00 1997 Oxford University Press Human Molecular Genetics, 1997, Vol. 6, No. 6 831-841

ARTICLE

Dystroglycan is essential for early embryonic
development: disruption of Reichert's membrane in
Dagl-null mice

Roger A. Williamson 1.8, Michael D. Henry 28, Karla J. Dan iels 3, Ronald F. Hrstka 1,
Jane C. Lee 2, Yoshihide Sunada 2, Oxana Ibraghimov- Beskrovnaya 2+ and
Kevin P. Campbell 2*

1Department of Obstetrics and Gynecology, University of lowa Hospitals and Clinics, lowa City, IA 52242, USA,
2Howard Hughes Medical Institute, Department of Physiology and Biophysics, University of lowa College of Medicine,
lowa City, IA 52242, USA and 3Department of Biological Sciences, University of lowa, lowa City, IA 52242, USA

Received December 23, 1996; Revised and Accepted March 7, 1997 DDBJ/EMBL/GenBank accession no. U48854

Dystroglycan is a central component of the dystrophin—glycoprotein complex (DGC), a protein assembly that
plays a critical role in a variety of muscular dystrophies. In order to better understand the function of dystroglycan

in development and disease, we have generated a null allele of dystroglycan ( Dag1™02) in mice. Heterozygous
Dag1M€92 mice are viable and fertile. In contrast, homozygous Dag1M€02 embryos exhibit gross developmental
abnormalities beginning around 6.5 days of gestation. Analysis of the mutant phenotype indicates that an early
defect in the development of homozygous Dag1€02 embryos is a disruption of Reichert's membrane, an
extra-embryonic basement membrane. Consistent with the functional defects observed in Reichert's membrane,
dystroglycan protein is localized in apposition to this structure in normal egg cylinder stage embryos. We also

show that the localization of two critical structural elements of Reichert's membrane—Ilaminin and collagen
IV—are specifically disrupted in the homozygous Dag1™92 embryos. Taken together, the data indicate that
dystroglycan is required for the development of Reichert's membrane. Furthermore, these results suggest that
disruption of basement membrane organization might be a common feature of muscular dystrophies linked to

the DGC.

INTRODUCTION the connection between the extracellular matrix and the

Dvstroal first identified in skeletal | iﬁtoskeleton provided by dystroglycan serves to stabilize the
ystroglycan was firstidentilied in Skeletal muscle as a ComponeLl - jemma during contraction-induced stress. However, to date,
of the dystrophin—glycoprotein complex (DGQT). (t is composed

of a- andB-subunits which are post-translationally derived from 3o form of muscular dystrophy has been linked to the dystroglycan
single mRNA species encoded by a single g&j®. (n skeletal gene itself. . .
muscle,a-dystroglycan is an extracellular peripheral membrane Skeletal mu§cle _dystroglycan is also IOC‘."‘"ZEd o the
glycoprotein that binds to laminin-2 in the extracellular matix ( "euromuscular junctiori() wherea-dystroglycan binds to agrin
and B-dystroglycan is an integral membrane glycoprotein thdilD. These _fmdmgs !ed_ to considerable s_peculanon that dyst_ro—
anchors a-dystroglycan to the membranes) (and binds glygan mediated agrin-induced acetylchohr)e-ref:eptor cluster]ng
intracellularly to dystrophin which is associated with the F-actiluring development of the neuromuscular junction. Two studies
cytoskeleton 7). Thus, dystroglycan spans the sarcolemmétdependently demonstrated that an anti-dystroglycan antibody
providing a connection between the extracellular matrix and th§eparation impaired agrin-induced acetylcholine receptor
cytoskeleton). Mutations in genes encoding a number of DGClustering in cultured myotubeslZ13). However, it was
components disrupt this dystroglycan-mediated linkage and leadstabsequently shown thetdystroglycan binds to both cluster-
various forms of muscular dystrophy in humans and in rajce ( inducing neural agrin and non-inducing muscle agrin isoforms
Together, these biochemical and genetic data have suggested ¢hdt Moreover, the domain of agrin responsible for acetylcholine
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receptor clustering is physically separable from the domain that,se
binds to dystroglycanlf). These latter studies suggest it is human
unlikely that dystroglycan is directly transducing the signal from_, ...
agrin that initiates the clustering of acetylcholine receptorshunan
Therefore, dystroglycan’s role in the development of the
neuromuscular junction remains unclear.

