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Deposition of Basement Membrane 
Proteins in Attachment and Neurite 
Formation of Cultured Murine C-1300 
Neuroblastoma Cells 
K. Alitalo, M. Kurkinen, 1. Virtanen, K. Mellstrom, and A. Vaheri 
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The deposition of the basement membrane glycoproteins, laminin, fibronectin, 
and type IV procollagen was studied by indirect immunofluorescence micros- 
copy during the attachment and differentiation of murine C-1300 neuro- 
blastoma cells. A typical cytoplasmic perinuclear staining for the basement 
membrane antigens was seen both in undifferentiated and differentiated cells. 
Freshly seeded suspended cells lacked surface fluorescence but in two hours 
after plating, distinct punctate laminin deposits became discernible on the ven- 
tral surface of the cells. Notably, in sparsely seeded undifferentiated cultures, 
the cell-associated extracellular laminin deposits could only be detected under 
the primary attaching cells, whereas daughter cells in clonal cell colonies lacked 
such fluorescence. In cultures induced to neurite formation with dibutyryl cyclic 
AMP, laminin deposition was also detected in association with the growing 
cytoplasmic extensions. No distinct differences were found between the secreted 
proteins of cultures of differentiated and nondifferentiated neuroblastoma cells, 
but the patterns of fucosylation of high-molecular weight proteins in the two 
cultures were markedly different. 

We conclude that cultured neuroblastoma cells both synthesize, secrete and 
deposit laminin. The distribution of laminin during neuroblastoma cell attach- 
ment and neurite extension suggests that this glycoprotein may be involved in 
cell-to-substratum interactions in C-1300 cell cultures. 
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It was reported already in 1969 that cells derived from a spontaneous murine 
tumor of neuroectodermal origin were able to differentiate morphologically, when 
provided a solid substratum for growth [ 11. Since then, neurite extension in neuro- 
blastoma cultures has been induced by a variety of agents and treatments (see [2, 31) 
that often elevate the level of intracellular cyclic AMP [2]. A firm cell-to-substrate 
adhesion is a necessary, though not a sufficient, condition for axonal elongation of 
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neuronal cells [4]. Treatments that seem to increase adhesion have been reported to 
lead to a morphologically differentiated state [5]. One of such recipes is to grow 
cells in conditioned medium derived from cultures of the C3 rat glial cell line [6] or 
from chick embryo heart cells [7]. From both conditioned media, the activity is 
bound to the culture substratum. In one study, nerve growth factor was found to 
induce changes both in the cell-substratum adhesion and in the polypeptides of the 
substrate-attached material of the PC-12 pheochromocytoma cell line [8]. Two 
studies have examined the surface glycoproteins in the N18 clone of C-1300 neuro- 
blastoma cells, but found no fibronectin [9, 101. However, glycoprotein of similar 
apparent size was present and could be labeled with radioactive fucose [9, 101, and 
fibronectin has also been reported in the adhesion sites of mouse neuroblastoma 
cells [ 111. Growth and differentiation of neuroblastoma cells also occurs in serum- 
free preparations of defined media that contain fibronectin [ 12, 131. 

The importance of deposition of the extracellular matrix for differentiation of 
Schwann cells in culture with neuronal cells has also been emphasized by Bunge and 
others [ 141. A requirement for pericellular matrix for attachment may be a general 
prerequisite for the differentiation of neuronal [15], epithelial [ 161, and even hema- 
topoietic [17, 181 cells under culture conditions. 

We have studied the matrix proteins deposited by differentiating neuro- 
blastoma cells C-1300, clone NB41A3. No consistent differences were found 
between polypeptides secreted by undifferentiated and differentiated cells. Deposits 
of laminin, but not of fibronectin or type IV collagen antigenicity, were found 
under attaching and differentiating cells. 

MATERIALS AND METHODS 
Cell Culture and Radioactive Labeling 

Culture Collection, CCL 147) were cultured in Eagle’s minimum essential medium 
(MEM) supplemented with 10% fetal calf serum and antibiotics. To induce 
morphologic differentiation, the neuroblastoma cells were plated sparsely and cul- 
tured in the presence of l mM N6, 02-dibutyryl adenosine 3’,5’-monophosphate 
(dbcAMP; Sigma, St. Louis, Missouri). In some experiments, 30 pg/ml sodium 
ascorbate (Fluka AG, Buchs, Switzerland) and 50 pg/ml of P-aminopropionitrile 
fumarate (Sigma) were added to the medium, as indicated. 

The cells were labeled with 1 pCi/ml of L-[3H]fuc~se or 10 pCi/ml of 
[Z3H]glycine and L-[5-3H]proline. Labeling with L-[3sS]methionine (600 Ci/mmol) 
was carried out using methionine-free medium, in which the cell cultures were main- 
tained for at least 1 hr prior to labeling. 

