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    Abstract     

Mutations in each of the three collagen VI genes COL6A1, COL6A2 and 
COL6A3 cause two main types of muscle disorders: Ullrich congenital 
muscular dystrophy, a severe phenotype, and a mild to moderate pheno-
type Bethlem myopathy. Recently, two additional phenotypes, including a 
limb-girdle muscular dystrophy phenotype and an autosomal recessive 
myosclerosis reported in one family with mutations in COL6A2 have been 
reported. Collagen VI is an important component of the extracellular 
matrix which forms a microfi brillar network that is found in close associa-
tion with the cell and surrounding basement membrane. Collagen VI is 
also found in the interstitial space of many tissues including muscle, ten-
don, skin, cartilage, and intervertebral discs. Thus, collagen VI mutations 
result in disorders with combined muscle and connective tissue involve-
ment, including weakness, joint laxity and contractures, and abnormal 
skin fi ndings. 

 In this review we highlight the four recognized clinical phenotypes of 
collagen VI related – myopathies; Ullrich congenital muscular dystrophy 
(UCMD), Bethlem myopathy (BM), autosomal dominant limb-girdle 
muscular dystrophy phenotype and autosomal recessive myosclerosis. We 
discuss the diagnostic criteria of these disorders, the molecular pathogen-
esis, genetics, treatment, and related disorders.  
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   Abbreviations

   AD    Autosomal Dominant   
  BM    Bethlem Myopathy   
  CCD    Central Core   
  CGH    Comparative Genomic Hybridization   
  CMD    Congenital Muscular Dystrophy   
  CsA    Cyclosporine A   
  DGC    Dystrophin-Glycoprotein Complex   
  ECM    Extracellular Matrix   
  EDMD    Emery-Dreifuss Muscular Dystrophy   
  EDS    Ehlers-Danlos Syndrome   
  EMG    Electromyography   
  GAPDH     Glyceraldehyde 3-phosphate 

Dehy  drogenase   
  LGMD    Limb Girdle Muscular Dystrophy   
  MDC1A     Merosin-Defi cient Congenital 

Muscular Dystrophy Type 1A   
  MDC1C     Congenital Muscular Dystrophy Type 

1C   
  MDC1D     Congenital Muscular Dystrophy Type 

1D   
  MRI    Magnetic Resonance Imaging   
  mRNA    Messenger Ribonucleic Acid   
  PTP    Permeability Transition Pore   
  siRNA    Short Interfering Ribonucleic Acid   
  SR    Sarcoplasmic Reticulum   
  TGF-β    Transforming Growth Factor  beta    
  UCMD    Ullrich Congenital Muscular Dystrophy   
  vWFA    von Willebrand Factor Type A   

12.1          Collagen VI Related: 
Myopathies 

 Mutations in each of the three collagen VI genes 
COL6A1, COL6A2 and COL6A3 cause two 
main types of muscle disorders: Ullrich congeni-
tal muscular dystrophy (UCMD), a severe pheno-
type, and a mild to moderate phenotype Bethlem 
myopathy (BM). Recently, two additional pheno-
types, including a limb-girdle muscular dystro-
phy phenotype and an autosomal recessive 
myosclerosis reported in one family with muta-
tions in COL6A2 have been reported. Collagen 
VI is an important component of the extracellular 
matrix which forms a microfi brillar network that 

is found in close association with the cell and 
 surrounding basement membrane. Collagen VI is 
also found in the interstitial space of many tissues 
including muscle, tendon, skin, cartilage, and 
intervertebral discs. Thus, collagen VI mutations 
result in disorders with combined muscle and 
connective tissue involvement, including weak-
ness, joint laxity and contractures, and abnormal 
skin fi ndings. 

 In this review we highlight the four recog-
nized clinical phenotypes of collagen VI related – 
myopathies; Ullrich congenital muscular 
dystrophy, Bethlem myopathy, autosomal domi-
nant limb-girdle muscular dystrophy phenotype 
and autosomal recessive myosclerosis. We dis-
cuss the diagnostic criteria of these disorders, the 
molecular pathogenesis, genetics, treatment, and 
related disorders. 

