dissociated from cerebral hemispheres during a partic-
ular period of development would yield nearly homogeneous
cultures of astrocytes. This discovery stimulated extensive
studies on the properties of astrocytes, studies that are
difficult or iImpossible with the intact nervous system or
bulk-isolated cells. For cell identification, the discovery
of ‘gl al =l bri 'isipy aeiddo prieftein HLGFAP) » by Emg @t
al. (1971) was a significant advancement. GFAP is one compo-
nent of the intermediate glial filaments found in the cyto-
plasm of astrocytes. GFAP 1is found only in astrocytes and
has therefore proved to be an invaluable marker for identi-
fying those cells in culture. Following the discovery of
GFAP, numerous cell-type-specific markers have been discov-
ered and used to identify cell types in mixed glial cultures
(for review, Hansson, 1986).

Classically, from morphological studies using metal im-
pregnation and electron microscopic methods, macroglial
cells in the vertebrate central nervous system were divided
into two types, oligodendrocytes and astrocytes, and the
latter were subdivided into protoplasmic and fibrous types,
found in the gray matter and white matter, respectively (for
review, Privat and Rataboul, 1986). More recently, with im-
mumocytochemical techniques, astrocytes from PRl maliEy s¢ Ul =
tures of rat optic nerve, a white matter tract, were further
subdivided into type-1 and type-2 derived from two distinct

gilsirasclell I mibilniera diels (R T e ezl R EGISISE ia i i 1)) s One comprises



oinligedenid rocyite shtyipel-i2i Aisiinocy flels vanlid “thie.ilr? lclommoe Mbiipos
tential (0-2A) progenitors, and the other comprises type-1
astrocytes and their progenitors. Glial cell populations

morphologically and antigenically similar to O0-2A lineage

cells and type-1 astrocytes are present also 1n primary
cultures from neonatal rat cerebellum (Levi et al., 1986) and
cerebral cortex (Bahar et al., 1988). This glial diveirsity

has been one of the most challenging problems in neurobiolo-
gy: how do the apparently homogeneous neurocepithelial cells
o'ft it hier Infeiiip av S tilibie R Tlieiadit el FEihien Vaiptiierty, Mo imastitiliae snarlbivatl
cells? It is not yet clear what factors influence the
determination of these cell types.

To elucidate the factors influencing glial differentia-
tion, serum-free culture systems are useful. Since the
first report by Morrison and de Vellis (1981), there have
been attempts to develop serum-free media specifically de-
silgned  for gl ial cell ks iin which the celils could bel grown in
a completely defined microenvironment. Such defined media
have two potential advantages: (1) serum-free media can be
formulated to select one specific glial cell type of the
heterogeneous cell population of the central nervous system
and (2) the effects on the glial differentiation and func-
tion of hormones, cytokines and extracellular matrix mole-
cules can be studied without the variables introduced by
unknown components in serum.

This paper focuses on cultured glial cells from neona-



tal mouse cerebrum as one model to study the differentiation
and functions of glial cells. The cerebrum comprises the
] alr gle/sit Tcelllu Farmmais skin shierimanma |dkaine biaimee s f hielrierfioriefsm dut
is suitable for obtaining large quantities of metabolically-
active, nontumorigenic glial cells. Furthermore, on postna-
tal days 1-3, the cerebrum is developmentally immature with
respect to glial maturation, which allows for optimal mixed
glial cultures. This model can be used to identify glial
subtypes and to examine their functions, such as production
of extracellular matrix molecules, under serum-free condi-
tions. Also, serial passage of the mixed glial culture led
to the establishment of a novel cell line (AP-16) of astro-
cyte progenitors.

Interestingly, AP-16 cells died by apoptosis after
cytokine deprivation. Epidermal growth factor (EGF), trans-
forming growth factor-a (TGF-a) and basic fibroblast growth
flac tolr » (bIFEGR) I aciteld as msitirvitvall s fiacitiorisy fthats pir e veln tield » thie
apoptosis. In addition, transforming growth factor-8 (TGF-
B), ciliary neurotrophic factor (CNTF) and leukemia inhibi-
tory factor (LIF) induced AP-16 cells to differentiate into
phenotypically mature astrocytes. The factors that regulate
survival and differentiation of astrocyte progenitors have
been largely unknown to date. The results obtained with
AP-16 cells suggest that these cytokines regulate the astro-

cyte development in the central nervous system.



References

Bahar T, McMorris FA, Novotn; EA, Barker JL., Dubois-Dalcg M
(1988) : Growth and differentiation properties of 0-2A
progenitors purified from rat cerebral hemispheres. J)
Neurosci Res 21:168-180.

Booher J, Sensenbrenner M (1972): Growth and cultivation of
dissociated neurons and glial <cells from embryonic
chick, rat and human brain in flask cultures. Neurobi-
oleIg Vi 12 9= 050

Eng LF, Vanderhaeghen JJ, Bignami A, Gerstl B (1971): An
acidic protein isolated from fibrous astrocytes. Brain
Rielsm2.8 ke SioHl=8ibta\s

Kimelberg HK, Norenberg MD (1989) Astrocytes. Sci Am 4:44-
S12%

Hansson E (1986): Astrocytes in the cerebral cortex with
special regard to tissue culture studies. In: Fedoroff
S, Vernadakis A (eds) Astrocytes vol (pp. 225-244) ,
Academic Press, New York.

Lander AD (1989): Understanding the molecules of neural cell
contacts: emerging patterns of structure and function.
Trends Neurosci 12:189-195

Levi G, Gallo V, Ciotti MT (1986): Bipotential precursors of
putative fibrous astrocytes and oligodendrocytes in rat
cerebellar cultures express distinct surface features
and “"neuron-like” gamma-aminobutyric acid transport.

Proc Natl Acad Sci USA 83 11604=1508.



Morrison RS, de Vellis J (1981): Growth of purified aisktEirlo =
cytes in a chemically defined medium. Proc Natl Acad
Sci USA 78:7205-7209

Pope A (1978) Neuroglia:quantitative aspects. In: Schoffen-
iels E, Franck G, Hertz L, Tower DB (eds) Dynamic
properties of glia cells (pp. 13-20), Pergamon Press
Oxford.

Privat A, Rataboul P (1986): Fibrous and protoplasmic astro-
GYAtie'sh In: Fedoroff S, Vernadakis A (eds) Astrocytes
vol (pp. 225-244), Academic Press, New York.

Raff MC, Abney ER, Cohen J, Lindsay R, Noble M (1983a) : Two

types of astrocytes in cultures of developing rat white

matter: differences in morphology, surface ganglio-
sides, and growth characteristics. J Neurosci SERIRUS 9=
|IRE3(0)0)

Raff MC, Miller RH, Noble M (1983b): A glial progenitor cell
that develops in vitro into an astrocyte or an oligo-
dendrocyte depending on the culture medium. Nature

(London) 303:330-396.



3. PRIMARY CULTURE AND CRYOPRESERVATION OF MOUSE

ASTROCYTES UNDER SERUM-FREE CONDITIONS

8 Introduction

Primary cultures of enriched astrocytes have been
developed in the last two decades (Booher and Sensenbrenner,
RO A2 ASThaip!l (ex |SR7a8 50 LR mE N eate vl 1973). Because these
cultures are derived from normal tissue, such cells are
considered to be a better model for astrocytes in vivo than
transformed glial cell lines (Schousboe, 1977:; Kimelberg et
ad - - WO PBI) After the first report (Morrison and de Vellis,
1981) of a primary culture of astrocytes under serum-free
conditions was published, several culture systems using
serum-free media were developed (for review, Sensenbrenner
et al., 1986). However, to our knowledge, there is only one
paper describing a primary culture of astrocytes derived
from mouse brain (Fischer et al., 1982). Fhiksicihicint ‘estiayll
reported a chemically defined medium consisting of transfer-
rin, selenium, 1insulin, epidermal growth factor, aprotinin,
hyaluronic acid and bovine serum albumin for astrocytes
derived from newborn mouse cerebellum. They observed that
astrocytes generated in the chemically defined medium re-
mained 1mmature with respect to expression of glial fibril-
lary acidic protein (GFAP), a protein which is specific for

mature astrocytes (Bignami et al., 1972) These cells
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expressed GFAP after being transferred to serum-supplemented
med1ium. The first purpose of this study, therefore, was to
establish a primary culture system for mouse mature astro-
cytes under serum-free conditions.

Despite the importance of primary cultures of astro-
cytes, some problems arise when we use them. The major
problems are in obtaining cells without differences among
batches, maintaining of cells for an extended period of time
and having cultured cells available when the need arises.
To avoid these problems, cryopreservation is effective.
Although cryopreservation is routinely used for many animal
cell lines, 1t has not been used for the preservation of
primary astrocytes maintained in a serum-free medium.
Because serum has been shown to be effective in enhancing
the survival of frozen cells (Dougherty, 1962), it is often
added before freezing, even for cell lines maintained in
serum-free media. If serum is used during freezing, many
washings and long-term recultivation under serum-free condli-
tions are required for complete removal of serum-derived
fraletolnis? Recently Ohno et al. (1988) reported that methyl-
cellulose is effective as a cryoprotectant for serum-free
cultured cells lines. The second purpose of this study was
to examine an effective method of cryopreservation of pri-

mary astrocytes under serum-free conditions.



3.2 Materials and Methods

Cell culture

Cerebra of 1-3-day-old C3H/He mice were dissected free
of meninges aseptically. The cerebra were dissociated by
passing them through a 320 gm nylon mesh with a rubber
policeman. After washing with Hanks' balanced salt solu-
tion, the cell suspension was triturated with a Pasteur
pipette and seeded onto poly-L-lysine-coated culture flasks
(75 cm?) at a density of two cerebra per flask in 20 ml of a
culture medium. This culture medium consisted of Eagle's
minimum essential medium (MEM) supplemented with 10% fetal
calf serum (FCS), glucose (2 mg/ml), insulin (5 wxg/ml),
pelnd cli iRl m & (50 Bulnrist sy/Zmils) wanids ™ sitnleip omyic i nha (50 Wizka AmilE.
After three days, the attached cells were washed twice with
MEM, and a serum-free, chemically defined medium was then
added. The medium used was G5 medium which was developed by
Michler-Stuke et al. (1984) for growth and differentiation
of neonatal rat brain astrocytes. This medium consists of
Dulbecco’'s modified Eagle’'s minimum essential medium (D-MEM)
supplemented with glucose (4.5 mg/ml), 10 nM hydrocortisone,
30 nM sodium selenite, insulin (5 wxg/ml), transferrin (50
©g/ml), biotin (10 ng/ml), fibroblast growth factor (FGF;
Takara Shuzo Co., Ltd., Kyoto, 5 ng/ml) and epidermal growth
fagter (EeR: Takare ShiZo, 110.%ig/m s The cells were cul-
tured in G5 medium with medium changes every 2-3 days for 3

weeks. All cultures were seeded on the surfaces coated with

[R2



poly-L-lysine and maintained in a humidified atmosphere of 5

% CO, in air at A CY

Immunofluorescence

To identify cell types in culture, the cells seeded on
coverslips were immunolabelled with various antibodies. The
cells were incubated at room temperature in each antibody
solution for 30 minutes, followed by incubation in an appro-
priate fluorescein isothiocyanate (FITC)-conjugated second
antibody solution. Antibodies were diluted in phosphate-
buffered saline (PBS) containing 1% bovine serum albumin.
After every 1incubation, cells were washed three times with
PBS. The first antibodies used were: rabbit anti cow glial
fibrillaryYacidiee protein ifapti-GEARY Dake Co. ., 1G]logtrup;
diifilsutterd APENI0I0NNS TR akiblikt Atk AbloVzitlnieFISFAECI0 I piRoierinE  (fainfeilsSi=
100; Advance Ltd., Tokyo, diluted 1:100), mouse monoclonal
antibodies to human neurofilaments (anti-NF; Cosmo Bio Ltd.
Tokyo, diluted 1:2), rabbit anti bovine galactocerebroside
(anti-GalC; prepared by immunization with GalC, diluted
12200 ‘andt rabbiift rant il "moetser fibrionectint Cant i=FI1bronecting:
Paesel GmbH, Borsigallee; diluted 1:100). Surface antigens
(i.e. GalC and fibronectin) were immunolabelled on living
cells and intracellular antigens (i.e. GFAP, S-100 and NF)
were immunolabelled after fixation with 5% acetone in etha-
nol at -20°C for 15 minutes. As second antibodies, FITC-

