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Secretion of laminin a2 chain in cerebrospinal fluid
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Abstract The absence of laminin 2 chain causes muscle cell
degeneration and peripheral dysmyelination in congenital muscu-
lar dystrophy patients and dy mice, suggesting its role in the
maintenance of sarcolemmal architecture and peripheral mye-
linogenesis. Here we demonstrate the secretion of laminin a2
chain in cerebrospinal fluid (CSF). Laminin o2 chain was de-
tected as a minor component of the total CSF proteins or
glvcoproteins. Laminin a2 chain was localized in the cytoplasm
of epithelial cells of choroid plexus, suggesting active secretion.
Qur results suggest that immunochemical analysis of CSF lam-
inin a2 chain could be useful as an aid for the diagnosis of
coagenital muscular dystrophy.
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1. Introduction

Laminin, a heterotrimer made up of three chains of classes
a. B and y, is a major component of the basal lamina (for
reviews see [1,2]). Laminin has numerous biological functions
in cell differentiation, adhesion, migration and proliferation, in
addition to being a true structural component of the basal
lainina meshwork [2]. Each class of laminin chains has multiple
isoforms and laminin exists in numerous trimeric isoforms in
different tissues [1,2]. Laminin-2, comprised of the a2, §1 and
y! chains, is expressed in the basal lamina of striated muscle
ce:ls, Schwann cells and trophoblasts [2-5]. Recently, the ab-
sence of laminin a2 chain was identified as the cause of muscle
ce | degeneration and peripheral dysmyelination in congenital
muscular dystrophy (CMD) and its animal model dy mice [6-
1Z]. Since laminin-2 is a ligand of dystroglycan in both striated
muscle and Schwann cell membranes [5,7,13], these findings
implicate the laminin-2—-dystroglycan interaction in not only the
muintenance of sarcolemmal architecture but also peripheral
mvelinogenesis. Thus far, it is unknown if laminin a2 chain is
secreted into body fluids such as cerebrospinal fluid (CSF). If
this is the case, immunochemical analysis of laminin a2 chain
in body fluids could be useful as an aid for the diagnosis of
CMID, because it is reasonable to suspect that laminin a2 chain
is absent in the body fluids of CMD patients. We have ad-
dressed this issue in the present study.
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2. Materials and methods

2.1. Immunochemical analysis of CSF proteins

CSF was obtained from several humans who had no abnormalities
in the CSF composition as determined by routine laboratory analyses,
including cell count and total protein concentration. After particulates
were cleared by brief centrifugation, 2 ml of CSF from each individual
was concentrated by centrifugal concentrator (Tomy CC-101). CSF
concentrates were separated by 3-12% SDS-PAGE and analyzed by
immunoblotting.

2.2. Isolation of wheat germ agglutinin ( WGA )-binding glycoproteins
from CSF

100 ul of WGA-Sepharose (Pharmacia) was equilibrated with buffer
A (50 mM sodium phosphate pH 7.4, 0.5 M NaCl, 0.1 mM phenylmeth-
ylsulfonyl fluoride and 0.75 mM benzamidine) and then incubated,
overnight at 4°C, with 2 ml of human CSF in the presence of 0.5 M
NaCl. After extensive wash with buffer A, WGA-Sepharose was eluted
with 300 ul of buffer A containing 0.3 M N-acetylglucosamine
(GleNAc). The eluates were separated by 3-12% SDS-PAGE and ana-
lyzed by immunoblotting.

2.3. SDS and EDTA extraction of proteins from choroid plexus and
spinal roots

Bovine choroid plexus and spinal roots were obtained at a local
abattoir and quick frozen in isopentane cooled in liquid nitrogen. For
SDS extraction, cryosections from choroid plexus and spinal roots were
homogenized in 20 vols. of SDS extraction buffer (10% SDS, 80 mM
Tris-HCl pH 6.8, 115 mM sucrose, 1% f-mercaptoethanol, 1 mM phen-
ylmethylsulfonyl fluoride and 1 mM benzamidine) and then incubated
for 15 min at 60°C. For EDTA extraction, cryosections from choroid
plexus and spinal roots were homogenized in 20 vols of EDTA extrac-
tion buffer (10 mM EDTA, 50 mM Tris-HCI pH 7.5, 150 mM NaCl,
I mM phenylmethylsulfonyl fluoride and 0.75 mM benzamidine) and
then incubated for 2 h at 4°C. After insoluble debris were cleared by
brief centrifugation, supernatants were separated by 3-12% SDS-
PAGE and analyzed by immunoblotting.