12.1.1    Clinical Presentation 

12.1.1.1    Ullrich Congenital Muscular 
Dystrophy 

 UCMD usually presents congenitally but there 
may be milder intermediate phenotypes approach-
ing what would classically be described as 
Bethlem myopathy. While the two disorders are 
usually clearly clinically distinct, it is important 
to recognize that this is a continuum of clinical 
severity with two predominant phenotypes. 
Major clinical features of UCMD are shown in 
Table  12.1 . Classically UCMD patients present in 
the newborn period with signifi cant weakness and 
hypotonia. They may also present with congeni-
tal hip dislocation and contractures including 
 torticollis, kyphoscoliosis, and proximal joints 
(Fig.  12.1h ). Concomitantly there is marked lax-
ity of the distal joints, including fi ngers, wrists, 
and ankles [ 51 ,  57 ] (Fig.  12.1i–k ). Contractures 
and kyphosis may be initially transient but 
later recur with spinal rigidity, progression of 
 contractures, and distal joints giving way to long 
fi nger fl exion and Achilles tendon contractures. 
Progression of spinal rigidity and scoliosis is 
common and may require surgical correction. 
Posterior protruding calcaneus (Fig.  12.1g ), 
rounded face, and drooping of lower eyelid are 
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also common clinical features. There are abnor-
malities of the skin present that include soft vel-
vety skin on the soles and palms, hyperkeratosis 
pilaris on the extensor limb surfaces and abnor-
mal development of hypertrophic, keloid, scar 
formation (Fig.  12.1f ). Delayed motor milestones 
are variable. In severe cases, independent ambula-
tion is not achieved or loss of independent ambu-
lation occurs in early childhood through the fi rst 
decade. Intelligence and cardiac evaluations are 
normal. However, respiratory insuffi ciency occurs 
within the fi rst and second decade, with diaphrag-
matic weakness sometimes out of proportion to 

skeletal muscle weakness, requiring noninvasive 
ventilatory support [ 73 ]. There is frequent failure 
to thrive necessitating nutritional supplementa-
tion [ 52 ].

12.1.1.2        Bethlem Myopathy 
 Bethlem myopathy is at the mild end of the clini-
cal spectrum (Table  12.2 ). The age of onset of 
Bethlem myopathy is much more variable. 
Patients may present congenitally with decreased 
fetal movements, neonatal hypotonia, arthrogry-
posis, congenital hip dysplasia and torticollis. 
More frequently onset is in early childhood with 

   Table 12.1    Ullrich congenital muscular dystrophy diagnostic criteria   

  Family history  
  Autosomal recessive, autosomal dominant inheritance, and de novo mutations 
  Neonatal features  
  Hypotonia, distal joint laxity, hip dislocation, contractures, kyphoscoliosis, torticollis 
  Age of onset  
  Neonatal to infancy 
  Motor skills and weakness  
  Delayed motor milestones 
  Do not achieve ambulation or loss of ambulation in fi rst decade 
  Proximal to generalized muscle weakness, slowly progressive 
  Generalized muscle atrophy 
  Early respiratory failure 
  Connective tissue involvement  
  Distal laxity: fi ngers, wrists, ankle 
  Proximal joint contractures early on including spine, followed by distal joint contractures 
  Rounded face, lower eye lid lag, prominent ears 
  Prominent calcaneus 
  Skin features  
  Hypertrophic scar, keloid, extensor surface hyperkeratosis pilaris 
  Other features  
  Proportion of patients with failure to thrive 
  No central nervous involvement 
  Normal cardiac function 
  Laboratory criteria  
  Serum creatine kinase: normal to mildly elevated 
  Muscle pathology 
   Myopathic to dystrophic 
  Muscle and cultured fi broblast collagen VI staining 
   Abnormal 
  Muscle imaging 
   Peripheral increased signal with relative central sparing of the central part of the involved muscle. Rectus femoris 
demonstrating the “central shadow” 
  Collagen VI gene mutation:  COL6A1 ,  COL6A2 ,  COL6A3  genes 
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mild developmental delay, evidence of proximal 
weakness, diffi culty with sports, and contracture 
development, often with toe walking evident. 
However onset in adulthood can occur, as late as 
the sixth decade [ 66 ]. The progression is slow, 
and after the fi fth decade about half of the patients 
need ambulatory support [ 57 ]. The patients have 
mild to moderate weakness and atrophy of the 

muscles of the trunk and limbs, the proximal mus-
cles being more involved than the distal muscles, 
and the extensors more than the fl exors. Neck 
fl exion weakness and mild facial weakness can 
occur. The hallmark of the disease is the presence 
of fl exion contractures of the elbows, wrists, 
ankles and interphalangeal joints of the last four 
fi ngers [ 4 ,  50 ] (Fig.  12.1a–d ). Joint contractures 

  Fig. 12.1    Characteristic clinical features of BM ( a – e ) 
and UCMD ( f – k ). BM patients typically show fl exion 
contractures of the fi ngers, wrists, elbows, and ankles 
(panels  a – d ) and keloid formation (panel  e ). In UCMD, 
proximal joint contractures (panel  h ) and striking hyper-

elasticity of the distal joints (panels  i – k ) are commonly 
seen, as are posteriorly protruding calcanei ( g ). As in 
BM, keloid scarring is also common ( f ) (From Lampe 
and Bushby [ 43 ].   http://jmg.bmj.com/content/42/9/673.
full?sid=3fee0735-53e2-4e9e-b6a6-f8d32452e26c)           
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of the jaw, shoulder, hip, knees, foot (pes cavus) 
and spine rigidity may also occur. Hyperlaxity of 
some joints in the early stages can be present but 
later evolve into contractures. Often skin abnor-
malities such as hypertrophic scar or follicular 
hyperkeratosis are evident (Fig.  12.1e ). Usually 
the cardiac system is spared and respiratory 
involvement may not be evident until the fi fth or 
sixth decades [ 26 ].

