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Abstract 

Astrocytes in culture have very little cell surface fibronectin 
as detected by iodination or immunocytochemistry. Nonethe- 
less, they synthesize and secrete this glycoprotein in 
amounts comparable with the production by fibroblasts. As- 
trocyte fibronectin has properties in common with other forms 
of the protein. It binds to gelatin- and heparin-coupled Seph- 
arose and it is recognized by specific anti-fibronectin sera. 
It also exists as a dimer under non-reducing conditions. 
However, by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), astrocyte fibronectin appears 
larger, under both reduced and non-reduced conditions, than 
other cellular fibronectins. This apparent size difference is 
not the result of post-translational modifications. If  the cul- 
tures are treated with tunicamycin, the astrocytes produce 
fibronectin that is unglycosylated, as shown by [3H]glucosa- 
mine labeling, and is neither sulfated nor phosphorylated as 
indicated by [35S]04 and [32P]04 labeling studies. This astro- 
cyte-derived, carbohydrate-free fibronectin resolves on SDS- 
PAGE as four bands, of which the heavier ones predominate. 
Fibroblasts produce a similar set of four bands, but in this 
form of fibronectin the less heavy bands predominate. Thus, 
we conclude that fibronectin is a major secreted protein of 
astrocytes in vitro and that these cells produce a variant form 
of the protein which is enriched in the higher molecular weight 
subunits. 

Fibronectins (FNs) are a group of large glycoproteins which are 
found In basement membranes (BMs), extracellular matrices, and a 
number of body fluids, including plasma and cerebrospinal fluid 
(Hynes and Yamada, 1982; Furcht, 1983; Yamada, 1983). All of the 
proteins in the group are disulfide-bonded dimers with subunits of 
about 220,000 to 250,000 daltons, and all have a number of 
properties in common, such as heparin and gelatin binding. They 
exist in many somatic tissues where they are thought to be important 
in such biological phenomena as cell adhesion and migration. 
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Interestingly, these ubiquitous proteins are not detectable in most 
parts of the central nervous system (CNS), being found only in the 
BMs surrounding blood vessels and underlying the pia mater 
(Schachner et al., 1978; Paetau et al., 1980a; Minier et al., 1981; 
Jones et al., 1982). Where this CNS FN is synthesized is unknown, 
but it seems that astrocytes in culture synthesize laminin, another 
BM glycoprotein (Liesi et al., 1983), and astrocytes in vivo are often 
found to have their end-feet on the BMs of blood vessels and pia. 
Thus, astrocytes could be contributing both laminin and FN to these 
BMs. 

When astrocytes have been studied in culture, most workers have 
been unable to detect FN on the surfaces of these cells (Raff et al., 
1979; Kennedy et al., 1980; Paetau et al., 1980b). Nonetheless, 
there have been some reports of astrocytes with surface FN as 
detected by immunocytochemistry (Vaheri et al., 1976; Rajaraman, 
1978), although these workers did not employ markers-such as 
glial fibrillary acidic protein (GFAP)-to identify the FN+ cells as 
astrocytes. In addition, many GFAP+ gliomas do not have surface 
FN, but there are a number that apparently do (Jones et al., 1982). 
One problem with studying cells by such immunocytochemical 
methods, however, is that one cannot distinguish between cells that 
are synthesizing FN and those which may merely be binding it or 
taking it up. This approach says nothing about the source of the 
bound FN. Neither does it indicate cells which might be secreting 
the protein but not binding it. 

In this study, we have asked whether cultured astrocytes synthe- 
size FN, and whether they secrete it or bind it to their surfaces. We 
have addressed this question using metabolic labeling as well as 
immunocytochemistry. We show that astrocytes synthesize and 
secrete considerable amounts of FN in culture, but very little if any 
of this glycoprotein is incorporated into extracellular matrix. We also 
demonstrate that this astrocyte FN is distinguishable from other 
forms of the protein. The astrocyte form is of slightly higher molecular 
weight than the cellular form produced by fibroblasts, and we show 
this difference to be due to a preponderance of larger protein 
subunits rather than to any of the post-translational modifications 
found in FN (Paul and Hynes, 1984). 