conjugated goat anti rabbit immunoglobulin (Cappel Laborato-

18



ries, Malveron, PA; diluted 1:200) or FITC-conjugated goat
anti mouse immunoglobulin (Cappel Laboratories, diluted
1:200) was used. After additional washing, the coverslips
were rinsed in distilled water and mounted on glass slides
with 10% glycerol in PBS. The stained cells were observed

under an Olympus BH-2 fluorescence microscope

Freezing and thawing

The cells were harvested by trypsinization and suspend-
ed in G5 medium containing various cryoprotectants at a cell
density of 2 x 106 cells/ml. The following cryoprotectants
were used: (1) dimethylsulfoxide (DMSO, MW 78) at a final
concentration of 10%; (2) methylcellulose (MC, 4000cp, MW
140, 000, Wako Pure Chemicals Ltd., Osaka) at a final concen-
tration of 0.1%:; (4) hydroxyethyl starch (HES, MW 545, 000,
Sigma Chemical Company, MO) at a final concentration of 2%;
(5) polyvinylpyrrolidone (PVP, K-90, MW 360, 000, Wako Pure
Chemicals) at a final concentration of 3%; and (6) FCS at a
final concentration of 20%. Each ml of cell suspension
was dispensed into a glass ampoule and frozen to -80°C at a
rate of 1°C/minute with a programmable controlled rate
freezing unit (CM-MarkII, Taiyo Sanso Co. Ltd., Osaka). The
frozen cells were stored in liquid nitrogen for 3 weeks.
When the frozen cells were reconstituted, the ampoules were
removed from the liquid nitrogen and rapidly plunged into a

37°C water bath until the contents were thawed. The thawed

14



cells were diluted tenfold with MEM and centrifuged at 180 g
for 5 minutes. The pelleted cells were resuspended and

recultivation in G5 medium was started

Determination of wviability and cell attachment
The viability of cells before freezing or after thawing
was determined using a dye exclusion test. Unstained viable
cells and stained dead cells were counted using a hemocytom-
eter within 3-5 minutes after staining with 0.3% trypan blue
solution. The viability of cells was calculated by dividing
the number of wviable cells by the number of total cells.
After freezing and thawing, the number of cells attached to
the dishes after a 16-hour incubation were counted by the
dye exclusion test. The percentage of cell attachment was
calculated by dividing the number of attached cells by the
initial number of cells in the ampoule before freezing (i.e.
This calculation gives an index of the recovery
of cells, those which are able to grow into subsequent

generations attaching to a dish.

3.3 Results
Characterization of the primary culture
Two distinct cell types were recognized upon phase-
microscopic examination of the cells grown for 3-14 days in

the serum-free, chemically defined medium (G5); one was
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fibroblast-like and the other was flat epithelial cell-like

(B g F2)R When the culture was maintained for 3 weeks, the
majority of cells were fibroblast-like (Fig. 1b). Figure 2
shows the growth of cells maintained in G5 medium. The

cells grew in this medium as well as they did in serum-
supplemented medium. The final cell density reached after 5
days was about 80% that of their serum grown culture

To identify cell types in the primary culture generated
in G5 medium for 3 weeks, immunofluorescence staining using
antibodies against cell markers was carried out. The pro-
pIOIF WoIN - off = jpio ST v eslpy Isitiailinie di icie sl sy alist Bsihiowink S1isn! S=lFalbilies Tl
The great majority of the cells (>98%) in the culture con-
tained GFAP which is a specific marker of mature astrocytes.
The GFAP antigens were moderately filamentous, distributed
in the cell bodies, and were not present in the nuclei of
the cells (Fig. 3). About the same proportion of cells were
stained with anti-S-100 which specifically binds to astro-
cytes (Hyden and McEwen, 1966). Cell types most likely to
contaminate astrocytes include meningeal cells, endothelial
cell les fibroblaste amd ol ideodehdrecyties (Stieg et~ ala,
1980) . The meningeal cells, endothelial cells and fibro-
blasts can be detected on the basis of their expression of
fibronectin on the cell surface (Schachner et al., 1978).
The cells stained with anti-fibronectin accounted for fewer
than % of the total cells. Fhier “cie || l'sissiwaiined: swa tiht rantt it =

GalC which binds to oligodendrocytes (Raff et al., 1978)

16



also accounted for fewer than 1% of the total cells. No
neurofilament-positive neurons (Schlaepfer, 1977) were ob-
served in the culture

Besides immunocytochemical demonstration of GFAP-
presence, a dibutyryl cyclic AMP (dBcAMP)-induced morpholog-
ical conversion from a flat to a process-bearing cell has

usually been employed to identify astrocytes (Manthorpe et

2Vl T ) 7 @) 2 The cell bodies decreased in size, and long
slender processes were formed when mM dBcAMP was added to
the culture medium (Fig. 4). More than 90% of the total

cells showed these morphological changes 5 days after the
addition of dBcAMP. Based on these results, the primary
culture maintained in G5 medium for 3 weeks 1s considered to

be a highly enriched culture of astrocytes.

Cryopreservation

We examined the effects of cryoprotectants on the
survival of enriched astrocytes under serum-free conditions.
The cells were harvested by trypsinization and were then
frozen in G5 medium containing various cryoprotectants at
‘C/minute using a programmable controlled rate freezing unit.
After the frozen cells were thawed in a 37°C water bath, the
viability and percentage of cell attachment were determined
as indexes of survival (Yamamoto et al., 1981). The experi-
ments were replicated three times. The viability of the

three cultures before freezing was 95 + 2% (Mean t+ standard

Uyl



dielViilattio nne Sy D )i The results are shown in Figure 5. The
viability and percentage of cell attachment of thawed cells
were 8% and 0%, respectively, when the cells were frozen and
thawed without a cryoprotectant. Nol (el yepir oitiec i ve esfif ecit
on the enriched astrocytes was observed when 0. 1% MC, 2% HES
or 3% PVP was added: the percentage of cell attachment was
0%. By adding of 10% DMSO, the viability and percentage of
cell attachment increased to 45% and 12%, respectively. The
combination of 0. 1% MC, 2% HES or 3% PVP and 10% DMSO in-
creased the wviability to 72-76%. The percentage of cell
attachment was highest when the cells were frozen with 0.1%
MC and 10% DMSO. Using these two cryoprotectants, the
viability and percentage of cell attachment were 74% and
23%, respectively, 1indicating that about 30% of the viable
cellsiswere able to vatitach to a 'dilsh:.

We examined the characteristics of frozen cells 1in
comparison with those of unfrozen cells. After the cells
were frozen and thawed in the presence of 10% DMSO and 0. 1%
MC, we recultivated the cells in G5 medium for 7 days and
then characterized them as follows. The growth rate of
frozen cells was similar to that of unfrozen cells (data not
shown) . The proportion of cells stained positively with
anti-GFAP and anti-S-100 revealed an almost pure (>98%)
astrocyte culture after freezing and thawing. The intensity
and patterns of the immunofluorescence profiles of the

frozen cells stained with anti-GFAP were similar to those of

18



unfrozen cells as shown in Figure 3. No noticeable differ-
ences in morphology were found between those astrocytes
subjected to the freezing-thawing procedures and those which
were not. The cells recultivated in G5 medium appeared to

be in good condition after more than 2 months

3.4 Discussion
We were able to obtain a highly enriched culture of
astrocytes from newborn mouse cerebrum with the serum-free,
chemically defined medium (G5). Our results demonstrate

that the cells generated in G5 medium are GFAP-positive,

mature astrocytes. RISChE RS i el (1982) reported that
GFAP-negative, immature astrocytes were generated from
newborn mouse cerebellum in their culture systems. The

discrepancies between our results and those of Fischer et
al. may be due to the differences in the chemically defined
media or in brain area. Most investigators have used rat
brain for primary cultures of astrocytes. G5 medium was
developed for the enriched culture of astrocytes derived
from rat brain (Michler-Stuke et al., 1984). Our results
show that this medium is also effective for the enriched
culture of astrocytes derived from mouse cerebrum. The
great advantage of serum-free cultures is that fibroblast
overgrowth is suppressed (Morrison and de Vellis, 1983)

The fibroblasts amounted to 20-30% of the total cells when

159



we cultivated cells derived from mouse cerebrum in a serum-
supplemented medium for 3 weeks (data not shown). In our
serum-free culture system, the proportion of fibronectin-
positive fibroblasts was less than 1%.

To preserve the enriched mouse astrocytes for an ex-
tieindleid” pertiiod Loff* "t iimer wi t hoeut Neihanigitnigh thiel it ¢ haracit e irs =
tics, we examined a method of cryopreservation. Changes 1in
the rates of cooling and thawing modify survival of cells
but the most important factor influencing survival is the
presence or absence of cryoprotectants (Mazur, 1970)
Cryoprotectants are broadly divided on the basis of whether
or not they permeate cells; cells are usually permeable to
DMSO and glycerol but are impermeable to PVP, HES and serum
proteins (Ashwood-Smith, 1987). MC used in our experiments
must act as a non-permeating cryoprotectant because of 1its
high molecular weight (MW; 140, 000). The cryoprotective
mechanisms of the two types of cryoprotectants are not vyet
clearly understood. Our results show that the separate
cryoprotective effects of the permeating compounds and the
non-permeating compounds on the survival of astrocytes are
additive (Fig. 5). Among the three non-permeating cryopro-
tectants examined (i.e. MC, HES, PVP), MC was the most
effective in the combination with DMSO. Ohno et al. (1988)
reported that MC is effective for the cryopreservation of
cultured cell lines. OQur results confirmed their result

using primary cultures of astrocytes.
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In recent years, Fierz et al. (1985) found that astro-
cytes act as antigen-presenting cells. Many 1investigators
are interested in the functions of astrocytes which mediate
immune reactions in the brain. The astrocytes derived from
inbred mice (C3H/He), which have been characterized their
genetic background, should be more suitable for immunologi-
cal studies than astrocytes derived %rom rats. Our methods
of primary culture and cryopreservation for enriched mouse
astrocytes will make it easier to perform various immunolog-

ical and biochemical studies related to astrocytes

3.5 Summary

The methods of primary culture and cryopreservation of
mouse astrocytes under serum-free conditions were examined.
Cerebra from newborn C3H/He mice were employed as the source
of astrocytes. The cultured cells were able to grow in a
serum-free, chemically defined medium containing transfer-
rin, hydrocortisone, biotin, sodium selenite, N AESTURLSIARE
fibroblast growth factor and epidermal growth factor. After
the culture was maintained in the medium for 3 weeks, purity
was assessed using immunofluorescence staining. The great
majority of the cells (>98%) contained glial fibrillary
aclidic protein and S-100 protein which are cell markers of
astrocytes. To cryopreserve the enriched astrocytes under

serum-free conditions, various cryoprotectants were exam-
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ined. The combination of 10% dimethylsulfoxide and 0. 1%
methylcellulose gave the highest survival rate. These
methods of primary culture and cryopreservation will be
useful In physiological and biochemical studies which re-

quire mouse astrocytes.
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Table 1. Indirect immunofluorescence staining of primary

astrocyte culture with various antibodies

% cells

Antibodies Cell types positively stained
anti-GFAP astrocyte > 98
aAnEI=IS=1.0/0 astrocyte > 98
ankthit =il birlonieiclitiin meningeal cell <

endothelial cell

fibroblast
Ellias 1L =Gl G oligodendrocyte &
anti-NF neuron 0

The data represent the percentage of cells expressing

the cell marker in relation to the total cell population.
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Fig. 1. Mouse cerebral cells cultured in G5 medium on
poly-L-lysine-coated dishes. a; day 7, b:; day 21
Bar, 20 um
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Bilals 3L Indirect i1mmunofluorescence of astrocytes using
anti-GFAP and FITC-conjugated anti rabbit immunoglobulin.
B2l 208 yAm
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Filig)e &l Morphological change in enriched astrocytes treat-
ed with dBcAMP for 5 days. The enriched astrocytes main-
tained in G5 medium for 3 weeks were cultivated in the
absence of dBcAMP (a) or in the presence of 1 mM dBcAMP (b).
Bar, 20 um
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CRYOPROTECTANT
NONE

