Overview: Dystroglycan is a major component of the dystrophin-glycoprotein complex (DGC) acting as a transmembrane bridge across the sarcolemmal membrane. Dystroglycan binds to laminin (mediated by O-linked glycosylation) and plays a pivotal role in organizing the basal lamina. A subset of muscular dystrophies has been shown to associate with secondary defects in -dystroglycan glycosylation, commonly known as the dystroglycanopathies.  Current dystroglycanopathy mouse models do not fulfill criteria as a standard preclinical animal model of human disease; animal models do not faithfully replicate the human phenotype and are often embryonic lethal.  Further efforts to develop a preclinical model are needed.
Dag1-null
Description

DG-null mice were generated by disruption of exon 2 in the Dag1 gene. Heterozygous (+/-) mice are phenotypically normal. Homozygous (-/-) mice are embryonic lethal at around E6.5. The mutant embryos displayed severe developmental defects characterized by disruption of Reichert’s membrane.
Reference
Dystroglycan is essential for early embryonic development: disruption of Reichert's membrane in Dag1-null mice. Williamson RA, Henry MD, Daniels KJ, Hrstka RF, Lee JC, Sunada Y, Ibraghimov-Beskrovnaya O, Campbell KP. Hum Mol Genet 1997;6(6):831-41. PMID: 9175728

A role for dystroglycan in basement membrane assembly. Henry MD, Campbell KP. Cell 1998;95(6):859-70. PMID: 9865703

Contact

Available from the Jackson Laboratory.
MCK-DG null 
Description

A conditional knockout model for dystroglycan in skeletal muscle was generated using the Cre-loxP system and muscle creatine kinase (MCK) promoter. The MCK-DG null mice develops a mild muscular dystrophy phenotype at around 6 weeks of age. Older mice have significant skeletal muscle hypertrophy. They do not exhibit fibrosis and adipose tissue replacement commonly observed in other animal models of muscular dystrophy. The MCK-DG null mice show a specific absence of dystroglycan at the sarcolemma but not at other muscle structures, such as neuromuscular and myotendinous junctions. Reduction of high affinity binding to laminin is reduced in muscle. Interestingly, synchronized re-expression of dystroglycan is observed as a result of satellite cell response to muscle injury. The study suggests that the maintenance of regenerating capacity by satellite cells expressing dystroglycan may contribute to the mild phenotypes observed in these animals.  
Reference

Disruption of DAG1 in differentiated skeletal muscle reveals a role for dystroglycan in muscle regeneration. Cohn RD, Henry MD, Michele DE, Barresi R, Saito F, Moore SA, Flanagan JD, Skwarchuk MW, Robbins ME, Mendell JR, Williamson RA, Campbell KP. Cell 2002;110(5):639-48. PMID: 12230980 

Contact

Available from the Jackson Laboratory.
GFAP-Cre/DG-null

Description

A conditional knockout model for DG in brain was created using Cre-loxP system and glial fibrillary acid protein (GFAP) promoter. The GFAP-Cre/DG-null mice are viable and do not manifest gross neurological abnormalities. The selective ablation of DG in brain results in disruption of pial basement membrane (glia limitans) and neuronal migration defects. High-affinity laminin binding is markedly reduced in the mutant brain. There is no evidence of eye involvement. In addition, these mutant mice show severely blunted hippocampal long-term potentiation indicative of an important role of DG in learning and memory. These results suggested that the GFAP-Cre/DG-null mice recapitulate some of the common brain abnormalities associated with many CMD.
Reference

Deletion of brain dystroglycan recapitulates aspects of congenital muscular dystrophy. Moore SA, Saito F, Chen J, Michele DE, Henry MD, Messing A, Cohn RD, Ross-Barta SE, Westra S, Williamson RA, Hoshi T, Campbell KP. Nature 2002;418(6896):422-5. PMID: 12140559
Contact

