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Role of a-Dystroglycan as a
Schwann Cell Receptor for
Mycobacterium leprae

Anura Rambukkana,* Hiroki Yamada, George Zanazzi,
Todd Mathus, James L. Salzer, Peter D. Yurchenco,
Kevin P. Campbell, Vincent A. Fischetti

a-Dystroglycan (a-DG) is a component of the dystroglycan complex, which is
involved in early development and morphogenesis and in the pathogenesis of
muscular dystrophies. Here, a-DG was shown to serve as a Schwann cell
receptor for Mycobacterium leprae, the causative organism of leprosy. Myco-
bacterium leprae specifically bound to a-DG only in the presence of the G
domain of the a2 chain of laminin-2. Native «-DG competitively inhibited the
laminin-2-mediated M. leprae binding to primary Schwann cells. Thus, M.
leprae may use linkage between the extracellular matrix and cytoskeleton
through laminin-2 and a-DG for its interaction with Schwann cells.

Pathogenic bacteria are adapted to exploit a
variety of host cell functions, and host cell
receptors mostly serve as the initial target for
bacterial interaction with a specific cell type (/,
2). However, not much is known about the
bacterial receptors in the nervous system and
how bacteria interfere with these neuronal cell
receptor—associated functions. Mycobacterium
leprae, the causative organism of leprosy, is an
intracellular pathogen that invades the Schwann
cell of the peripheral nervous system (3). Dur-
ing infection, M. leprae causes significant dam-
age to peripheral nerves leaving patients with
disabilities and deformities (4). Although anti-
biotic therapy is an effective cure of leprosy, it
does not reverse the nerve function loss in these
patients (5). Understanding the mechanisms of
M. leprae—Schwann cell interaction may yield
new therapeutic strategies for the prevention of
nerve damage.

Dystroglycan (DG), a component of the
dystrophin-glycoprotein complex, is a laminin
receptor encoded by a single gene and cleaved
by posttranslational processing into two pro-
teins, peripheral membrane o-DG and trans-
membrane B-DG (6). Whereas a-DG interacts
with laminin-2 in the basal lamina, 3-DG ap-
pears to bind to dystrophin-containing cytoskel-
etal proteins in muscles and peripheral nerves

A. Rambukkana and V. A. Fischetti, Laboratory of
Bacterial Pathogenesis and Immunology, Rockefeller
University, New York, NY 10021, U.S.A. H. Yamada
and K. P. Campbell, Howard Hughes Medical Institute,
(HHMI), Department of Physiology and Biophysics,
and Department of Neurology, University of lowa
College of Medicine, lowa City, IA 52242, US.A. G.
Zanazzi and ). L. Salzer, Departments of Cell Biology
and Neurology and the Kaplan Cancer Center, New
York University Medical Center, New York, NY 10016,
U.S.A. T. Mathus and P. D. Yurchenco, Department of
Pathology, Robert Wood johnson Medical School, Pis-
cataway, NJ 08854, U.S.A.

*To whom correspondence should be addressed. E-
mail: rambuka@rockvax.rockefeller.edu

(7). DG is involved in agrin- and laminin-
induced acetylcholine receptor clustering at
neuromuscular junctions (8), morphogenesis
(9), early development (/0), and the pathogen-
esis of muscular dystrophies (6, 7). The loss or
a defect of laminin-2—o-DG interaction causes
certain types of muscular dystrophy and periph-
eral neuropathy (11, 12). We recently showed
that laminin-2 in the basal lamina of the
Schwann cell-axon unit serves as an initial
target for M. leprae interaction with peripheral
nerves (/3). Laminin-2, which comprises o2,
31, and vyl chains (/4), anchors to Schwann
cells through laminin receptors (/5). a-DG
serves as a receptor on the Schwann cell that
interacts with laminin-2 in the basal lamina
surrounding the Schwann cell-axon unit (7, /6).