2.4. Others

Immunohistochemical analysis, 3-12% SDS-PAGE and im-
munoblotting were performed as previously described [5]. Monoclonal
antibody 2D9 against the proximal portion of the G domain of human
laminin a2 chain was characterized previously [14]. Antibody against
mouse EHS sarcoma laminin was purchased from Sigma. Peroxidase-
labeled WGA was purchased from Boehringer-Mannheim.

3. Results and discussion

Human CSF was analyzed by SDS-PAGE and immunoblot-
ting. Antibody against mouse EHS sarcoma laminin detected
two bands in the range of 200 kDa corresponding to laminin
Bl and y1 chains, but did not detect laminin a1 chain (Fig. 1).
The results suggest that laminin a1 chain is not present in CSF,
although a possibility can not be excluded that the antibody did
not react with human laminin al chain. Instead, monoclonal

001:4-5793/95/$9.50 © 1995 Federation of European Biochemical Societies. All rights reserved.

S..DI0014-5793(95)01240-0



38

224 —

CB Anti-Lam1  Anti-Lam o2

Fig. 1. Immunoblot analysis of laminin a2 chain in CSF. Human CSF
concentrate was analyzed by immonoblotting. The nitrocellulose trans-
fer was first immunoreacted with antibody against mouse EHS sarcoma
laminin (anti-Lam1) and then with monoclonal antibody 2D9 against
human laminin a2 chain (anti-Lam «2). CB indicates the SDS gel
stained with Coomassie blue. Asterisk indicates the 300 kDa C-terminal
fragment of laminin a2 chain [7,9]. Molecular weight standards
(Da x 107%) are shown on the left.

antibody 2D9 detected laminin a2 chain of 400 kDa (Fig. 1).
The bands corresponding to laminin a2, £1 and y1 chains could
not be identified in the SDS gel stained with Coomassie blue
(Fig. 1), indicating that these proteins were not major compo-
nents of the total CSF proteins. The same results as shown in
Fig. 1 were obtained for all the CSF samples tested.

To know the relative abundance of laminin a2 chain in the
CSF glycoproteins, we isolated WGA-binding glycoproteins
from human CSF by WGA chromatography. The GlcNAc
eluates of WGA-Sepharose were analyzed by SDS-PAGE and
immunoblotting. Although immunoblot analysis demonstrated
that CSF laminin a2 chain was recovered in the GIcNAc elu-
ates, the band corresponding to laminin o2 chain was not iden-
tified in the SDS gel stained with Coomassie blue or the nitro-
cellulose transfer stained with peroxidase-labeled WGA (Fig.
2), indicating that laminin a2 chain was not a major component
of the total CSF glycoproteins.

To see if laminin a2 chain is secreted by choroid plexus, we
performed immunohistochemical analysis. Immunoreactivity
for laminin a2 chain was clearly detected in the cytoplasm of
epithelial cells of choroid plexus (Fig. 3). To confirm the expres-
sion of laminin a2 chain in choroid plexus, we performed im-
munoblot analysis. Previously, laminin a2 chain was shown to
be extracted from skeletal muscle by EDTA [7,9]. Similar to
skeletal muscle, laminin a2 chain was detected in not only the
SDS but also EDTA extracts of choroid plexus (Fig. 4). All
together, these findings suggest that laminin a2 chain is actively
secreted by choroid plexus.

