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Primary cultures of human astrocytes, expressing
glial fibrillary acidic protein (GFAP), were obtained
from postmortem brain tissue samples. These cul-
tured astrocytes produced an extracellular matrix
(ECM), containing laminin (Ln) and fibronectin (Fn),
as shown with specific antibodies. The perinuclear
staining observed in these cells indicated that these
proteins were de novo synthesized. Monoclonal anti-
body (mAb) 90.45, which recognizes the CS1 sequence
found in an alternatively spliced form of Fn, also
stained cultured astrocytes. Immunohistochemical
analysis of normal human brain tissue showed posi-
tive staining for the CS1 domain, both on protoplas-
mic and fibrous astrocytes located in the gray and
white matter. In contrast to cultured astrocytes, no
immunoreactivity for Ln or Fn was found on astro-
cytes in normal human brain tissue. These in situ data
indicate that the CS1 domain expressed by astrocytes
is not part of a splicing variant of Fn. Western blot
analysis confirmed that the CS1 domain expressed by
cultured human astrocytes is part of an astrocyte
protein which is different from human Fn. The CS1
domain is a known ligand for the adhesion receptor
a4b1 (VLA-4). We found that the human lymphoma
cell lines Jurkat and Ramos, which expressa4b1,
bound to cultured human astrocytes, and that this
interaction could be partly blocked by mAb 90.45 or a
synthetic CS1 peptide. Thus, the novel CS1-containing
surface protein expressed by astrocytes in vitro and in
vivo, contributes to binding of lymphoblasts, and
therefore may be a relevant adhesion molecule for the
recruitment of a4-integrin expressing leukocytes into

the central nervous system (CNS). J. Neurosci. Res.
50:539–548, 1997. r 1997 Wiley-Liss, Inc.
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INTRODUCTION
Astrocytes are one of the major glial cell types

present in the central nervous system (CNS). They
perform a variety of functions in the developing and
mature brain, as well as in the course of pathological
processes of the CNS (Aloisi et al., 1992). During neural
development, astrocytes support axonal outgrowth and
migration of neural cells. The extracellular matrix (ECM)
produced by astrocytes contributes to these process
(Wujek et al., 1990; Fishman and Hatten, 1993; reviewed
by Reichardt and Tomaselli, 1991). From studies with
rodent and fetal human astrocytes, it is known that
astrocytes can produce laminin and fibronectin in culture
(Price and Hynes, 1985; Chiu et al., 1991; Ard et al.,
1993; Shea et al., 1994; Oh and Yong, 1996). Laminin
(Ln) is a large cross-shaped molecule composed of three
polypeptide chains which are all coded for by different
genes. Fibronectin (Fn) is composed of two covalently-
associated polypeptide chains which are encoded by a
single gene (reviewed by Ruoslathi, 1988). The sequence
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of the Fn polypeptide can vary depending on the cellular
source. This variation is generated by alternative splicing
of the primary RNA transcript. Some Fn splicing variants
may contain the 25-amino acid polypeptide domain
termed CS1. An important family of receptors for both Ln
and Fn are theb1 integrins. Among others, Ln is
recognized by the integrinsa1b1 (VLA-1) and a6b1
(VLA-6), while a3b1 (VLA-3) and a5b1 (VLA-5)
recognize the Arg-Gly-Asp (RGD) amino acid sequence
of Fn and a4b1 (VLA-4) interacts with the LDVP
sequence in the CS1 domain. Another ligand fora4b1,
VCAM-1, contains a similar amino acid motif (Clements
et al., 1994).

The interaction betweena4b1 and the CS1 domain
contributes to various cell adhesion events, like anchor-
ing of progenitor cells to the bone marrow stroma
(Verfaillie et al., 1991; Williams et al., 1991). During the
course of rheumatoid arthritis, CS1 expression is induced
on the synovial vascular endothelium and contributes to
the recruitment of lymphocytes to the synovial tissue
(Elices et al., 1994; Wahl et al., 1994). Accordingly, in
vitro experiments showed that activated endothelial cells
express CS1-containing Fn (Kuijpers et al., 1993). Not
only is CS1 relevant for leukocyte adhesion, there is also
substantial evidence for a supportive role during neural
development, promoting neural cell migration (Dufour et
al., 1988) and neurite outgrowth (Humphries et al., 1988;
Haugen et al., 1990; Haugen et al., 1992).