Fig. 1. Mycobacterium
leprae binding to immobi-

To determine the role of a-DG in the M.
leprae interaction with Schwann cells, we first
examined the binding of M. leprae (17) to
native a-DG purified from peripheral nerves
(18) in the presence or the absence of recombi-
nant fragments of the laminin-a2 chain (/9)
(Fig. 1, A and B). In a solid-phase assay (20),
M. leprae bound to immobilized a-DG only in
the presence of the COOH-terminal fragment of
the laminin-a2 chain (rLNa2G; Fig. 1A). My-
cobacterium leprae also bound to muscle a-DG
only in the presence of rLN-a2G (Fig. 1A).
Mycobacterium leprae binding to a-DG of both
peripheral nerve and muscle was increased by
>95% with a concentration of 10 pg/ml (0.1
g per well) of rLNa2G. Even higher concen-
trations (100 wg/ml) of the NH,-terminal r(VI-
IVb)’ fragment of laminin-a2 chain or the G
domain of the laminin-a1 chain (t(LNa1G) had
no effect on M. leprae binding to «-DG (110 =
24 and 130 = 31 bacteria per 0.25 mm?, re-
spectively), suggesting that the G domain of the
laminin-a2 chain specifically mediated M. lep-
rae binding to a-DG. Thus, LNa2G has two
binding sites, one for M. leprae and the other
for «-DG, and the G domain forms a bridge
between M. leprae and a-DG. Additionally,
the activity of merosin/a2 laminins (a mix-
ture of laminin-2 and laminin-4) on M. /ep-
rae—a-DG interaction yielded results similar
to those with rLNa2G at equal molar ratio
(1010 = 110 and 1290 = 161 bacteria per
0.25 mm?, respectively).

Comparison of iILNa2G-mediated M. lep-
rae binding to native (Fig. 1B) versus fusion
proteins of a-DG (Fig. 2, B and C) showed
that the bacteria strongly bound only to the
native a-DG in a concentration-dependent
manner (Fig. 2A). Because the native confor-

lized a-DG is mediated by A |
the G domain of the lami- 1500
nin-a2 chain. (A) Quanti- !
fication of M. leprae bind- |
ing to immobilized native
a-DG purified from pe-
ripheral nerves (PN-aDG)
(black bars) and skeletal
muscles  (muscle-aDG)
(gray bars) in the pres-
ence of recombinant frag-
ments of the laminin-a2
chain. Mycobacterium
leprae (5 X 108) was pre-
incubated with rLNa2G 0-
or rLNa2(VI-IVb) (10 ML
pg/ml), and the mixtures
were overlaid onto immo-
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bilized a-DG (50 wg/ml). The number of adherent M. leprae (ML) within a 0.25 mm? grid area of
each well was quantified after 60 min of incubation, and the data were expressed as the mean *
SD values from five to six wells. Three additional experiments gave similar results. The inset is a
laminin-2 molecule showing the location of the NH,-terminal (VI-Ivb)' fragment and the
COOH-terminal G domain of the a2 chain. {B) Coomassie blue—stained SDS-PAGE gel showing the
purified native «-DG preparations and recombinant laminin-a2 chain fragments used in the study:
peripheral nerve a-DG (120 kD), muscle «-DG (156 kD), rLN-a2 ( VI-IVb)' (116 kD), and rLN-a2G

(120 kD).
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the LN-a2G domain. Because the rtLNa2G-
mediated M. Jeprae binding to a-DG was

mation of a-DG seems unnecessary for the
laminin interaction, as denatured DG also
binds laminins (7) and M. leprae+1LNa2G

(21), glycosylation is the most likely post-
translational modification that contributes to
o-DG’s interaction with M. leprae through
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sensitive to periodate (Fig. 2D), the carbohy-
drate moieties of a-DG are likely important
for ILNa2G-mediated M. leprae interactions.
Although o-DGs are differentially glycosy-
lated in different tissues (for example, periph-
eral nerve and muscle) of the same species,
which contributes to different molecular sizes
(22) (Fig. 1B), glycosylation of a-DG in a
given tissue (for example, peripheral nerve) is
almost identical in mouse, rabbit, cow, and
human (6, 22-24). Further characterization of
the tLNa2G-mediated M. leprae—a-DG in-
teraction showed that this binding is com-
pletely abolished by EDTA, indicating the
crucial role of calcium for the interaction of
the G domain with a-DG. Moreover, the lack
of inhibitory effects of heparin on rLNa2G-
mediated M. leprae binding to a-DG (Fig.
2E) suggests that the heparin binding site of
the G domain of the laminin-2 molecule is
different from the a-DG binding site. Thus,
the G domain is the a-DG binding site of the
laminin-2 molecule, and this interaction is
dependent on calcium and is largely mediated
by the carbohydrate moieties of a-DG. This
may be of significant physiological relevance
in muscular dystrophies because the loss of
laminin-2 interaction with a-DG is critical

