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Abstract

Mutations in POMT2 are most commonly associated with Walker-Warburg syndrome and Muscle-

Eye-Brain disease, but can also cause limb girdle muscular dystrophy (LGMD2N). We report a 

case of LGMD due to a novel mutation in POMT2 unmasked by uniparental isodisomy. The 

patient experienced proximal muscle weakness from three years of age with minimal progression. 

She developed progressive contractures and underwent unilateral Achilles tenotomy. By age 11, 

she had borderline low left ventricular ejection fraction and mild restrictive lung disease. Muscle 

biopsy showed mild dystrophic changes with selective reduction in α-dystroglycan 

immunostaining. Sequencing of POMT2 showed a novel homozygous c.1502A>C variant that was 

predicted to be probably pathogenic. Fibroblast complementation studies showed lack of 

functional glycosylation rescued by wild-type POMT2 expression. Chromosomal microarray 

showed a single 15 Mb copy number-neutral loss of heterozygosity on chromosome 14 

encompassing POMT2. RNAseq verified homozygosity at this locus. Together findings indicate 

maternal uniparental isodisomy causing LGMD2N.
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INTRODUCTION

The dystroglycanopathies are a group of autosomal recessive muscular dystrophies 

characterized by absent or reduced functional glycosylation of α-dystroglycan due to 

mutations in one of 18 known causative genes [1]. Alpha-dystroglycan is a major 

extracellular component of the dystrophin-glycoprotein complex [2] that undergoes post 

translational O-mannose-linked glycosylation. Protein O-mannosyltransferase 2, encoded by 

POMT2, along with its homolog POMT1 catalyze an early step in the functional 

glycosylation pathway of α-dystroglycan [3, 4]. Mutations in POMT2 were initially 

described in patients who had Walker-Warburg Syndrome, a severe form of congenital 

muscular dystrophy [5]. Subsequently, POMT2 mutations have been reported in individuals 

across the entire dystroglycanopathy phenotypic spectrum from Walker-Warburg Syndrome 

to mild limb girdle muscular dystrophy (LGMD2N) [6].

Uniparental disomy, the inheritance of a single chromosome or chromosomal segment from 

only one parent, was initially described by Engel in 1980 [7]. In this early work, Engel 

predicted that isodisomy, the inheritance of two copies of the same chromosome from a 

single parent, could lead to similar outcomes as parental consanguinity. Over time, 

understanding the mechanisms of uniparental disomy has expanded, and with it, the disease 

implications [8]. Although not disease causing intrinsically, uniparental disomy has the 

potential to unmask recessive disorders or lead to abnormal genetic imprinting.

Here, we report a girl with LGMD caused by a novel c.1502A>C mutation in POMT2. 
Homozygosity for this recessive mutation was due to uniparental isodisomy at the POMT2 
locus on chromosome 14.

CASE REPORT

The patient is a female born to non-consanguineous parents with no family history of 

muscular dystrophy. Pregnancy was complicated by maternal tobacco use in the first 

trimester. She was born at 38 weeks with no complications during delivery and met early 

developmental motor milestones though onset of walking occurred at 18 months. At two 

years of age, parents became concerned about toe-walking and frequent falls. When 

evaluated by her primary care physician at age 3, her CK was elevated at 9558 U/L. Initial 

neurologic exam at 3 1/2 years showed proximal muscle atrophy, generalized hypotonia, 

weakness of shoulder girdle with slip through when held suspended, bilateral winging of the 

scapulae, and proximal muscle weakness greater than distal. Reflexes were reduced 

throughout. There was mild bilateral tightness of the Achilles tendons though passive 

dorsiflexion to neutral was achieved. She was noted to toe-walk, and gait was waddling. 