Unlike some of the other components of the DGC
dystroglycan is expressed in a broad array of adult tisg#s (
Dystroglycan’s function in these non-muscle tissues is largely,,..
unknown, although in some cases its function has been inferregman
from its subcellular localization. For instance, localization of ;..
dystroglycan to the perivascular endfeet of glial cells hagwuran
suggested that it might play a role in maintenance of thgguse
blood-brain barrierl(6). Dystroglycan function has been directly human
tested thus far in only one non-muscle tissue, the developing.use
kidney. Utilizing an organ culture system, Durbetedl showed  human
that a function-blocking anti-dystroglycan antibody disruptedmouse
kidney epithelial morphogenesis7j. However, dystroglycan’s  uran
exact role in this complex developmental process is not yetouse

mouse
human
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human
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We sought to better understand the function of dystroglycan byouse
targeted disruption of its gene in the mouse. Our results indicate™a»
that dystroglycan is required for the development of Reichert'siouse wvoFNSNSQLMYGLPDSSHVGKHEY FMHATDKGGLSAVDAFEIHVHKRPQ
membrane, one of the first basement membranes that form duririg" T*R
murine development. Taken together, the data suggest that.s.
dystroglycan may be necessary for the assembly of théuman
extracellular matrix proteins that comprise Reichert's membrane, ..
Elucidation of such an extracellular matrix assembly function formuman
dystroglycan could have significant impact in understanding itS,,,se
involvement in muscular dystrophy and other developmentahuran
processes.

NHIDRVDAWVGTYFEVKIPSDTFYDNEDTTTDKLKLTLKLREQQLVGEKS

ek ok ko ok Kk ok Kk kA kR Kk ok ok ok ko ok Ak ok ko ke ok ok ok ok ok ok ok ok kK ok ok Kk k k

GDKAPARFKARLAGDPAPVVNDIHKKIALVKKLAFAFGDRNCSSITLONI

HHRAKKFAEKRKEY** AR * T,k ke ok ok kA k ok ok k ok ok k& Kok hokok ok kP xdokoxxx

+
TRGSIVVEWTNNTLPLEPCPKEQIIGLSRRIADENGKPRPAFSNALEPDF

Ak kk Rk KKK KKK AR AR A Ik k Ak kD Kk Ak kk kDD khkkhk*kkkkkkx

KALSIAVTGSGSCRHLQFIPVAPPSPGSSAAPATEVPDRDPEKSSEDDVY

Fk DA KT R K K K K kR ke kKK kK KR RRRYPAE K K PR K K ok kK K K K ok

[LHTVIPAVVVAAILLIAGI IAMIQYRKKRKGKLTLEDQATFIKKGVPIIF

b e e o e ok e e e ek ok Kk ke ok ok ok ok ok ok ok k ek kK ok ok ok ok ok ok Kk ke ok ok ok ek ok

mouse
human

ADELDDSKPPPSSSMPLILQEEKAPLPPPEYPNQSMPETTPLNQDTVGEY

Ak kkkkkkk ok kkkkhk Ak kkkhhhkhhhkkhk kA hk kR kXA *hh kX kM * Kk

mouse
human

RESULTS

Isolation and expression of the mouse dystroglycan
gene Dagl)
We isolatedDagl from a 129/SvJ mouse genomic library by

screening with a radiolabeled human dystroglycan cDNA proberigure 1. Complete amino acid sequence éigl. A comparison of the
Translation of the putative coding sequence from this genomgedlcted amino acid sequences of mouse (this study) and human (3)
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mouse
human

. - stroglycan is shown. (*): Indicates a human residue identical to the
clone reveals that murine dystroglycan shares a hlgh degr érresponding mouse residue. Bold underline indicates the signal peptide