Materials and Methods 

Cell culture Cortical astrocytes were prepared by the modification of the 
procedure of McCarthy and DeVellts (1980) used by Rougon et al. (1983). 
Briefly, the cerebral cortlces from 2- or 3-day-old rat pups were dissected 
away from other braln tissue and menlnges, and chopped with fine scissors. 
The tissue was treated for 30 mln with 0.025% trypsln + 0.02% EDTA and 
then dlssoclated by passage through a 21 gauge needle. After passage 
through sterile 140.Ltrn nylon gauze. the cells were dated onto 75.cm” tissue 
culture flasks (Falcon) cdated-with poly-L-lyslne (PL’L) at a density of 2 x lo7 
cells/flask. The cells were grown in Dulbecco’s modified Eagle’s medium 
(DMEM) + 10% fetal calf serum (FCS), with medium changes every 3 to 4 
days. After about 9 days, a mixed culture had arisen which had a population 
of process-bearing cells (neurons, astrocytes, and ollgodendrocytes) growing 
on a monolayer of flat fibroblastlc cells (astrocytes, leptomeningeal cells, and 
flbroblasts) The process-bearing cells were removed by shaking overnight 
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on a rotary shaker at 180 to 200 rpm and then replacing the medium with 
fresh medrum The remaining flat cells were then trypsrnrzed from the flask 
and transferred Into five flasks. Twenty-four hours later, arabrnosylcytosrne 
(10e5 M) was added to the cultures for 2 more days This krlls dividing cells 
in the culture, and the monolayer that remains is made up of almost pure 
astrocytes (type 1 astrocytes according to the nomenclature of Raff et al., 
1983) as defined by GFAP staining (see “Results”). For most experiments, 
the astrocytes were transferred one more time (givrng terkary cultures) onto 
lo- or 6-cm trssue culture dishes or Lrnbro multiwell plates and were used at 
confluency. 

Cultures of rat skin fibroblasts were produced by drssecting and chopping 
up the skin from 3-day-old rats and incubatrng it for 1 hr wrth 0.05% 
collagenase dissolved in the digestion buffer of Leffert et al. (1979). The 
supernatant from the collagenase drssociatron was passed through a 21 
gauge needle, then through nylon gauze, and was plated onto 75cm” flasks 
at a density of lo7 cells/flask. The cells were grown in DMEM + 10% FCS 
and fed every 3 to 4 days. When confluent, the cells were transferred at 
lower density to fresh flasks. Finally, tertiary cultures were grown on tissue 
culture plates and used for experimental procedures when confluent. 

Schwann cells were produced from l- to 2-day-old rats according to the 
method of Brockes et al. (1977) 

Lactoperoxfdase-mediated surface labeling. Cell surface proteins were 
labeled by lactoperoxrdase-catalyzed iodination as described prevrously 
(Hynes, 1973). Confluent cultures of cells in 60.mm dishes were labeled for 
10 mm at room temperature In phosphate-buffered saline (PBS) contarnrng 5 
mM glucose, 400 fiCi/ml of carrier-free ‘“51-labeled rodrde (Amersham Inter- 
national), 20 @g/ml of lactoperoxrdase (Calbiochem-Behnng), and 1 unit/ml 
of glucose oxrdase (Worthington). After rinsing to remove excess Iodide, 
cells either were lysed directly In electophoresrs sample buffer (Laemmli, 
1970) or were scraped from the dishes wrth a rubber policeman, centrifuged 
through a cushion of electrophoresrs sample buffer lacking sodium dodecyl 
sulfate and dithiothreitol, and the pellet was drssolved in complete sample 
buffer. These samples were then run on sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis (SDS-PAGE) according to the method of Laemmlr 
(1970). Gels were prepared for fluorography by treatrng them with Enhance 
(New England Nuclear) and then drying them down and exposing them to 
Kodak X-Omat AR film at -70°C (Bonner and Laskey, 1974). Gels that were 
labeled with 3*P (see below) were not treated with Enhance. 