Until now, no reports have been available on ECM
components produced by human adult astrocytes. In the
present study, we have investigated the immunocytochemi-
cal expression of Ln, Fn, and CS1 in cultures of human
astrocytes isolated from postmortem adult brain tissue
samples. We have also determined the cellular distribu-
tion of these ECM components on frozen tissue sections
of adult human brain, and studied the contribution of the
CS1 domain present on astrocytes to binding of lym-
phoma cells. The relevance of the astrocyte ECM under
normal and inflammatory conditions will be discussed.

MATERIALS AND METHODS
Tissue Handling

Human brain tissue samples taken from the cerebel-
lum, medulla oblongata, and corpus callosum were
obtained at autopsy, under management of the Nether-
lands Brain Bank (coordinator Dr. R. Ravid), with short
postmortem delay interval (4.30–5.30 hr) from three
patients (aged 73–85) with no history of brain disease. In
order to isolate astrocytes, tissue samples were collected
in DMEM/HAMF10 (1:1) medium (Gibco, Paisley, UK)
containing penicillin (100 IU/ml) and streptomycin (50
µg/ml). The remaining brain tissue was snap-frozen in

liquid nitrogen and stored at280°C. This material was
then used for immunohistochemistry.

Human Adult Astrocyte Cultures
Procedures for isolation of human adult astrocytes

were essentially as previously described for rat adult (De
Groot et al., 1995) and human adult (De Groot et al.,
1997) astrocytes. Briefly, human brain tissue samples
(1–2 g) were dissected into small fragments and digested
with trypsin (2.5 mg/ml; Sigma, St. Louis, MO). After 20
min digestion at 37°C, the cell suspension was washed,
resuspended in culture medium, and incubated (37°C, 5%
CO2 incubator) in 80 cm2 culture flasks (Greiner, Alphen
a/d Rijn, The Netherlands) to allow adherence of macro-
phages and microglia. Culture medium consisted of
DMEM/HAMF10 (1:1) containing 10% (w/v) fetal calf
serum (FCS; ICN Biomedicals, Zoetermeer, The Nether-
lands), penicillin (100 IU/ml) and streptomycin (50
µg/ml). After 2 hr, non-adherent cells were removed and
cultured further in poly-L-lysine (PLL) coated 80 cm2

culture flasks (Greiner). Colonies of astrocytes grow
adherent on PLL coated surfaces. For immunocytochemi-
cal staining, confluent primary astrocyte cultures were
harvested by trypsinization and seeded into PLL-coated
24-well plates (Nunc, Roskilde, Denmark) at a concentra-
tion of 23 104 cells per well. More than 97% of the cells
stained positive for glial fibrillary acidic protein (GFAP),
an astrocyte-specific marker. The main contaminatingcell
types (,3% of the cultured cells) were CD11b positive
macrophages/microglia. No fibroblasts were present.

Astrocyte-Lymphoma Binding Assay
Interactions between astrocytes and the human

lymphoblastoid cell lines Jurkat (T-lymphoma) or Ramos
(B-lymphoma) were determined with an in vitro binding
assay. Both cell lines were obtained from the European
Collection of Animal Cell Cultures (ECACC, Salisbury,
UK). To quantify cell binding, lymphoma cells were
labeled with the lipophilic fluorescent dye DiI (1.18-
Dioctadecyl-3,3,38,38-tetramethylindocarbocyanine per-
chlorate; Molecular Probes, Eugene, OR). For labeling, 5
µl of the DiI stock solution (2.5 mg/ml in ethanol) was
added per ml cell suspension (53 106 cells/ml). After 30
min incubation at 37°C, the cells were washed three times
with culture medium containing 10% FCS. First passage
astrocytes were cultured for 5–7 days (until confluency
was reached) in PLL-coated 96-well plates (Nunc; 53 103

cells per well). Prior to the actual binding step, astrocytes
and lymphoma cells were placed in fresh culture medium
containing 25 mM HEPES. To test the effect of mAbs or
peptides, both cell types were preincubated for 20 min at
room temperature (RT). Monoclonal antibodies (mAbs;
25µg/ml or the synthetic peptides (CYTEL Corp., San