tional experiments gave similar results. (B) Diagram showing the fusion proteins of a-DG used
in this study. Two segments corresponding to the a-DG core protein, except amino acid
residues 30 to 61, were expressed as glutathione S-transferase (GST) fusion proteins (6).
Fusion protein—D (FP-D) contains amino acid residues 62 to 438 and fusion protein-B (FP-B)
contains amino acid residues 367 to 863. The predicted signal sequence contains amino acid
residues 1 to 29. (C) Coomassie blue-stained SDS-PAGE gel showing the purified FP-D (left)
and FP-B (right). (D) Effect of sodium periodate treatment on rLN-a2G-mediated M. leprae
binding to «-DG. Increasing concentrations of sodium periodate were added to immobilized
a-DG before the incubation with M. leprae+rLN-a2G mixture. Bound bacteria were deter-
mined by acid-fast labeling and expressed as mean *+ SD. (E) rLN-a2G-mediated M. leprae
binding to a-DG (50 ng/ml} in the presence of 10 mM EDTA and heparin (1 mg/ml). Data
shown are mean * SE from three experiments.

for the disease pathogenesis (6, 7).

To determine whether peripheral nerve
a-DG serves as a Schwann cell receptor for M.
leprae, we purified Schwann cells from rat
sciatic nerves (25). These primary Schwann
cells strongly expressed a-DG but showed al-
most no deposition of LNa2G in early cultures
(Fig. 3C) (21); they were also devoid of certain
laminin receptors, for example, the integrin 34
subunit (25). Because M. leprae binds to

B Cc
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Fig. 3. a-DG is involved in rLN-a2G—mediated M. leprae adherence to rat
Schwann cells. (A) Mycobacterium leprae adherence to primary Schwann cells
in the presence or the absence of rLN-02G. Purified Schwann cells grown for
3 days without forskolin were inoculated with M. leprae, which were
preincubated with either rLN-a2G or BSA (10 pg/ml). The number of M.
leprae—bound Schwann cells were expressed per 100 cells, and data were
presented as mean * SD from three experiments. (B) Competitive inhibition of
rN-a2G—mediated M. leprae binding to primary rat Schwann cells by native
peripheral nerve a-DG. rLN-a2G—coated M. leprae were preincubated with
increasing concentrations of purified o-DG and the mixture was added
onto Schwann cells. Cell-bound M. leprae were detected by acid-fast
labeling and values are presented as percent binding of control (mean *
SD) obtained from three experiments. Net rLN-a2G-mediated M. leprae
adherence to Schwann cells [(M. leprae+rLN-a2G) — (M. leprae+BSA)] in
the absence of a-DG was considered as 100% binding. (C) a-DG expres-
sion on primary Schwann cells purified from rat sciatic nerve as shown by i
immunofluorescence labeling by mAb IIH6C4 to o-DG. (D) Mycobacterium
leprae adherence to human Schwann cells in the presence or absence of
rLN-a2G. Experiments were performed in similar conditions as in (A). (E)
Competitive inhibition of rLN-a2G-mediated M. leprae binding to human
Schwann cells by native a-DG. Experiments were performed in similar
conditions as in (B). (F) «-DG expression on immortalized human Schwann
cells as detected by immunofluorescence with mAb IIH6C4.
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rLNa2G with high affinity (3) and exogenous
LNa2G efficiently mediated M. leprae adher-
ence to primary Schwann cells (Fig. 3A) (26),
this model system enabled us to study the in-
volvement of @-DG in G domain—-mediated M.
leprae—Schwann cell interactions independent
of the influence of other regions of the lami-
nin-2 molecule. Using this system in compe-
tition assays (27), we found that rLNa2G-
mediated M. leprae binding to Schwann cells
was inhibited by preincubation of the M.
leprae+rLNa2G complex with native a-DG
in solution (median inhibitory concentration,
IC,, = 160 wg/ml) (Fig. 3B). Fusion proteins
of a-DG had no inhibitory effect on M. lep-
rae binding to Schwann cells (21). Thus, it is
likely that the carbohydrate moieties of a-DG
are involved in G domain—mediated M. lep-
rae interaction with Schwann cells.