Available from the Jackson Laboratory.
MORE-DG null

Description

A mouse model with epiblast-specific ablation of DG was generated using the Cre-loxP system and MOX2 promoter. In the MORE-DG null embryos, dystroglycan is only expressed in the Reichert’s membrane (without this the embryo does not survive) but not in other structures. The use of MOX2 promoter resulted in an earlier and more global loss of DG in comparison to the GFAP-Cre/DG-null mice. As a result, the MORE-DG null mouse develops a severe muscular dystrophy with pronounced eye and brain defects that broadly resembles the clinical spectrum of WWS. Newborn mice are significantly smaller and display signs of tremor and muscle weakness. They usually die within 1 month of life. In the mutant brain, disruptions of glia limitans, aberrant neuronal migration and hydrocephalus are found. Laminin binding is lost. Malformations are also observed in the anterior and posterior chambers of the eye.
Reference 

Satz JS, Barresi R, Durbeej M, et al. Brain and eye malformations resembling Walker-Warburg syndrome are recapitulated in mice by dystroglycan deletion in the epiblast. J Neurosci 2008;28:10567–75.2005;280:20851–9. PMID: 18923033
Contact
Available from the Jackson Laboratory.
P0-DG null

Description

A conditional knockout model for dystroglycan in Schwann cells was generated using the Cre-loxP system and P0 gene. The P0-DG null mice develop a progressive neuropathy. Major pathological features present at an early age include excessively folded myelin sheaths, impaired radial sorting of axons, disorganized Schwann cell microvilli and reduced sodium channel density at the nodes of Ranvier. However, neurological abnormalities are not obvious until 6-12 months.
Reference 

Unique role of dystroglycan in peripheral nerve myelination, nodal structure, and sodium channel stabilization. Saito F, Moore SA, Barresi R, Henry MD, Messing A, Ross-Barta SE, Cohn RD, Williamson RA, Sluka KA, Sherman DL, Brophy PJ, Schmelzer JD, Low PA, Wrabetz L, Feltri ML, Campbell KP. Neuron 2003 Jun 5;38(5):747-58. PMID: 12797959 

Contact

Available from the Jackson Laboratory.

DGchimera
Description

Chimeric mice with different degrees of DG deficiency were generated from ES cells in which both Dag1 alleles were disrupted. Highly chimeric mice develop muscular dystrophy by 3 months of age and the severity is comparable to dystrophin/utrophin double knockout mice. Smaller fiber size, frequent regeneration, connective tissue hyperplasia and adipose tissue deposition are frequently found in the animals. Neuromuscular junctions are disrupted in young animals as early as 8 weeks of age, supporting a critical role of DG in maintenance of synapse. Cardiac involvement is often present in the most severely affected mice. Interestingly, the basement membrane appears to be normal as revealed by ultrastructural and immunohistochmical studies.
Reference

Chimeric mice deficient in dystroglycans develop muscular dystrophy and have disrupted myoneural synapses. Côté PD, Moukhles H, Lindenbaum M, Carbonetto S. Nat Genet 1999;23(3):338-42. PMID: 10610181

Contact

Salvatore Carbonetto, PhD

Centre for Research in Neuroscience

McGill University

Montreal General Hospital

Montreal, CANADA

POMT1-/-
Description

POMT1 forms an active enzyme complex with POMT2. This complex represents an early step in the post-translational modification of -dystroglycan. Mutations in POMT1 in humans cause a range of congenital muscular and limb girdle phenotypes, including Walker-Warburg syndrome (WWS). POMT1-null mice were generated by disruption of exon 2 in the Pomt1 gene. Heterozygous (+/-) mice develop normally and are fertile. Homozygous (-/-) mice are embryonic lethal and die between E7.5 and E9.5. The major defect in the embryos appears to be a disruption of Reichert’s membrane in the embryos. Thus, the POMT1 mutant embryos share similarities with the dystroglycan-null model. 
Reference

Targeted disruption of the Walker-Warburg syndrome gene Pomt1 in mouse results in embryonic lethality. Willer T, Prados B, Falcón-Pérez JM, Renner-Müller I, Przemeck GK, Lommel M, Coloma A, Valero MC, de Angelis MH, Tanner W, Wolf E, Strahl S, Cruces. J. Proc Natl Acad Sci USA 2004;101(39):14126-31. PMID: 15383666

Contact

Prof. Dr. Sabine Strahl

Heidelberg Institute of Plant Sciences
Department of Cell Chemistry
University of Heidelberg
Germany

sstrahl@HIP.uni-heidelberg.de

POMT2-/-
Description

POMT2 forms an active enzyme complex with POMT1. The complex represents an early step in the post-translational modification of -dystroglycan. Mutations in POMT2 in humans cause a spectrum of congenital and limb girdle muscular dystrophy, including Walker-Warburg syndrome (WWS) and muscle-eye-brain disease (MEB). 
Reference

No animal model is currently available for POMT2.