Immunological Methods 

lagens and collagens [21] have been described. Laminin and fibronectin radio- 
immunoassays were as described in [19] and [20], respectively. The specificities of 
the antisera and lack of their cross-reactions between the various antigens, as well as 
their interspecies cross-reactions, have been established in several previous reports 
[19, 22, 231. 

The mouse neuroblastoma cells (C-1300, clone NB41A3, American Type 

Preparations of antibodies to mouse laminin [ 191, fibronectin [20], and procol- 
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lmmunof luorescence Microscopy 
To stain extracellular antigens using indirect immunofluorescence microscopy, 

the cells were labeled unfixed at 0°C with the antibodies or antisera. The cell layers 
were then fixed with 3% paraformaldehyde in 0.01 M sodium phosphate, 0.14 M 
sodium chloride, pH 7.4 (PVNaCl), at room temperature for 20 min and incubated 
with fluorescein-conjugated anti-rabbit IgG antibodies (Wellcome, Beckenham, 
United Kingdom) for 30 min. For staining of both extra- and intracellular antigens, 
the cells were fixed with paraformaldehyde and treated with acetone (5  min at 
- 20°C). For staining controls, both normal rabbit serum and affinity-purified anti- 
ovalbumin antibodies were used with consistently negative results. For fluorescence 
microscopy we used a Zeiss Universal microscope equipped with an epi-illuminator 
I11 RS and an HBO 200-W lamp for specific fluorescence excitation together with a 
filter for fluorescein isothiocyanate (490 nm). The distribution of antigens was 
related to culture topography by sequential use of immunofluorescence and phase- 
contrast optics without changing the objective level of the focus. Mouse tissues were 
processed for immunofluorescence microscopy by the method of Sainte-Marie [24] 
as described previously [25]. 

lmmunoelectron Microscopy 

were carried out as described previously [26]. 

Isolation and Analysis of Newly Synthesized Proteins 

molecular weight proteins were precipitated with (NH4)2S04 (281 mg/ml) overnight 
at 4°C in the presence of gelatin as carrier (50 pg/ml, type I, Sigma) and 1 mM 
EDTA, 0.9 mM N-ethylmaleimide, and 0.2 mM PhCHL302F as proteinase inhibi- 
tors as well as 1 mM a1 a’-dipyridyl [23]. Precipitates collected by centrifugation 
were washed twice with 70% ethanol and analyzed like cell layers in sodium dodecyl 
sulfate (NaDodS04)-polyacrylamide gel electrophoresis according to Laemmli [27] 
using fluorography [28] for the visualization of protein bands. 

Immunoferritin stainings for laminin and transmission electron microscopy 

Labeled culture medium was harvested by centrifugation and secreted high 

RESULTS 
Lam in in Deposition 

in all undifferentiated and differentiated neuroblastoma cells (Fig. la). No surface- 
associated laminin was seen on freshly plated suspended cells, but already within 2 
hr after after seeding they had produced punctate laminin deposits on their under- 
surface, often distributed in a ring-like pattern close to the periphery of the attach- 
ing cell (e and f). Presence of dbcAMP in the culture medium had no effect on the 
development of these initial laminin deposits. When sparsely seeded cells were 
grown to small colonies, only one patch of laminin deposits was detected in each 
colony (g and h). On the other hand, when the cells were plated at a high density 
and then surface stained, distinct laminin deposits were detected only under some of 
the cells and with no obvious topographical relationship to the cells (i to k). 
Laminin deposits were also seen under the proximal cones of the growing neurites in 

In indirect immunofluorescence microscopy, intracellular laminin was detected 
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Fig. 1. Indirect immunofluorescence for laminin (a, b, e-o) and type IV collagen (c, d) in neuroblast- 
oma cultures. Figures a, c, f, h, and m show phase-contrast micrographs of the fields b, d, e, g, and 1, 
respectively. Cells shown in a-d were grown for 3 days in the absence (a, b) or presence (c, d) of 
dbcAMP and then stained for intracellular immunofluorescence. The positive staining for type IV col- 
lagen shown in d was obtained only after hyaluronidase treatment of the fixed cell layer. Figures e, i, j, 
and k show freshly attached cells seeded at different densities (lO,OOO, 25,000, 100,OOO cells/ml, respec- 
tively) and stained for extracellular laminin. Figures g, h, 1, and m, surface staining for laminin in 
sparsely plated cultures grown for 3 days in the absence (g, h) or presence (1, m) of dbcAMP. Photc- 
micrographs n and o show laminin immunofluorescence in tissue sections of mouse peripheral nerve 
and brain, respectively. 

cell cultures induced to differentiated with dbcAMP (1 and m). However, the 
deposits retained their relationship to cell extensions only for the first days of the 
differentiation process, and no correspondence of laminin deposits to cellular 
morphology could be found later in the cultures (not shown). In line with the 
immunofluorescence results, distinct clusters of ferritin particles were seen at the 
contacting cell processes of attaching C-1300 cells at the ultrastructural level using 
antilaminin antibodies in indirect ferritin-immunoelectron microscopy (Fig. 2).  

