
Abstract In Schwann cells, the transmembrane glyco-
protein β-dystroglycan composes the dystroglycan com-
plex together with the extracellular glycoprotein α-dystro-
glycan, which binds laminin-2 (α2/β1/γ1), a major com-
ponent of the Schwann cell basal lamina. In the Schwann
cell cytoplasm, β-dystroglycan is anchored to a dystro-
phin isoform, Dp116. In this study, we investigated the
expression of β-dystroglycan, Dp116 and the laminin-α2
chain in satellite cells of rat dorsal root ganglia (DRGs).
Immunohistochemical study showed that immunoreactiv-
ities for β-dystroglycan and Dp116 were both localized to
the outer rim of neuron-satellite cell and axon-Schwann
cell units, indicating that both satellite and Schwann cells
expressed these proteins in DRGs. Immunoreactivity for
the laminin-α2 chain was detected in a similar location,
indicating that the basal lamina surrounding satellite and
Schwann cells in DRGs contained laminin-2. Ultrastruc-
turally, immunoreactivity for the cytoplasmic domain of
β-dystroglycan as well as that for Dp116 was most intense
in the cytoplasm just underlying the outer membrane of
satellite cells. The immunoreactivity for laminin was as-
sociated with the outer surface of those cells, suggesting
that it was localized in the surrounding basal lamina.
These results indicate that the dystroglycan complex is
expressed in the satellite cell outer membrane and in-
volved in the adhesion with the basal lamina through the
interaction with laminin-2.
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Introduction

Dystroglycan (DG) is encoded by a single gene and
cleaved into two proteins α- and β-DG by post-transla-
tional processing [2, 7]. α-DG is an extracellular glyco-
protein anchored to the cell membrane by a transmem-
brane glycoprotein β-DG, and the complex comprised of
α- and β-DG is called the DG complex [1, 2, 3]. In pe-
ripheral nerve, the DG complex is expressed in Schwann
cells [11, 26]. Biochemical analysis shows that α-DG de-
rived from bovine peripheral nerve binds laminin-2 [26,
27, 28], a major component of the Schwann cell basal
lamina [9, 16, 21]. On the cytoplasmic side, β-DG is an-
chored to a dystrophin isoform, Dp116 [20]. Recently, we
have shown that the immunoreactivity for the cytoplasmic
domain of β-DG (β-DG-IR) is localized in the outermost
cytoplasm of myelin-forming Schwann cells as well as in
that of non-myelin-forming ones [10]. These data suggest
that the DG complex is an adhesion apparatus binding the
Schwann cell outer membrane with the basal lamina. In-
deed, the DG complex has been shown to be involved in
the schwannoma cell adhesion to laminin [12].

Satellite cells of dorsal root ganglia (DRGs) are ho-
mologous to Schwann cells [23], because both of them
arise from neural crest, differentiate to peripheral glia and
share many common proteins, such as S-100 protein, glial
fibrillary acidic protein (GFAP), tubulin, microtubule-as-
sociated protein 1 (MAP-1), Schwann cell myelin protein,
neurotrophins and their receptors, GDNF, fibroblast
growth factor-2, transforming growth factor (TGF)-β,
EGF receptor, NaG and Krox-20 [4, 5, 6, 8, 13, 14, 17, 22,
30, 31, 32]. Satellite cells almost completely envelope
each of the neuronal perikarya, and they have the basal
lamina on their outer membrane surface. We considered
therefore that, similar to Schwann cells, DRG satellite
cells might express the DG complex as a laminin receptor.
In this respect, it is interesting to note that Rambukkana et
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al. [18] recently reported that DG is a Schwann cell re-
ceptor for Mycobacterium leprae, which causes signifi-
cant damage to peripheral nerve. Thus, clarifying the pre-
cise localization of the DG complex in the peripheral ner-
vous system may provide important clues for understand-

ing the molecular pathogenesis of leprosy. In this study,
we demonstrate that DRG satellite cells express β-DG and
Dp116 in the cytoplasm just underlying the outer mem-
brane. We also indicate that the basal lamina surrounding
DRG satellite cells contains laminin-2. These results indi-
cate that the DG complex is involved in the adhesion of
the satellite cell outer membrane with the basal lamina
through the interaction with laminin-2.