(94%) of amino acid sequence identity with human dystroglycaBequence. Boxed amino acids are the transmembrane domains. Shaded amino
(Fig. 1). Furthermore, comparison of the mouse dystroglycaracids are the dystrophin binding site. (-): Indicates the stop cotipisapove

genomic sequence with the human genomic sequence indicag#gno acids that are predicted to be N-linked glycosylation sites. Only those sites
that the organization of the dystroglycan gene into two exons q@at are conserved among all known dystroglycan sequences are indigated. (
also conserved between mouse and man (data not ShOWﬂS).above amino acids that are potential glycosaminoglycan chain addition sites.
Northern blot analysis reveals the presence of a single 5.8 kb

transcript in mRNA preparations of whole embryos between @nd then matureih vitro after thawing. Animals arising from
and 17 days of gestation (Fi§A). In the adult mouse, these embryos were test bred to C57 BL/6J mice. A male
dystroglycan mRNA is detectable in a wide variety of tissueexhibiting a high degree of coat color chimerism transmitted the
(Fig. 2B). Both the size of the dystroglycan transcript and it&S cell genome to 100% of its offspring. Animals heterozygous

broad tissue distribution are consistent with previous studies figr Dag1™®°2appear healthy and breed normally. Interestingly,
rabbit ¢) and human3). Northern blot analysis of skeletal muscle RNA showed that

dystroglycan transcript levels in the heterozygotes were only
10-20% lower than those in wild-type mice, suggesting a
compensatory increase in the steady state expression level of
We generated thBag1"€°2allele in embryonic stem (ES) cells mRNA derived from the untargeted allele (FigD).

by the gene targeting strategy depicted in Fig@®e Correspondingly, dystroglycan protein levels in skeletal muscle
Approximately 1 in 70 ES cell colonies surviving drug selectionvere also comparable between wild-type and heterozygous
were appropriately targeted (F&B). Chimeric mouse embryos Dagl1"©2mice (data not shown). In contrast, we did not detect
were produced by aggregating targeted ES cells wittlystroglycan mRNA in homozygoDsagl1"€°2embryos (data not
zona-denuded morulae which had been frozen at the 2-cell stag@wn) or dystroglycan immunoreactivity in mutant embryos

Generation and analysis oDagl-null animals
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Figure 2. Developmental and tissue-specific expressi@agfl.Northern blot .
analysis of dystroglycan mRNA expression in whole mouse embryos collectec — - 4

between E7 and E1&) and in selected adult mouse tiss@)sA single 5.8 kb probe racomblnant B product Dagr™
dystroglycan mRNA is apparent at each developmental stage and in each tissi AL

analyzed.

using antibodies directed toward the C-terminug-dystrogly- &
can (see below) indicating thaag1"€°2is a true null allele of S
Dagl For simplicity, we will hereafter refer to homozygous off(-.é“& X R
Dag1"€°2embryos a®agl-null embryos.

The genotypes of surviving offspring from 14 heterozygote
intercrosses were either wild-type or heterozygouB#gy1"€02 “ e +—05kb
in an[11:2 ratio (20:42). Ndagl-null pups have been born.
These data suggested Mendelian inheritance of a recess
embryonic lethal trait. To investigate this further, we dissecte
embryos derived from heterozygote intercrosses betwes
embryonic day (E)7.5 and E10.5 and genotyped them using
PCR-based assay (F8f"). We found a tight correlation between
theDagl-null genotype and an abnormal embryonic morphology
(Tablel).

“— 622 bp

“ < 29kb +194bp

Figure 3. Disruption of Dagl The targeting strategy is depicted a). (
Schematic shows the wild-type locus (top) with pertinent restriction sites
indicated. The black boxes represent the two exons pres@agih The
targeting plasmid (middle) was designed to replace a portion of exon 2 with the

Table 1.Genotypes of offspring from heterozygote intercrosses

Age Number of  Genotype neo gene following homologous recombination (denoted by Xs), producing
embryos e+ 4 - Dag1ne°2(hottom).Dag1"€°Zbears a deletion in exon 2 including the splice
acceptor site and a significant portion of the coding sequence present in
E7.5 20 3 12 5 a-dystroglycan. Southern analysis of ES cell clobgslfsertion of thexeo
E8.5 27 4 15 8 gene into exon 2 yields a new 2.9B&nH| fragment which hybridizes with

exon 1 probe in addition to the 9.5 kb wild-type fragment. Shown are the results

E9.5 40 10 23 from a non-targeted clone (left) and a targeted clone (right). PCR anglysis (
E10.5 33 7 15 11 of E9.5 embryosDagl generates a PCR product of 622 bpRagd1"€°2one
Total 120 24 65 31 of 194 bp. Shown are the results for homozygous wild-type (+/+), heterozygous