Gowers maneuver was present. Follow-up examinations revealed stable to minimally 

progressive proximal weakness and evidence of mild intellectual disability requiring special 

education in reading and mathematics. She developed progressive contractures involving the 
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neck, elbows, knees, and most prominently in the bilateral Achilles tendons. At age 5, she 

underwent bilateral serial casting with restoration of ankle dorsiflexion to 10 degrees past 

neutral. Due to continued progression of the contractures and increasing difficulty walking, 

she underwent left sided Achilles tenotomy at age 10. She did not regain ambulation after 

surgery. At the age of 13, the patient remains non-ambulatory. She has weakness of proximal 

muscles most severe in the bilateral hip flexors, absent deep tendon reflexes, and progressive 

contractures.

Throughout follow-up, cardiopulmonary function was screened using echocardiogram, 

electrocardiogram, and pulmonary function tests. Initial electrocardiogram and 

echocardiogram at age 5 showed normal sinus rhythm, normal cardiac anatomy, and normal 

ejection fraction. Initial pulmonary function testing at age 9 revealed normal pulmonary 

function. No abnormal electrical conduction patterns were noted on follow up 

electrocardiogram. By age 11, echocardiogram showed borderline low ejection fraction at 51 

percent and pulmonary function tests showed mild restrictive lung disease with forced vital 

capacity at 68 percent predicted. She was started on enalapril for management of 

cardiomyopathy.

A vastus lateralis muscle biopsy was obtained at age 10 while anesthetized for the tenotomy 

procedure. Frozen sections from the biopsy were evaluated by routine hematoxylin and eosin 

(H&E), immunostaining for slow and fast myosin, and enzyme histochemical stains, as well 

as by a panel of immunofluorescence stains as reported previously [9]. The antibodies used 

for the immunostaining reported here include anti-dystrophin (ab15277; Abcam), anti-α-

dystroglycan [IIH6 and VIA4-1; Developmental Studies Hybridoma Bank (DSHB)], and 

anti-β-dystroglycan (7D11; DSHB). The biopsy showed wide variation in fiber size 

attributable to scattered atrophic and hypertrophic fibers, type I fiber predominance, 

scattered or groups of fibers undergoing necrosis or regeneration, increased internally placed 

nuclei, mild to absent endomysial fibrosis, and focal, mild fatty replacement (Figure 1A and 

B). No lymphocytic inflammation, inclusion bodies, vacuoles, or ragged-red fibers were 

identified. Immunostaining for dystrophin and β-dystroglycan showed normal expression of 

these proteins (Figure 1G and J). There was selective reduction in staining for functionally 

glycosylated α-dystroglycan using glycoepitope-specific antibodies IIH6 and VIA4-1 

(Figure 1H and I).

Due to the pattern of muscular weakness, sequencing of several LGMD genes was 

performed. No pathogenic variants were identified in FKRP, caveolin 3, alpha/beta/gamma-
sarcoglycan, calpain-3, or LMNA. Genetic testing for FSHD and dystrophin duplication/

deletion and sequencing were normal. Sequencing of POMT2 identified an apparently 

homozygous c.1502A>C (p.E501A) variant that has not previously been reported. A large-

scale deletion on the homologous chromosome could not be ruled out. Maternal DNA was 

heterozygous for the same POMT2 c.1502A>C variant; paternal DNA was not available. 

The glutamic acid at this position is conserved down to yeast Saccharomyces cerevisiae 
(ScPmt1p) and also conserved in POMT1 (Figure 2A). Bioinformatic analysis identified this 

change to have a Blosum62 score of −1 and to be Probably Damaging (PolyPhen) or Not 

Tolerated (SIFT). In topography mapping of the POMT2 protein, E501 is present within the 

endoplasmic reticulum (ER) lumen facing loop 5 (Figure 2B).
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To verify homozygous expression of POMT2, and to exclude non-coding variants and splice 

changes, RNA sequencing at a depth of 90 million paired end reads was performed on 

patient derived fibroblasts. Analysis focused on transcripts from all known muscle disease 

genes. The c.1502A>C substitution was supported by 154 of 154 reads at the locus. A long 

run of homozygosity was confirmed for several adjacent transcripts on chr14. No other 

changes were detected in the POMT2 transcript, and no changes in expression or processing 

were noted in any other known muscular dystrophy gene.