492:CR 



Laminin and Cultured Neuroblastoma Cells JCB:29 

Fig. 2. 
neuroblastoma cell cultures (arrows) (magnification x l0,OOO). 

Immunoferritin electron micrograph of a typical localization of laminin in nondifferentiated 

Distribution of Fibronectin and Collagen Type IV 

throughout the cultures, but neither in attaching nor in differentiating cultures 
could fibronectin deposits be found to have similar relationships to the cells (not 
shown). Intracellular collagen type IV was stained only after hyaluronidase (2 
mg/ml, Pi/NaC1; Serva, Heidelberg, Federal Republic of Germany), pretreatment 
(30 min at room temperature) of the coverslips (Fig. Ic,d). Essentially no extracellu- 
lar type IV collagen was found by immunofluorescence. 

Secretion and Fucosylation of Neuroblastoma Proteins 
As reported earlier [29], the overall pattern of protein secretion did not appre- 

ciably vary over a wide range of labeling times and was not affected by the presence 
of 1 mM dbcAMP in the cultures (Fig. 3). No apparent differences were found in 
the fibronectin or laminin molecules in NaDodSOd gel electrophoresis (Fig. 4) or in 
their radioimmunoassay binding properties (data not shown). However, distinct dif- 
ferences were found in the patterns of fucosylated polypeptides between differenti- 
ated and undifferentiated cell layers. There was a marked reduction of fucose incor- 
poration into a high molecular weight polypeptide that barely entered 5% poly- 
acrylamide gels. Essentially no fucosylation of fibronectin or laminin polypeptides 
was found in either case (Fig. 5). 

Laminin in Nervous Tissue In Vivo 

endoneurium but spared again the nervous tissue (Fig. In). No laminin could be 
detected by immunofluorescence in adult mouse brain, except for in the basement 
membranes of the brain vessels (Fig. lo). 

In indirect immunofluorescence, fibronectin was found diffusely distributed 

In peripheral nerves the only fluorescence for laminin localized to the peri- and 
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Fig. 3. NaDodS04-polyacrylamide gel analysis in reducing (R) and nonreducing (NR) conditions of 
polypeptides in neuroblastoma cell culture media labeled with [35S]methionine in the absence ( - ) or 
presence ( + ) of dbcAMP for the indicated periods of time (min). Numbers on the left refer to the 
positions of monomeric (220-kd) and dimeric (440-kd) fibronectin as well as to a monomeric polypep 
tide of molecular weight 140,OOO. 
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differentiation + + - - 
Fig. 4. 
( + ) and nondifferentiated ( - ) neuroblastoma cells analyzed in 5% polyacrylamide gel electrophoresis 
in reducing conditions. 

Immunoprecipitates of '%-labeled fibronectin (FN) and laminin (lam) from differentiated 

DISCUSSION 

The major secreted extracellular matrix glycoproteins of C-1300 neuro- 
blastoma cultures have been shown to be fibronectin, laminin, and procollagen type 
IV [29]. In the present study, deposition of laminin antigenicity was localized to the 
primary attachment sites of neuroblastoma cells and also to areas under the extend- 
ing neurites formed in response to dibutyryl cyclic AMP. 

As reported in earlier studies on neural cell lines, differentiation induced 
changes in the fucosylation in cellular high molecular weight polypeptides [9, 10, 30, 
3 11. However, we found only negligible incorporation of fucose into the extracellu- 
lar matrix proteins of neuroblastoma cells; the major changes in fucosylation 
occurred in molecules barely entering the 5% polyacrylamide gels used in the elec- 
trophoretic analysis. 

In vivo, laminin and type IV collagen are found only in basement membranes 
[19, 321. Immunoelectron microscopy has located laminin to the lamina lucida, the 
zone abutting the epithelial cells [33]. 

In the present study, a striking finding was that laminin was deposited under 
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Fig. 5 .  
conditions ( -  HSEtOH, lanes 7-10) of polypeptides in culture media and cell layers of differentiated 
( + ) and nondifferentiated ( - ) neuroblastoma cell cultures labeled either with [3H]glycine (gly) or 
[3H]fucose (fuc). Lanes 1, 2, 7,  and 8, medium; 3-6, 9, 10, cell layers. 