(+/-), and homozygouBag1n€°2 (/) embryos. Northern analysid) (of

. ) dystroglycan mRNA expression in adult mice. The transcript levels are similar
Embryos were dissected from uteri between E7.5 and E10.5, scored quy(HJr) and (+/=) mice. Furthermore, using a cDNA probe for the entire

morphology, and genotyped by PCR analysis (see Fig. 3C). All morphologicallyysiroglycan coding sequence, we only detect the 5Badd transcript,

normal embryos were either homozygous wild-type (+/+) or heterozygous foindicating that a potential mutant transcript fidag1"€°2in the (+/-) mice is

theDag1"€°Zallele (+/-), whereas all morphologically abnormal embryos were either non-existent, or below the limit of detection of this assay.

homozygous fobag1"€°2(—/-). The genotypes show an approximate 1 (+/+):2

(+/-):1 (/=) ratio. From E7.5 to E10.5, the (—/~) embryos became progressively

more disorganized and resorbed. TBASE accession nos: (+/-), TG-000-04-258T0 examine the mutant phenotype in more detail, we performed

and (/=) TG-000-04-259. histological analysis. All early post-implantation embryos

derived from heterozygote intercrosses were indistinguishable

The gross morphology of mutant embryos began to divergeom one another at E4.5 (data not shown). The histology of early

significantly from that of phenotypically normal littermates ategg cylinder stage embryos (E5.5) was comparable, except that

E6.5. By E7.5, dramatic differences were apparent between timeabout one quarter of those examined (4/15) we noted the

normal (wild-type and heterozygous) and abnomagl-null  presence of maternal red blood cells in the yolk sac cavity (Fig.

embryos (Fig4A and B). In particular, the abnormal embryos4D). These red blood cells had presumably entered the yolk sac

were much smaller than normal littermates and lacked a welavity from the subjacent maternal sinusoids that begin to develop

defined embryonic region. By E10.5 most abnormal embryaround E5.5. In advanced egg cylinder stage (E6.5) embryos,

were substantially resorbed, and only a small mass of embryomigproximately one quarter of those examined (9/32) were clearly

tissue was apparent (data not shown). histologically abnormal. Compared to normal embryos 4&Y.
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these presumptivdDagl-null embryos (Fig.4F) typically endoderm and ectoderm. With respect to the Reichert's mem-
possessed a much smaller embryonic region and lacked dmane localization, we have not yet determined whether one or
significant development of the extraembryonic ectoderm. Agaibpoth cell types associated with that structure, i.e. trophoblast and
in these abnormal E6.5 embryos, we observed maternal red blguadietal endoderm, express dystroglycan on their surfaces.
cells in the yolk sac cavity. We noted that endodermdfiowever, as dystroglycan staining appears continuous through-
differentiation had taken place in the mutant embryos, as viscemlt Reichert's membrane and neither the trophoblast nor parietal
endoderm was clearly evident, and in some sections we could a¢swloderm are continuous cell layers, there is the suggestion that
see parietal endoderm cells. Also, the abnormal embryadystroglycan is expressed on both cell types. Dystroglycan
displayed a well-formed pro-amniotic cavity. In primitive strealocalization in apposition to these embryonic basement mem-
stage embryos at E7.5, abnormal embryos lacked any recogriizanes is consistent with its localization pattern in adult tissues.
able mesodermal tissue (data not shown). Preliminary expefihere is also somewhat less pronounced pericellular labeling of
ments showed that there was Biachyury expression in the most, if not all, other embryonic cells. Similar staining patterns
mutant embryos at E7.5 and E8.5, further indicating that theere observed in E5.5 embryos (data not shown). Specificity of
mutant embryos fail to gastrulate and do not form mesoderm (datese staining patterns is demonstrated by their absence in mutan
not shown). We confirmed that these abnormal embryos weeenbryos (FigbD—F). However, as would be predicted, dystro-
indeedDag1-null embryos by immunostaining (see F5y.On  glycan staining is still present on the maternal decidual cells from
the whole, these data indicate that@iagy1-null embryos fail to  uterine sections bearim@agl-null embryos (Fig5D).
progress beyond the early egg cylinder stage of development.