12.1.1.3       Autosomal Dominant Limb 
Girdle Muscular Dystrophy 
Phenotype 

 Collagen VI – related myopathy with an autoso-
mal dominant limb girdle muscular dystrophy 

(AD LGMD) phenotype was fi rst reported in 
three large families [ 64 ]. Patients demonstrated 
variable onset from infancy to adulthood. 
Proximal greater than distal skeletal muscle 
weakness was noted to varying degrees. However, 
minimal connective tissue involvement was seen. 
Joint contractures were either absent or milder 
than expected when compared to Bethlem myop-
athy. Creatine kinase levels were normal to 
mildly elevated. Muscle biopsies demonstrated 
necrosis, fi ber size variation, fi ber splitting, inter-
nal nuclei, and increased fat and connective tis-
sue.  COL6A1  and  COL6A2  heterozygous 
missense mutations were identifi ed in the three 
families.  

   Table 12.2    Bethlem myopathy diagnostic criteria   

  Family history  
  Autosomal dominant (predominant), autosomal recessive 
  Neonatal features  
  Hypotonia, distal joint laxity, hip dislocation, contractures, torticollis 
  Age of onset  
  Usually childhood to early adulthood 
  Motor skills and weakness  
  Mild to no developmental motor delay; all achieve ambulation 
  Proximal (most) to generalized muscle weakness, slowly progressive 
  Muscle atrophy predominantly shoulder girdle and lower legs 
  Connective tissue involvement  
  Distal laxity may be present especially at a younger age 
  Joint contractures develop predominantly Achilles tendon, long fi nger fl exor, elbow and spine 
  Skin features  
  Hypertrophic scar, keloid, extensor surface hyperkeratosis pilaris 
  Other features  
  No central nervous involvement 
  Normal cardiac function 
  Respiratory function typically normal until 4th or 5th decade 
  Laboratory criteria  
  Serum creatine kinase: normal to mildly elevated 
  Muscle pathology 
   Myopathic to dystrophic 
  Muscle collagen VI staining 
   Usually normal 
  Cultured fi broblast collagen VI staining 
  Usually abnormal 
  Muscle imaging 
   Peripheral increased signal with relative central sparing of the involved muscle. Rectus femoris demonstrating the 
“central shadow” sign 
  Collagen VI gene mutation:  COL6A1 ,  COL6A2 ,  COL6A3  genes 
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12.1.1.4    Autosomal Recessive 
Myosclerosis Myopathy 

 Autosomal recessive myosclerosis myopathy has 
recently been described as a disorder of collagen 
VI [ 49 ]. Merlini et al. reported two siblings of con-
sanguineous parents, characterised by Achilles 
tendon contractures and diffi culty  walking in early 
childhood, progressing to multi-joint contractures 
and the appearance of slender, ‘woody’, muscles 
[ 8 ]. The creatine kinase levels were elevated to 
twice normal. A homozygous nonsense COL6A2 
mutation was found in the two siblings, which 
caused a disruption of collagen VI synthesis in 
cultured fi broblasts and discontinuous collagen VI 
staining in the basal lamina of myofi bers [ 49 ]. The 
mutation affected the extreme C-terminus of the 
COL6A2 chain and allowed for the truncated 
COL6A2 chain to assemble with COL6A1 and A3 
chains to form the triple helical monomers. Despite 
subsequent dimerization, higher assembly into tet-
ramers was impaired [ 49 ].   

12.1.2    Laboratory Findings 

 Creatine kinase is typically normal or elevated up 
to fi ve times above the normal level. Creatine 

kinase levels may normalize over time. Electro-
myography generally demonstrates myopathic 
changes with short-duration, small amplitude 
action potentials and an increased proportion of 
polyphasic potentials. However, the EMG may be 
normal or demonstrate a neurogenic pattern with 
prolonged insertional activity and reduced number 
of high-amplitude polyphasic motor unit poten-
tials. Muscle magnetic resonance imaging (MRI) 
has emerged as an increasingly valuable diagnos-
tic investigation for patients with suspected colla-
gen VI-related disease, especially in the milder 
cases where there may be greater diagnostic diffi -
culty. The thighs demonstrate diffuse involvement 
with relative sparing of the sartorius, gracilis and 
adductor longus muscles [ 45 – 47 ] (Fig.  12.2 ). 
There is markedly increased signal at the periph-
ery of the involved muscles with relative sparing 
of the central part of the muscle. Particularly in 
Bethlem myopathy there is increased signal in the 
anterior middle of the rectus femoris muscle 
centered around the central fascia, termed the 
“central shadow” [ 6 ,  47 ]. MRI of the calf muscles 
demonstrates diffuse increased signal involving 
predominantly the soleus and grastrocnemius 
muscles with relative sparing of the tibialis ante-
rior and popliteus muscles [ 45 ,  47 ].