540 van der Laan et al.
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Diego, CA; 500 µg/ml), either containing the CS1 motif
(peptide 1051) or a control sequence (peptide 1066),
remained present during the rest of the experiment. The
lymphoma cells (63 106 cells/ml) were added to the
astrocyte cultures (approximate ratio of 30:1) and incu-
bated for 30 min at 37°C to allow adherence. Unbound
cells were removed by washing with 0.01 M phosphate
buffered saline (PBS, pH 7.4) containing 0.1% bovine
serum albumin (BSA). The degree of cell binding was
determined either by phase-contrast microscopy or by
fluorimetry. For fluorimetric analysis, the DiI of the
adherent lymphoma cells was extracted with water-
saturated butanol and quantified using a fluorimeter
(excitation wavelength: 550 nm, emission: 585 nm).
Under control conditions, about 30% of the lymphoma
cells bound to the astrocytes.

Monoclonal and Polyclonal Antibodies
Serum-free hybridoma culture supernatant of mouse

mAb 90.45, directed against the CS1 domain of Fn, was
generated by CYTEL Corp. (IgM isotype; Elices et al.,
1994). The anti-CS1 mAb P1F11 (IgG1 isotype; Garcia-
Pardo et al., 1992) was purchased from Chemicon
(Temecula, CA) and kindly provided by Dr. Garcia-Pardo
(Madrid, Spain). MAb HP1/2 is directed against human
a4b1 (VLA-4). The polyclonal anti-sera goat anti-human
plasma Fn (Dakopatts, Copenhagen, Denmark), rabbit
anti-human Ln (induced against rat sarcoma laminin; E-Y

Laboratories Inc., San Mateo, CA) and rabbit anti-bovine
GFAP (Dakopatts) were also used. Mouse anti-human
fibronectin (heparin binding site; Boehringer, Mannheim,
Germany) and irrelevant control IgM (ED19) are mAbs.

Goat anti-rabbit IgG/TRITC (TAGO, Burlingame,
CA) and goat anti-mouse IgG/TRITC (TAGO) conju-
gates were used for fluorescent staining of Ln and Fn.
Peroxidase-conjugated swine anti-goat Ig serum (Da-
kopatts) was used for detection of Fn. Biotinylated
secondary antibodies, rabbit anti-mouse IgM (Dakopatts)
and goat anti-rabbit IgG (Elite kit, Vector, Burlingame,
CA) were used for staining with the avidin/biotin-
complex (ABC) method.

Immunohistochemical and Cytochemical Staining
Prior to staining procedures, serial cryostat sections

(7 µm) were fixed in acetone for 10 min, and air-dried.
First passage human astrocyte cultures were fixed and
permeabilized with ice-cold methanol for 10 min. Antibod-
ies and conjugates were diluted in PBS/1% BSA. The
cultured astrocytes or brain tissue sections were incu-
bated with optimal concentrations of specific primary
antibodies or control antibodies for 60 min at RT, washed
with PBS, and then incubated with biotin-labeled second-
ary antibodies for 30 min. The biotinylated conjugates
were followed by incubation with an ABC solution
(Vector) for 1 hr at RT. Peroxidase activity was demon-
strated with 0.5 mg/ml 3,38-diaminobenzidine tetrahydro-