Metabolic labeling. Four different types of labeling experiments were 
undertaken, all on parallel cultures: [?S]methrontne, [3H]glucosamrne, [?S] 
O4 and [32P]04. In each case, cells were transferred into DMEM containrng 
10% FCS from which FN had been removed by passage over gelatin- 
Sepharose (Engvall and Ruoslahtr, 1977). Cultures that were to be labeled 
with [?S]methionine or [3H]glucosamrne received DMEM containing 0.1 N 

methronrne or glucose as appropriate; cultures for [3”S]0, labeling received 
sulfate-free DMEM + 10% FN-depleted FCS which had also been dialyzed 
extensively against PBS to remove sulfate; and cultures to be labeled with 
[3’P]04 were given phosphate-free DMEM + 10% FCS that had been 
extensively dialyzed against a 150 mM saline solution. Together with the 
appropriate fresh medrum, cells received either 100 &r/ml of [3H]glucosa- 
mine, 50 &r/ml of [35S]methionrne, 200 &r/ml of [3”S]0,, or 500 pCi/ml of 
[32P]04. The cultures were incubated for 24 hr at 37°C; then, the medium 
was removed and phenylmethylsulfonyl fluoride (PMSF) and EDTA (both 2 
mM) were added. The supernatant was then spun at 10,000 x g and stored 
in aliquots at -20°C. 

Some parallel cultures were treated 1 hr before labeling with tunrcamycrn 
(TM) (Calbrochem) at 3 to 10 pg/ml. These cultures were then labeled as 
above in the presence of TM. This concentration range for TM was chosen 
emprrrcally as the lowest dose which brought about an almost total inhibition 
of [3H]glucosamrne labeling into FN while rnhrbrting [35S]methronine rncorpo- 
ration by the smallest amount possible-typically no more than 50% (see 
Frg. 5). 

Gel&n- and hepark-coupled Sepharose binding. Alrquots of 100 ~1 of 
gelatin-coupled Sepharose (made according to the method of Engvall and 
Ruoslahtr, 1977), hepann-coupled Sepharose (Pharmacra), or uncoupled 
Sepharose were preadsorbed with an equal volume of DMEM contarnrng 
10% FN-free FCS and 0.1% sodium azide. Each of these was then Incubated 
for 3 hr at room temperature with an equal volume of prespun, [35S] 
methronrne-labeled astrocyte culture supernatant. with occasional vortexing. 
These rncubatron mixtures were then centrifuged, and the supernatants were 
removed. The pelleted Sepharose was then washed three times with PBS 
contarnrng 2 mM PMSF and 2 mM EDTA to remove any unbound material 
and was boiled in electrophoresrs sample buffer to solubilize the bound 
material. These samples were then analyzed by SDSPAGE. 

Immunopreopitation. The labeled culture supernatants were rmmunopre- 

crprtated by incubating them with the rabbit anti-hamster FN described by 
Mautner and Hynes (1977) at a concentration of 20 ~1 of antrserum/ml of 
supernatant in the presence of 0.5% Nonidet P-40 (NP-40) + 0.5% deoxy- 
cholate (DOC) + 0.1% SDS + 2.5 mg/ml of ovalbumin. After incubation for 
1 hr at 37°C the antigen-antibody complexes were precipitated by addrng 
goat anti-rabbit IgG (Cappel Laboratories) at a concentration of 10 times that 
of the primary antiserum. The supernatant was incubated for 1 hr at 37°C 
and overnight at 4”C, and then was centrifuged; the pellet was washed three 
times in a wash buffer of Trrs-HCI (100 mM), pH 8.1, contatning 0.1% SDS, 
0.5% NP-40, 0.5% DOC, 2 mM EDTA, and 2 mM PMSF. As a control, some 
aliquots of supernatant received a similar volume of prermmune serum in 
place of the primary antrserum. 