  Fig. 12.2    Transverse T1 weighted images through the 
thigh muscles in a 7 year old girl with a collagen VI – 
related myopathy. Note the diffuse involvement with rela-
tive sparing of the sartorius and gracilis muscles. There is 
a rim of abnormal signal at the periphery of each muscle 

and relative sparing of the central part. There is prominent 
increase signal intensity in the central part of the rectus 
femoris (Courtesy of C.G. Bönnemann and J. Dastigir, 
NINDS/NIH, Bethesda, MD, USA)       
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   Muscle biopsy is of variable use in the diagno-
sis of these conditions. In UCMD muscle biopsy 
commonly shows dystrophic features with degen-
eration and regeneration and replacement of 
muscle with fat and fi brous connective tissue. 
Collagen VI immunolabeling from the endomy-
sium and basal lamina ranges from absent to 
moderately or markedly reduced, but may be nor-
mal around capillaries [ 30 ] (Fig.  12.3b ). If mus-
cle is not available for collagen immunolabeling, 
loss of collagen VI in dermal fi broblast cultures 
may be a useful adjunct to the diagnosis [ 34 ]. In 
Bethlem myopathy the muscle biopsy typically 
reveals myopathic or dystrophic changes. 
Collagen VI immunolabeling of muscle is often 
normal or shows only subtle alterations in 
Bethlem cases, though, the immunofl uorescent 

analysis of collagen VI in dermal fi broblasts may 
be predictive of Bethlem myopathy [ 28 ] 
(Fig.  12.3c–e ). Confi rmation of the diagnosis 
relies on molecular genetic testing. Molecular 
genetic testing using genomic DNA derived from 
peripheral blood samples of the three collagen VI 
genes detected putative mutations in 66 % of 
individuals clinically classifi ed as having 
Bethlem myopathy, 56 % of individuals with 
Bethlem myopathy with an unusually severe phe-
notype and 79 % of individuals with Ullrich 
CMD [ 43 ]. The proportion of Bethlem myopathy 
and Ullrich CMD cases attributed to  COL6A1  
and  COL6A2  mutations is roughly equivalent, at 
38 % and 44 % respectively. Mutations in 
 COL6A3  however are less common at only 18 % 
of the total. Single amino acid substitutions 

  Fig. 12.3    Immunolabelling of collagen VI in skeletal 
muscle (panels  A  and  B ) and cultured dermal fi broblasts 
(panels  C  to  E ). Collagen VI is virtually absent in base-
ment membrane surrounding muscle fi bres of a UCMD 
patient with a homozygous splice mutation causing in-
frame deletion in Nterminal triple helical domain of 
a3(VI) ( B ) when compared with a normal control ( A ). 
Fibroblasts from an unaffected control individual ( C ), the 
UCMD patient described above ( D ), and a BM patient 

with a heterozygous missense mutation in the N2 domain 
of a3(VI) ( E ) were grown in the presence of 50mg/ml 
L-ascorbic acid phosphate for fi ve days after confl uency. 
When stained with a collagen VI specifi c antibody 
(MAB3303, Chemicon) collagen VI is not detectable in 
the extracellular matrix of the UCMD patient and appears 
reduced and less organised in the BM patient ( E ) when 
compared with the normal control ( C )       
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disrupting the Gly-Xaa-Yaa motif of the highly 
conserved triple helical domain of any of the 
three  COL6A  genes [ 35 ,  43 ,  44 ,  58 ,  64 ] constitute 
the most frequent pathogenic mechanism at 28 % 
of the total pathogenic variants the three collagen 
VI genes. Depending on their location, these 
mutations appear to either interfere with intracel-
lular chain assembly, or, following successful 
secretion, to cause kinking of the tetramers, thus 
affecting extracellular microfi bril formation [ 41 ]. 
Mutations that introduce premature termination 
codons (by splice site mutation, and out of frame 
deletions/insertions) form the second most fre-
quent group, and truncate the protein, and some 
have been shown to result in absence of collagen 
VI because of nonsense-mediated mRNA decay 
[ 76 ]. Dominant heterozygously occurring splice 
mutations leading to in-frame exonic deletions as 
well as in-frame genomic deletions preserve a 
unique cysteine important for dimer formation, 
allowing secretion of abnormal tetramers with a 
consequent dominant-negative effect on microfi -
brillar assembly [ 2 ,  55 ]. Mutations which induce 
exon skipping occur at around 27 % of the total 
[ 40 ,  43 ,  44 ,  55 ,  59 ] and other splice-site muta-
tions that cause small in-frame deletions or inser-
tions have been reported. Large genomic 
deletions appear to be rare [ 43 ,  44 ,  71 ]. Given the 
high number of nonsynonymous polymorphic 
amino acid changes described for the collagen VI 
genes, it is diffi cult to be sure about the pathoge-
nicity of missense mutations other than glycine 
substitutions within the triple helical domain. In 
recessive UCMD, a large number of mutations 
appear to result in premature termination codons 
with consequent nonsense-mediated mRNA 
decay. Splice mutations leading to in-frame 
exonic deletions as well as in-frame genomic 
deletions form another common mutation type in 
UCMD [ 2 ,  15 ,  32 ,  43 ]. Some genotype pheno-
type correlations have been made when an analy-
sis of a cohort of 42 collagen VI-related myopathy 
patients with an early onset (under 2 years of age) 
by Brinas et al. showed that recessive mutations 
causing premature termination codons led to the 
most severe phenotypes (ambulation never 
achieved), whereas dominant de novo in-frame 
exon skipping and glycine missense mutations 