Fig. 1. Immunofluorescence staining for laminin (Ln) and fibronectin (Fn) of first passage
human adult astrocyte cultures. The astrocytes were derived from postmortem human adult
brain tissue samples and cultured for 4 days in PLL-coated 24-well plates. Cells were fixed with
methanol, incubated with the specific anti-sera directed against Ln (A) and Fn (B) and stained
with TRITC-conjugated secondary antibodies. Both Ln and Fn are located perinuclear and at
fibrillar patches and focal contact-like spots at the cell surface. Magnification,3200.
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chloride (DAB; Sigma) in 0.05 M Tris-HCl buffer (pH
7.6) containing 0.03% H2O2. Sections were counter-
stained with haematoxylin, dehydrated, and mounted in
Entellan (Merck, Darmstadt, Germany). Cultured astro-
cytes stained in 24-well plates were mounted with round
coverslips (Ø 15 mm) using Aqua-Polymount (Poly-
sciences, Eppelheim, Germany). For immunofluores-
cence staining, TRITC-conjugated secondary antibodies
were used, cells were mounted in Fluorostab (Eurodiag-
nostics, Oss, The Netherlands) and examined with a Zeiss
Axioscope H fluorescence microscope with an excitation
filter for TRITC.

Western Blotting
First passage astrocyte cultures were directly lysed

in gel-electrophoresis sample buffer and boiled for 5 min

in the presence or absence of reducing agent dithiotreitol
(DTT; 0.1 M; Sigma). Purified human serum Fn (Boeh-
ringer), as a control, was also dissolved in sample buffer
and treated in the same way. The samples (10 µl per lane)
were loaded on a 6% polyacrylamide gel (SDS-PAGE)
using the miniprotean II system (Bio Rad, Hercules, CA).
Samples were run at 200 V for 1 hr. Proteins were then
blotted onto a nitrocellulose membrane (1 hr, 100V). The
membrane was saturated with protein by incubating for
60 min at 37°C with 4% purified BSA (grade IV, Sigma)
in PBS containing 0.05% tween (PBT). The blot was
incubated for 60 min with primary antibodies (5 µg/ml) in
PBT, washed three times with PBT, after which binding
was detected using peroxidase conjugated secondary
antibodies and DAB substrate, as described earlier.

Fig. 2. Immunoperoxidase staining of cultured human adult
astrocytes.A: GFAP-staining (rabbit anti-serum);B: CS1-staining
(mouse mAb 90.45); andC: Fn-staining (mouse mAb). Cells were
counter-stained with haematoxylin. Both CS1 and Fn have a
similar cellular distribution, located perinuclear and at fibrillar
patches at the cell surface. No staining was observed with a control
mAb ED19 (not shown). Magnification,3200.
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RESULTS
First passage human adult astrocyte cultures ex-

pressed Ln and Fn as shown with immunofluorescence
staining (Fig. 1). The cellular distribution of Ln and Fn
were very similar, predominately located in fibrillar
structures and focal contact-like spots concentrated on the
cell surface. In addition, some staining around thenucleus
was observed. Astrocytes were also stained with mAb
90.45, recognizing the CS1 sequence. As shown in Figure
2, cultured human adult astrocytes expressing GFAP (Fig.
2A) also stained positive with antibody 90.45 (Fig. 2B).
No staining was observed with an isotype matched
control mAb (not shown). The cell surface distribution of
CS1 resembled that of Ln and Fn (Fig. 2C).

Western blot analysis showed that the CS1 domain,
as recognized by specific mAb P1F11, is part of an
astrocyte protein distinct from Fn. As demonstrated in
Figure 3A, P1F11 recognized a molecule of approxi-
mately 500 kD, which was reduced to a size of about 300
kD under reducing conditions. This molecular weight is
different from that of purified human serum Fn (440 kD,
non-reduced), which was also stained with P1F11 (Fig.
3A, lane 1). The molecular weight of Fn produced by
cultured astrocytes was identical to that of human serum

Fn, as was detected on Western blot with a specific
polyclonal antiserum (Fig. 3B). Apparently the Fn pro-
duced by astrocytes does not contain the alternative
splicing CS1 domain.