In an attempt to determine the earliest stage at which tiEsruption of Reichert's membrane structural proteins
developmental program of tHeagl-null embryos begins to in Dagl-null embryos
diverge from control littermates, we examined the growth 0{_ . . L
blastocysts derived from heterozygote intercrossetro. The he histological _analy5|s indicated that the presence of maternal
size and cellular composition of these blastocyst cultures wid Plood cells in the yolk sac cavity was an early step in the
comparable between those expressing dystroglycan and those!fityre of the developmental program Daglnull embryos.
expressing dystroglycan (data not shown), indicating that pre-ifp\1c€ Reichert's membrane forms the only continuous barrier
plantation development occurs normally in the absence tween the embr_yonlc yc_JIk sac cavity and the maternal blood
dystroglycan. At least some aspects of implantation had occuridgSent in the subjacent sinuses, the mutant phenotype suggest
in the mutant embryos; they seemed to elicit a normal decidygiPaired function of this structure. This finding, coupled with the
response (see FifD) and invasive trophoblast giant cells were!0c@lization of dystroglycan apposed to Reichert's membrane in
evident by both histological and immunohistochemical analysge egg cylinder stage embryos, supports the notion that

see Fig7D). Together, these data suggest that the phenotypedyStroglycan is required for the appropriate development of
(Dag-lr?ull e):mbr?/os is manifest after ?rr?plantation. P e eichert's membrane. To probe this idea further, we examined the

distribution of laminin and collagen 1V, two principal structural
components of Reichert's membra€)( Indeed, the localiz-
ation of both of these extracellular matrix proteins is perturbed in
the Dagl-null embryos. Instead of the continuous labeling of
In part because dystroglycan had not previously been thoughtiaminin and collagen 1V seen in Reichert's membrane of normal
have a developmentally important role, data on its expressionembryos (FigéB and C), there were only occasional ‘patches’ of
the early embryo is lacking. An earlier study showed thdaminin and collagen IV staining in the location where Reichert’s
dystroglycan mRNA is present throughout the embryo at E9rfiembrane should be found in the mutant embryos §Eignd

(18). We determined that dystroglycan mRNA is abundantly). In contrast, laminin and collagen IV staining in the basement
expressed at E7.0 (FigA) and afterward, but not in ES cells membrane between the visceral endoderm and ectoderm in
(data not shown). We examined the localization of dystroglycddagl-null embryos is apparently normal. In essence, the
protein in normal egg cylinder embryos by immunostaining witlbagl-null embryos lack a continuous Reichert's membrane
a specific anti-dystroglycan antibody (Fig). Dystroglycan which most probably accounts for the presence of maternal red
staining is also evident outlining maternal decidual cellsfRig. blood cells in the yolk sac cavity.

and D). During the preparation of this manuscript, it was reportedSince disruption of Reichert's membrane in Dagl-null

that dystroglycan mRNA is upregulated in the deciduum at thembryos could be a secondary consequence of the lack of parietal
peri-implantational stagel). In normal E6.5 embryos (Fig. endoderm cells, which synthesize the extracellular matrix
5A-C), there is intense dystroglycan labeling apposed to twamponents of that structure, it was important to assay for the
embryo-derived basement membrane structures—Reichenpgesence of these cells. Because the overall pattern of laminin and
membrane and the basement membrane separating the visceslhgen IV staining was so profoundly disrupted in the