were identifi ed in patients of the moderate- 
progressive group (loss of ambulation) [ 10 ]. 
Highly similar heterozygous genomic deletions 
were identifi ed in a deletion prone region of 
 COL6A1  in two patients, one with a BM and one 
with a Ullrich CMD phenotype [ 60 ]. A novel 
type of mutation underlying recessively inherited 
UCMD recently emerged when 2 Ullrich CMD 
families were reported with large genomic dele-
tions on chromosome 21 [ 21 ]. In addition to this, 
a deep intronic deletion was identifi ed acting 
recessively in a BM patient by CGH array [ 7 ], 
although large or whole gene deletions appear to 
be rare in collagen VI-related disorders.

12.1.3       Biochemical Defect 
and Pathogenesis 

 Most muscular dystrophies arise as a result of 
mutations in genes which encode proteins that 
are part of the dystrophin-glycoprotein complex 
(DGC), a large oligomeric complex of proteins 
and glycoproteins of the sarcolemma that are 
critical to the stability of muscle fi ber membranes 
and to the linking of the actin cytoskeleton with 
the extracellular matrix. However, some are due 
to mutations in genes encoding other sarcolem-
mal proteins and also those of the layer of extra-
cellular matrix material that coats skeletal muscle 
fi bres known as the basement membrane. 
Whereas the basement membrane was once con-
sidered a passive structure that merely provided 
mechanical support to the myofi bre, new roles in 
muscle regeneration, myogenesis, synaptogene-
sis and signaling suggest the basement membrane 
is far more important than once thought [ 63 ]. 
Mutations in genes that encode proteins that do 
not directly link the DGC with the extracellular 
matrix (ECM) also cause muscular dystrophy, 
such as the collagen VI genes  COL6A1 ,  COL6A2  
and  COL6A3 . Whilst the pathogenic mechanism 
of the collagen VI-related diseases remains 
unknown, absence of the collagen VI microfi brils 
from the area adjacent to the basal lamina has 
been reported in UCMD patients [ 32 ,  33 ], sug-
gesting a role for collagen VI in anchoring the 
basement membrane to the rest of the ECM. This 
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lack of collagen VI at the sarcolemma can per-
haps be explained by a reduced binding affi nity 
of mutant collagen VI for the ECM of cultured 
myotubes [ 37 ] and fi broblasts [ 38 ]. Collagen VI 
appears to be crucial for the correct organisation 
of fi bronectin in the ECM in fi broblast cells [ 62 ], 
suggesting that without this anchorage, the ECM 
tends toward disorganisation. Collagen VI is 
composed of three different peptide chains: 
α1(VI), α2(VI) (both 140 kd in size), and α3(VI) 
(260–300 kd in size) [ 18 ] (Fig.  12.3 ). The α1(VI) 
and α2(VI) chains are encoded by two genes 
 (COL6A1  and  COL6A2  respectively) situated 
head-to-tail on chromosome 21q22.3 [ 27 ] and 
separated by 150 kb of genomic DNA, whereas 
 COL6A3 , the gene for the α3(VI) chain, maps to 
chromosome 2q37 [ 75 ]. All three chains contain 
a central short triple helical domain of 335–336 
amino acids with repeating Gly-Xaa-Yaa 
sequences fl anked by large N- and C- terminal 
globular domains consisting of motifs of approx-
imately 200 amino acids each that are homolo-
gous to von Willebrand factor (vWF) type A 
domains [ 13 ] (Fig.  12.4 ). Intron-exon boundaries 
are conserved with chicken collagen VI [ 72 ], 
suggesting that  COL6A1  and  COL6A2  genes 
arose by gene duplication before the divergence 
of the mammalian and reptilian lineages. Whilst 
collagen VI is ubiquitously expressed in adult 
human tissues [ 53 ], it exhibits a specifi c temporal 

and spatial pattern of expression during mouse 
development [ 16 ]. It is suggested that it is muscle 
interstitial fi broblasts, rather than cells of a myo-
genic lineage, that contribute collagen VI to the 
basement membrane surrounding the myofi bre 
[ 77 ] and activation of a  COL6A1  enhancer ele-
ment of connective tissue is the result of induc-
tion by secreted factors from myogenic cells [ 9 ]. 
Association of the three genetically distinct sub-
units, α1(VI), α2(VI), and α3(VI), to form a triple 
helical monomer is followed by staggered assem-
bly into disulfi de-bonded antiparallel dimers, 
which then align to form tetramers, also stabi-
lized by disulfi de bonds. Outside of the cell, tet-
ramers, the secreted form of collagen VI, 
associate end to end to form the characteristic 
beaded microfi brils [ 18 ,  22 ,  42 ].