MC
HES
PVP
DMSO
DMSO + MC
DMSO + HES

DMSO + PVP

FCS
DMSO + FCS
0 20 40 60 80 100 (%)
VIABILITY AND CELL ATTACHMENT
Fiehe /By Effects of various cryoprotectants on viability
and cell attachment of the cryopreserved cells. The en-
riched astrocytes maintained in G5 medium for 3 weeks were
frozen and thawed with various cryoprotectants. The viabil-

ity (open bars) and percentage of cell attachment (closed
bars) were determined according to the methods in Materials

and Methods. Each value represents the mean + S.D. of the
three experiments.
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4. EXPRESSION OF FIBRONECTIN AND LAMININ BY
DIFFERENT TYPES OF MOUSE GLIAL CELLS

CULTURED IN A SERUM-FREE MEDIUM

4nal Introduction

Fibronectin and laminin are extracellular matrix glyco-
proteins believed to be involved in many cellular functions
such as cell adhesion, wound healing and cell migration (for
reviews; Hynes, 1990; Martin and Timpl, 1987). These two
molecules are present in the central nervous system (Liesi,
1985; Stewart and Pearlman, 1987: Zhou, 1990) and are con-
sidered to play important roles in the development of embry-
onic neurons and regeneration of damaged adult nerve fibers
(Akers et al., 1981; Hatten et al., 1982; Manthorpe et al.
1983; Rogers et al., 1983; Liesi et al., 1984; Liesi, 1985).
To understand the roles of fibronectin and laminin in brain
development, it is necessary to identify the cell types that
synthesize and deposit them in the extracellular matrix. In
cell-culture studies, it is possible to analyze these mole-
cules expressed by well-defined cell types. Previous re-
ploiaiEst dhiaviemilnidiiiciartieds stiastarcitbl ttiFeldr asiiRoch/isels) aimer fabilien «o
express fibronectin (Price and Hynes, 1985; Liesi et al.,
1986) and laminin (Liesi et al., 1983). However, there has
been controversy whether astrocytes synthesize fibronectin

(Paetau, 1988).
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Raff et al. (1983a, b) have demonstrated two types of
astrocytes in cultures of neonatal rat optic nerves, which
are derived from two distinct developmental lineages.
Evidence from various in vitro studies shows that oligoden-
drocytes and type-2 astrocytes are derived from common
bipotential (0-2A) progenitors, whereas type-1 astrocytes
develop from different progenitors. Although phenotypes of
type-1 and type-2 astrocytes in other regions of the central
nervous system are not fully established, type-1 and type-2
astrocytes differ in a number of morphological and function-
al properties (Raff, 1989). For example, most type-
astrocytes are large, fibroblast-like, non-process-bearing
cells. Functionally, type-1 astrocytes form the glial
limiting membrane and may play a constitutional role in the
forma®ion- ofs the sblood=birain barkrier (Janzer “and | Reff,
1987). In contrast, most type-2 astrocytes have a stellate
process-bearing morphology. Functionally, type-2 astrocytes
ensheath exposed axonal plasma membrane at the nodes of
Ranvier (ffrench-Constant and Raff, 1986).

In the present study, the first purpose was to deter-
mine whether glial cells can produce fibronectin and laminin
using enriched glial cultures under serum-free conditions.
The second purpose was to examine whether expression pat-
terns of these molecules differ among glial subtypes. The
thiilrd T ptirpelses was | We- enxiamiiine s meitelclilitliarn® fchtalrialc tefriilsitilcis:  o'f

glial fibronectin and laminin. We also examined the fate of
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synthesized molecules: whether fibronectin and laminin are
secreted as soluble forms into the culture medium or depos-

ited as insoluble forms at the extracellular matrix

4. 2 Materials and Methods

Cell cultures

Primary glial cultures from neonatal C3H/He mouse
cerebra were prepared as described in Section 3. 2. Briefly
mechanically dissociated cells from cerebra of 1-day-old
mice were maintained with Dulbecco’'s modified minimum
essential medium (D-MEM) supplemented with 10% fetal calf
serum (FCS). After 3 days, the culture medium was changed

to a serum-free, chemically defined medium (G5 medium;

Michler-Stuke et al., 1984) consisting of D-MEM, glucose
(4.5 mg/ml), 10 nM hydrocortisone, 30 nM sodium selenite
recombinant human insulin (Wako Pure Chemicals Ltd., Osaka;

5 gg/ml), transferrin (50 wgg/ml), biotin (10 ng/ml), recom-
binant human basic fibroblast growth factor (bFGF; Boehring-
er Mannheim GmbH, Mannheim; 5 ng/ml) and epidermal growth
factor (EGF; Takara Shuzo Ltd., Kyoto:; 10 ng/ml). After
7-10 days of primary culturing, with medium changes every
2-3 days, the cells were subcultured 3-4 times for 4 weeks

For subcultures the cells were incubated with 0.1% crystal-
line trypsin solution for 2-3 minutes at room temperature,

and the trypsinization was terminated by replacing the
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trypsin solution with G5 medium containing 0.5 mg/ml soybean
R Y/Risitng inihLil BRSO ES All cultures were grown on poly-L-ly-
sine-coated dishes at 37°C in a humidified 95% air/5% 002

atmosphere.

Reagents

Fibronectin purified from mouse plasma was purchased
from Wako Pure Chemicals Ltd., Osaka, and laminin purified
from Engelebreth-Holm-Swarm (EHS) sarcoma was purchased from
Iwaki Glass Co., Tokyo. Antisera against fibronectin and
against laminin were prepared using rabbits. Immunoglobulin
G (IgG) fractions were purified from the antisera by ammoni-
um sulfate precipitation followed by high pressure liquid
chromatography on an adsorbent of protein A bound to cyano-
gen bromide-activated Sepharose 4B. Conjugation of anti-
fibronectin IgG and of anti-laminin IgG to horseradish
peroxidase (HRP) was performed using the two step methods of

Ishikawa et al. (1983).

Immunofluorescence

An indirect immunofluorescent technique was wused to
identify surface and intracellular antigens to classify
glial subtypes and non-glial cells. Cells seeded on
poly-L-lysine-coated glass coverslips were incubated at room
temperature in an antibody solution for 30 minutes followed

by incubation in an appropriate fluorescein isothiocyanate
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(FITC) -conjugated or tetramethylrhodamine 1isothiocyanate
(TRITC) -conjugated second antibody solution. Antibodies
were diluted in phosphate-buffered saline (PBS) containing
1% ovalbumin. After every incubation procedure, cells were
washed three times with PBS. The first antibodies used
were: rabbit anti-cow glial fibrillary acidic protein
(anti-GFAP, Dako Co., Glostrup; diluted : 100, rabbit

anti-galactocerebroside (anti-GalC; prepared by immunization

with GalC; 1:100), mouse monoclonal antibody to human neuro-
f ielkaimelntast ~(amti s NIEs Coisimoe: Bier IINEdins Tolkyoes ileh2)k smoiise
monoclonal antibody (IgM) A2B5 (ascites; 1:4000) and mouse
monoclonal antibody to Thyl.2 (Becton Dickinson Co., Moun-
tain View, CA; L8507 1 Surface antigens (i.e., GalC, A2BS

and Thyl.2) were immunolabelled on 2% paraformaldhyde-fixed
cells and intracellular antigens (i.e., GFAP and NF) were
immunolabelled after paraformaldehyde-fixing followed by
permeabilization with 0. 1% Triton X-100 in PBS. FalIRG=

conjugated goat anti-rabbit 1gG (Cappel Laboratories, Malv-

eron, PA; 1:200), FITC-conjugated goat anti-mouse 1gG
(Cappel Laboratories, 1:200) or TRITC-conjugated goat anti-
mouse IgM (Cappel Laboratories, 1:200) were used as the
second antibodies. Glial subtypes were determined from

double staining for A2B5/GalC and A2B5/GFAP.
The glial cultures were examined for anti-fibronectin
IgG (1:200) and anti-laminin IgG (1:200) binding by double

staining with monoclonal antibody A2B5 or mouse monoclonal
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antibody to human GFAP (Labsystems, Helsinki; 1:100). At
the time of staining, the culture medium was removed and the
cells were gently washed in PBS. The cultures were fixed
with 2% paraformaldehyde and permeabilized with O0.1% Triton
X=1h00x: To examine antigens on the cells, the first antibody
was applied after paraformaldehyde-fixing without the per-
meabilization step. The stained cells were observed under
an Olympus BH-2 fluorescence microscope

In most experiments, the cells on 30 non-overlapping
sequential fields with 3 glial cultures were visualized and
counted. The total number of cells was determined using
phase-contrast optics, and subsequently, the numbers of
stained and non-stained cells were determined using fluores-

cein and rhodamine optics

Western blot analysis

For Western blot analysis of fibronectin, the culture
medium of glial cells was harvested and incubated with
uncoupled Sepharose or gelatin-coupled Sepharose (Pharmacia
Fine Chemicals, Uppsala) as described by Price and Hynes
(1985). The Sepharose was washed and boiled in electropho-
resis sample buffer to solubilize the bound materials.
These samples were then analyzed by sodium dodecyl sul fate-
polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli,
7)) % In the case of laminin analysis, the cellular pro-

teins were extracted by the method of Liesi and Ristelli
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(1989) and then used for SDS-PAGE. These samples were
fractionated under reducing conditions in 5% acrylamide gels
with 3% stacking gels. Molecular weight markers were
purchased from Bio-Rad Laboratories. The fractionated
proteins were electrophoretically transferred to nitrocel-
lulose sheets (Towbin, 1979). The nitrocellulose sheets
were incubated in a blocking solution containing 3% ovalbu-
min and 0. 05% Tween 20 in PBS for hour at room tempera-
ture. The sheets were incubated with HRP-conjugated anti-
fibronectin IgG (1:200) or HRP-conjugated anti-laminin IgG
(15200) “for hour at room temperature. After washing,
immunoreactive bands were visualized by reacting with 4-

chlore-1-naphthol.

Extraction of cell cultures

To examine the amounts of fibronectin and laminin in
the culture medium, extracellular matrix and intracellular
portion, cells were extracted as described by Ignotz and
Massagué (19886). The cells were seeded (10% cells/35-mm
well) and cultured in G5 medium. AV el e WISEUIRN g RolR & 2
days, the medium was harvested and used for ELISA analysis.
The remaining cells were washed with 0.15 M NaCl, 25 mM

Tris-HCl (pH 7.4) and extracellular matrices were extracted

with a solution containing 1 M urea, mMEaPEEh ekt hreMiells & @
mM Tris-HCl (pH 7.4), 10 mM EDTA and 2 mM phenylmethylsulfo-
nyl fluoride (PMSF). For extraction of intracellular speci-
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mens, the cells harvested by trypsinization were lysed with
Triton X-100 and the insoluble material was removed by
centrifugation. The soluble extract was retained for ELISA

analysis.

Enzyme-linked immunosorbent assay (ELISA)

Sandwich ELISAs were performed to quantify the amount
of fibronectin or laminin in specimens prepared from glial
culstlres. The cell number at harvest was assessed by a
trypan blue exclusion method. Each well of flat-bottom 96-
well plates (Immunoplate I, Nunc, Poskilde) was coated
overnight at 4°C with 100 ul of either anti-fibronectin or

anti-laminin IgG at 10 gg/ml in 0.2 M bicarbonate buffer (pH

9. 3). After coating, the IgG solutions were removed and the
wells were washed with PBS. Subsequently, 150 uxl of 1%
ovalbumin in PBS was added to each well. After 2-hour

incubation at room temperature, the ovalbumin solution was
removed and the wells were washed with PBS containing 0. 05%
Tween 20 (PBS-Tween). The samples (50 pugl/well) were added
to the wells and authentic fibronectin and laminin (1, 000-1
ng/ml) served as standards. The plates were incubated for |
hour at room temperature. After washing with PBS-Tween,
HRP-conjugated anti-fibronectin IgG or HRP-conjugated anti-
laminin IgG (1:200, 50 guxl/well) was added, and incubation
continued for hour at room temperature. The wells were

washed with PBS-Tween and then a substrate for peroxidase,
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2.2 -adino-di [3-ethelbenzothiazoline sulfonate (6)] (ABTS) ,
was added. The optical density at 415 nm was measured using

an ELISA reader.