Localization of dystroglycan protein in egg cylinder
stage embryos

Figure 4. Gross morphology and histology of normal and abnormal embryos. Morphology mdrgnal (+/-) andg) abnormal (—/-) littermates at E7.5. The
genotypes of these embryos were confirmed by PCR analysis. The reduced size of the embryonic region was characteristic of the abnornal embryos. Sagittal s
of PAS-stained (C and E) normal and (D and F) presumptigd"®°2homozygous mutant embryos. Normal E5.5 embB)oa(th tissue layers delineated. Its
littermate D) looks normal, except for the presence of maternal red blood cells in the yolk sac cavity. At E6.5 abnormalFgrabeyosi¢h smaller compared to
normal €) littermates. Again, maternal red blood cells were present in the yolk sac cavity of the abnormal E6.5 embryos. Abbreviations: ee, embryonic ectode
eee, extra-embryonic ectoderm; mbs, maternal blood sinus; pe, parietal endoderm; rbc, maternal red blood cells; Rm, Reichert's membrane; ve, visceral endc
ysc, yolk sac cavity. Scale bars: C, D and 25 E, 50um.
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Figure 5. Localization of dystroglycan protein in egg cylinder stage embryos. Sections taken from E6.5 normal (A, B and C) and abnormal (D, E and F) litterma
were processed for immunofluorescence with a specific anti-dystroglycan antibody as described in Materials and\\MettiDjis.ofv magnification images of

the uterine section showing dystroglycan staining in the maternal decidual cells. The edge of the uterine section extends beyond the edge of the field shown on al
(B) Higher magnification of (A), andC}), another embryo, show the detailed dystroglycan staining in the normal embryos and associated extraembryonic membran
Dystroglycan staining is prominently localized in apposition to Reichert's membrane (Rm) and the basement membrane between the visceral endoderm and ect
(*). There is fainter staining surrounding most of the other cells in the embryo. Also, staining in the maternal decidual cells (md) can be seen in these hi
magnification imagesE() Higher magnification of (D), andr), another embryo, show dystroglycan staining of typical abnormal embryos. Autofluorescent maternal
red blood cells (rbc) can be seen in the yolk sac cavity. There is a complete absence of dystroglycan staining in these embryos, demonstratibatiantiiese are
embryos. The approximate positions where prominent dystroglycan staining should be are indicated by arrows. Scale bars: gran8,0z,2b@nd F, 5am.

Dagl-null embryos, it was difficult to use these molecules afFig.7C, F and l) in control littermate (FigA—C) andDagl-null
reliable markers for parietal endoderm cells. Instead, we usedi@8.5 embryos (FigiD—1). As expected, the anti-Pem antibody
antibody specific for the Pem homeodomain protein which istains the nuclei of a variety of extraembryonic cell types
expressed in a variety of extraembryonic lineages, includirigcluding parietal endoderm cells. That these cells (arrows in Fig.
parietal endoderm cells, around E5Z)( Figure 7 shows 7) are indeed parietal endoderm cells, and not the juxtaposed
double-label immunofluorescence staining of laminin (FAg.  trophoblast cells, which also react positively with the anti-Pem
D and G), Pem (FigZ/B, E and H) and nuclear counterstainingsera, is supported by both their co-labeling with anti-laminin
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Figure 6. Analysis of Reichert's membrane structural proteirf3agl-null embryos. Immunofluorescence analysis of dystroglygam@D), laminin B andE)

and collagen IVE andF) expression in a control littermate (A—C) aridag-1null (D—F) embryo. E6.5 littermates were stained with the appropriate antibodies as
described in Materials and Methods. (A and B) and (D and E) are paired images from embryos simultaneously stained for dystroglycan and laminin. (C and F) Adj
sections to the ones shown in (A and B) and (D and E), respectively. Note that the embryo shown in (D—F) is the same one shown in Figure 5D and E. In normal em
dystroglycan is colocalized with laminin and collagen IV in Reichert's membrane (arrows) and in the basement membrane between the visceral endoderm and ect
(*). However in theDag-1null embryos, the normally continuous Reichert's membrane staining is reduced to ‘patches’ (arrows), but the staining between the visce
endoderm and ectoderm (*) is still present in these museae bar: A-F, 5am.

antibodies and their anatomical position adjoined to thmdicating that the Reichert's membrane defects in these embryos
embryo-proximal face of Reichert's membrane. Imxhgl-null  are not due to a lack of parietal endoderm.