To investigate whether the above findings
of a-DG on primary rat Schwann cells holds
equally true for humans, we used immortal-
ized human Schwann cells for the binding
and invasion assays. Monoclonal antibody
(mAb) ITH6C4 (6), which is specific for
a-DG, strongly reacted with human Schwann
cells (Fig. 3F), and the pattern of a-DG ex-
pression on the dorsal surface of the live cells
was in the form of microclusters as found for

REPORTS

primary rat Schwann cells (Fig. 3, C and F).
Although M. leprae alone showed almost no
binding to human Schwann cells, preincuba-
tion of M. leprae with a 10 pg/ml concentra-
tion of rLNa2G resulted in a >90% increase
of cellular adherence (Fig. 3D). This binding
was inhibited by preincubation of the M.
leprae+1LNa2G complex with native a-DG
(IC4, = 250 pg/ml) (Fig. 3E). The low in-
hibitory effect of a-DG on M. leprae+rLNa2G
binding to human Schwann cells, as compared
with primary rat Schwann cells (Fig. 3B), may
be due to the increased expression of other
molecules (or secretory products) on the
transformed human Schwann cells that mask
the inhibitory effect of native a-DG. Never-
theless, the data suggest the involvement of
a-DG in LNa2G-mediated M. leprae adher-
ence in both rat and human Schwann cells.
However, our data do not exclude other
mechanisms of M. leprae adherence of
Schwann cells because purified a-DG was un-
able to compete 100% for rLNa2G-mediated
M. leprae adherence, suggesting the participa-
tion of other Schwann cell laminin receptors.
To substantiate further the involvement of
a-DG as a Schwann cell receptor for M.
leprae, we examined the effect of rLNa2G-
coated M. leprae on the distribution of a-DG

Fig. 4. a-DG receptor clustering on Schwann cells induced by rLN-a2G—coated M. leprae. (A)
Immunofluorescence of a-DG showing its distribution on the dorsal surface of live primary
Schwann cells before bacterial challenge. The areas corresponding to the nuclei of cells are out of
focus. (B and C) Representative examples showing different forms of macroclusters of a-DG 3
hours after bacterial challenge. Comparison of (A) with (B) and (C) reveals that rLN-a2G—coated M.
leprae induced an extensive aggregation of a-DG receptors on the dorsal surface of Schwann cells.
(€ and D) Colocalization of a-DG receptor clusters and M. leprae on the same Schwann cell as
detected by immunodouble labeling with mAbs to a-DG (IIH6C4) (C) and M. leprae-specific PGL-1
(D). The arrows mark the o-DG clustering site approximately corresponding with Schwann
cell-bound M. leprae. All labeling was viewed with a 100X oil immersion objective.

receptors on live primary Schwann cells (28).
a-DG is a mobile receptor on muscle cells
and forms clusters when it interacts with
matrix proteins (28). In control primary
Schwann cell cultures, a-DG labeling, as de-
termined by mAb ITH6C4, was equally dis-
tributed as microclusters on the dorsal surface
of live Schwann cells (immunolabeled as in-
dividual dots; Fig. 4A). Microclusters (each
dot) on unstimulated Schwann cells may rep-
resent single a-DG molecule, as suggested
previously for muscle cells (28). When
Schwann cells were challenged with
rLNa2G-coated M. leprae (after removing
free rLNa2G), a-DG labeling on most of the
Schwann cells appeared as aggregates or
macroclusters with different sizes and shapes
over the entire dorsal cell surface (Fig. 4, B
and C). Bacterial challenge caused a dramatic
decrease of microclusters and increased the
number of macroclusters (compare Fig. 4A
with Fig. 4, B and C), which suggests that
macroclusters were derived from microclus-
ters. C and D of Fig. 4 demonstrate the
colocalization of a-DG receptor clusters and
M. leprae on the same Schwann cell. Because
M. leprae alone failed to induce cluster for-
mation (2/), the clustering of «-DG on
Schwann cells appeared to be contributed by
the M. leprae—bound LNa2G. These data
strongly suggest that the a-DQG participates in
the L.Na2G-mediated M. leprae interaction
with Schwann cells.