4.3 Results

The characteristics of glial cultures

To identify cell types in the cultures prepared from
neonatal mouse cerebra and subcultured in G5 medium for 4
weeks, immunofluorescence staining using antibodies against
cell markers were carried out. The cultures contained both
type-1 astrocytes and 0-2A lineage cells (0-2A progenitors,
oligodendrocytes and type-2 astrocytes). The proportion of
each cell type is shown in Table 1II. In over 3 prepara-
tions, 77% of the cells were GFAP-positive and A2B5-negative
and exhibited a fibroblast-like morphology (Fig. 6 a-c):
features of type-1 astrocytes (Raff et al., 1983a, b). QL=2(2
progenitors that are defined as A2B5-positive, GFAP-negative
and of a process-bearing morphology (Raff et al., 1983a, b)
accolntedufor 21 %8eif fthe ceillis (Figs 6 a=ch: Less than 1%
of the cells expressed GalC that is a cell marker of oligo-
dendrocy telstu(Rafifedest Mg, T97U8)N(Eita. i rs N A small number

(<1%) of A2B5-positive, GFAP-positive and multipolar type-2

astrocytes (Raff et al., 1983a, b) was observed (Fig. 6 d,
e). No Thy 1.2-positive or neurofilament-positive cells,
whiiclhihalile  chlkais sy flile!disais, dftitbirebilvaisitusy  ((REMIF" Keittieallen, ¥ WS8R lf
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neurons (Schlaepfer, 1977) were observed in the cultures.

Immunocytochemical analyses of fibronectin and laminin

The expression and cellular distribution of fibronectin
and laminin by glial subtypes in the cultures were investi-
gated immunocytochemically. To identify the subtypes dou-
ble-labelling immunofluorescent experiments using monoclonal
A2B5 antibody and monoclonal anti-GFAP antibody were per-
formed. The staining with anti-fibronectin or anti-laminin
was performed either with paraformaldehyde-fixed cells to
detect the antigens on top of the cells or with parafor-
maldehyde-fixed cells subsequently subjected to a permeabi-
lization step to detect the antigens in the intracellular

and antigens between cells and substratum.

Almost all the type-1 astrocytes were strongly to
moderately positive for fibronectin and laminin. Fibirloneic=
tin and laminin were expressed by the type-1 astrocytes

having flat and large morphology in a granular intracyto-
plasmic distribution confined to the perinuclear region
[(ERifGrEe Wcms MEifal 28{orach ™ Careful focusing revealed that they
were also deposited in a fibrillar matrix form underneath
the cell monolayers (Fig. 7d, Fig. 8b). The staining pat-
tern for fibronectin was mostly coincidental with the
staining for laminin, although the laminin staining tended
to have a more punctate appearance than fibronectin. FUlir=

thermore, very weak laminin matrices were present on top of
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the monolayers (data not shown), whereas fibrillar fibronec-
tin was found only at the outermost edges of the cell sur-
fialclens (B g = Watp)ie; Type-2 astrocytes were either weakly
stained or not stained by anti-fibronectin and anti-laminin
antibodies. The fluorescence was somewhat restricted to the
cell body leaving many cell processes devoid of stalining
(Ffiloee W E gk F8ld) In O-2A progenitors, both fibronectin
and laminin appeared as diffuse intracytoplasmic staining
(sl ol AR IENEG-EN BA6). 5 Neither fibronectin nor laminin was
expressed on the cell surface of type-2 astrocytes and 0-2A
progenitors (data not shown). The staining with anti-fibro-
nectin or anti-laminin on the whole decreased in the order:

type-1 astrocytes, O-2A progenitors and type-2 astrocytes.

Western blot analyses of glial fibronectin and laminin

The molecular characteristics of the fibronectin and
laminin produced by the glial cells were studied by Western
blot analysis. A band at 230 kDa was identified as fibro-
nectin by its binding to gelatin-sepharose (Fig. 9, lane 2).
The fibronectin secreted by the glial cells (lane 2) had a
slightly higher apparent molecular weight than that of mouse
plasma fibronectin (230 kDa, lane 1). Anti-laminin IgG
labelled only a band at 220 kDa (B chain, lane 5). The 400
kDa band (A chain) of the EHS laminin (lane 4) was not
detected in the samples of glial cell extracts. Preimmune

serum from rabbits stained no protein bands on the immuno-
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blots (data not shown). T hiea is tradmnivnigh o f it hiesrapipir opii iate
bands on the blots also confirmed the specificity of the

antibodies used for immunochemical analysis

The amounts of fibronectin and laminin detected by ELISA
Sandwich ELISAs were used to determine the amounts of
fibronectin and laminin expressed by the glial cells. The
amounts of fibronectin and laminin in the three portions of
the glial cultures are shown in Table III. Both fibronectin
and laminin existed in the 1intracellular and extracellular
matrix portions in similar amounts. A large amount of
fibronectin was detected in the culture medium, while lami-
nin was not detected (less than 2 ng/ml). The fibronectin
in the culture medium constituted 0.2% of the total pro-

teins.

4.4 Discussion
This paper provides evidence for the expression of
i birenectintsand 1 amimine by glial “celsls ciuflituRed iln asisie Fumls
free, chemically defined medium using immunocytochemical and
biochemical procedures. The glial cultures employed in our

studies were of great advantage in the analysis of fibronec-

tin and laminin expression for the following reasons. These
cultures contained no detectable Thy 1.2-positive cells that
are responsible for fibroblasts (Raff et al., 1979). Con-
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tamination of cultures with a relatively small number of the
fibroblasts that are active producers of fibronectin (Raff
et al., 1979) can give very misleading results, whatever
method of analysis is used. The oligodendrocytes that ac-
counted for fewer than 1% of the total cells are considered
to be negative for fibronectin production (Norton et al.
1983) and laminin production (Chiu et al., 1991). BlLeo;
these cultures were maintained under serum-free conditions.
FCS contains 100 uxg/ml of fibronectin (Price and Hynes,
1985), and its fibronectin can be incorporated into extra-
cellular matrices (Hayman and Ruoslahti, 1979)

The glial cells subcultured in G5 medium consisted of
type-1 astrocytes and O0-2A lineage cells. 0-2A progenitors
can be induced to undergo continuous self-renewal 1in the
absence of oligodendrocytic differentiation by exposure to a
combination of platelet-derived growth factor (PDGF) and
bFGF (Bogler et al., 1990; McKinnon et al., 1990). Type-|

astrocytes synthesize and secrete PDGF in vitro (Richardson

et al., 1988). In primary cultures, we have shown that 98%
of the cells are GFAP-positive type-1 astrocytes (Section
SIS In our cell-culture systems using G5 medium, which

contains bFGF, the proportion of O-2A progenitors was in-
creased by subcultivation. Much work on the properties of
each glial subtype has been carried out, but the expression
of fibronectin and laminin in these cells has remained

obscure. Recently, Gallo and Bertolotto (1990) have indi-
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cated that type-1 astrocytes are stained with both anti-
fibronectin and anti-laminin antibodies and that type-2
astrocytes are weakly stained with anti-laminin antibody and
not stained with anti-fibronectin antibody. Our results are
on the whole in the agreement with their report. Our exper-
iments showed that type-2 astrocytes were weakly positive
for fibronectin and that 0-2A progenitors express fibronec-
tin and laminin more abundantly than type-2 astrocytes.
Both fibronectin and laminin were deposited in fibrillar
matrices underneath type-1 astrocytes. This localization
suggests that these molecules are involved in cell-substrate
adhesion and may be responsible for the flattened morphology
of type-1 astrocytes (Yamada et al., 1976). EhielstersIdiidf el
ences in expression of the molecules among glial subtypes
may correspond to various tasks that these cells perform
during brain development.

We examined the molecular characteristics of fibronec-
tin and laminin expressed by the mixed glial cultures using
Western blot analysis. Price and Hynes (1985) showed that
fibronectin produced by rat cortical astrocytes has a
slightly higher molecular weight than that of fibronectin
produced by rat fibroblasts. In our experiments we compared
the molecular weights of glial fibronectin and mouse plasma
fibronectin and showed glial fibronectin has a higher molec-
ular weight than plasma fibronectin. In the case of lami-

nin, we confirmed the results of Liesi and Risteli (1989)
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and Wujek et al. (1990): glial laminin lacks the 400 kDa A
chain. The molecular heterogeneity of glial fibronectin and
laminin was not observed by Western blot analysis, although
the cultures contained glial subtypes that expressed these
molecules.

To ascertain whether glial cells secrete fibronectin
and laminin, the three portions of cultures were examined
using ELISAs. To our knowledge there are no reports de-
scribing quantitative analysis of the fibronectin and lami-
nin produced by glial cells. These molecules were detected
in the extracellular matrix at a similar concentration. The
proportion of fibronectin that is secreted, as opposed to
being bound to the extracellular matrix, varies with cell
type: 20 % secretion by human embryo fibroblasts (Baum et
AW, TSR AR EENIFGION S NisieiciaeltiroInmubiyA hielplaitiolcy tieiss LAmanil pet
2l 1985 The high proportion of fibronectin secretion
clne) pein@ LIFEEe (or low degree) of laminin secretion by glial
cells are of interest. The regulation mechanism for the
biosynthesis of these molecules by glial cells is completely
unknown. The effect of wvarious cytokines on the produc-
tion of fibronectin and laminin by glial cells is currently

under investigation in our laboratory

4.5 Summary

The expression of fibronectin and laminin by cultured
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glial cells was studied. The glial culture from neonatal
mouse cerebra maintained in a chemically defined, serum-free
medium consisted of type-1 astrocytes, oligodendrocyte-
type-2 astrocyte (0-2A) progenitors, oligodendrocytes and
type-2 astrocytes. Double-labelling immunofluorescent exper-
iments performed using the mixed glial culture indicated
that fibronectin and laminin are expressed in different
patterns among the glial subtypes. The staining intensities
with anti-fibronectin or anti-laminin antibodies decreased
in the order: type-1 astrocytes, O-2A progenitors and type-2
astrocytes. Both molecules were deposited in a fibrillar
matrix underneath type-1 astrocytes, whereas only intracy-
toplasmic localization of these molecules was observed with
O-2A progenitors and type-2 astrocytes. Western blot analy-
sis showed that glial fibronectin has a slightly higher
molecular weight than mouse plasma fibronectin (230 kDa) and
that glial laminin is a variant with a 220 kDa B chain
present and the 400 kDa A chain missing. Using enzyme-linked
immunosorbent assays (ELISA), these molecules were detected
in the glial extracellular matrix at the concentration of 4
ng/10% cells. A large amount of fibronectin (82 ng/10°
cells) was secreted into the culture medium, while secretion

of laminin was not detected
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Table I1. Percentage of each cell type assessed by

indirect immunofluorescence staining

Cell type Cell markers % cells

O0-2A lineage

Progenitors A2B5T GFAP 2147
Oligodendrocytes  GalC't A2BS5 <1
Type-2 astrocytes A285+ GFAP+ <}

Non-0-2A lineage

Type-1 astrocytes A2B5 GFAP?' 77+8
Neurons Neurofilament+ 0
Fibroblasts Thyt. 2t 0

Values represent the percentage of cells expressing the cell
markers in relation to the total cell projplUiliaiifein

(MeantS.D. ).
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Table II11. The amounts of fibronectin and laminin in three

ploii thifoln steifthgilSirallsNcieNNEs

Amount detected (ng/lO6 cells)

Molecule Intracellular Matrix Medium
Fibronectin ol 20 2 Al Dap 2% T 82+14
Laminin So i 0), 2 So Br 2% <2