embryos, Pem-positive parietal endoderm cells can be seeme also note that the overall staining pattern for Pem in
throughout the lining of the yolk sac cavity, although the laminiDagl-null embryos is comparable to that of control littermates.
staining for Reichert’s membrane is discontinuous. These pariebal particular, Pem-positive trophoblast giant cells have clearly
endoderm cells also stain with the anti-laminin antibodyinvaded the surrounding uterine stroma (arrowheads irv)ig.
explaining the ‘patchy’ laminin and collagen IV staining notedrhese results further support the notion that early differentiation
above. This result demonstrates that parietal endoderm cealflsextraembryonic lineages and implantation occur normally in
differentiate and migrate appropriately Ddagl-null embryos, Daglnull embryos.



838 Human Molecular Genetics, 1997, \ol. 6, No. 6

Figure 7.Parietal endoderm cells are preseBtagl-null embryos. Double-label immunofluorescence analysis of laminih éndG), Pem B, E andH) and nuclear
counterstaining@, F andl) in a control littermate (A—C) and two different sections frddag-1-null embryo (D-I). E5.5 littermates from heterozygous intercrosses
were sectioned, and the status of dystroglycan expression in the embryos was determined by staining with an anti-dystroglycan antibody. Separate saggital s
were simultaneously stained for laminin and Pem and nuclei were counterstainetadtardidino-2-phenylindole. Pem marks the nuclei of a variety of
extraembryonic cells, including parietal endoderm cells (arrows) which co-label with laminin. Parietal endoderm cells are clearly prosgitrinittenbryo.

The section shown in (D-F) is a comparable plane to (A—C) and is through the center of the embryo. (G-I) A more tangential section from the same embryo in (L

Arrowheads denote trophoblast giant cells. Rm, Reichert's membrane.
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DISCUSSION cellular components of the parietal yolk sac. Perhaps more
intriguingly, dystroglycan may catalyze the assembly of laminin

etworks. Interestingly, Kadow al (27) found that antibodies
Our results indicate that dystroglycan is required for norm gy ¥al (27)

. X , gainst the E3 domain of laminin-1, the same portion of laminin
murine embryonic development beyond the egg cylinder stage \yhich g-dystroglycan binds, perturb basement membrane

The mutant phenotype suggests that the developmental progrgfition in an embryonic submandibular gland culture system.

of Dagl-null embryos fails as a result of a disruption of Reichert’%here is as yet no known direct connection between dystroglycan
membrane. This was first indicated by the conspicuous prese &8

f ¢ | red blood cells in th K i f E5 collagen 1V, but laminin and collagen IV are molecularly
of matérnal red blood Cels In the yolk Sac caviies of Eo.gy,qq by entactin/nidoger?®) and recent studies suggest that
Daglnull embryos, which otherwise appear histologically

cPIIagen IV network assembly may depend on laminin network

normal. We have also shown that two of the major Strucmr%ssembly:w). If dystroglycan is required for the anchorage or

;?éngogggésalff d?f;ﬁhgésmgefnbdﬁlgfﬁé?ngg'g:;ﬂtg?ﬂg%zgtI 'ssembly of laminin networks, and therefore indirectly for the
p aly P g : yos, P assembly of collagen IV networks, therDagl-null embryos,
that the parietal endoderm cells which secrete these molecules are.

present in those embryos. Together, these results demonstratel%rg nin gnd collagen .IV synthesized by p?‘”eta' .end(_)derm cells
might diffuse away into the maternal circulation instead of

Dagl-null embryos lack a structurally and functionally definablef rming the insoluble Reicherts membrane matrix. Perhaps

Reichert's membrane, indicating that dystroglycan is necessa ntinuous laminin and collagen IV staining persists in the
for the proper development of that structure. Disruption of thE 9 9P

barrier function of Reichert’s membrane could lead to lethalit asement_ membrane between the visceral endoderm and
due to a toxic effect of direct exposure of the embryo to th ctoderm inDagl-null embryos because these molecules are

maternal circulation or uterine environment. Alternativelytr"’lpped between two continuou§ epithelial cell layers. Such ar ole
Reichert's membrane is purported to play a role in maternﬂuJQr d_ystroglycan In _th_e organization of extracelll_JIar matrix
embryonic exchange?.23), and therefore its disruption may proteins might explain its previously d_emonstrated mvolvgment
lead to wasting and ultimately death of By L-null embryos. in other systems such as the developing neuromuscular junction