The immunohistochemical distribution of Ln, Fn,
and CS1 was determined on frozen sections of normal
human adult brain tissue from the cerebellum, medulla
oblongata, and corpus callosum. Both protoplasmic astro-
cytes located in the gray matter as well as fibrous
astrocytes located in the white matter of the brain tissue
sections stained positive for CS1. All astrocytes were
equally positive and no regional differences were noted.
Figure 4 shows fibrous astrocytes in the corpus callosum,
with their cell branches (endfeet) lining the vascular basal
membrane, staining positive for CS1 (Fig. 4A) and GFAP
(Fig. 4B). The meninges, and sometimes blood vessels,
also stained positive for CS1, whereas other glial cell
types and neurons were negative. In contrast to cultured
astrocytes, no Ln or Fn immunoreactivity could be
detected on astrocytes in situ, whereas the meninges and
blood vessels were positively stained for these ECM
proteins (not shown).

We next determined whether the CS1 motif ex-
pressed by astrocytes could contribute to binding of

Fig. 3. Western blot analysis of lysates of human adult
astrocyte cultures. Reduced (Red) or non-reduced (Non-red)
protein samples of purified human serum Fn or astrocyte lysate
(Ast) were separated by SDS-PAGE, after which they were
transferred (blotted) to a nitrocellulose membrane. Blotted
membranes were either incubated with anti-CS1 mAb P1F11
(A) or with rabbit anti-human Fn serum (B). Antibody binding
was detected with peroxidase-conjugated secondary antibody
and visualized with DAB. The mAb P1F11 recognized an
astrocyte molecule of approximately 500 kD under non-

reducing conditions, and of approximately 300 kD after reduc-
tion. Purified human serum Fn, which was also stained with
P1F11, had a size of 440 kD (non-reduced). Staining with the
polyclonal anti-Fn serum showed that Fn produced by cultured
astrocytes has an identical molecular weight as human serum
Fn, both under reducing and non-reducing conditions. Apart
from the indicated bands, some additional staining was ob-
served with the anti-serum which could represent breakdown
products of Fn. Shown are the results from one of two
independent experiments.
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lymphoblasts. In vitro binding experiments were per-
formed with the human T-cell lymphoma line, Jurkat, and
the B-cell lymphoma, Ramos. Both Jurkat and Ramos
cells were found to bind cultured astrocytes. A representa-
tive experiment with Ramos cells is shown in Figure 5.
The lymphoma cells adhered in clusters to the astrocyte
cell surface, whereas only a few cells bound to the
PLL-coated plastic (Fig. 5A). The cell-cell interaction
was blocked substantially in the presence of mAb 90.45
(Fig. 5B), whereas the synthetic CS1 peptide (peptide
1051) almost completely abolished the cell-cell binding
(Fig. 5C). Control peptide (peptide 1066; Fig. 5D) and
control mAb (ED19; not shown) had no inhibitory effect.
Binding of Jurkat cells was quantified using fluorimetry,
as represented in Figure 6. Peptide 1051 significantly
inhibited Jurkat cell binding to astrocytes by 37.8%6 6.9
(% inhibition 6 SEM). MAb 90.45 also reduced this
cell-cell interaction (25.2%6 3.5), whereas the controls
had no inhibitory effect. In addition, some inhibition was
observed with a blocking mAb directed against thea4b1
integrin (not shown).

DISCUSSION
It has previously been shown that primary astro-

cytes isolated from adult and neonatal rodent, and human
fetal, brains synthesize ECM components such as Ln and

Fn in vitro (Price and Hynes, 1985; Liesi and Risteli,
1989; Chiu et al., 1991; Ard et al., 1993; Shea et al., 1994;
Oh and Yong, 1996). In the present study, we have
demonstrated that cultured human adult astrocytes, ob-
tained from postmortem adult brain tissue samples, also
expressed Ln and Fn. These ECM proteins were localized
in fibrillar and spot-like structures on the cell surface and
also located around the nucleus. The perinuclear localiza-
tion suggests that these proteins were de novo synthe-
sized in the endoplasmic reticulum.