Immunocyfochem~stry. The purity of the astrocytes used for metaboltc 
labeltng experiments was monitored by statning for GFAP. This intermediate 
filament protein is found only in astrocytes in the CNS and has been widely 
used in culture as a definitive marker for this cell type. GFAP stainrng was 
done on cells which, at the time of the plating of the tertiary astrocytes used 
for metabolic labeling, were plated onto PLL-coated glass coverslips and 
grown at the same cell density and the same conditions as the cultures used 
for metabolic labelrng. These coverslip cultures were fixed on the coverslip 
by 95% ethanol/5% acetic acid for 10 to 15 min at -20°C. After a brief 
wash, the cells were incubated with rabbit anti-GFAP (Pruss, 1979), diluted 
1:200 in PBS containing 5% FCS, for 1 hr. After another brief wash, the 
coverslips were Incubated wrth rhodamine-conjugated goat anti-rabbit rm- 
munoglobulrn (Cappel) diluted I:100 in the same dilution buffer as above. 
After a final brief wash, the coverslips were mounted in glycerol and viewed 
with a Zeiss eprfluorescent microscope. In control experiments, the primary 
antrserum was replaced with a similar drlutron of normal rabbit serum. As a 
separate control, frbroblasts grown on coverslips were stained with anti- 
GFAP instead of astrocytes. Also, some fibroblast cultures were stained wrth 
anti-vrmentin (Hynes and Destree, 1978). 

In addrtron to the GFAP staining, coverslip cultures of both astrocytes and 
fibroblasts were stained with rabbit anti-FN antiserum. The method used was 
similar to the above except that (1) rather than prefixtng with the acid alcohol, 
the cells were stained unfixed and fixed just prior to mounting, and (2) the 
FCS used in the antibody drluent was FN-free FCS. 

Results 

The immunocytochemical staining of the tertiary astrocyte cultures 
showed that 95 to 98% of these cells were GFAP+ (Fig. 1). This 
confirms the results of McCarthy and DeVellis (1980) and of Rougon 
et al. (1983) who showed that almost pure astrocyte cultures could 
be produced by this procedure. All of the cells in the skin fibroblast 
cultures were VIM+, FN+, GFAPP 

Astrocyte cell surface FN. Two techniques were employed to 
assess whether FN was present on the surface of cultured astro- 
cytes: surface iodination and immunocytochemistry. The result of 
the iodination study is shown in Figure 2, where astrocytes are 
compared with fibroblasts and Schwann cells. Whereas fibroblasts 
have a strong characteristic FN band at 230,000 daltons, neither the 
astrocytes nor the Schwann cells have significant labeling in that 
region of the gel. 

In the immunocytochemical study with anti-FN on living astrocytes, 
the results were largely negative. In no case did astrocytes have the 
extensive fibrillar FN matrix characteristic of fibroblasts. However, in 
some cases astrocytes did show some FN staining. Mostly it was 
low in amount and punctate rather than extensively fibrillar, but 
occasionally, fine fibrillar staining could be seen (Fig. lb). Thus, by 
immunocytochemistry, anti-FN staining on astrocytes was either low 
or absent. 

r5S]Methionine labeling studies. Figure 3 shows SDS-PAGE 
analysis under reducing and non-reducing conditions of the culture 
supernatant from [35S]methionrne-labeled astrocytes and fibroblasts. 
One can see that, as expected, the fibroblasts have a very clear 
band running in the position of FN dimer (non-reduced) or FN 
monomer (reduced). It is also clear that the astrocytes have a similar 
strong band. However, the astrocyte and fibroblast bands do not 
exactly co-migrate; the fibroblast FN band runs slightly ahead of the 
astrocyte band. The other bands detected in the culture medium 
probably include procollagens, based on their molecular weights 
and disulfide bonding. We have not attempted to identify them 
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Fjgure 7. Astrocyte rmmunocytochemrstry. Photomrcrographs of cul- 
tured astrocytes starned wrth anti-GFAP (a) and antr-FN (b) Between 95 and 
98% of the cells are GFAP+, but most show only a small amount of punctate 
or finely frbnllar FN starnrng The photomrcrographs are of srster cultures 
taken at the same magnrfrcatron. 

further. In parallel experiments with cultures of Schwann cells, we 
could detect only low levels of secreted FN which could have been 
due to contaminating fibroblasts (data not shown). 

Gelatin and heparin binding studies. The [35S]methronrne labeling 
experiment showed that astrocytes produced large amounts of a 
protein that runs lrke FN on SDS-PAGE but is of a slightly hrgher 
apparent molecular weight than the fibroblast form of the protein, 
Although it seemed highly likely that this band was FN, more 
definitive criteria were required. Hence, we sought to show that this 
protein bound to gelatin and hepann, properties characteristic of FN. 
Figure 4 shows the result of passing the [35S]methionine-labeled 
culture supernatant from astrocytes over gelatrn- or hepann-coupled 
Sepharose. The original supernatant IS shown for comparison to- 
gether with the eluted samples. One can see that both heparin- and 
gelatin-coupled Sepharose bind the putative FN band from the 
astrocyte supernatant. 