The localization of dystroglycan protein in the egg cylindePnd Kidney, where there is, in each case, ongoing synthesis and
stage embryo is consistent with a role for dystroglycan in tHSSemPly of extracellular matrix proteins into basement
development of Reichert's membrane. However, dystroglycan fe€mbrane structures. .
also expressed throughout the embryo, most notably in appositiof€icherts membrane is a particular feature of the rodent

to the basement membrane between the visceral endoderm §A¥Pry0. However, if dystroglycan is generally involved in the
ectoderm. In principle, a lack of dystroglycan function in thidevelopment of basement membranes, it would certainly seem to

structure could lead to the death of tagknull embryo. be a requisjte for normal human d.evelc')pment. Our .findir)gs
However, at least one developmental event, pro-amniotic cavigyongly indicate that the failure to identify null mutations in
formation, that is thought to depend on this basement membrdf@G1linked to muscular dystrophies in humans is due to early
(24) seems to occur normally Bagl-null embryos. embryonic Iet_hga_llty of such mutations, althqugh _they do not rule
How might dystroglycan be involved in the development ofut the pOSSIbIlIt.y that more subtle mu'gat|ons in dystroglycan
Reichert's membrane? Reichert's membrane is formed betwe@pt!d play arole in human disease. Despite the fact that there may
the trophoblast and parietal endoderm beginning shortly aftBg NO primary genetic defects in dystroglycan associated with
implantation. Parietal endoderm cells differentiate from thékeletal muscle pathology, a partial loss of dystroglycan function
hypoblast, migrate along the mural trophectoderm of th@ay be an underlying feature of Duchenne and limb-girdle
blastocoel cavity, the prospective yolk sac cavity, and synthesigéiscular dystrophies. In Duchenne muscular dystrophy patients
copious amounts of laminin and collagen IV which aréindmdxmice, there is a drastic reduction of dystroglycan protein
incorporated into Reichert's membrarits,26). Dystroglycan in the sarcolemma.(30), where it would normally be interacting
does not appear to be required for the differentiation or migrati¥th laminin-2 in the muscle cell basement membrane. And in the
of parietal endoderm cells. Indeed, we show that parietgfrdiomyopathic hamster, a candidate animal model for
endoderm cells in thBagl-null embryos express at least threelimb-girdle  muscular  dystrophy, the association of
markers of differentiated parietal endoderm—laminin, collagei-dystroglycan with the sarcolemma is disrup&l.(Therefore,
IV, and Pem—and that they can achieve their proper localizatiavhile the prevailing notion is that dystroglycan serves as a sort of
on the inner face of the yolk sac cavity. It is also unlikely that iansmembrane mechanical linkage, in light of our present
lack of dystroglycan has an effect on the biosynthesis of ttiesults, it seems reasonable to propose that the reduction or
extracellular matrix proteins that comprise Reichert's membrargerturbation of dystroglycan in the sarcolemma might also lead
because laminin and collagen IV are expressed by parietal extracellular defects in the organization of the muscle cell
endoderm cells in ‘patches’ and in the basement membrahgsement membrane. In other skeletal muscle diseases, there i
between the visceral endoderm and ectoderm. clear involvement of the extracellular matrix. Certain forms of
Dystroglycan’s known role as a laminin receptor in adult tissue®ngenital muscular dystrophy and Bethlem myopathy are
and its tight co-localization with laminin in the embryo suggestaused by mutations in th@-chain laminin-2 and treel ando2
other possibilities for its involvement in the development o€hains of type VI collagen, respectiveB233). It is interesting
Reichert's membrane. For instance, dystroglycan may bind to speculate that the molecular mechanisms that lead to
laminin and thereby mediate the organization of the extracellulpathological cell death in each of the aforementioned muscle
matrix constituents of Reichert's membrane. This might bdiseases and to the demise dgl-null embryos might be
accomplished by simply anchoring laminin to the surface of thelated.
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