To further determine if the E501A substitution was pathogenic, complementation studies 

were performed on cultured skin fibroblasts [10]. First, the glycosylation status of α-

dystroglycan in subject fibroblast cultures was determined by On-cell Westerns to be 

reduced; it was partially and selectively rescued by adenovirus-POMT2 mediated gene 

expression (data not shown). Then western blots using WGA enriched fibroblast cell lysates 

according to published protocols [10] showed decreased molecular weight of α-dystroglycan 

and a lack of functional LARGE glycosylation that were both rescued by expression of a 

wild-type copy of POMT2, but not by POMT1 (Figure 2C).

Chromosomal microarray was performed to differentiate between a large deletion 

encompassing POMT2 and a true homozygous mutation. The array was completed using 

Affymetrix CytoScanHD h19 (NCBI build 37) whole genome array and scanned using the 

Affymetrix 2000Dx.2 system. The data was extracted and processed using Affymetrix ChAS 

software (Affymetrix, version 1.2.2) and Nexus Copy Number (BioDiscover, version 7) 

software. The patient’s chromosomal microarray showed a large region of homozygosity on 

chromosome 14 (chr14: 75,699,438–90,713,574) approximately 15Mb in length 

encompassing the POMT2 gene (Figure 3). This region of homozygosity did not extend to 

the imprinting locus at 14q32.2.

DISCUSSION

The majority of reported mutations in POMT2 are associated with severe congenital 

muscular dystrophy such as Walker-Warburg Syndrome [6]. Less frequently, POMT2 
mutations lead to milder LGMD type 2N without brain or eye involvement except for mild 

intellectual disability [6, 11–14]. In a recent series of 12 cases of LGMD2N [14], all had 

cognitive impairment, two had decreased left ventricular ejection fraction, and eight had 

decreased forced vital capacity. The case we describe here displays a phenotype similar to 

previously reported cases of LGMD2N including mild cognitive impairment, decreased left 

ventricular ejection fraction, decreased forced vital capacity, and relatively stable muscular 

weakness. A majority of mutations reported for cases of LGMD2N have been missense 

mutations, though a few frameshift mutations have been discovered. These mutations have 

been distributed throughout the coding region of POMT2, leading to the hypothesis that 

there is little mutational resilience within POMT2 [14]. The homozygous c.1502A>C 

(p.E501A) mutation lies in a domain essential for POMT enzyme activity [15, 16] thus, 

together with our complementation data, strongly indicates this is a novel pathogenic 

mutation.
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Uniparental disomy has historically been detected through microsatellite testing and 

methylation studies in trios to detect both uniparental iso- and heterodisomy, the inheritance 

of both parental homologues. More recently, studies have shown the clinical utility of using 

array data for detection and diagnosis of uniparental isodisomy [17–20]. Together these 

studies show that SNP microarray studies can identify large regions of homozygosity. 

Uniparental heterodisomy would not be detected by this approach, as there would be no 

region of homozygosity [19]. In instances where regions of homozygosity are distributed 

across multiple chromosomes, parental relatedness is likely the causative mechanism. A 

large region of homozygosity isolated to a single chromosome suggests uniparental 

isodisomy. Homozygous blocks of >13Mb [19] and 13.5Mb [18] have been suggested as the 

threshold that should suggest uniparental disomy and when present, parental testing might 

not be required to confirm the diagnosis [18, 19]. The patient presented here has a 15 Mb 

region of homozygosity present on chromosome 14 without regions of homozygosity 

throughout the remainder of her chromosomes. Although paternal DNA was not available 

for testing, these results argue strongly in favor of uniparental isodisomy unveiling a 

pathologic recessive mutation in POMT2.

Acknowledgments

Funding: Supported by Senator Paul D. Wellstone Muscular Dystrophy Cooperative Research Center (U54 
NS053672) and the Disruptive Innovation Grant from GenomeCanada.