/mmunoprecip/tation. As further proof of the identity of the putative 
astrocyte FN, we investigated whether the astrocyte protein was 
recognized by anti-FN antibodies. Figure 5a shows the result of 
rmmunopreciprtation of [35S]methionine-labeled culture supernatants 
from fibroblasts and astrocytes. The figure shows the resulting 
precipitates run on SDS-PAGE under reducing conditions. Lanes 7 
and 4 show the proteins precipitated from astrocyte and frbroblast 
supernatants, respectively. Lane 5 shows the prermmune serum 
control. Anti-FN serum specifrcally precipitates one broad FN band 
from both fibroblasts and astrocytes. In addition, there IS a farnter 
band that runs slightly ahead of the major band. Thus arrangement 
of a major broad band plus a fainter, lighter one is characteristic of 

figure 2. Labeling of cell surface proteins by iodination. Cultures of 
astrocytes (A), fibroblasts (F), and Schwann cells (S) were labeled with ‘? 
labeled iodide as described under “Materials and Methods” and then either 
scraped from the dish (a) or lysed (b). The figure shows analysis of the 
labeled proteins on a 6% gel. One can see that by either method of 
harvesting, the fibroblasts have a distinctive labeled FN band (arrowhead). 
No such band is found in either astrocytes or Schwann cells in a or b. 

the cellular form of rat FN (Paul and Hynes, 1984). In the astrocyte 
immunopreciprtate, however, the smaller band is very farnt indeed. 
It should be noted that 4 times the amount of radioactivity was 
loaded in the astrocyte lane (Fig. 5, lane 7) than in fibroblast (Fig. 
5, lane 4). Despite this fact, the lower band is barely discernible in 
the astrocyte FN. As shown in Figure 2, the broad astrocyte FN 
band is of slightly higher apparent molecular weight than the FN 
band produced by the fibroblasts. On high resolution gels such as 
that shown In Figure 5, each form of FN IS resolved into several 
bands. 

Differences produced by post-translational modification. The 
results described above indicated that astrocytes synthesize and 
secrete FN in a form which appears to be slightly larger, both in the 
dimeric and monomeric forms, than the equivalent protein from 
frbroblasts. Although this larger srze could be the result of a primary 
protein sequence difference between the two types of FN, it was 
also possible that it reflected alternative post-translational modifica- 
tions of the protern. FN is a glycoprotein known to have asparagine- 
linked carbohydrate chains, but thought to have no O-linked side 
chains. It has also been shown to be phosphorylated and sulfated 
(Dunham and Hynes, 1978; Teng and Rrfkin, 1979; Ali and Hunter, 
1981; Paul and Hynes, 1984). In order to investigate the extent to 
which post-translational modrfrcatron might be responsible for the 
apparent size differences between the fibroblast and astrocyte FNs, 
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F/gure 3 Metabolic labellng of secreted proteins The culture superna- 
tants from [35S]methlonlne-labeled cultures of astrocytes (A) and flbroblasts 
(F) were compared with those from the hamster cell line, Nil 8 (N) by 
electrophoresls on a long 6% SDS gel under either reduced (a) or non- 
reduced (b) conditions In all three tracks In both a and b, one can see the 
characteristic FN band, but In both cases the astrocyte FN band does not 
migrate as fast as that from the other two sources The NII 8 supernatant 
was included because, in addition to FN, it provides a number of well 
characterized bands of known molecular weight for the purpose of compar- 
lson The molecular weight marker bands are (in kilodaltons): 460, the FN 
dimer, 230, the FN monomer, 185, pro C3, the precursor form of the C3 
component of complement, 135, the C3 a chain (Senger and Hynes, 1978) 

cultures of both cell types were metabolrcally labeled in the presence 
of TM. 