It is unlikely that CSF laminin a2 chain originates from cells
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or connective tissue debris present in CSF for the following
reasons: (1) CSF contains very few cells; (2) the vast majority
of CSF cells are leukocytes which do not produce laminin a2
chain; and (3) immunoreactivity for laminin a2 chain was not
detected in the leptomeninges and connective tissues surround-
ing subarachnoid space by immunohistochemistry (not shown).
Although immunoreactivity for laminin a2 chain was detected
in the basal lamina of Schwann cells of spinal roots (Fig. 3), the
fact that leptomeninges and connective tissues densely sur-
round bundles of spinal root nerve fibers in vivo makes it
unlikely that Schwann cells secrete laminin a2 chain into CSF.
Interestingly, the molecular weight of laminin a2 chain differed
between choroid plexus and spinal roots (Fig. 4). Differential
splicing of mRNA or protein glycosylation may be responsible
for this finding. The latter possibility is of interest in view of
the hypothesis that differential glycosylation of proteins may
play a role in the sorting mechanism for apical or basolateral
secretory pathway [15].
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Fig. 2. Immunoblot analysis of laminin a2 chain in CSF glycoproteins.
The GIcNAc eluates of WGA-Sepharose were analyzed by lectin stain-
ing and immunoblotting. CB, WGA and anti-Lam a2 indicate the SDS
gel stained with Coomassie blue, the nitrocellulose transfer stained with
peroxidase-labeled WGA or with monoclonal antibody 2D9, respec-
tively. Asterisk indicates the 300 kDa C-terminal fragment of laminin
2 chain [7,9]. Molecular weight standards (Da x 107%) are shown on
the left.
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Fr3. 3. Immunhistochemical analysis of laminin a2 chain in spinal roots and choroid plexus. Bovine cryosections were immunostained with
monoclonal antibody 2D9. IF, PC, Rt, SpC, Endo and Epi indicate immunofluorescence. phase contrast, spinal roots, spinal cord, endothelial and

er thelial cells, respectively. Bar, 50 ym.

Laminin assembles to form a reversible polymer that contrib-
uizs to the network structure of the basal lamina (for a review
se2 [16]). Currently, the three-arm interaction model for lam-
inn-network formation proposes that the N-terminal moieties
o! each of the short arms of laminin form the basic bond of
la ninin polymers [16]. Once incorporated into the basal lamina,
laminin has numerous biological functions in cell differentia-
tion, adhesion, migration and proliferation (for a review see
[2). In particular, laminin-2, comprised of the a2, 1 and y1
clains, plays important roles in the maintenance of sarcolem-
mal architecture and peripheral myelinogenesis [3-13,17,18]. In
the present study, we have demonstrated the secretion of lam-
inin a2 chain, most likely in the form of laminin-2 heterotrimer,
irto CSF. Our results thus indicate that laminin also exists in
a ree form, not incorporated into polymers, in vivo. At present,
the biological functions of laminin a2 chain secreted into body
fluids such as CSF are unclear and their elucidation awaits
fi:ture research. It would be interesting to see if secreted laminin
2! chain has inhibitory, and potentially regulatory, effects on
tl:e binding of basal lamina laminin-2 with cell surface receptors
s:ch as dystroglycan and integrins.

Recent evidence indicates that the absence of laminin a2
cl:ain is the primary cause of CMD [9-12]. Thus, it is reasonable
tc suspect that laminin a2 chain is also absent in the CSF of
CMD patients. Currently, definite diagnosis of CMD is possi-
bie only by immunochemical demonstration of the absence of
laminin a2 chain in skeletal muscle obtained through biopsy
[4-12], which is a stressful procedure for young children. Our

results suggest that immunochemical analysis of CSF laminin
a2 chain could be useful as a less stressful means of diagnosis
of this devastating disease.
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Fig. 4. Immunoblot analysis of laminin a2 chain in spinal roots and
choroid plexus. The SDS or EDTA extracts of bovine spinal roots (Rt)
and choroid plexus (CP) were analyzed by immunoblotting with mon-
oclonal antibody 2D9 (anti-Lam «2). Asterisk indicates laminin-2
heterotrimer not dissociated by the SDS sample buffer [7,9]. Molecular
weight standards (Da x 107%) are shown on the left.
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