Two-day cultures were prepared and ELISAs were performed as
described in Materials and Methods. The values were deter-
mined from a standard curve generated with mouse plasma
fibronectin and mouse EHS sarcoma laminin. The values shown

are means and standard deviations from three experiments
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Fitay b6k Fluorescent and phase-contrast micrographs of four

types of glial cells in serum-free cultures. Cells were
cultured in G5 medium for 4 weeks as described in Materials
and Methods. Cells were double-labelled with rabbit anti-
GFAP (a,d:; fluorescein optics) and mouse monoclonal A2B5
antibody (b, e; rhodamine optics). A phase contrast view of
the same field seen in a and b is shown in c. Note that

type-1 astrocytes are GFAPT (a,d) and A2B5 (b,e), while O-
2A progenitors (arrowhead in c) are GFAP  (a) and A2B5' (b).
A type-2 astrocyte (arrow in d,e) is shown to be GFAPT (d)
and A2B5% (e). An oligodendrocyte is labelled with anti
GI2LE (Feftltolme siclelinopiEitcisi: Bars; 40 pum.
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Eile)s U Fluorescent micrographs showing the fibronectin
expressed by glial subtypes. Cells were double-labelled
with anti-GFAP (a, c: rhodamine optics) and anti-fibronectin
(b, d; fluorescein optics) or with monoclonal A2B5 antibody
(ene Nt niholdiamiianie’  olpftitcist aimdl Bainttl =it R omlerch et nir b (S h:
fluorescein optics). The staining with anti-fibronectin was
performed on paraformaldehyde-fixed cells (b) to detect the
antigen on cells or on paraformaldehyde-fixed cells subse-
quently subjected to a permeabilization step (d, f, h) to
detect the antigen in the intracytoplasmic portion and

antigens between cells and a substratum. The focus was
adjusted to the level of the substrate level (d). Aster-
isks; type-1 astrocytes. Arrows; type-2 astrocytes. Arrow-
heads; O-2A progenitors. Bars; 40 um.
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F i+ % Fluorescent micrographs showing the laminin ex-
pressed by glial subtypes. Cells were double-labelled with
anti-GFAP (a; rhodamine optics) and anti-laminin (b
fluorescein optics) or with A2B5 (c, e; rhodamine optics)
and anti-laminin (d, f: fluorescein optics). The staining
with anti-laminin was performed on paraformaldehyde-fixed
cells subsequently subjected to a permeabilization step.
Asterisks; type-1 astrocytes. Arrows; type-2 astrocytes.

Bars; 40 um.
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400kDa »

200k Da »
12345
NGO R Western blot analysis of fibronectin and laminin.
Mouse plasma fibronectin (lane 1), the culture medium after
incubation with gelatin-coupled Sepharose (lane 2), the
culture medium after incubation with uncoupled Sepharose
(lane 3), EHS laminin (lane 4) and the cell extracts of

glial culture (lane 5) were electrophoresed (SDS-PAGE: 5%)
under reducing conditions and transferred to nitrocellulose

sheets. The sheets were immunostained with HRP-conjugated
anti-fibronectin IgG (lanes 1, 2 and 3) or HRP-conjugated
anti-laminin IgG (lanes 4 and 5). Molecular weights are

indicated on the left-hand side.
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5. ESTABLISHMENT OF AN ASTROCYTE PROGENITOR CELL LINE:
INDUCTION OF GLIAL FIBRILLARY ACIDIC PROTEIN AND

FIBRONECTIN BY TRANSFORMING GROWTH FACTOR-B81

5.1 Introduction
The use of primary cultures and the availability of
immunological markers for cell type identification have
improved the understanding of the gliogenesis considerably
(for review, Cameron and Rakic, 1991). In primary cultures
of neonatal rat optic nerve, three types of differentiated

macroglial cells can be distinguished by their morphology

and antigenic phenotype: type-1 astrocytes, type-2 astro-
cytes and oligodendrocytes (Raff et al. 1983a). These three
types arise from two separate lineages: type-1 astrocytes
develop from type-1 astrocyte progenitors (Raff et al.,

1984), whereas oligodendrocytes and type-2 astrocytes devel-
op from common bipotential 0O-2A progenitors (Raff et al.,
1983b) . Much information on O-2A progenitors is now avail-
alb ek e craliisie »oif & Etahlehirhrapsant [falennlsitty, iR S hifclhrlbys el icihie:cdMcltily—
tures (Bahar et al., 1988; Hunter and Bottenstein, 1990).
Less information 1is available on type-1 astrocyte progeni-
tors since highly enriched cultures of these cells have not
yet been obtained. Recently, the presence of distinct types
of glial progenitors has been shown in cultures from other

regions of the central nervous system (Miller and Szigeti,
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1991; Vaysee and Goldman, 1992)

The factors controlling the differentiation and/or
proliferation of glial progenitors would be accessible for
molecular analysis if cell lines with progenitor properties
could be established. Cell lines with the properties of O-
2A progenitors in primary cultures have been established
(Evrard et al., 1988; Aloisi et al., 1990:; Louis et al.,
1992) . However, to our knowledge, there are no reports
describing the establishment of other glial progenitors
including type-1 astrocyte progenitors.

In the present study, we established a cell line (AP-
16) from neonatal mouse cerebra by long-term, serum-free
cluls S uiGkiN gk The antigenic and morphological features of AP-
16 cells were found to be similar to those of 0-2A progeni-
tors, but the growth and differentiation properties of the
cells resembled those of type-1 astrocyte progenitors.
Interestingly, transforming growth factor-g81 (TGF-81) in-
duced AP-16 cells to differentiate into phenotypically
mature astrocytes. Functionally, AP-16 cells were shown to
synthesize fibronectin and laminin. The regulatory mecha-

nism for the biosynthesis of these molecules by glial cells

has been completely unknown. We also found that TGF-81 in-
creases the expression of fibronectin in AP-16 cells. These
results show that AP-16 cells provide a useful IR VAIRTEHO

system for analyzing the role of TGF-81 in the differentia-

telen foif | astirecy/ e ipRogleinl t elrss.
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5.2 Materials and Methods
Primary glial cultures and multipassages

Primary glial cultures were prepared from 1-day-old
C3H/He mouse cerebra as described in Section 3. 2. After 3
days of incubation in Dulbecco’'s modified minimum essential
medium (D-MEM) supplemented with 10% fetal calf serum (FCS)
the culture medium was changed to a serum-free, chemically
defined medium (G5 medium) which has been optimized for the
selective growth of mature astrocytes (Michler-Stuke et al.
1984) . G5 medium consists of D-MEM supplemented with glu-
cose (4.5 mg/ml), 10 nM hydrocortisone, 30 nM sodium sele-
nite, recombinant human insulin (Wako Pure Chemicals Ltd.
Osaka; 5 wpg/ml), bovine plasma transferrin (holo type, 50
rg/ml), biotin (10 ng/ml), recombinant human basic fibro-
blast growth factor (bFGF, Boehringer Mannheim GmbH, Mann-
heim; 5 ng/ml) and mouse epidermal growth factor (EGF,
Takara Shuzo Ltd., Kyoto:; 10 ng/ml).

After 7 days of primary culturing, with medium changes
every 2-3 days, the cells were passaged 30 times over 5
months. For subcultures the cells were incubated with 0. 15%
crystalline trypsin solution for 2-3 minutes at room temper-
ature, and trypsinization was terminated by the addition of
soybean trypsin inhibitor (0.5 mg/ml). The cultures were
passaged every 3-7 days at a split ratio of 1:4. AV EIURIES
tures were grown on poly-L-lysine-coated dishes at 37°C in a

humidified 95% air/5% C02 atmosphere
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Establishment of cell line AP-16

Cells at passage 30 were cloned by limiting dilution.
A cell suspension was dispensed into 96-well plates in G5
medium supplemented with 10% conditioned medium of cultures
at passage 4-6. Twelve clones having similar morphology
grew after 10 days to 2 weeks. The conditioned medium was
not used for further subcultures. One clone, designated
AP-16, was selected for more extensive characterization.
Hydrocortisone and bFGF did not affect the growth of AP-16
cells; therefore, G5 medium lacking bFGF and hydrocortisone
was used as the standard culture medium for AP-16 cells.

AP-16 cells were tested and were shown to be free of
mycoplasmal contamination by the microbiological culture
method and the DNA fluorochrome staining method (Yoshida et
al., 1988). Chromosome modal number and aberrations were
determined on 50-well spread metaphases. For the tumorige-
nicity assay, cells (IO7 cells/mouse) were inoculated subcu-
taneously in 4-week-old C3H/He female mice (5 mice per
dose) . Mice were monitored for 4 months. Soft agar cul-
tures were performed according to the standard protocol

(MacPherson and Montagnier, 1964)

Antigenic phenotype analyses
An indirect immunofluorescent technigue was used to
examine antigenic phenotypes of cells. Cells were seeded at

2 X 105 cells/15-mm well on poly-L-lysine-coated coverslips.
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The first antibodies used were A2B5 mouse monoclonal anti-
body (IgM class; used as a dialyzed ammonium sulfate frac-
Wifon ek mrasichrticish Saliunifall . 8 abiblil tan it clowisia N2l il sl L sl Ty,
acidic protein (anti-GFAP; Dako Co., Glostrup) and rabbit
anti-bovine galactocerebroside (anti-GalC, prepared by
immunization with GalC). As the second antibodies, fluores-
cein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG
(Cappel Laboratories, Malveron, PA) and Texas red-conjugated
goat anti-mouse IgM (E.Y Laboratories, Inc. San Mateo, CA)
were used. Fixation and staining procedures were as de-
scribed in Section 4. 2. Briefly, surface antigens (A2B5 and
GalC) were immunolabelled on 2% paraformaldehyde-fixed
cells, and an intracellular antigen (GFAP) was immunola-
belled after paraformaldehyde-fixing followed by permeabili-
zation with 0.1% Triton X-100. The stained cells were
observed under an Olympus BH-2 fluorescence microscope.
Expression of A2B5 on AP-16 cells was examined by flow
cytometry. Trypsinized cells were stained and analyzed on a
FACStar (Becton Dickinson, Mountain View, CA). Expression
of GFAP was examined by Western blot analysis as described

by Sakai et al. (1990).

Assays of differentiation
Cells were cultured in the standard culture medium
supplemented with 10% FCS, porcine TGF-81 (10 ng/ml; R & D

Systems Inc., Minneapolis, MN), TGF-82 (10 ng/ml), recombi-
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nant human platelet-derived growth factor-AA (PDGF-AA: 10
ng/ml: Collaborative Research Inc., Bedford, MA), bFGF (5
ng/ml), dibutyryl-cAMP (1 mM) or hydrocortisone (10 nM).
After 2 days, the morphological and antigenic features of

the cells were examined

Enzyme-linked immunosorbent assay (ELISA)

The amounts of fibronectin and laminin were assessed by
a sandwich ELISA as described in Section 4. 2. Briefly,
cells were seeded (5 x 105 cells/35-mm dish) and cultured
with or without TGF=81 {10  img/fiml) . After 3 days, three
portions: intracellular, extracellular matrix and culture
medium, were extracted from the cultures as described by
Ignotz and Massagué (1986) . The specificity of anti-fibro-
nectin and anti-laminin has been confirmed by Western blot
analysis (Section 4. 3). The amounts of fibronectin and
laminin were determined from standard curves generated with
mouse plasma fibronectin (Wako Pure Chemicals Ltd.) or mouse

ERIS lamlimiint NElwallkeis Gliaisis M iCony,  Molkyoe)h.

5.3 Results
Establishment of cell line AP-16 from glial cultures
Mixed glial cultures from neonatal mouse cerebra were
maintained in serum-free G5 medium that contains bFGF and

EGF as supplements. The cellular composition of the cul-
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tures was analyzed immunocytochemically over a period of 5
months. The proportion of cell population in the cultures
changed with increasing passages (Fig. 10). Double immuno-
fluorescent staining using A2B5 monoclonal antibody and
anti-GFAP revealed that the percentage of AQBS_/GFAP+ cells
decreased and that the percentage of A2B5Y /GFAP™ cells
increased. The AQBS_/GFAP+ cells displayed a fibroblast-
like morphology, like type-1 astrocytes (Raff et al.
1983a) . The A2B5'/GFAP™ cells exhibited a process-bearing
morphology, like O-2A progenitors (Raff et al., 1983b). In
the early passage cultures (passage 9-12), a small popula-
tion of type-2 astrocytes (A2B57/GFAPY, multipolar) and
oligodendrocytes (GalC+, multipolar) were observed. The
later passage cultures (over passage 20) contained neither
type-2 astrocytes nor oligodendrocytes, even though the
cultures contained a large population of cells with morpho-
logical and antigenic features of O-2A progenitors.