Figure 5a shows the results of anti-FN immunoprectprtation of 
[35S]methronrne-labeled supernatants labeled with and wrthout TM 
treatment. Lanes 7 and 4 show, as already described, the reduced 
FN from astrocytes and frbroblasts. Lanes 2 and 3 show, respec- 
tively, the TM-treated astrocyte and ftbroblast forms. In both cases, 
the FN bands run faster after TM treatment, as one would expect, 
because of the rnhrbrtron of glycosylation (Fig. 5b, lanes I to 4). 
Differences between FN from the two cell types remain after TM 
treatment, and the bands are sharper because of the absence of 
carbohydrate Both astrocyte and fibroblast FNs resolve into four 
distinct bands which have been labeled 7, 2, 3, and 4 in Figure 5, 
going from heaviest to lightest. This heterogeneity reflects the 
heterogeneity of the primary sequence among FN monomers that 
has been reported prevrously (Schwarzbauer et al., 1983; Paul and 
Hynes, 1984). In the case of frbroblasts (Fig. 5a, lane 3) FN band 
3 IS the most promrnent, whereas astrocyte FN (Frg. 5a, lane 2) has 

123456 3 4 

Figure 4 The binding of astrocyte FN to gelatin and hepann. [%I 
Methionine-labeled astrocyte culture supernatant was Incubated with either 
hepann- or gelatin-coupled Sepharose, and the unbound and bound fractions 
were analyzed on 6% SDS-PAGE. Track 1 shows the astrocyte supernatant 
prior to separatron. Trach 2 shows a control supernatant which has been 
Incubated with uncoupled Sepharose Tracks 3 and 4 are the supernatants 
after lncubatlon with gelatin (3) or hepann-coupled (4) Sepharose. One can 
see that they are both substantially depleted of the FN band, indicated by 
the arrowhead Tracks 5 and 6 are the fractions eluted from the gelatin- and 
hepann-coupled Sepharose, respectrvely. Clearly, the prominent band in both 
cases corresponds to the putative astrocyte FN. 

band 2 as its major constituent and only a very faint band 4 is 
discernible. Therefore, the apparent higher molecular weight of 
astrocyte FN reflects a difference in the ratio of FN subunits between 
the two cell types. However, there seem to be no bands which are 
unique to the astrocyte FN. Therefore, even in the absence of 
glycosylation, fibroblast and astrocyte FNs are distinguishable, show- 
ing that the differences between them lie elsewhere. 

Sulfation and phosphorylation. When cultures of astrocytes or 
fibroblasts were labeled with [35S]04 or [32P]04, immunoprecipitates 
of culture supernatants showed labeling of the FN bands (data not 
shown). The labeling in both cell types appeared equally heavy. In 
the TM-treated cultures, both the [35S]04 and [32P]04 labels were 
almost totally absent from any of the four FN bands produced by 
either culture (results very similar to Fig. 5b, not shown). It is unclear 
why TM inhibits sulfation and phosphorylation since all the evidence 
(Teng and Rifkin, 1979; Ali and Hunter, 1981; Paul and Hynes, 1984) 
shows that, at least for fibroblasts, these modifications occur pre- 
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has an M,of about 500,000, which becomes 230,000 under reduced 
conditions (Fig. 3); (2) it binds to heparin and to gelatin (Fig. 4); and 
(3) it can be specifically precipitated with an antiserum to FN (Fig. 
5). This astrocyte FN constitutes a considerable proportion of the 
total secreted protein of these cells; astrocytes and fibroblasts 
secrete comparable amounts of FN. 

In spite of the large amount of FN produced by cultured astrocytes, 
the lactoperoxidase surface-labeling experiments (Fig. 2) failed to 
detect any significant level of FN, suggesting that the FN was not 
present in significant amounts on the astrocyte cell surface. The 
immunocytochemical analysis (Fig. 1) largely confirmed this result, 
except that small amounts of FN were sometimes detected. Our 
experience was that this was a genuine variation between cultures, 
and we suggest that this might explain some of the confusion in the 
literature on whether or not astrocytes have cell surface FN. Although 
most authors have found astrocytes to be FN-, some have main- 
tained the opposite (see the Introduction). In any event, FN does not 
seem to be a very good marker for non-neural cells in CNS cultures 
as, in addition to this variable expression on astrocytes, it rarely 
confines itself to the borders of a given cell and, frequently, it is 
difficult to decide in mixed cultures precisely which cells are FN+ 