POMGnT1-/-
Description

POMGnT1 is one of the glycosyltransferases involved in the post-translational modification of -dystroglycan. Mutations in human POMGnT1 gene are responsible for muscle-eye-brain disease (MEB) and a limb girdle phenotype. POMGnT1-null mice were generated by gene trapping with a retroviral vector inserted into exon 2 of the POMGnT1 gene. Homozygous (-/-) mice are viable but with reduced fertility and variable lifespan. Most mutant mice survive beyond 2 months. POMGnT1-null mice develop multiple developmental defects in muscle, brain and eye. Cardiac involvement is not present in the animal model. One of the features of the mutant mice is marked reduction of -dystroglycan immunostaining (as detected by IIH6 and VIA4 antibodies) and laminin-binding activity. Nevertheless, the dystrophic phenotypes do not appear to be as severe as reported for fukutin-deficient chimeric and the Largemyd mice.
Reference

A genetic model for muscle-eye-brain disease in mice lacking protein O-mannose 1,2-N-acetylglucosaminyltransferase (POMGnT1). Liu J, Ball SL, Yang Y, Mei P, Zhang L, Shi H, Kaminski HJ, Lemmon VP, Hu H. Mech Dev 2006;123(3):228-40. PMID: 16458488

Contact
Huaiyu Hu, PhD
Department of Neuroscience and Physiology, 

SUNY Upstate Medical University
Syracuse, NY

HuH@upstate.edu
POMGnT1-/-
Description

POMGnT1 is one of the glycosyltransferases involved in the post-translational modification of -dystroglycan. Mutations in human POMGnT1 gene are responsible for muscle-eye-brain disease (MEB) and a limb girdle phenotype. POMGnT1-null mice were generated by targeted disruption of exon 18. More than 60% of the homozygous (-/-) mice died within 3 weeks ago, most likely due to the severe developmental abnormalities in the brain. Those survived had a normal life span and showed very mild dystrophic phenotypes characterized by impaired muscle regeneration and reduced muscle mass and number of fibers. Dystroglycan modification and laminin binding activity were severely reduced. Cell culture studies demonstrated that POMGnT1-/- muscle satellite cells proliferated poorly. There was no sign of up-regulation of 71-integrin expression. Interestingly, although overexpression of POMGnT1 by retrovirus vector-mediated gene transfer restored dystroglycan glycosylation in the mutant mice, it did not improve the proliferation of POMGnT1-/- myoblasts. 
Reference

Reduced proliferative activity of primary POMGnT1-null myoblasts in vitro. Miyagoe-Suzuki Y, Masubuchi N, Miyamoto K, Wada MR, Yuasa S, Saito F, Matsumura K, Kanesaki H, Kudo A, Manya H, Endo T, Takeda S. Mech Dev 2009;126(3-4):107-16. PMID: 19114101

Contact

Dr. Yuko Miyagoe-Suzuki

Department of Molecular Therapy

National Institute of Neuroscience

National Center of Neurology and Psychiatry 

Tokyo, Japan

miyagoe@ncnp.go.jp
FKRP-/-
Description

Mutations in Fukutin-related protein (FKRP) result in a wide clinical spectrum of muscular dystrophies, including LGMD2I, MDC1C, WWS and MEB. The function of FKRP is not well defined and is thought to involve the post-translational modification of -dystroglycan. FKRP-null mice were generated by removing the coding sequence of FKRP gene after amino acid Glu310. Heterozygous (E310del+/-) mice develop normally and are fertile. Homozygous (E310del-/-) mice are embryonic lethal and die between E8.5 and E9.5. In additional, two other lines of functionally FKRP-null mice with premature-stop codon were created. These homozygous mice are also embryonic lethal.
Reference

Unpublished data
Contact

Qi Lu, PhD

McColl-Lockwood Laboratory for Muscular Dystrophy Research

Cannon Research Center

Carolinas Medical Center

Charlotte, NC

Qi.lu@carolinashealthcare.org
FKRP-/-
Description
Mutations in Fukutin-related protein (FKRP) result in a wide clinical spectrum of muscular dystrophies, including LGMD2I, MDC1C, WWS and MEB. The function of FKRP is not well defined and is thought to involve the post-translational modification of -dystroglycan. FKRP knockout mice are early embryonic lethal and die between E7.5 and E9.5. 