The mixed glial culture grew for 5 months without an
obvious cell crisis period. When the culture reached pas-
sage 30, cell cloning was achieved by limiting dilution.
One clone (AP-16) was expanded to mass cultures in the
standard culture medium, consisting of D-MEM supplemented
with insulin, transferrin, sodium selenite, biotin and EGF.
Most AP-16 cells, like O-2A progenitors (Temple and Raff,
1986) were round, bipolar or multipolar in this medium

(Bitgs  RIR. As the cells increased in number, many of them
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aggregated and appeared to be less strongly attached to the
poly-L-lysine-coated dishes.

AP-16 cells were phenotypically nontumorigenic on the
basis of the classical criteria: absence of tumorigenicity
in C3H/He mice and inability to grow in soft agarose medium.
AP-16 cells exhibited aneuploid karyotypes; the chromosome
numbers ranged from 49 to 72, and the modal number of chro-

mosomes was 69.

Antigenic and growth characteristics of AP-16 cells
To examine the antigenic features of AP-16 cells,
immunofluorescent staining using antibodies was performed

Most cells expressed A2Bb5, a marker for O-2A progenitors and

type-2 astrocytes (Raff et al., 1984), with intense plasma
membrane fluorescence (Fig. 12 A). GFAP, a marker for
mature astrocytes (Bignami et al., 1972), and GalC, a marker
for oligodendrocytes (Raff et al., 1978), were not detected

(Fig" 1128 5¢)

To examine the growth properties of AP-16 cells, the
cells were cultured in various media. In the standard
culture medium, a logarithmic increase in the number of
cells was observed (Fig. 13). The population doubling time
of the cells was about 23 hours. AP=16 cells depended
strikingly on EGF for survival: greater than 80% of the
cells were dead within 2 days in the culture medium lacking

EGF. AP-16 cells grew at a much lower rate in the presence
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of 10% FCS than in the standard culture medium. PDGF (10
ng/ml) and bFGF (5 ng/ml), mitogens for 0O-2A progenitors
(Noble et al., 1988; Bogler et al., 1990; McKinnon et al.

1990), had no effect on the growth of AP-16 cells

Differentiation properties of AP-16 cells

Tor deite rmiinies whiether "AP=HI6% cell l's cowldl dififieinentiate
into mature glial cells, the cells were characterized by
morphological and antigenic criteria after 2 days of expo-
sure to various factors. TGF-B81 (10 ng/ml) and FCS (10%)
induced morphological changes in AP-16 cells: a flattened
morphology and an epithelial-like morphology, respectively
(=i Pz TGF-B81 did not affect the growth of the cells.
As judged by double staining with A2B5 monoclonal antibody
and anti-GFAP, treatment of the cells with TGF-81 or FCS
for 2 days induced the expression of GFAP with a decrease in
A2B5-positive cells (Fig. 15). Of the 1,000 cells deter-
mined, the proportion of A2B5 /GFAPY cells was 71% and 95%
in TGF=81-treated cells and ECS-treated cells, respective-
ly. The decrease in A2B5 expression and GFAP appearance was
confirmed by flow cytometry and Western blotting (Fig. 16).
TGF-82 (10 ng/ml), which has been described as a secreting
product of astrocytes (Constam et al., 1992), also induced
the morphological and antigenic changes in AP-16 cells. No
GalC-positive cells were observed in the presence of TGF-

Blls N GE= 228 ECISh The treatment of AP-16 cells with other
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agents known to influence glial differentiation: PDGF-AA,
hydrocortisone, bFGF and dibutyryl-cAMP, had no effect on

the expression of A2Bb5, GFAP or GalC.

Increase in fibronectin expression by TGF-A81

One of the functional properties of glial cells 1is the
synthesis of fibronectin and laminin (Price and Hynes, 1985;
Liesi et al., 1983). An immunofluorescent staining showed
that AP-16 cells expressed both fibronectin and laminin
(data not shown). TGF-81 has been shown to stimulate pro-
duction of fibronectin and to increase its deposition in the
extracellular matrix portion in a variety of cell types
(Ignotz and Massague, 19886). To determine whether TGF-2A1
could modulate the expression of fibronectin in AP-16 cells,
the cells were cultured for 3 days in the standard culture
medium with or without TGF-81 (10 ng/ml). At the end of
the incubation period, the amounts of fibronectin and lami-
pENn SRR e ah ReieiNplo i oS oAl hic slcll ]S iR eis Bl n stelrkalEie R SRR AL )
extracellular matrix and cultured medium, were assessed
using an ELISA. Table IV shows that treatment of AP-16
cells with TGF-B81 increased the expression of fibronectin.
The increase was observed in both the extracellular matrix
portion and cultured medium. The cultured medium of the
cells treated with TGF-B81 contained 8 times more fibronec-
tin per 1085 cells than found in control. No significant

increase in laminin was observed
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To determine whether the induction of GFAP by TGF-gB81
in AP-16 cells was mediated by the increased fibronectin,
cells were cultured on dishes precoated with mouse plasma
fibronectin or in medium supplemented with fibronectin (10
rg/ml) . Mouse plasma fibronectin had no effect on the

expression of GFAP in AP-16 cells.

5.4 Discussion
The present study shows that serial passaging of mixed
glial cultures in serum-free Gb5 medium can lead to the
spontaneous immortalization of the cells. The AP 1'6: cellis
retained the properties of astrocyte progenitors. The
morphological and antigenic features of AP-16 cells were

similar to those of O0-2A progenitors and can be distin-

guished from those of type-1 astrocyte progenitors 1in
primary cultures: A2B5 , ra flattened, epithelial-like mor=
phology (Abney et al., 1981; Raff et al., 1984; da Cunha and
Vitkovié, 1990) . The growth properties of AP-16 cells were
similar to those of type-1 astrocyte lineage cells. AP-16
cells depended on EGF for survival. EGF is known to be a
mitogen for type-1 astrocytes (Raff et al., 1983a) and
immature astrocytes (Fisher et al., 1982) but not for 0-2A
progenitors (Hunter and Bottenstein, 1990) or type-2 astro-
cytes (Raff et al., 1983a). In addition, PDGF and bFGF

blokzih FmiiteigienisaflomlOE2A0p Fe denfi torisly  (didt hios usit Emu Fastses it hie
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proliferation of AP-16 cells in the presence of EGF. Tihie
differentiation properties of AP-16 cells resembled those of
type-1 astrocyte progenitors: (1) AP-16 cells proliferated
without differentiation into oligodendrocytes in the absence
of bFGF and PDGF and (2) in the presence of FCS, AP-16 cells
differentiated into epithelial-like, A2B5 /GFAP' cells.

AP-16 cells might be derived from a progenitor that is
distinct from O-2A progenitors and type-1 astrocyte progeni-
tors. Recently, Fok-Seang and Miller (1992) have identified
a distinct type of astrocyte precursors, which are A285+ and
separate both from O-2A progenitors and type-1 astrocyte
progenitors, in neonatal rat spinal cord cultures. APSING
cells showed unique growth characteristics: EGF dependency
and growth inhibition by FCS. Cells with these properties
may disappear from glial cultures in conventional serum-
supplemented medium. Further analysis is necessary to
dieste rmiin e cihies inr = v Irvier cielllls Slyipler f rom - wihilcih* AR = IRG Reielllli s
originate.

In spite of an exponential increase in research on
TGF-B8, little is known about its effects on cells in the
central nervous system. We demonstrated that TGF-8 1induced
the appearance of GFAP with the disappearance of A2B5 in
AP-16 cells. TGF-B8 also changed the morphology of AP-16
cells. Recently, Sakai et al. (1990) established a cell
line (SFME) in which TGF-B81 induces GFAP. Although this

report does not describe other glial markers of SFME cells,
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the finding of the effect of TGF-B81 on the expression of
GRARS T iisy ¥siilghil flikclainite. Ciliary neurotrophic factor has been
shown to be responsible for the differentiation of O0-2A
progenitors into type-2 astrocytes (Lillien et al., 1988)
TGF-B8 may play a role in the differentiation of some
type (s) of astrocytes in the developing central nervous
system.

We found that fibronectin and laminin were expressed by
cultured glial cells (Section 4.3). Fibronectin and laminin

are expressed during a defined period of the embryonic stage

in brain (Stewart and Pearlman, 1987; Liesi, 1985) and are
induced in adult brain by injury (Liesi et al., 1984; Egan
and Vijayan, 1991). These molecules are considered to play

important roles in the development of embryonic neurons and
the regeneration of damaged adult nerve fibers (Akers et
al.; 198%: Manthoerpe! et al., +9838: Liesi et al., 1984).
However, the regulatory mechanism for the bliosynthesis of
these molecules by glial cells is completely unknown. In
the present study, we found that AP-16 cells synthesized
both molecules and that the expression of fibronectin was
increased by TGF-B81. Recently, TGF-B81 has been shown to be
present in developing mouse brain (Flanders et al., 1991)
and to be induced in adult brain by injury (Lindholm et al.,
1992) . TGF-B81 may play a role as an inducer of the fibro-
nectin expression in vivo. TGF-B1 has also been shown to

increase the expression of the neural adhesion molecule LI
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by modulating production of nerve growth factor in cultured
iimmraitiuliFe) "aissir oicly/telsi (Stalald: lekte Aarlvml i LooN ) These results
suggest that TGF-B81 plays a crucial role in the regulation

of glia-neuron interaction.

5.5 Summary

An immortalized clonal cell line (AP-16) has been
established from glial cultures obtained from neonatal mouse
cerebra by multipassages under serum-free conditions. Immu-
nofluorescent experiments showed that AP-16 cells expressed
a marker for glial progenitors (A2B5) and did not express
markers for oligodendrocytes (galactocerebroside) or mature
astrocytes (glial fibrillary acidic protein; GFAP). Treat-
ment with transforming growth factor-B81 (TGF-B81) or fetal
calf serum (FCS) for 2 days induced AP-16 cells to differ-
entiate into A2B5-negative, GFAP-positive, phenotypically
mature astrocytes. These results indicate that AP-16 cells
retained the properties of astrocyte progenitors. An en-
zyme-linked immunosorbent assay showed that AP-16 cells
synthesized fibronectin and laminin and that the expression
of fibronectin was increased by TGF-81. AP-16 cells should
be useful for studying the roles of TGF-B81 in the differ-

entiation of astrocyte progenitors
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Table 1IV. Effects of TGF-B81 on the expression

of fibronectin and laminin in AP-16 cells

Amount detected (ng/lO6 cells)

Molecule TGF- 81 Intracellular Matrix Medium

Fibronectin aly a9 =0, § Do ©upiig 2ol S EHI ),
+ 458 & 085 o O e S ombo) 194 + 47

Laminin St 1 ar S o B 1 O Z 259" &= 1] 46
+ 5201 2op) AP T B 3= S = 0) 58

Cells were seeded (5 x 10° cells/35-mm dish) and
cultured with or without TGF-81 (10 ng/ml). After 3 days,
the amounts of fibronectin and laminin were determined by
EISNES A Viable cells were counted by the trypan blue dye
exclusion method. Values represent amounts of fibronectin
and laminin in the three portions of cultures: intracellu-
V2 @reerm el uiliaer  me @miss - (mew sl L ane el Eif @ Mm@ eseulm
(medium). The values shown are means and standard devia-
tions from three experiments with duplicate samples per
experiment.
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Rae O The shift in cell population during multipassages
characterized by immunofluorescent staining. Cells cultured
in G5 medium at the indicated passage were double-stained
with A2B5 monoclonal antibody and anti-GFAP (A) or stained
wiiEhE rainitiiv= Gt FCr 1(B)L. Percentages were determined as the
ratio of immunocytochemically defined cells to the corre-
siplon'diilnlg Stfortralls Neleklilsst Jisd einttiisffife'dibiya iplhlalsiekciom tiraistt® »olpi teisy:
The mean percentage was determined for more than 500 cells

on three separate coverslips.
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RN IRl Morphology of AP-16 cells grown in the standard
culture medium. BEAIE SSI0N /Ampk
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SO 1525 Antigenic characterization of AP-16 cells. Double
immunofluorescence 1illustrating the same field illuminated
by Texas red optics demonstrating A2B5 immunoreactivity (A)
and fluorescein optics demonstrating GFAP staining (B).
Immunofluorescence of the cells labelled with anti-GalC (C).
Bar, 50 um.
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ish