b 

I 

Figure 5. FN subunits in the presence and absence of glycosylation. 
Reduced (5%) SDS-PAGE analysis of anti-FN immunoprecipitates from [35S] 
methionine-labeled (a) and [3H]glucosamine-labeled (b) culture supernatants 
from astrocytes (A) and fibroblasts (F), labeled either with (+, tracks 2 and 
3) or without (-, tracks 7 and 4) TM. In a, one can see that in the absence 
of TM, both astrocyte and fibroblast FNs resolve into two bands (arrowheads 
on the right), although the lower one is barely perceptible in the astrocyte 
case. After TM treatment, both types of FN resolve as four bands, numbered 
7 to 4 (arrowheads on the left), but the proportions of the bands are different 
in the two forms. The gel in b shows that, in the absence of TM, both 
astrocyte and fibroblast FNs are glycosylated and strongly labeled with [3H] 
glucosamine. The concentration of TM used in these experiments, however, 
almost completely abolishes this labeling, indicating that the protein is not 
being glycosylated (tracks 2 and 3). Track 5 in both gels is a control 
immunoprecipitate of [%S]methionine or [3H]glucosamine-labeled astrocyte 
culture supernatant (no TM treatment) using a preimmune serum. 

dominantly on tyrosine and serine, respectively, and not on carbo- 
hydrates It is probable that TM interferes with the enzymatic mech- 
anisms responsible for sulfation and phosphorylation. In any event, 
the fortuitous inhibition of these reactions by TM shows that the 
differences between the bands from the TM-treated cultures are not 
due to differential sulfation or phosphorylation, and it also seems 
unlikely that such a difference accounts for the difference between 
the glycosylated forms of the protein. 

Discussion 

This study sought to answer the question of whether astrocytes 
in vitro make FN. The answer is that they synthesize and secrete a 
protein that can be rdentrfied as FN by three different criteria: (7) It 

In contrast to the results with astrocytes, we found no evidence 
of either secreted or cell surface FN in Schwann cells. This confirms 
the results of previous workers who have shown that Schwann ceils 
make laminin but not FN (Cornbrooks et al., 1983). 

Although the results presented here demonstrate clearly that 
astrocytes synthesize and secrete FN, the type of FN they make is 
not identical with the cellular FN produced by fibroblasts. The 
differences between astrocyte and fibroblast FN can be summarized 
as follows. 

7. In the normal, glycosylated forms of the protein, astrocyte FN 
appears to be slightly larger than fibroblast FN, in both reduced and 
non-reduced states. 

2. In the nonglycosylated, nonphosphorylated, nonsulfated form 
of the protein that results from TM treatment, both astrocyte and 
fibroblast FNs resolve into four bands, each of which is present in 
both forms, although the ratios vary between cell types and the 
lightest band is virtually absent from the astrocyte form (Fig. 5). The 
quantitative differences were to some extent variable between ex- 
periments, On some occasions the predominance of band 2 in 
astrocytes and band 3 in fibroblasts was less marked. This type of 
variation is known to occur in cultures of other cell types (Senger et 
al., 1983). However, the predominance of larger subunits in astro- 
cytes was a consistent finding. 

Thus, although one cannot exclude some influence of post- 
translational modifications on the size difference observed in the 
native condition, it seems that the difference is primarily the result 
of a predominance of larger subunits in astrocyte FN dimers. Fur- 
thermore, although there is not an astrocyte-specific subunit, it is 
probable that the smallest form of the monomer-band 4-is absent 
from astrocyte FN. Since it appears as a very faint band in the 
astrocyte immunoprecipitate, we suspect it is the product of contam- 
inating cells. Although the astrocytes were 95 to 98% pure, the main 
contaminants were macrophages and leptomeningeal cells, both of 
which are known to produce FN (Raff et al., 1979; Alitalo et al., 
1980; Van De Water et al., 1981). 