It is known that astrocytes can play a supportive
role in neural development. The astrocyte-derived ECM
proteins are thought to be important in this process
(Wujek et al., 1990; Fishman and Hatten, 1993; reviewed
by Reichardt and Tomaselli, 1991). Ln is also known to
facilitate outgrowth for many types of neurons (Wujek et
al., 1990; Bixby et al., 1994; Shea et al., 1994). The
axonal outgrowth-promoting activity of Fn involves
different domains of the molecule, including the CS1 and
RGD sequence (Dufour et al., 1988; Humphries et al.,
1988; Haugen et al., 1990). Furthermore, it has been
shown that Fn promotes neural cell migration (Dufour et
al., 1988). Accordingly, Fn expression has been detected
in developing cerebral cortex, and was found to correlate
both spatially and temporally with neuron migration
(Stewart and Pearlman, 1987; Chun and Shatz, 1988).
The production of ECM molecules is apparently re-

Fig. 4. Immunoperoxidase staining for CS1 (A) and GFAP (B) of frozen sections from human
adult corpus callosum. Astrocytes, as indicated by GFAP staining (rabbit anti-serum), have
cellular branches with endfeet lining the basal membrane of the blood-brain barrier endothelial
cells lining the blood vessel (bv). These astrocytes express CS1, as detected by staining of mAb
90.45. No immunostaining was found with isotype matched control mAb or control rabbit
serum (not shown). Sections were counterstained with haematoxylin. Magnification,3400.
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stricted to early ontogeny, since we and others (Sobel and
Mitchell, 1989; Esiri and Morris, 1991) could not detect
any Ln or Fn expression on astrocytes in human adult
brain tissue. The fact that astrocytes in vitro do produce

Ln and Fn may reflect a more activated state of these cells
in culture (De Groot et al., 1997). This in contrast to the
normal in vivo situation where astrocytes presumable are
in a non-proliferatory state (G0-phase).

Fig. 5. Binding of the human B-lymphoma cell line Ramos to
cultured human astrocytes. Astrocyte cultures were incubated
for 30 min at 37°C with Ramos cells, in a ratio of approximately
1:30, both in the presence or absence of competitors. Under
control conditions (no competitor), Ramos cells bind in clusters

to the cell surface of the astrocytes (A). Intercellular binding is
inhibited in the presence of mAb 90.45 (B), and synthetic CS1
peptide, 1051 (C). Control peptide, 1066 (D), has no significant
effect on the cell interactions. Reversal microscopy with phase
contrast; magnification,3200.
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Although there are indications that the CS1 domain
promotes neuronal cell migration and neurite outgrowth,
until now, no immunohistological data on the distribution
of this peptide sequence in the CNS were available. Using
mAb 90.45, we found that CS1 is expressed by human
adult astrocytes both in situ, by protoplasmic and fibrous
astrocytes, and in vitro, on cultured astrocytes. Cellular
localization of CS1 on cultured astrocytes was similar to
that of Ln and Fn. However, Western blot analysis
showed that the CS1 epitope is actually part of a protein
with different molecular weight from that of Fn. The
molecular weight of the Fn produced by astrocytes was
identical to that of human serum Fn. The anti-CS1 mAb
P1F11, however, recognized an astrocyte protein of
approximately 500 kD under non-reducing conditions
(reduced about 300 kD), which is clearly distinct from the
size of serum Fn (non-reduced: 440 kD; see Fig. 3A).
These findings suggest that the Fn produced by human

adult astrocytes does not contain the alternative splicing
CS1 domain. It would seem that another protein ex-
pressed by astrocytes (both in vivo and in vitro) contains
an amino acid sequence similar or identical to CS1
domain found in Fn: first of all, two mAbs specific for
CS1 (P1F11: Garcia-Pardo et al., 1992; and 90.45: Elices
et al., 1994) cross-react with an astrocyte protein, and
secondly this CS1-containing protein contributes to cell
adhesion between astrocytes and lymphoblast cells. Us-
ing the SWISS-PROT protein sequence data bank, we
could not find any protein with homology to CS1 or to the
stretch of 12 amino acid residues recognized by mAb
90.45. Further analysis using a molecular biology ap-
proach is being undertaken to identify this astrocyte
protein.