10

Ce numb

0 1 2 3 4 5 6 7
Days in culture

LIk B Growth characteristics of AP-16 cells. Cells (IO5
cells/35-mm dish or 106 cells/35-mm dish) were seeded and
cultured in the standard culture medium (closed circles), in
medium supplemented with 10% FCS (open circles) or in medium

lacking EGF (open squares). The medium was replaced every 2
days. Viable cells were counted at the indicated days by
the trypan blue dye exclusion method. Values are the means
of three dishes. Individual values varied less than 10%

from the means.
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Fig. 14. Exf fieic st oiff SLGEEFBNNANG ‘BES  on b Eher Y mbirphieolkefaly, oif
AP-16 cells. Cells were cultured for 2 day in the culture

medium (A), medium supplemented with 10 ng/ml TGF-B81 (B) or

medium supplemented with 10% FCS (C). Bar, 50 um.
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Eilon i) Effects of TGF-B81 and FCS on the antigenic fea-
tures of AP-16 cells. Cells were cultured in standard cul-
ture medium supplemented with 10 ng/ml TGF-81 (A, B) or
with 10% FCS (C, D) as described in Materials and Methods.
After 2 days, the cells were double-labelled with A2B5
monoclonal antibody (A, C: Texas red optics) and anti-GFAP
(B, D: fluorescein optics) and examined by fluorescence
microscopy. Balr, 5108 /mHA
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Fluorescence intensity

Eiws 16, Expression of A2B5 and GFAP. AP-16 cells were
cultured in standard culture medium or medium supplemented
with 10 ng/ml TGF-B81, 10 ng/ml TGF-B82 or 10% FCS. After 2
days, the cells were subjected to the following analyses.
A) Flow cytometric analysis of A2B5 expression on AP-16
cells. Dotted lines (arrowheads) indicate background stain-
ing with the second antibodies alone. The data shown are
from a single experiment representative of the three experi-
ments. B) Western blot analysis of GFAP. After electropho-
resis (50 ug protein per lane) under reducing conditions
and transfer onto nitrocellulose membranes, blots were
incubated with anti-GFAP and with goat anti-rabbit IgG
conjugated with horseradish peroxidase. Molecular weight
(50 kDa) is indicated on the right-hand side.
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6. CYTOKINES AFFECTING SURVIVAL AND DIFFERENTIATION

OF AN ASTROCYTE PROGENITOR CELL LINE

6. 1 Introduction
In vitro studies have provided important clues to the
Ldentitfication: of clytokines. thait may controls glifiail .ceill

development in the central nervous system (Cameron and

Rakic, 1991). Significant progress has been made in under-
standing cytokines affecting survival (Barres et al., 1992)

proliferation (Bogler et al., 1990; McKinnon et al., 1990)
and differentiation (Hughes et al., 1988) of oligodendro-
cyte-type-2 astrocyte (0-2A) progenitors (Raff, 1989).

However, very little information on other glial progenitors
has been obtained due to the lack of enriched cultures or
cell lines of these cells.

In our previous study, we established a cell line (AP-
16) of astrocyte progenitors from neonatal mouse cerebrum by
long-term, serum-free culturing (Chapter 5). Cell line AP-
16 is considered to be a suitable model for studying the
roles of cytokines in the development of astrocyte progeni-
tors. In fact, AP-16 cells were found to be dependent on
epidermal growth factor (EGF) for survival and to differen-
tiate into astrocytes in the presence of transforming growth
facterofse (FGE= Sk, IGE=BR) 2 In this study, we found that

EGF, transforming growth factor-a (TGF-a) and basic fibro-
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blast growth factor (bFGF) acted as survival factors that
prevented death of AP-16 cells by apoptosis (Kerr et al.,
1972) . In addition, we found that leukemia inhibitory
factor (LIF) and ciliary neurotrophic factor (CNTF) 1induced

AP-16 cells to differentiate into astrocytes.

6. 2 Materials and Methods
Culture of AP-16 cells
AP-16 cells were maintained in Dulbecco’'s modified
minimum essential medium (D-MEM) containing sodium selenite
(30 nM), insulin (5 wxg/ml), transferrin (50 wxg/ml), biotin

(10 ng/ml) and murine EGF (10 ng/ml, Takara Shuzo Ltd)

EGF deprivation experiments

Cells in the culture medium were washed with D-MEM and
incubated in the absence or presence of EGF (10 ng/ml) for
24 hours. The cells were then examined for apoptosis by
the following experiments. First, nuclear morphology was
observed after the cells were fixed and stained with DNA
fluorochrome Hoechst 33258. Second, total DNA was extracted
and its organization was analyzed by horizontal electropho-
resis (5 wug/lane) in a 1% agarose gel for 3 hours at 80 V
(Barres et al., 1992). DNA was visualized after electropho-
resis by ethidium bromide staining. In addition, the ef-

fects of cycloheximide and actinomycin D on AP-16 cells in
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the absence of EGF were examined. Cells were seeded at 10°
cells/35-mm dish in the culture medium. After 4 hours the
dishes were changed to medium lacking EGF, and cycloheximide
(0.1 wmg/ml) or actinomycin D (0.01 uxg/ml) was added.
Twelve hours later cell viability was determined by trypan

blue dye-exclusion method

Differentiation experiments

Experiments on the differentiation of AP-16 cells were
performed by culturing the cells for 2 days with one of the
following cytokines: recombinant murine LIF (10 ng/ml, Pepro
Tech), recombinant rat CNTF (10 ng/ml, Pepro Tech), recombi-
nant human TGF-a (10 ng/ml, GIBCO-BRL), recombinant human
interleukin-2 (IL-2, 10 ng/ml, Wako Pure Chemicals), recom-

binant murine interleukin-6 (IL-6, 10 ng/ml, GIBCO-BRL) and

murine 2.5S nerve growth factor (NGF, 10 ng/ml, Boehringer-
Mannheim). After 2 days of treatment with the various
cytokines, the expression oif WAR2BI5 J(famsmalridernn fioirigilival

progenitors) was analyzed on FACStar (Becton Dickinson), and
the expression of GFAP (a marker for astrocytes) was exam-
ined by Western blotting as described in Section 5. 2.
Antibodies used were A2B5 murine monoclonal antibody (IgM),
rabbit anti-GFAP (Dako Co.), FITC-conjugated goat anti-mouse
IgM (TAGO) and horseradish peroxidase-conjugated goat anti-

rabbit I1gG (Bio-Rad)
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6.3 Results
Characterization of cell death in AP-16 cells by EGF depri-
vation

When AP-16 cells were deprived of EGF, they not only
ceased proliferating but their viability was also severely
impaired (Fig. 13). Two days after deprivation of EGF, most
cells detached from the dish and floated in the medium. The
floating cells could be recovered with the medium, and
neither attached onto a new dish nor proliferated even 1in
the presence of EGF. Thus, we concluded that the cells that
floated into the medium were dead.

Morphological, biochemical and physiological responses
of AP-16 cells to EGF deprivation were analyzed to define
the mechanisms of cell death in these cells. Upon fluores-
cent microscopy after Hoechst 33258 staining, the nuclei of
the AP-16 cells incubated in the absence of EGF were usually
seen to be shrunken, highly condensed and fragmented (Fig.
17). Control cells in the presence of EGF showed a regular
diffuse chromatin staining pattern characteristic of viable
clefllEsy DNA from AP-16 cells incubated in the presence or
absence of EGF was subjected to agarose gel electrophoresis
(Fig. 18). DNA obtained from cells incubated in the absence
of EGF was not randomly cleaved but, rather, showed a regu-
larly spaced ladder pattern of DNA fragmentation. DNA from
cells grown in the presence of EGF did not show any sort of

fragmentation. These features of nuclear morphology and DNA
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organization are characteristics of a form of cell death
termed apoptosis (Wyllie et al., 1980).

One of the most striking features of apoptosis is that
it is dependent on protein and RNA synthesis in the dying
cellllisy (ENUiishiest @l Al [F3aN8, We therefore monitored cell
death after EGF deprivation in the presence of cycloheximide
(an inhibitor of protein synthesis) or actinomycin D (an
inhibitor of RNA synthesis) (Fig. 19). The inhibition of
cell death by these inhibitors was significant, providing

further evidence for apoptosis.

Survival factors for AP-16 cells

We have showed that the death of AP-16 cells after EGF
deprivation was due to apoptosis, indicating that EGF pro-
motes survival by suppressing the process of apoptosis.
This action of EGF was mimicked by TGF-a (10 ng/ml) and
bFGF (10 ng/ml, Boehringer-Mannheim) (Fig. 20) but not by
TGF-B8, platelet-derived growth factor-AA (PDGF-AA), NGF,
LJelEs S GNTEES BUES B L = (95 AP-16 cells proliferated in the

presence of EGF, TGF-a or bFGF.

Differentiation factors for AP-16 cells

We have shown that treatment of AP-16 cells with TGF-
Bs led to the appearance of GFAP and a decrease in A2B5
expression (Section 5.3). When AP-16 cells were treated

with LIF or CNTF for 2 days, similar antigenic changes, the
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appearance of GFAP and decrease in A2B5 expression, were
observed by Western blotting and flow cytometry, respective-
ly tF Tege 20100 Treatment of AP-16 cells with other cyto-
iSi ) e sk GRS [al, SSHIEE 250" NGIF e Ml WS 6 ghadiiniof Vel ifelclitye ons Ehie
expression of GFAP or A2Bb5. Neither LIF nor CNTF altered
the morphology or growth of AP-16 cells. These results show
that LIF and CNTF induced AP-16 cells to differentiate into

astrocytes.

6.4 Discussion

AP-16 cells were strictly dependent on EGF not only for
growth but also for maintaining cell viability. After
removal of EGF, AP-16 cells progressively died. The cell
death appeared to fulfill the criteria used to define the
apoptotic process (Ellis et al., 1991): cells showed a typi-
cal morphology (condensed and fragmented nuclei); DNA elec-
trophoresis analysis demonstrated the characteristic pattern
of fragmentation in multiples of nucleosome-sized subunit
(185 bp) and the cell death was suppressed by the inhibi-
tion of RNA or protein synthesis. Some glial cells die
during the development of the central nervous system, but
the types of glial cells that die and mechanisms responsible
for their death are unclear (Knapp et al., 1986). Recently
Barres et al. (1992) showed that immature oligodendrocytes

and O-2A progenitors require signals (PDGF and insulin-like
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growth factors) from other cells to survive in culture and
that these cells die by apoptosis in large numbers during
normal development. Our in vitro studies using AP-16 cells
suggest that EGF, an EGF-like molecule (e.g., TGF-a) or
bFGF promotes survival and proliferation of astrocyte pro-
genitors in vivo

LIF and CNTF have been reported to exert multiple and
partially overlapping effects on neuronal survival and
differentiation in vitro (Hall and Rao, 1992: Manthorpe et
al., 1993; Patterson, 1993). To our knowledge, there are no
reports describing the biological effects of LIF on glial
cells. CNTF has been reported to induce the transient
expression of GFAP in O-2A progenitors from optic herve
(Hughes et al., 1988). These findings, together with our
results, suggest that LIF and CNTF play roles in the control
of both neuronal and glial development.