Materials and methods

Tissue preparation

Fifteen male adult rats (Wistar, 12–13 weeks old) were used in this
study. The experimental procedures followed the welfare rules and
regulations for treatment of animals of National Defense Medical
College. The animals were anesthetized by intraperitoneal injec-
tion of sodium pentobarbital (50 mg/kg body weight) and were
transcardially perfused with 50 ml phosphate-buffered saline
(PBS, 10 mM sodium phosphate buffer, pH 7.4, containing 0.15 M
NaCl) followed by 400 ml of 100 mM sodium phosphate buffer
containing 4% paraformaldehyde. After perfusion, L5 DRGs were
dissected out, and were immersed in the 4% paraformaldehyde at
4°C overnight. Samples were then infiltrated with 30% sucrose in
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Fig.1 Monoclonal antibody 8D5 recognizes a 43-kDa band corre-
sponding to β-DG. Monoclonal antibody DYS2 mainly recognizes
a 116-kDa band corresponding to Dp116. Monoclonal antibody
2D9 recognizes a 320-kDa band corresponding to laminin α2
chain. Polyclonal antibody L9393 recognizes a 200-kDa band cor-
responding to laminin β1 and/or γ1 chains. Lam O/L analysis re-
veals a broad band around 120 kDa corresponding to α-DG. Mol-
ecular weight standards (Da ×10–3) are shown on the left (DG dy-
stroglycan, Lam O/L Laminin blot overlay)

Fig.2 Light photomicrographs showing the IRs for β-DG (A),
Dp116 (B), laminin (C) and laminin α2 chain (D) in rat DRGs.
The IRs for these four proteins show a similar localization pattern;
they are selectively localized on the outer rim of each axon-
Schwann cell unit and neuron-satellite cell unit (asterisks) (IR im-
munoreactivity, DRG dorsal root ganglion). Bar 30 µm



PBS overnight, mounted in OCT compound (Miles, Elkhart, Ind.),
and quickly frozen in isopentane cooled in liquid nitrogen. The
frozen samples were stored at –80°C. DRGs were also dissected
out immediately after sacrifice without transcardial perfusion,
mounted in the OCT compound and quickly frozen for immuno-
histochemistry, or homogenized for immunoblotting, as described
previously [10].

Immunohistochemical, immunoelectron microscopic, 
immunoblot and laminin blot overlay analyses

The frozen samples were cut into 10-µm-thick sections on a cryo-
stat. The frozen sections were placed on gelatin-coated slides.
These were immunostained according to the methods of Vectastain
Elite ABC kit (Vector Laboratories, Burlingame, Calif.). In brief,
after three washes in PBS, sections were treated with PBS contain-
ing 5% bovine serum albumin and 0.05% Triton X-100 (referred to
as buffer A in this study) for 1 h. Sections were then incubated for
2 h with one of the following antibodies: 8D5 (1:30), DYS2
(1:200), 2D9 (1:5) or L9393 (1:2,000) in buffer A. After washing
three times in buffer A, the sections were incubated for 1 h with bi-
otin-conjugated anti-mouse immunoglobulin (1:200, PharMingen,
Calif.) or biotin-conjugated anti-rabbit IgG (1:200, Vector Labora-
tories) in buffer A. After three further washes in PBS, the sections
were incubated for 30 min with the Vectastain Elite ABC reagent,
washed again three times in PBS, and incubated for 3 min in DAB
solution (50 mM TRIS buffer pH 7.4, containing 0.05% 3,3’-di-
aminobenzidine tetrahydrochloride) supplemented with 0.01%
H2O2. Immunoelectron microscopy, immunoblot and laminin blot
overlay (Lam O/L) analyses were performed as described previ-
ously [10, 26]. For immunoblotting, 10% or 7.5% SDS-PAGE was
performed; 10 µl of homogenized samples were applied in each
lane.

Miscellaneous

Mouse monoclonal antibodies 8D5 against the C terminus of β-DG,
DYS2 against the C terminus of dystrophin and 2D9 against the
proximal portion of the globular domain of laminin-α2 chain have
been described previously [26, 27, 28]. The β-DG is a type I trans-
membrane protein with the N and C termini located extra- and in-
tracellularly, respectively; thus, the 8D5 epitope is located in the
cytoplasmic domain of β-DG. L9393, a rabbit polyclonal antibody
against laminin, was purchased from Sigma (St. Louis, Mo.).