NaDodS04-polyacrylamide gel analysis in reducing ( + HSEtOH, lanes 1-6) and nonreducing 

the cells only during their primary attachment and during neurite elongation. In 
contrast, postmitotic daughter cells did not deposit such laminin plaques on the 
growth substratum. Furthermore, when the cells were seeded as a dense population, 
fewer laminin deposits were found deposited and only under some of the cells. 
These observations suggest that cell-cell contact modulated adhesion may proceed 
via a different mechanism than the primary cell-substratum adhesion, as is the case 
in chick neural retina cells in culture [34]. Alternatively, the secretory organelles of 
the neuroblastoma cell may become polarized upon attachment to the growth sub- 
strata inhibiting further secretion and deposition under the cell body. In these stud- 
ies it was also found that parallel to the deposition of laminin, differentiation in 
neuroblastoma cell cultures was promoted by low cell density upon plating, as well 
as by the presence of the differentiation-inducing agent during the primary attach- 
ment stage (data not included). 

tiated and differentiated C-1300 cells. Culp et a1 [ll] have reported on presence of 
Small amounts of fibronectin were detected in the medium of both undifferen- 
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fibronectin in preparations of substrate-attached material on the N115 clone of 
C-1300 cells. Unlike in various other cell cultures [35], we found no deposition of 
fibronectin under the cells. Hence, we consider it unlikely that fibronectin could be 
involved in neuronal cell adhesion and neurite extension. 

obtain positive fluorescence for intracellular type IV procollagen. Earlier, the same 
observation had been made in studies of type I1 collagen in tissues [22, 361 and on 
SV-40 virus-transformed cells in culture [37]. It may be that the great amounts of 
hyaluronic acid produced by transformed cells in general associate with collagenous 
antigens, rendering them unaccessible for antibodies. 

membrane material by chick neural tube at the time of neural-mesenchymal interac- 
tion [38]. Also glycosaminoglycans, that are abundant in brain tissue, are produced 
in tissue culture of the neural tube [39] and in neuroblastoma cultures [40]. True 
basal lamina structures in the central nervous tissue occur only around blood ves- 
sels, the only site where lamina antigens can be found at the immunofluorescence 
level [41]. Matrix material in synapses of the central nervous system is poorly 
known [42]. In the peripheral nervous system acetylcholinergic neuromuscular syn- 
apse has an interposed basal lamina structure, where specific antigens are found 
[43]. Acetyl-cholinesterase having a collagen-like tail structure is located histochem- 
ically in the cleft [44]. Conceivably such a location would confer specificity for site 
of action of an extracellular enzyme. 

with normal nerve cells and Schwann cells grown both separately and in coculture 
led Bunge and co-workers [ 141 to conclude that neurons may contribute to the for- 
mation of basal laminae. Also, according to Bunge and co-workers [14], secretion 
of extracellular matrix material is required for Schwann cell differentiation seen as 
the formation of a myelin ensheathment of axons [45]. Previously we [26] along 
with others [47] have demonstrated that collagen, possibly the basement membrane 
type, is produced by cloned rat Schwann cells in culture. The present studies raise 
the possibility that some laminin of endoneurium may be derived from nerve cells. 

Several studies have demonstrated the lack of deposition of pericellular matrix 
proteins by a variety of transformed cells (see [19, 481). Treatment of cultures with 
dibutyryl cyclic AMP has been reported to cause a partial reversion to a morpholog- 
ically normal phenotype and matrix deposition of mesenchymal cells [49]. 

The firm cell-to-substratum attachment is a prerequisite for neurite extension 
and has been found in cultures of neurons and neuronal cell lines [2, 4, 501. 
Laminin has been shown to mediate the adhesion of epithelial cells to collagen type 
IV [51]. In the present study we detected laminin deposits under the growing neu- 
rites during their elongation. We suggest that laminin mediates the cell-to-sub- 
stratum adhesion in the differentiation of neuroblastoma cells. 

Of interest was the finding that hyaluronidase pretreatment was needed to 

An early work on neural embryology found production of basement 

In vivo laminin was detected in the endo- (and peri-) neural structures. Studies 
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NOTE ADDED IN PROOF 

Since the submission of this manuscript the authors have become aware of two 
works that partially explain the mechanism of guiding and elongation of growth 
cones. One by Collins and Garrett [52] clearly documents the role of the neurotropic 
substratum associated material released from heart cells [7]. The other [53] impli- 
cates the release of plasminogen activator activity at the tips of elongating neurites 
as a way of releasing substrate-attachment in migration. 
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