We would like to thank the patient and her family for their kind cooperation, and Carrie Stephan for her work 
coordinating research appointments and assisting with data collection. The Shivanand R. Patil Cytogenetics and 
Molecular Laboratory and the Molecular Pathology Laboratory at the University of Iowa Hospitals and Clinics 
performed the chromosomal microarray and gene sequencing, respectively. Mary Cox established and maintained 
fibroblast cultures, while Terese Nelson and Barbara Lentz performed the histology and immunofluorescence 
staining. This work was supported by the Senator Paul D. Wellstone Muscular Dystrophy Cooperative Research 
Center (U54 NS053672) and the Disruptive Innovation Grant from GenomeCanada. KPC is an investigator of the 
Howard Hughes Medical Institute.

References

1. Manya H, Endo T. Glycosylation with ribitol-phosphate in mammals: New insights into the O-
mannosyl glycan. Biochim Biophys Acta. 2017; 1861(10):2462–72. [PubMed: 28711406] 

2. Muntoni F, Torelli S, Wells DJ, Brown SC. Muscular dystrophies due to glycosylation defects: 
diagnosis and therapeutic strategies. Curr Opin Neurol. 2011; 24(5):437–42. [PubMed: 21825985] 

3. Manya H, Chiba A, Yoshida A, Wang X, Chiba Y, Jigami Y, et al. Demonstration of mammalian 
protein O-mannosyltransferase activity: coexpression of POMT1 and POMT2 required for 
enzymatic activity. Proc Natl Acad Sci U S A. 2004; 101(2):500–5. [PubMed: 14699049] 

4. Akasaka-Manya K, Manya H, Nakajima A, Kawakita M, Endo T. Physical and functional 
association of human protein O-mannosyltransferases 1 and 2. J Biol Chem. 2006; 281(28):19339–
45. [PubMed: 16698797] 

5. van Reeuwijk J, Janssen M, van den Elzen C, Beltran-Valero de Bernabe D, Sabatelli P, Merlini L, et 
al. POMT2 mutations cause alpha-dystroglycan hypoglycosylation and Walker-Warburg syndrome. 
J Med Genet. 2005; 42(12):907–12. [PubMed: 15894594] 

6. Godfrey C, Clement E, Mein R, Brockington M, Smith J, Talim B, et al. Refining genotype 
phenotype correlations in muscular dystrophies with defective glycosylation of dystroglycan. Brain. 
2007; 130(Pt 10):2725–35. [PubMed: 17878207] 

7. Engel E. A new genetic concept: uniparental disomy and its potential effect, isodisomy. Am J Med 
Genet. 1980; 6(2):137–43. [PubMed: 7192492] 

Brun et al. Page 5

Neuromuscul Disord. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Lapunzina P, Monk D. The consequences of uniparental disomy and copy number neutral loss-of-
heterozygosity during human development and cancer. Biol Cell. 2011; 103(7):303–17. [PubMed: 
21651501] 

9. Moore SA, Shilling CJ, Westra S, Wall C, Wicklund MP, Stolle C, et al. Limb-girdle muscular 
dystrophy in the United States. Journal of neuropathology and experimental neurology. 2006; 
65(10):995–1003. [PubMed: 17021404] 

10. Willer T, Lee H, Lommel M, Yoshida-Moriguchi T, de Bernabe DB, Venzke D, et al. ISPD loss-of-
function mutations disrupt dystroglycan O-mannosylation and cause Walker-Warburg syndrome. 
Nat Genet. 2012; 44(5):575–80. [PubMed: 22522420] 

11. Biancheri R, Falace A, Tessa A, Pedemonte M, Scapolan S, Cassandrini D, et al. POMT2 gene 
mutation in limb-girdle muscular dystrophy with inflammatory changes. Biochem Biophys Res 
Commun. 2007; 363(4):1033–7. [PubMed: 17923109] 

12. Murakami T, Hayashi YK, Ogawa M, Noguchi S, Campbell KP, Togawa M, et al. A novel POMT2 
mutation causes mild congenital muscular dystrophy with normal brain MRI. Brain Dev. 2009; 
31(6):465–8. [PubMed: 18804929] 