The results obtained with AP-16 cells suggest that
various cytokines are 1involved in astrocyte development.
This cell line should provide useful model systems for
examining the relationships between cytokines and their
receptors, 1intracellular signalling and the roles of cyto-
kines in regulating the growth and differentiation of astro-

cyte progenitors.
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6.5 Summary

The effects of wvarious cytokines on survival and dif-
ferentiation of an astrocyte progenitor cell line (AP-16)
were examined. Epidermal growth factor (EGF) deprivation
caused death of AP-16 cells by apoptosis. Transforming
growth factor-a (TGF-a) and basic fibroblast growth factor
(bFGF) prevented the apoptosis occurring in the absence of
EGF. Leukemia inhibitory factor (LIF) and ciliary neuro-
trophic factor (CNTF) induced glial fibrillary acidic pro-
tein (GFAP) and decreased A2B5 antigen in AP-16 cells,
indicating that these cytokines induced AP-16 cells to
differentiate into-astrocytes:. The results obtained with
AP-16 cells suggest that these cytokines are involved in the

control of astrocyte development in vivo.
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RG] 7 Apoptotic features of nuclear morphology in AP-16
cells caused by EGF deprivation. Cells 1in culture medium
were washed with D-MEM and incubated in the presence (A) or
absence (B) of EGF for 24 hours. The cells were fixed and
stained with Hoechst 33258 dye and then nuclear morphology
was observed by fluorescence microscopy. Bar, 20 um.
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Fhlels L Uds Gel electrophoresis analysis of DNA fragmentation

Total DNA was extracted from cells cultured in the absence
e D Neriprecenee . (2R 21 @it EeE Tor” 24 [HouRs Each DNA
sample (5 pug) was electrophoresed through a 1% agarose gel
and visualized by ethidium bromide staining. Molecular
sizes In base pairs are indicated on the left-hand side.
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Eeil, S Increased viability of AP-16 cells with cyclohexi-
mide or actinomycin D in the absence of EGF. Cells were
incubated without EGF, and with cycloheximide (0.1 ug/ml)
or actinomycin D (0.01! wuxg/ml). Positive control was incu-
bated in the standard medium with EGF. Cell viability was
determined 12 hours after the incubation by trypan blue dye-
exclusion method. The values shown are means and standard

deviations for three experiments
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F e 200 Prevention of EGF deprivation-induced death of
AR=II6 celll'st witkEhi MGFE=a or bFGE: Cells were incubated with-
out EGF and with EGF (10 ng/ml), TGF-a (10 ng/ml) or bFGF
(10 ng/ml). The number of viable cells was determined after
24 hours of incubation by the trypan blue dye-exclusion
method. The means of triplicate wells in each experiment
were calculated and expressed as a percent of the mean value
of the number of viable cells at 0O hour. The values shown
are means and standard deviations for three experiments.
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ARG RN Effects of LIF and CNTF on the antigenic features
of AP-16 cells. AP-16 cells were incubated in the presence
of LIF (10 ng/ml) or CNTF (10 ng/ml). After 2 days, the
cells were subjected to the following analyses. A) Flow
cytometric analysis of A2B5 expression by AP-16 cells. The
broken line (arrow) shows background staining with second
antibodies alone. B) Western blot analysis of GFAP. After
electrophoresis (50 uxg protein/lane) under reducing condi-
tions and transfer onto nitrocellulose membranes, blots were
incubated with anti-GFAP and horseradish peroxidase-
conjugated goat anti-rabbit IgG. Molecular weight (50 kDa)
is indicated on the right-hand side.
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7. DISCUSSION

Serum-free cultures are efficient tools for characterization
of glial cells

The serum-free culture technigque provides new approach-
es in nearly all fields of cell biology. In this study we
examined the usefulness of this culture technique in analyz-
ing the properties of glial cells. Since the blood-brain
barrier prevents entry of serum proteins into the brain, the
properties of glial cells in a serum-free medium are more
likely to resemble the properties of their in vivo counter-
parts than those medium containing serum (Quarless and
Lam, 1989). Using G5 medium, we were able to obtain three
types of glial cultures: the primary culture of astrocytes,
the mixed glial culture and the cell line of astrocyte pro-
genitors.

These serum-free culture systems provided the following
advantages. First, primary culture in G5 medium caused the
enrichment of astrocytes. Second, further culturing in Gb5
medium generated the mixed glial cultures, which can be used
for analysis of the properties of each glial subtype. Since
serum itself can induce O-2A progenitors to differentiate
into type-2 astrocytes, its presence complicates the analy-
sis of the properties of O0-2A progenitors. FThiNedy lkenig=te rfim
culture in G5 medium allowed culturing of cell types whose

growth is inhibited by serum. Such cell types, like AP-16
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cells, could not be cultured in serum-supplemented medium on

a long-term basis.

From what cell type in vivo does cell line AP-16 originate?

As shown schematically in Figure 22, two glial cell
lineages have been identified in the developing rat optic
nerve (for review, Raff, 1989). AP-16 cells share some
characteristics with O-2A progenitors: a process-bearing
morphology and strong A2B5 immunoreactivity. However,
unlike O-2A progenitors, AP-16 cells do not differentiate
into oligodendrocytes. When grown under conditions that
result in the differentiation of O-2A progenitors into
oligodendrocytes, AP-16 cells retain a progenitor-like
phenotype. AP-16 cells also share some similarities with
type-1 astrocyte progenitors. Both cells appear to give
rise only to astrocytes and proliferate in response to EGF.
These two astrocyte progenitors, however, differ in impor-
tant ways: type-1 astrocyte progenitors lack A2B5 immunore-
activity and a process-bearing morphology, while AP-16 cells
are AQBS+ and process-bearing.

Due to these complicated characteristics of AP-16
cells, the relationship between AP-16 cells and O-2A progen-
itors or type-1 astrocyte progenitors is unclear. One
possibility is that AP-16 cells represent O-2A progenitors
at a stage of development after commitment to the type-2

astrocyte differentiation pathway but before GFAP expres-
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sion. The differences in the responses of O-2A progenitors
and AR=1l 6" iclellilst o miltolgeniicy stign@alis (i sen s PDGF, [EGR).
however, make this unlikely. Furthermore, the differentiat-
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process-bearing morphology. AP-16 cells may represent
type-1 astrocyte progenitors at an early stage of develop-
ment, since type-1 astrocytes are thought to be derived from

radial glial cells, and A2B5* radial glial cells have been
found in the spinal cord (Frederiksen and McKay, 1988).
Another possibility iIs that AP-16 cells are derived from
progenitors that are distinct from O-2A progenitors and
type-1 astrocyte progenitors. There are possibly more
complicated glial cell lineages in the cerebrum rather than
the simple two lineage scheme reported for the optic nerve.
To identify in vivo counterparts of AP-16 cells and to
clarify their lineage, cell markers specific for AP-16 cells
and their counterparts must be developed. In future studies
it will be important to determine whether the counterparts
of AP-16 cells are present also in the adult brain. The
answer to this question will aid in our understanding of the

plhyZstiieor ojgy/ A loxfiigilidiiails Scierulgsr

Apoptosis caused by cytokine deprivation in astrocyte pro-
genitors
We showed that the death of AP-16 cells on withdrawal

of EGF 1is due to apoptosis, indicating that EGF promotes
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cell survival by suppression of the process of apoptosis.
In the central nervous system, apoptosis caused by trophic
factor deprivation seems to be the major developmental
sitipa Werg w o dciohitan ot tnicr s hie: siniumib.ef Soiimsn el onsy Era tt alne
innervating a specific target (for review, Oppenheim, 1991).
Compared with the intensive search for neurotrophic factors,
little effort has been made to define factors that might be
required for glial cell survival. To our knowledge, there
are no reports describing apoptosis in astrocytes and their
progenitors. Our in vitro results suggest that EGF, an
EGF-1like molecule (TGF-a@) or bFGF may be signaling mole-
cules, which promote the cell survival and proliferation of
astrocyte progenitors, resulting in an increase in the
number of progenitors and the production of astrocytes.
Apoptosis is probably involved in restricting the sizes of
astrocyte progenitor pools in the absence of relevant

growth-promoting stimuli.

Possible roles of TGF-8s in the central nervous system

It has been shown recently that the central nervous
system possesses the molecular and cellular machinery to
synthesize, release and respond to a wide variety of cyto-
kines (for review, Hefti et al., 1993). These cytokines
regulate the differentiation and functions of both neurons
and glial cells either directly or via production of trophic

factors or adhesion molecules by glial cells, and form an
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unique cytokine network in the central nervous system.
However, to date, cytokines that regulate the differentia-
tion of astrocyte progenitors are unknown.

The widespread occurrence of isoforms of TGF-B8s (TGF-
B1-B83) in a variety of cells and tissues and the implica-
tion that they may regulate many processes, including embry-
onic development and maintenance of adult tissues (for
review, Sporn et al., 1987), suggest that this multifunc-
tional molecule could also be involved in the development
and function of the central nervous system.

In this study, we found that TGF-81 and TGF-82 induce
the expression of GFAP and fibronectin in AP-16 cells. The
number of GFAPT astrocytes increases in the developing brain
and adult brain after injury (for review, Vernadakis, 1986).
These stages correspond with the period of the induction of
fibronectin expression in the brain (Stewart and Pearlman,
1987: Egan and Vijayan, 1991). Interestingly, TGF-B8s are
detected in the brain at stages that coincide with the
appearance GFAP and fibronectin (Flanders et al., 1991 ;
LEndfe Im et alwns 1982 . TGF-8s may act as a regulatory
factor of the expression of GFAP and fibronectin in vivo

Recently, there have been some reports on the roles of
TGF-B8s in the central nervous system. TGF-B8s induce astro-
cytes to express nerve growth factor (Lindholm et al.,
1992), neural adhesion molecule L1 (Saad et al., 1991) or

MHC class-II antigen (Johns et al., 1992). These results
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suggest that TGF-B8s play crucial roles in regulation of
both development and repair processes of the central nervous

system.

CNTF and LIF act on neurons and glial cells.

The cell line AP-16 has enabled us to investigate and
experimantally manupulate in vitro the differentiation of
astrocyte progenitors. Using this cell line, we found that
CNTF and LIF can act as differentiation factors for astro-
cyte progenitors. CNTF was originally isolated as a surviv-
al factor of ciliary ganglion neurons (Barbin et al., 1984),
and it is now also known to promote survival and differenti-
ation of various neurons (for review, Manthorope et al.,
1993). While some of the actions of LIF on neurons resemble
those of CNTF, LIF also has broad actions outside of the
nervous system, such as the regulation of hemopoietic cell
maturation (Yamamori et al., 1989) and bone metabolism
(Gough and Williams, 1989). CNTF and LIF are indistinguish-
able in their ability to induce the differentiation of AP-
|5 IS Because of the structural similarities between
CNTF and LIF, and between their receptors (Hall and Rao,
1992), the potential for functional crossover between these

molecules is high.

Variant forms of fibronectin and laminin are produced by

glial cells
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We analyzed the molecular profiles of fibronectin and
laminin synthesized by glial cells. Western blot analysis
showed that glial fibronectin has a slightly higher molecu-
lar weight than mouse plasma fibronectin. In the case of
laminin, glial cells produce the 220 kDa B chain(s) but not
the 400 kDa A chain. This confirms the previous finding that
glial cells synthesize only the 220 kDa B chain(s) in cul-
ture (Liesi and Risteli, 1989). Recently, Ehrig et al.
(1990) identified a novel laminin-like protein which they
called merosin. Merosin possesses laminin Bl and B2 chains
identical to those of EHS tumor laminin, but the third chain
(M chain) has a molecular weight of 300 kDa. Glial cells
may produce merosin instead of EHS tumor laminin. Merosin
has been shown to be effective as a neurite-promoting sub-
strate for embryonic neurons in vitro (Cohen and Johnson,
1991).

There is currently great interest in identifying the
sites on fibronectin and laminin that mediate neurite exten-
sion to obtain specific probes for evaluation of the func-
tional role of these molecules in neuronal development
(Humphries et al., 1988; Sephel et al., 1989) . Plasma
fibronectin and EHS laminin have been used for these analy-
ses, since fibronectin and laminin have not been purified
from brain cells. AP=16 celils cllitlred In iserum=Tfree medium
can be used for a cell source to obtain these molecules in a

pure form.
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Future perspective

Further studies on glial differentiation require a
better understanding of the progenitor cells of the central
nervous system. Qur ability to analyze the characteristics
of glial progenitors would be greatly enhanced by the avail-
ability of cell lines of different progenitor populations.
The availability of large homogeneous populations of such
cells would facilitate the identification of marker anti-
bodies for different progenitors. Such cell lines can also
be used as genetic assay systems for functions of cloned
genes and as assays for external factors involved in glial

differentiation.
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