We have demonstrated that lymphoma cells bind to
cultured human astrocytes. This interaction was partially
inhibited by a synthetic peptide competing with CS1 and
by mAb 90.45. These findings suggest that the CS1
sequence present on astrocytes contributes to adhesion of
lymphocytes. Both Jurkat and Ramos cells express the
CS1 receptora4b1 (VLA-4), and the fact that onlya4b1
bearing leukocytes (lymphocytes and monocytes) can
pass the intact blood-brain barrier (BBB) in vivo pro-
poses a key role for this receptor during inflammation in
the CNS (Baron et al., 1993; Couraud, 1994). The BBB is
maintained by specialized endothelial cells and by the
astrocyte endfeet surrounding the blood vessels. The CS1
domain expressed by astrocytes may function as an
adhesion molecule fora4b1 positive leukocytes, thereby
providing guidance for further migration into the CNS
parenchyma. This idea could shed some new light on the
previous finding that administration of anti-a4 (VLA-4)
mAbs prevents infiltration of lymphocytes and mono-
cytes during inflammation of the CNS in rodents (Yed-
nock et al., 1992; Baron et al., 1993; Kent et al., 1995). It
was proposed that this effect was caused by blocking
adhesion to the vascular endothelium. However, another
explanation could be that by blockinga4b1 interaction
with CS1 on the astrocyte endfeet, further migration of
these cell into the CNS parenchyma is prevented. Apart
from promoting leukocyte infiltration during inflamma-
tion of the CNS, CS1 may also be involved, as an
accessory adhesion molecule, in the process of antigen
presentation by astrocytes (see review by Couraud,
1994). It has also been reported that astrocytes produce
Ln and Fn during multiple sclerosis or viral infections of
the brain (Esiri and Morris, 1991; Sobel and Mitchell,
1989). These ECM molecules may contribute to interac-
tions with leukocytes.

In conclusion, we have shown that astrocytes de-
rived from normal postmortem human adult brain tissue
produce ECM-proteins, like Ln and Fn, in culture.

Fig. 6. The CS1 domain contributes to binding of the human
T-lymphoblasts cells (Jurkat) to human adult astrocytes. Astro-
cyte cultures were incubated at 37°C with fluorescent (DiI)
labeled Jurkat cells, in a ratio of approximately 1:30, both in the
presence or absence of competitors. After 30 min, non-adherent
cells were washed away and the amount of Jurkat cells bound to
the astrocytes was determined by fluorimetry of a butanol lysate
of the cells. The degree of cell binding is expressed as the
percentage of the control binding6 SEM. Results are of 5–7
experiments. Binding is inhibited by mAb 90.45 and by the
synthetic CS1 peptide (peptide 1051), whereas the control
peptide (peptide 1066) or isotype matched control mAb (ED19)
have no inhibitory effect.

546 van der Laan et al.

 10974547, 1997, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/(SIC

I)1097-4547(19971115)50:4<
539::A

ID
-JN

R
5>

3.0.C
O

;2-F by E
rasm

us U
niversity R

otterdam
 U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [03/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Furthermore, human astrocytes both in vitro and in situ
express a protein containing an amino acid sequence
identical or similar to the CS1 domain found in a splicing
variant of Fn. This surface protein, with a different
molecular weight from Fn, appears to function as an
adhesion molecule for the binding of lymphoblasts or
lymphocytes. The presence of this CS1 protein on
astrocytes in vivo may be relevant for the recruitment of
a4-integrin expressing leukocytes to the CNS, during
both normal immuno-surveillance and inflammation.
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