The observation that, after TM treatment, FN resolves into a 
number of discrete spots is not original. Recently, Paul and Hynes 
(1984) analyzed cellular and plasma FN from both rat and hamster, 
and showed that after TM treatment the cellular FN from the rat 1 
cell line could be resolved on one-dimensional gels as two bands, 
the upper of which resolved into four spots and the lower into two 
spots on two-dimensional electrophoretic analysis. These authors 
referred to these as Cla-d, and C2a and b, respectively. A prelimi- 
nary comparison of rat 1 cellular FN with that produced by astrocytes 
and fibroblasts indicated that the middle two bands described here 
(bands 2 and 3 in Fig. 5) correspond with Cla-b and Clc-d in the 
rat 1 cellular FN, and our lowest band, band 4, co-migrates with the 
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rat 1 C2 spots (data not shown). It seems that the most slowly 
migrating band in our analysis, band 1, is not present in rat 1 cellular 
FN, or in two other established rat cell lines investigated by Paul and 
Hynes (1984). Thus, it seems that band 1 may represent a subunit 
that is lost from immortalized rat cell lines. 

Engvall, E., and E. Ruoslahtr (1977) Binding of soluble form of fibroblast 

surface protein, fibronectin, to collagen. Int. J. Cancer 20: 201-205. 
Furcht, L. T. (1983) Structure and function of the adhesive glycoprotein 

fibronectin. Mod. Cell Biol. 7: 53-117. 

These results raise questions concerning the molecular basis 01 
these multtple FN subunit proteins. Recent work has shown that, 
although there is only one FN gene, there are a number of sites 
within the gene at which exons, or parts of exons, can be omitted 
or included. Two such sites have been identified so far. Schwarz- 
bauer et al. (1983) showed that, in rat liver, three different FN mRNAs 
can arise by alternative splicing of the transcript of a single FN gene 
(Tamkun et al., 1984). Similarly, Kornblihtt et al. (1984) have shown 
that human FN mRNA can have two forms, one of which has an 
extra segment incorporated at a site some distance removed from 
the alternative splice site demonstrated by Schwarzbauer et al. 
(1983). I f  these two regions of alternative splicing can be used in 
any combination (which is not yet clear), they could give rise to six 
different subunits. However, these two sites are unlikely to constitute 
the entire range posstble, as they seem not to allow for as many 
different forms of the protein as have been discovered. Nor is it 
clear yet exactly which of the subunits of FN revealed by one- and 
two-dimensional electrophoretic analysis correspond with which of 
the alternative mRNAs. 

Hatten, M. E., M. B. Furie, and D. B. Rifkin (1982) Binding of developrng 

mouse cerebellar cells to fibronectin: A possible mechanism for the 
foundation of the external granular layer. J. Neurosci. 2: 1195-l 206. 

Hynes, I?. O., and A. T. Destree (1978) 10 nm filaments in normal and 

transformed cells. Cell 73: 151-l 63. 

The data presented here also raise a number of questions regard- 
ing astrocytes. This study clearly shows that FN is a major secreted 
protein of astrocytes in culture. However, this FN seems not to be 
efficiently incorporated into matrix in vitro. One would like to know 
whether these cells also secrete FN in viva and what the function of 
the protein is in the CNS that astrocytes should undertake to make 
a variant form of the molecule. It seems clear from a number of 

studies that FN in the adult rat brain is confined to the BMs beneath 
the pia mater and surrounding blood vessels (Schachner et al., 1978; 
Kennedy et al., 1980; Paetau et al., 1980a). FN has also been 

reported to be a constituent of cerebrospinal fluid (Kuusela et al., 
1978) although at a concentration so low that plasma contamination 
has to be considered. It could be that astrocytes contribute to the 

FN in one or both of these places. Another possibility is that FN 
could play a role in developmental events such as cell migration. It 
is known to be involved in such phenomena in other developing 
structures, for example the neural crest, and this hypothesis is 

particularly attractive as astrocytes are thought to act as guides for 
neuroblast migration. In this context, Hatten et al. (1982) described 
FN in the path of migrating external granule cells in the developing 
cerebellum, although this result could not be reproduced either by 
Schachner et al. (1983) or in this laboratory (R. 0. Hynes, R. Patel, 
and R. H. Miller, al., submitted for publication). Clearly, further 
research is required to resolve the in viva role of astrocytes in FN 
production. From this point of view it is disappointing that there is 
no FN subunit that is specific to astrocytes and against which 
specific antisera could have been raised. 
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