13. Saredi S, Gibertini S, Ardissone A, Fusco I, Zanotti S, Blasevich F, et al. A fourth case of POMT2-
related limb girdle muscle dystrophy with mild reduction of alpha-dystroglycan glycosylation. Eur 
J Paediatr Neurol. 2014; 18(3):404–8. [PubMed: 24183756] 

14. Ostergaard ST, Johnson K, Stojkovic T, Krag T, De Ridder W, De Jonghe P, et al. Limb girdle 
muscular dystrophy due to mutations in POMT2. J Neurol Neurosurg Psychiatry. 2017

15. Girrbach V, Zeller T, Priesmeier M, Strahl-Bolsinger S. Structure-function analysis of the dolichyl 
phosphate-mannose: protein O-mannosyltransferase ScPmt1p. J Biol Chem. 2000; 275(25):19288–
96. [PubMed: 10764776] 

16. Loibl M, Strahl S. Protein O-mannosylation: what we have learned from baker’s yeast. Biochim 
Biophys Acta. 2013; 1833(11):2438–46. [PubMed: 23434682] 

17. Altug-Teber O, Dufke A, Poths S, Mau-Holzmann UA, Bastepe M, Colleaux L, et al. A rapid 
microarray based whole genome analysis for detection of uniparental disomy. Hum Mutat. 2005; 
26(2):153–9. [PubMed: 15968682] 

18. Papenhausen P, Schwartz S, Risheg H, Keitges E, Gadi I, Burnside RD, et al. UPD detection using 
homozygosity profiling with a SNP genotyping microarray. Am J Med Genet A. 2011; 155A(4):
757–68. [PubMed: 21594998] 

19. Tucker T, Schlade-Bartusiak K, Eydoux P, Nelson TN, Brown L. Uniparental disomy: can SNP 
array data be used for diagnosis? Genet Med. 2012

20. Sasaki K, Mishima H, Miura K, Yoshiura K. Uniparental disomy analysis in trios using genome-
wide SNP array and whole-genome sequencing data imply segmental uniparental isodisomy in 
general populations. Gene. 2013; 512(2):267–74. [PubMed: 23111162] 

Brun et al. Page 6

Neuromuscul Disord. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• A novel c.1502A>C mutation in POMT2 causes limb girdle muscular 

dystrophy.

• This mutation leads to abnormal functional glycosylation of α-dystroglycan.

• Uniparental disomy is manifested by a 15 Mb region of homozygosity on 

chromosome 14.

• The POMT2 locus is within the region of homozygosity on chromosome 14.

• The maternal recessive POMT2 mutation is unmasked by uniparental disomy.
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Figure 1. Muscle biopsy
The H&E photomicrographs (A and B) are representative of the dystrophic pathology found 

in the POMT2 patient. Immunofluorescence images from a non-dystrophic control patient 

(C–F) and the POMT2 patient (G–J) illustrate reduced staining for functionally glycosylated 

α-dystroglycan, while dystrophin and β-dystroglycan appear normal.
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Figure 2. Evaluation of POMT2 variant
(A) Multiple amino acid sequence alignment of POMT2 showing high conservation of the 

E501 across species including yeast (S. cerevisiae) ScPmt1p and conservation in POMT1. 

(B) A topology map of POMT2 shows that the E501A substitution is located in the ER 

lumen facing loop 5. (C) Successful complementation of cultured fibroblast α-dystroglycan 

with adenovirus-POMT2 (Ad-POMT2) mediated gene expression but not adenovirus-
POMT1 (Ad-POMT1) is shown by western blotting. The α-dystroglycan core antibody is 

sheep 174. CTRL = healthy control human fibroblasts.
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Figure 3. Chromosomal microarray
Chromosomal microarray results showing copy-neutral loss of heterozygosity encompassing 

the POMT2 gene. Top: Chromosome 14 ideogram indicating chromosomal band positions. 

Middle: Log-ratio showing copy number neutral state. Bottom: B-allele frequency showing 

loss of heterozygosity (yellow box).
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