Pathogenic bacteria are particularly adapt-
ed to exploit host cell functions (/, 2). In
peripheral nerves, a-DG appears to link ex-
tracellular laminin-2 to the intracellular cy-
toskeleton through B-DG and associated pro-
teins (6—8, 16). In addition to playing a
structural role, this system also regulates host
cell functions (6, 7). Present data suggest that
M. leprae is adapted to exploit this matrix-
cytoskeleton link of the peripheral nervous
system for its own benefit; M. leprae adhere
and possibly invade Schwann cells and sub-
sequently interfere with neural cell functions
associated with this system.
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[M. W. Cohen, C. Jacobson, P. D. Yurchenco, G. E.
Morris, S. Carbonetto, J. Cell Biol. 136, 1047 (1997)].
For bacterial-induced a-DG clustering, M. leprae was
preincubated with rLN-a2G for 1 hour at 37°C, and
the mixture was centrifuged and the pellet was re-
suspended in phosphate-buffered saline (PBS) to
avoid the contact of free rLN-a2G with Schwann
cells. These rLN-a2G—coated M. leprae were added
onto primary Schwann cells as described in adhesion
assays. Cultures were then stained live and fixed with
2.5% glutaraldehyde before processing for fluores-
cence microscopy. In live Schwann cells, «-DG label-
ing is restricted to the dorsal surface because IIH6C4
immunoglobulin M mAb is unable to reach the ven-
tral cell surface due to its large size. Colocalization of
«-DG and M. leprae was performed by double im-
munofluorescence with mAb 11H6 and mAb to M.
leprae PGL-1.
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Identification of a-Dystroglycan
as a Receptor for Lymphocytic
Choriomeningitis Virus and
Lassa Fever Virus

Wei Cao, Michael D. Henry, Persephone Borrow, Hiroki Yamada,
John H. Elder, Eugene V. Ravkov, Stuart T. Nichol,
Richard W. Compans, Kevin P. Campbell,

Michael B. A. Oldstone*

A peripheral membrane protein that is interactive with lymphocytic chorio-
meningitis virus (LCMV ) was purified from cells permissive to infection. Tryptic
peptides from this protein were determined to be «-dystroglycan («x-DG).
Several strains of LCMV and other arenaviruses, including Lassa fever virus
(LFV'), Oliveros, and Mobala, bound to purified a-DG protein. Soluble «-DG
blocked both LCMV and LFV infection. Cells bearing a null mutation of the gene
encoding DG were resistant to LCMV infection, and reconstitution of DG
expression in null mutant cells restored susceptibility to LCMV infection. Thus,
a-DG is a cellular receptor for both LCMV and LFV.

Arenaviruses consist of several causative
agents of fatal human hemorrhagic fevers (7,

2).

Among these pathogens, LFV causes an

estimated 250,000 cases and more than 5000
deaths annually (/, 3). LCMV, the prototype
arenavirus, has been studied primarily in its
natural rodent host as a model of viral immu-
nology and pathogenesis (4).

To initiate infection, the LCMV glyco-

protein GP-1 anchors the virus to the cell sur-
face through a proteinaceous receptor (5, 6),

which by a virus overlay protein blot assay
(VOPBA) (7) was identified as a single high
molecular weight glycoprotein (5). The pres-
ence of the receptor protein correlated directly
with a cell’s susceptibility to LCMV attach-
ment and infection (Fig. 1). Its broad migration
pattern on SDS-polyacrylamide gels is likely to
reflect the heterogencity in cell type—specific
posttranslational modifications (35). In addition
to murine cells, a broad range of rodent and
primate cells express the same protein (5) (Fig.
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