   Investigation of collagen VI defi cient mice 
developed our understanding of the collagen 
VI-related muscular dystrophies in a way that 
was not expected. Unlike patients with complete 
collagen VI defi ciency presenting as severe 
UCMD, these mice had a very mild neuromuscu-
lar phenotype [ 5 ]. Despite the absence of clear 
signs of gross phenotypic abnormalities and or 
any impaired muscular function, muscle histol-
ogy showed signs of myopathy including necro-
sis, phagocytosis and variation in fi bre type 
diameter. Investigating the causative pathophysi-
ological defects, it was shown that  Col6a1   −/−   

TH

COL6A1 –21q22.3C
a1(VI) ~140kDa

COL6A2 –21q22.3C
a2(VI) ~140kDa

COL6A3 –2q37

C4N8

N1 C1 C2

N1 TH C1 C2

N10 N9 N7 N6 N5 N4 N3 N2 N1 C1 C2TH C3 C5

a3(VI) ~300kDa
C

Triple-helix (Gly-Xaa-Yaa)

Fibronectin type III motif

Von Willebrand factor A domain

Alternatively spliced vWF A

Lysine/Proline repeats

Kunitz protease inhibitor motif

  Fig. 12.4    Schematic representation of the three collagen 
VI polypeptide chains encoded by COL6A1-3.C repre-
sents the crucial cysteine residue required for dimerisa-

tion of the triple helical monomer (Modifi ed from Lampe 
and Bushby [ 43 .   http://jmg.bmj.com/content/42/9/673.
full?sid=3fee0735-53e2-4e9e-b6a6-f8d32452e26c)           
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muscle displays a lack of contractile strength 
associated with ultrastructural alterations of the 
sarcoplasmic reticulum (SR) and mitochondria 
[ 31 ]. Further analysis of the  Col6a1   −/−   null mouse 
implicated a dysfunction of the mitochondrial 
permeability transition pore (PTP) [1, 31, 49]. 
However, Hicks et al demonstrated that PTP dys-
regulation may not be specifi c to the collagen VI 
defect and showed that further work is needed on 
the relationship of PTP dysregulation with 
UCMD pathology [ 29 ]. Recently,  Col6a1   −/−   null 
mouse muscle has been shown to be defi cient in 
the autophagic process, suggesting a mechanistic 
link between mitochondrial dysfunction and 
muscle degeneration [ 23 ]. Forced activation of 
autophagy ameliorates the phenotype in the 
mouse model, providing a therapeutic target for 
UCMD. 

 The zebrafi sh model has also been used to 
consider the role of PTP dysregulation in colla-
gen VI-related disorders. Morphants in which 
 col6a1  and  col6a3  genes had been knocked down 
by a morpholino approach displayed increased 
levels of apoptosis, in addition to impaired mus-
cle development [ 67 ].  

12.1.4    Treatment 

 In 2009 the International Standard of Care 
Committee for Congenital Muscular Dystrophy 
was established and developed the Consensus 
Statement on Standard of Care for Congenital 
Muscular dystrophy focusing on care issues 
such as neurological, pulmonary, orthopedic/
rehabilitation, gastroenterology/nutrition, car-
diology and palliative care interventions [ 74 ]. 
The mainstay of treatment for Collagen VI – 
related myopathies includes optimization of 
respiratory management with early implemen-
tation of noninvasive ventilation for nocturnal 
respiratory insuffi ciency. Further, careful ortho-
pedic management with stretching, bracing, 
and selective surgical management of contrac-
tures and scoliosis can maintain and improve 
function. These interventions have improved 
the quality of life dramatically and have 
extended life expectancy [ 52 ,  65 ]. 

 Currently there are no drug therapeutic 
 interventions. However, knowledge of the molec-
ular pathogenesis of the collagen VI–related 
myopathies has helped identify molecular and 
biochemical pathways that are now being 
explored as potential treatments, including anti-
apoptotic, anti-fi brotic and gene/RNA therapies. 
Cyclosporin A (CsA) is a potent inhibitor of the 
mitochondrial PTP. In a study of fi ve patients 
with collagen VI mutations treated with CsA 
for 1 month showed decreased apoptosis and 
increased stability of the mitochondrial PTP in 
fresh biopsies, although strength improvement in 
this limited study was not recorded [ 48 ]. The 
myopathic phenotype of the mouse and the mito-
chondrial pathology of UCMD patient myoblasts 
could be alleviated by the use of CsA which is 
also the permeability transition pore inhibitor [ 1 ]. 
Anti-apoptotic agents with less potential long- 
term toxicity have also been investigated. The 
cyclophin D inhibitor, D-MeAla3-EtVal4- 
cyclosporin (Debio 025) was developed from 
cyclosporine A by substituting Sar in position 3 
and MeLeu in position 4 with D-MeAla and 
EtVal respectively [ 25 ]. Debio 025 does not dis-
play affi nity for calcineurin, thus avoiding the 
immunosuppressive and toxic side effects of 
cyclosporine A. Tiepolo et al. demonstrated that 
Debio 025 also desensitized the PTP and 
decreased muscle fi ber apoptosis in the dia-
phragm of  COL6a1 −/−  mice [ 68 ]. Consistent 
with cyclophilin D as the presumed target of 
Debio 025, the disease was also ameliorated in 
a collagen VI/cyclophilin D double knockout 
mouse model [ 54 ]. 