Reference 

Unpublished data
Contact 

Thomas Krag, PhD
Neuromuscular Research Unit

Rigshospitalet
Copenhagen, Denmark
thomas_krag@hotmail.com
FKRPPro448Leu
Description

Mutations in Fukutin-related protein (FKRP) result in a wide clinical spectrum of muscular dystrophies, including LGMD2I, MDC1C, WWS and MEB. The function of FKRP is not well defined and is thought to involve the post-translational modification of -dystroglycan. A knockin mouse model for FKRP-related muscular dystrophies was created by replacing proline with leucine at amino acid #448. We are currently assessing and investigating the phenotypes of homozygous FKRPPro448Leu mice. The P448L missense mutation in human FKRP gene has been reported to cause severe CMD (MDC1C) in homozygous patients. 
Reference

Unpublished data
Contact

Qi Lu, PhD

McColl-Lockwood Laboratory for Muscular Dystrophy Research

Cannon Research Center

Carolinas Medical Center

Charlotte, NC

Qi.lu@carolinashealthcare.org
FKRPLeu276Ile
Description

Mutations in Fukutin-related protein (FKRP) result in a wide clinical spectrum of muscular dystrophies, including LGMD2I, MDC1C, WWS and MEB. The function of FKRP is not well defined and is thought to involve in the post-translational modification of -dystroglycan. A knockin mouse model carrying the Leu276Ile missense mutation was generated. The homozygous mutant mice are clinically and pathologically normal at the age of 2 years old. Serum CK levels are normal.

Reference

Unpublished data
Contact

Thomas Krag, PhD
Neuromuscular Research Unit

Rigshospitalet
Copenhagen, Denmark
thomas_krag@hotmail.com
FKRPTyr307Asn
Description

Mutations in Fukutin-related protein (FKRP) result in a wide clinical spectrum of muscular dystrophies, including LGMD2I, MDC1C, WWS and MEB. The function of FKRP is not well defined and is thought to involve the post-translational modification of -dystroglycan. A knockin mouse model was created carrying the missense Tyr307Asn mutation, which was shown to associate with MEB in homozygous patients. Due to the targeting strategy, two lines of mice were derived depending on whether the neo cassette was removed. Homozygous mutant mice without the neo cassette (FKRPTyr307Asn) have no discernible phenotype up to 6 months of age. 
On the other hand, when the neo cassette is present, homozygous mice (FKRP-NeoTyr307Asn) develop severe phenotypes marked by abnormalities in muscle, eye and brain and died soon after birth. Fkrp transcript expression is reduced in these mice, which is thought to contribute to the development of phenotypes. Similar to other animal models of dystroglycanopathies, there is also a reduction of -dystroglycan immunolabeling (as detected by IIH6 antibody) and laminin-binding activity in the homozygous FKRP-NeoTyr307Asn mice. Muscle pathology shows a relatively mild course with reduction of fiber density at birth. In contrast, brain reveals severe pathology characterized by disruption of the pial basement membrane, thus bearing similarities with the brain-specific dystroglycan knockout mice.   
Reference

Ackroyd MR, Skordis L, Kaluarachchi M, Godwin J, Prior S, Fidanboylu M, Piercy RJ, Muntoni F, Brown SC. Reduced expression of fukutin related protein in mice results in a model for fukutin related protein associated muscular dystrophies. Brain 2009;132(Pt 2):439-51. 