Results and discussion

To determine the expression of the components of the DG
complex and laminin, we performed the immunoblot and
Lam O/L analyses of rat DRGs (Fig.1).

Monoclonal antibody 8D5 recognized a 43-kDa band
corresponding to β-DG. Monoclonal antibody DYS2
mainly recognized a 116-kDa band corresponding to
Dp116. Lam O/L analysis revealed a broad band around
120 kDa corresponding to α-DG. These results closely re-
sembled those reported previously in bovine peripheral
nerve [20, 26, 27, 28], and indicate that the DG complex,
comprised of α-DG, β-DG and Dp116, is expressed in rat
DRGs. On the other hand, monoclonal antibody 2D9 rec-
ognized a 320-kDa band corresponding to laminin α2
chain. Polyclonal antibody L9393 recognized a 200-kDa
band corresponding to laminin β1 and/or γ1 chains. These
results suggest that the laminin-2 heterotrimer (α2/β1/γ1)
is expressed in rat DRGs.

Immunohistochemical analysis of rat DRGs was per-
formed using antibodies, 8D5, DYS2, 2D9 and L9393.

The IRs for β-DG, Dp116, laminin α2 chain and laminin
were selectively localized on the outer rim of each DRG
neuron-satellite cell unit and axon-Schwann cell unit (Fig.2).

Immunoelectron microscopic analysis was performed
using antibodies 8D5, DYS2 and L9393. 2D9 did 
not work in the immunoelectron microscopic analysis. 
β-DG-IR was most intense in the cytoplasm just underly-
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Fig.3 Immunoelectron photomicrographs showing the β-DG-IR
in rat DRGs. Upper panel β-DG-IR seems to be associated with
the outer membrane of satellite cells. Lower panel The photomi-
crograph with higher magnification shows that β-DG-IR is most
intense in the cytoplasm just underlying the satellite cell outer
membrane (arrowheads). The cytoplasm just underlying the satel-
lite cell inner membrane apposing the neuronal perikaryon lacks or
shows only faint β-DG-IR (arrows) (S satellite cell, N neuronal
perikaryon, OM satellite cell outer membrane). Bar upper panel
1 µm, lower panel 500 nm



ing the outer membrane of satellite cells (Fig.3). In con-
trast, β-DG-IR was lacking or only faintly detected in the
cytoplasm underlying the inner membrane apposing the
neuronal perikaryon (Fig.3).

Dp116-IR was also most intense in the cytoplasm just
underlying the outer membrane of satellite cells. Al-
though the basal lamina was less intensely labeled, it
seemed to be due to diffusion of reaction product from the
adjacent satellite cell cytoplasm (Fig.4, upper panel).
Laminin-IR was associated with the outer surface of satel-
lite cells, suggesting that it was localized in the surround-
ing basal lamina. (Fig.4, lower panel).

Here, we have shown, for the first time, that the com-
ponents of the DG complex, β-DG and Dp116, are ex-
pressed in the outer membrane of DRG satellite cells and
that laminin-2 is expressed in the basal lamina surround-
ing these cells. These results indicate that, in DRGs, the
DG complex functions as an adhesion apparatus binding
the outer membrane of satellite cells with the basal lamina
through the interaction with laminin-2. We presume that
the DG complex-laminin-2 interaction plays a role in the
maintenance or modulation of the morphology and func-
tion of the DRG neuron-satellite cell units by anchoring

the satellite cell outer membrane to the basal lamina. In
this respect, it is noteworthy that Pannese et al. [15] have
recently reported that DRG satellite cells permit dynamic
perikaryal projections, whereas the basal lamina alone
does not. Together with the reports that the DG complex
may convey signals from the basal lamina [7, 29], it
would be intriguing to envision that the DG complex-
laminin-2 interaction may support the dynamic neuron-
satellite cell interaction by providing structural anchorage
to the basal lamina. On the other hand, in DRGs, satellite
cells are known to interact with neurons or with each
other through paracrine actions of neurotrophic factors/
their receptors, such as NGF/p75, NGF/trk A, BDNF/trk B
and TGF-α/EGF receptor [17, 19, 24, 25]. Whereas it is
possible that the DG complex, present on the satellite cell
outer membrane, may be associated with those cell-cell
interactions, further studies will be needed to test the hy-
pothesis.
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