 Similarly, the antiapoptotic agent omigapil, 
will be investigated as a potential therapeu-
tic agent for collagen VI–related disorders. 
Omigapil (SNT-201317, SNT-317, TCH346, and 
CGP3466) is a chemical derivative of selegiline 
but does not inhibit monoamine oxidase B 
(MAO-B), marginally inhibits MAO-A, and 
weakly interacts with α1-adrenergic, 5-HT2 and 
histamine-1 receptors [ 39 ]. Omigapil directly 
binds to GAPDH and inhibits the formation of 
the GAPDH-Siah1 complex thereby inhibiting 
the GAPDH-Siah1-CBP/p300 pathway-mediated 
apoptosis [ 12 ]. Erb et al showed that Omigapil 
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inhibited apoptosis in muscle of the laminin – 
211 defi cient ( dy/dy ) mouse model and amelio-
rated weight loss, improved kyphosis, motor 
function, and life span [ 19 ]. In the Col6a1 −/−  
mouse model of collagen VI defi cient – related 
myopathies (including UCMD), Omigapil has 
been demonstrated to inhibit apoptosis in the dia-
phragm and reduced mitochondrial defects in 
muscle (personal    communication). 

 Strategies geared at ameliorating the fi brotic 
process also have been examined. Progressive 
fi brosis is a signifi cant and common pathologic 
fi nding in collagen VI – related myopathy muscle 
biopsies, as it is in other congenital muscular 
dystrophies, and likely signifi cantly contributes 
to the disease burden. Expression of transforming 
growth factor (TGF)-β, an inhibitor of muscle 
regeneration and a promoter of fi brosis, is ele-
vated in muscle of laminin-α 2 –defi cient congeni-
tal muscular dystrophy patients (MDC1A), 
suggesting that interference with TGF-β would 
constitute a potential therapeutic target in this 
condition [ 3 ]. Angiotensin II promotes TGF-β 
mRNA expression, whereas the angiotensin II 
type 1 receptor antagonist losartan has been 
shown to attenuate TGF-β activation and improve 
regeneration and pathology in Marfan syndrome 
(extracellular matrix protein fi brillin-1 dysfunc-
tion) and dystrophin-defi cient mouse models 
[ 14 ], in which TGF-β overactivity plays a role. 
Further, losartan treatment in laminin-α 2 –defi -
cient mouse models decreases serum TGF-β1 
level and reduces downstream phosphorylated 
Smad2/3 proteins. There is improvement in mus-
cle strength and amelioration of fi brosis [ 17 ]. 

 The prevalence of nonsense-mediated 
mRNA decay in UCMD pathogenesis could be 
exploited for therapeutic gain. siRNA induced 
inhibition of hSMG-1, a critical kinase in the 
human nonsense- mediated mRNA decay path-
way, resulted in an increase in collagen VI A2 
mRNA in a patient with a homozygous COL6A2 
mutation [ 69 ]. The obvious disadvantage to this 
sort of therapy would be the deleterious effect 
to cells which have lost the protective function 
of nonsense- mediated mRNA decay, although 
these fi broblasts have a normal growth rate and 
DNA damage response [ 70 ]. Whether collagen 

VI function was increased is unknown, but 
monomer assembly and export of the tetramer 
was possible [ 70 ]. In cases of dominantly inher-
ited UCMD, where the mutated allele is exert-
ing a strong, dominant negative force, siRNA 
mediated allele specifi c silencing has been pro-
posed as a potential therapeutic approach. 
Targeted siRNAs were able to knock down 
 COL6A3  mutant transcript in patient fi broblast 
cells, improving cellular deposition of collagen 
VI [ 77 ].  

12.1.5    Genetic Counseling 

 Bethlem myopathy is inherited in mostly autoso-
mal dominant manner but some individuals with 
recessive inheritance have been reported [ 20 ,  24 ]. 
Ullrich congenital muscular dystrophy can be 
inherited in an autosomal recessive or an autoso-
mal dominant manner. Most individuals with 
Bethlem myopathy are heterozygous for a 
 COL6A1 ,  COL6A2 , or  COL6A3  mutation and are 
symptomatic. Parents of individuals with autoso-
mal recessive Ullrich CMD are usually heterozy-
gous for a  COL6A1 ,  COL6A2 , or  COL6A3  
mutation but do not appear to manifest any 
related symptoms. Individuals with dominantly 
inherited Bethlem myopathy are heterozygous 
for a  COL6A1 ,  COL6A2 , or  COL6A3  mutation 
and are symptomatic. However, careful clinical 
examination may be necessary to identify fi nd-
ings diagnostic of Bethlem myopathy in mini-
mally symptomatic parents of individuals with 
Bethlem myopathy [ 56 ]. Anticipation is not 
observed.  