Contact

Brown SC, PhD
Department of Cellular and Molecular Neuroscience 

Hammersmith Hospital 
Imperial College

London, UK
s.brown@imperial.ac.uk
Fukutin-/-
Description

Mutations in fukutin are responsible for Fukuyama-type congenital muscular dystrophy (FCMD). The function of fukutin is not clear and is thought to be a putative glycosyltransferase involved in the post-translational modification of -dystroglycan. Fukutin-null mice were generated by disruption of exon 2 in the fukutin gene. Heterozygous (+/-) mice develop normally and are fertile. Homozygous (-/-) mice are embryonic lethal at E9.5. The mutant embryos are characterized by abnormal basement membrane and loss of immunoreactivity against sugar moieties in -dystroglycan, supporting a critical role of fukutin in dystroglycan glycosylation, maintaining the integrity of basement membrane, and early development.

Reference

Basement membrane fragility underlies embryonic lethality in fukutin-null mice. Kurahashi H, Taniguchi M, Meno C, Taniguchi Y, Takeda S, Horie M, Otani H, Toda T. Neurobiol Dis 2005;19(1-2):208-17. PMID: 15837576

Contact

Tatsushi Toda, MD, PhD
Division of Neurology/Division of Molecular Brain Science

Department of Internal Medicine/Department of Physiology & Cellular Biology

Kobe University Graduate School of Medicine
Kobe, Japan

toda@med.kobe-u.ac.jp
Fukutinchimera
Description
Mutations in fukutin are responsible for Fukuyama-type congenital muscular dystrophy (FCMD). The function of fukutin is not clear and is thought to be a putative glycosyltransferase involved in the post-translational modification of -dystroglycan. Chimeric mice with different degrees of fukutin deficiency were generated from ES cells in which exon 2 of both fukutin alleles were disrupted. Some highly chimeric mice died within one month but many could survive up to 12 months although the survival rates significantly decreased after 21 months. Chimeras show clear signs of muscle weakness and difficulty in walking at ~1 month of age. Severe dystrophic pathology is seen at around the same time. Brain and eye abnormalities are also reported. Disorganized laminar structures are often found in the cerebral and cerebellar cortices and hippocampus. Similar findings have been observed in brain-specific dystroglycan knockout and LARGEmyd mice. Biochemically, there is a marked reduction of -dystroglycan immunolabeling (as detected by IIH6 and VIA4 antibodies) and laminin-binding activity. 
Reference

Fukutin is required for maintenance of muscle integrity, cortical histiogenesis and normal eye development. Takeda S, Kondo M, Sasaki J, Kurahashi H, Kano H, Arai K, Misaki K, Fukui T, Kobayashi K, Tachikawa M, Imamura M, Nakamura Y, Shimizu T, Murakami T, Sunada Y, Fujikado T, Matsumura K, Terashima T, Toda T. Hum Mol Genet 2003;12(12):1449-59. PMID: 12783852 

Contact

Tatsushi Toda, MD, PhD
Division of Neurology/Division of Molecular Brain Science

Department of Internal Medicine/Department of Physiology & Cellular Biology

Kobe University Graduate School of Medicine
Kobe, Japan

toda@med.kobe-u.ac.jp
FukutinHp/-
Description

Mutations in fukutin are responsible for Fukuyama-type congenital muscular dystrophy (FCMD). The function of fukutin is not clear and is thought to be a putative glycosyltransferase involved in the post-translational modification of -dystroglycan. A novel mouse model of fukutin knock-in was generated by replacing mouse fukutin exon 10 with a FCMD patient’s exon 10 containing a retrotransposal insertion (termed Hp allele). In the majority of cases, the genetic defect of FCMD is due to a retrotransposal insertion in the exon 10 of human fukutin gene. Homozygous knock-in fukutinHp/Hp mice were further crossed with heterozygous fukutin+/- mice to generate compound heterozygous fukutinHp/- mice in which one of the alleles contained a neo cassette-disrupted fukutin gene in exon 2. Although -dystroglycan immunostaining and laminin binding activity were significantly reduced, the fukutinHp/- mice did not show signs of muscular dystrophy or other noticeable abnormalities even after 1 year of age as determined by pathology and Evans blue staining. Additional studies using a quantitative solid-phase laminin-binding assay demonstrated that laminin-binding activity was reduced to 50% of normal and was significantly higher than LARGEmyd mice. The study suggested that the residual expression of glycosylated DG was sufficient to avoid muscle pathology.
Reference

