Reprinted from Morphogenesis: Cellular Interactions
Volume 857 of the Annals of the New York Academy of Sciences
October 23, 1998

Analysis of the Role of Dystroglycan in Early
Postimplantation Mouse Development”

MICHAEL D. HENRY,? ROGER A. WILLIAMSON,” AND KEVIN P. CAMPBELL?¢

"’Deparrmems of Physiology and Biophysics and Neurology, Howard Hughes Medical
Institute, University of fowa College of Medicine, fowa City, fowa 52242, USA
“Department of Obstetrics and Gynecolugy, University of fowa College of Medivine,
fowa Ciry, lowa 52242, USA

Diystroglycan was first identified m skeletal muscle as a component of the dystro-
phin-glycoprotein complex (DGC).! It is composed of two noncovalently Imked o-
and B-subunits that are posttranslationally derived from a single genc (DAGDH.2 In
skeletal muscle, o-dystroglycan, is an extracetlular 156-kD glycoprotein that binds
to laminin-2 in the muscle ccll basement mermbrane, and B-dystroglycan is a trans-
membrane 43-kD gljvcoprolein that binds intracellularly to the carboxy-terminal re-
gion of dystrophin.” Thus dystroglycan spans the sarcolemma to provide a direct
connection between the extracellular matrix and cytoskeleton.* Mutations in a num-
ber of genes encoding DGC components disrupt thm dystroglycan-mediated linkage
and lead to various forms of muscular dystrophy To date, however, no form of
muscular dystrophy has been linked to PAG/. Dystroglycan is also expressed in a
wide variety of nonmuscle tissues and in diverse cell types. Indeed, other studies
point toward developmental roles for dystroglycan in the formation of the neuro-
muscularjunclionf' and in epithelial morphogenesis.

We have investigated the expression and function of dystroglycan during early
embryonic development of the mouse. Immunohistochemical analyses of early
mouse embryos reveal that prior to gastrulation, dystroglycan expression is localized
predominantly to extraembryonic tissues, including Reichert's membrane (FIG.
1(A}). After gastrulation, dystroglycan is strongly cxpressed in the developing my-
ocardium and continues to be expressed in extraembryonic tissues. This early ex-
pression of dystroglycan precedes the development of skeletal muscle. In order to
understand better the involvement of dystroglycan in development and/or disease,
we have generated a null allele of dystroglycan in mice.® Dag/-null embryos do not
gastrulate and fail to progress beyond the egg cylinder stage. In Dug/-null embryos,
we describe an early defect in the structure and function ot Reichert’s membrane —
an extraembryonic basement-membrane structure containing laminin and collagen
IV (Fiis. 1 and 2). This defect is not duc to failed differentiation or migration of pa-
rietal endoderm cells that scerete the extracellular matrix compoenents of Reichert’s
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FIGURE 1. Immunofluorescence analysis of control (A), (C) and dystroglycan-null (B),
(D) littermates at E5.5. Panels (A) and (B) show dystroglycan staining. Dystroglycan is
normally localized in apposition to Reichert’s membrane (Rm) and a basement membrane
(bm) between the visceral endoderm and ectodermal layers in the egg-cylinder-stage em-
bryo (A). Staining is also evident in the maternal decidual tissue (md) surrounding the im-
plantation site. In dystroglycan-null embryos (B) staining is absent in the conceptus but
persists in the maternal tissue. Panels (C) and (D) show laminin staining in serial sections
of the same embryos shown in (A) and (B), respectively. Laminin is colocalized with dys-
troglycan in basement-membrane structures of the conceptus in control embryos (C), but
this pattern is severely disrupted in dystroglycan-null embryos. Instead of continuous
staining throughout Reichert’s membrane, the staining associated with this structure is
discontinuous and patchy. However, laminin staining in the basement membrane between
the visceral endoderm and ectodermal layers remains continuous (it runs out of the plane
of section in this example). This phenotype is further diagrammed in FIGURE 2.

membrane. Rather, it appears that dystroglycan function is required for the organi-
zation or assembly of extracellular matrix components into a basement-membrane
structure. These data indicate that dystroglycan plays a critical role in tissue morpho-
genesis.
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FIGURE 2. Schemaltic diagram of Dag/-null phenotype. The salient features of the
Dagl-null phenotype in egg-cylinder-stage embryos are depicted. Laminin and collagen
IV staining is disrupted in Reichert’s membrane. However, parietal endoderm cells
(marked by expression of Pem protein) that secrete the extracellular matrix molecules dif-
ferentiate and migrate in the Dagl/-null embryos, indicating that the disruption of Re-
ichert’s membrane is not a secondary consequence of a loss of these cells. Since laminin
and collagen [V are the major structural proteins making up Reichert’s membrane, the bar-
rier to maternal blood normally presented by Reichert’s membrane is contained in Dagl-
null embryos, leading to the influx of maternal blood into the yolk sac cavity.

ACKNOWLEDGMENTS

We thank Karla Daniels, Ron Hrstka, Jane Lee, Yoshihide Sunada, and Oxana
Ibraghimov-Beskrovnaya for contributions during the production and analysis of the
DagI-null mouse. Carol Macl.eod (UCSD) for the Pem antisera and Jeanne Snyder
(University of lowa) for the antilaminin antisera.

REFERENCES

1. ErvasTi, J. M., K. OHLENDEICK, S. D. KAHL, M. G. GAVER & K. P. CAMPBELL.
1990. Deficiency of a glycoprotein component of the dystrophin complex in dys-
trophic muscle. Nature 345: 315-319.

2. IBRAGHIMOV-BESKROVNAYA, O., J. M. ERVASTI, C. J. LEVEILLE, C. A. SLAUGHTER,
S. W. SERNETT & K. P. CAMPBELL. 1992. Primary structure of dystrophin-associ-
ated glycoproteins linking dystrophin to the extracellular matrix. Nature 355: 696—
702.



HENRY et al.: DYSTROGLYCAN 259

3. JUNG, D., B. YANG, J. MEYER, J. S. CHAMBERLAIN & K. P. CAMPBELL. 1995. Identi-
fication and characterization of the dystrophin anchoring site on B-dystroglycan. J.
Biol. Chem. 270: 27305-27310.

4. ERVASTIL, J. M. & K. P. CAMPBELL. 1993. A role for the dystrophin-glycoprotein
complex as a transmembrane linker between laminin and actin. J. Cell Biol. 122:
809-823.

5. CAMPBELL, K. P. 1995. Three muscular dystrophies: Loss of cytoskeleton-extracel-
lular matrix linkage. Cell 80: 675-679.

6. FALLON, J. R. & Z. W. HALL. 1994. Building synapses: Agrin and dystroglycan stick
together. Trends Neurosci. 17: 469-473 (for a reveiw).

7. DURBEEJ, M., E. LARSSON, O. IBRAGHIMOV-BESKROVNAYA, S. L. ROBERDS, K. P.
CAMPBELL & P. EKBLOM. 1995. Non-muscle a-dystroglycan is involved in epithe-
lial development. J. Cell Biol. 130: 79-91.

8. WILLIAMSON, R. A., M. D. HENRY, K. J. DANIELS, R. F. HRSTKA, J. C. LEE, Y.
SUNADA, O. IBRAGHIMOV-BESKROVNAYA & K. P. CAMPBELL. 1997. Dystroglycan
is essential for early embryonic development: Disruption of Reichert’s membrane
in Dagl-null mice. Hum. Mol. Genet. 6: 831-841.