12.1.6    Related Disorders 

 As has been described above, mutations in the 
collagen VI genes cause a spectrum of myopa-
thies with considerable phenotypic variability 
[ 43 ]. Bethlem myopathy [ 35 ] and UCMD [ 11 ] 
form either end of this phenotypic spectrum. 
Across the phenotypic spectrum, therefore the 
major differential diagnoses will also vary. For 
example in patients presenting in the congenital 
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period, the major differential diagnosis will be 
other forms of congenital muscular dystrophy 
and myopathies. In an LGMD presentation, the 
differential will include the defi ned LGMD sub-
types. For the classical Bethlem presentation, the 
major differential diagnosis will be Emery- 
Dreifuss muscular dystrophy, and connective tis-
sue disorders. 

12.1.6.1    Limb-Girdle Muscular 
Dystrophy 

 Patients with proximal muscle weakness and 
minimal or no contractures can resemble a 
limb girdle muscular dystrophy phenotype. 
Immunohis tochemical testing (i.e., western blot-
ting and immunohistochemistry) performed on 
muscle biopsy and/or molecular genetic testing 
can help to establish the diagnosis of some 
LGMD subtypes. Further, muscle imaging can be 
helpful by recognizing LGMD subtype typical 
muscle pattern involvement.  

12.1.6.2    Congenital Muscular 
Dystrophy 

 In an infant or a young child with moderate to 
severe hypotonia, weakness and joint contrac-
tures other forms of congenital muscular dystro-
phies must be considered. These include the 
CMD subtypes merosin – defi cient MDC1a and 
the α-dystroglycanopathies, including Walker- 
Warburg syndrome, muscle-eye-brain disease, 
Fukuyama congenital muscular dystrophy, 
MDC1C  (FKRP  mutations) and MDC1D 
( LARGE  mutations). In these patients however, 
the serum creatine kinase concentrations are 
much higher than those seen in UCMD. In addi-
tion, brain MRI may show abnormal white matter 
T2 – weighted hyperintensity or structural abnor-
malities. Further, in contrast to UCMD and BM, 
other CMD subtypes may have cognitive impair-
ment. Patients with  SEPN1  – related myopathies 
(formally rigid spine muscular dystrophy) may 
also present similarly with a rigid spine but 
patients tend to have more neck and upper 
extremity weakness and less elbow and knee con-
tracture involvement. Biochemical testing (i.e., 
western blotting and immunohistochemistry) 
performed on the muscle biopsy and molecular 

genetic testing can help to establish the diagnosis 
of some the CMD subtypes.  

12.1.6.3    Central Core Disease 
 Similar to patients with collagen VI-related myop-
athies most patients with central core disease 
(CCD), resulting from  RYR1  mutations, have mild 
disease with symmetric proximal muscle weakness 
and variable involvement of facial and neck mus-
cles. Motor development is usually delayed and in 
more severe disease can be early in onset with 
hypotonia, spinal deformities, joint laxity/contrac-
tures, and early respiratory insuffi ciency. Muscle 
biopsies from patients with  collagen VI-related 
myopathies can also include minicore-like lesions 
or congenital fi ber type 1 disproportion resembling 
those patients with  RYR1 - associated multimini-
core disease or congenital fi ber type 1 dispropor-
tion. Muscle imaging can be particularly helpful 
by recognizing the  RYR1  typical muscle pattern 
involvement [ 36 ].  

12.1.6.4    Emery-Dreifuss Muscular 
Dystrophy 

 In patients with contractures as a prominent fea-
ture, Emery-Dreifuss muscular dystrophy 
(EDMD) should be a consideration. EDMD is 
caused by mutations in  LMNA ,  EMD  and  FHL1 . 
EDMD is associated with serious cardiac 
involvement differentiating it from collagen VI 
– related myopathies in which primary cardiac 
involvement is not seen. Mutations in  LMNA  
may also present as a CMD subtype with signifi -
cantly more neck weakness and early rigidity of 
the spine [ 61 ]. Due to the high risk of cardiac 
complications associated with Emery Dreifuss 
Muscular dystrophy, these diagnoses should be 
carefully considered in patients with a contrac-
tural phenotype.  

12.1.6.5    Ehlers-Danlos Syndrome 
 In patients with joint hypermobility as the pre-
dominant feature, Ehlers-Danlos syndrome 
(EDS) needs to be considered. Typically, patients 
with EDS classical form ( COL5A1 / COL5A2  
mutations) and hypermobility forms ( TNXB  
mutations), weakness and contractures will be 
milder than Bethlem myopathy. Further, patients 
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with EDS may have hyperelasticity of the skin 
which is not seen in collagen VI-related myopa-
thies. In a child with mild to moderate weakness 
and signifi cant joint laxity, EDS type VI kypho-
scoliosis form ( PLOD1 ,  CHST14 , and  FKBP14  
mutations), in particular should be considered.       
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