Kanagawa M, Nishimoto A, Chiyonobu T, Takeda S, Miyagoe-Suzuki Y, Wang F, Fujikake N, Taniguchi M, Lu Z, Tachikawa M, Nagai Y, Tashiro F, Miyazaki J, Tajima Y, Takeda S, Endo T, Kobayashi K, Campbell KP, Toda T. Residual laminin-binding activity and enhanced dystroglycan glycosylation by LARGE in novel model mice to dystroglycanopathy. Hum Mol Genet 2009;18(4):621-31. PMID: 19017726
Contact

Tatsushi Toda, MD, PhD
Division of Neurology/Division of Molecular Brain Science

Department of Internal Medicine/Department of Physiology & Cellular Biology

Kobe University Graduate School of Medicine
Kobe, Japan

toda@med.kobe-u.ac.jp
LARGEmyd
Description

LARGE is another putative glycosyltransferase proposed to be involved in alpha dystroglycan modification. Mutation in human LARGE gene cause CMD associated with aberrant dystroglycan glycosylation and brain abnormalities (MDC1D). LARGE also offers a potential treatment for muscular dystrophy as overexpression of LARGE can functionally rescue -DG glycosylation defects in several CMD animal models. The LARGEmyd mice were a spontaneous recessive mouse strain (myodystrophy) due to deletion of exons 5-7 in the Large gene. LARGEmyd mice were first reported in the Jackson Laboratory in 1963. The mutant mice are characterized by a congenital progressive muscular dystrophy associated with motor deficits. The phenotypes are observed as early as 2 weeks of age. Lifespan is generally shortened. Other features that are commonly associated with CMD, such as eye abnormalities, neuronal migration defects in brain and cardiomyopathy are also observed in the LARGEmyd mice. 
Another strain LARGEvls which results from a deletion of exons 3-5 in the Large gene has also been reported. Both LARGEmyd and LARGEvls mice share very similar phenotypes.

Reference

Skeletal, cardiac and tongue muscle pathology, defective retinal transmission, and neuronal migration defects in the Large(myd) mouse defines a natural model for glycosylation-deficient muscle - eye - brain disorders. Holzfeind PJ, Grewal PK, Reitsamer HA, Kechvar J, Lassmann H, Hoeger H, Hewitt JE, Bittner RE. Hum Mol Genet 2002;11(21):2673-87. PMID: 12354792 
LARGE can functionally bypass alpha-dystroglycan glycosylation defects in distinct congenital muscular dystrophies. Barresi R, Michele DE, Kanagawa M, Harper HA, Dovico SA, Satz JS, Moore SA, Zhang W, Schachter H, Dumanski JP, Cohn RD, Nishino I, Campbell KP. Nat Med 2004;10(7):696-703. PMID: 15184894

Ocular abnormalities in Large(myd) and Large(vls) mice, spontaneous models for muscle, eye, and brain diseases. Lee Y, Kameya S, Cox GA, Hsu J, Hicks W, Maddatu TP, Smith RS, Naggert JK, Peachey NS, Nishina PM. Mol Cell Neurosci 2005;30(2):160-72. PMID: 16111892 
Contact
Both strains are available from the Jackson Laboratory.
LARGEenr
Description

LARGE is another putative glycosyltransferase proposed to be involved in alpha dystroglycan modification. Mutation in human LARGE gene cause CMD associated with aberrant dystroglycan glycosylation and brain abnormalities (MDC1D). LARGE also offers a potential treatment for muscular dystrophy as overexpression of LARGE can functionally rescue -DG glycosylation defects in several CMD animal models. The LARGEenr mice were generated by a transgenic integration that disrupts Large gene expression. The phenotypes of these mutant mice resemble the LARGEmyd mice. In addition, the LARGEenr mice display numerous peripheral nerve abnormalities, including irregular myelin foldings, altered axonal sorting, reduced nerve conduction, abnormal neuromuscular junctions and impaired regeneration after nerve injury.
Reference

Disruption of the mouse Large gene in the enr and myd mutants results in nerve, muscle, and neuromuscular junction defects. Levedakou EN, Chen XJ, Soliven B, Popko B. Mol Cell Neurosci 2005;28(4):757-69. PMID: 15797722 

Contact

Available from the Jackson Laboratory.
