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COL6A1 related muscular dystrophy in Landseer dogs – a canine model for 

Ullrich congenital muscular dystrophy 

Abstract 

Introduction 

Collagen VI related myopathies are congenital diseases of variable phenotype. The 

severe phenotype is referred to as Ullrich congenital muscular dystrophy. In this 
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study, we describe analoguos clinical signs and histopathological alterations in 

Landseer dogs.  

Materials 

We collected clinical data from 2 affected dogs and investigated the neuromuscular 

changes in 5 dogs from 2 different litters with immunohistochemistry and 

immunofluorescence. All affected dogs were homozygous for the p.Glu97* nonsense 

variant in the COL6A1 gene encoding the alpha-1 chain of collagen VI. 

Results  

Muscle biopsies revealed alterations similar to those in human patients with Ullrich 

congenital muscular dystrophy including the virtual absence of collagen VI in skeletal 

muscles. 

Discussion 

The clinical and pathological characterization of the affected Landseer dogs 

enhances the value of this animal model for human Ullrich congenital muscular 

dystrophy. 

 

Key words 



 

COL6A1 muscular dystrophy in Landseer dogs 

 

 

 

 

collagen VI; animal model; Ullrich congenital muscular dystrophy; canis lupus 

familaris 

 

 

 

 

 

 

 

 

 

Introduction 

Human collagen VI related congenital myopathies are commonly described as two 

different phenotypic forms,  a mild form referred to as Bethlem myopathy (BM) and a 

severe form referred to as Ullrich congenital muscular dystrophy (UCMD).1,2,3,4 They 

are caused by genetic variants in COL6A1, COL6A2 or COL6A3, encoding the three 

subunits of collagen VI.5,6 Depending on the specific genetic variant, the severity of 
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the phenotypes and the mode of inheritance can vary.7,8 A complete list of all known 

functional human variants in the collagen VI genes can be found on the Leiden 

Muscular Dystrophy pages.9  

Typical clinical signs of patients with UCMD are kyphosis, torticollis, hip dislocation, 

patella contracture, proximal contractures, distal joint hyperlaxity and protruding 

calcanei.10 From the muscular dystrophies described in dogs11,12 collagen VI related 

myopathies in Labrador Retriever dogs show an intermediate severity in comparison 

to human patients with BM or UCMD. The genetic origin has been identified as 2 

different variants in COL6A3. In one, Labrador Retriever dog collagen VI was nearly 

absent in the sarcolemma but normal in the endomysium, while the other completely 

lacked collagen VI in muscle tissue.13, 14 

Dogs have been recognised as providing useful models for human hereditary 

diseases15 and analogous diseases with similar phenotypes have also been 

described in DMD mutant dogs.16-19 Golden Retrievers carrying a DMD gene variant 

represent a valuable and widely used animal model for human Duchenne muscular 

dystrophy.20 The canine model is of particular relevance because mice harbouring 

nonsense variants in the DMD gene do not display the severe phenotypes seen in 

humans and dogs.21-23 
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We previously identified the presumed causative genetic defect in the COL6A1 gene 

in Landseer dogs with a severe muscular dystrophy and provided an initial limited 

characterization of the clinical and histopathological phenotype. All affected dogs 

were homozygous for the mutant allele at a nonsense variant in COL6A1, p.Glu97*.24 

In this report, we present the long-term follow up characterization of the clinical and 

pathological phenotype of the Landseer dogs and a comparative analysis between 

dogs and humans in order to provide the Landseer dog as a useful model for human 

UCMD.  

 

Materials and Methods 

Ethics statement 

All dogs in this study were examined with the consent of their owners. The collection 

of blood samples was approved by the Cantonal Committee For Animal Experiments 

(Canton of Bern; permit 23/10). Clinical examinations of the affected Landseer dogs 

and their littermates including the collection of muscle biopsies were performed in the 

course of standard veterinary diagnostics, with the consent and on behalf of the dog 

owners. The clinical examinations therefore did not constitute an animal experiment 

in the legal sense and did not require ethical approval. 
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Histopathological examinations 

A complete list of all muscles biopsied is summarized in Supplemental Table 1. All 

biopsies were measured, catalogued, subsequently frozen at -135°C in isopentane 

and stored at -80°C for further analysis. Additionally, the quadriceps femoris biopsy 

of one affected dog (S3) was fixed in 4% formaldehyde and embedded in paraffin. 

The frozen biopsies were cut into 7 µm sections at -20°C using a cryostat (CM 1900, 

Leica Biosystems, Wetzlar, Germany). Samples were stained using haematoxylin 

and eosin (H&E), modified Gomori trichrome according to Engel & Cunningham (GT), 

oil red O and histochemically with acidic phosphatase, adenosine triphosphatase 

(ATPase) at pH 4.4 and pH 9.4 and nicotinamide adenine dinucleotide-tetrazolium 

reductase (NADH-TR).  

Additional immunohistochemical stains for collagen IV (1:50, CIV22, Dako), collagen 

VI (1:1000, ab6588, Abcam; reacting with type specific epitopes), dystrophin 1 

(1:100, NCL-DYS1, Novocastra), dystrophin 2 (1:100, NCL-DYS2, Novocastra), beta 

sarcoglycan (1:50, NCL-b-SARC, Novocastra), gamma sarcoglycan (1:100, NCL-g-

SARC, Novocastra), spectrin 1 (1:100, NCL-SPEC1, Novocastra) and emerin (1:50, 

NCL-EMERIN, Novocastra) were done. The anti-collagen VI antibody ab6588 is a 

rabbit polyclonal antibody that was raised against human native collagen alpha-1(VI). 
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All sections were examined under a light microscope (Leica DM 5000 B, Leica 

Microsystems, Wetzlar, Germany) at 100x, 400x and 1000x magnification. The 

illustrated pictures were taken with a light microscope camera (DFC 290, Leica 

Microsystems, Wetzlar, Germany). 

Supplemental samples were incubated with antibodies for immunofluorescent 

labeling collagen IV (CIV22, Dako) and collagen VI (ab6588, Abcam; reacting with 

type specific epitopes). These were examined under a fluorescence microscope 

(Axio Imager 2, Carl Zeiss Microscopy, Wetzlar, Germany) in 100x, 400x and 1000x 

magnification. 

The photomicrographs were taken with a light microscope camera (AxioCam MRm, 

Carl Zeiss Microscopy, Wetzlar, Germany). 

 

Results 

Clinical presentation 

We obtained clinical data and blood test results from juvenile Landseer dogs of 2 

different litters. Two affected dogs were born in Germany (G1, G2; both females and 

the only affected from a litter of 9; 2 littermates died within the first 24 hours) and 4 in 

Switzerland (S1-S4; 2 males and 2 females from a litter of 7). The 2 litters had 
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several common ancestors (Figure 1). Genetic testing of blood samples revealed a 

homozygous mutant at a nonsense variant, p.Glu97*, in the COL6A1 gene 

(Supplementary Figure 1). Affected dogs had severe signs of general muscle 

weakness and atrophy from the first weeks of life that had reached a severe level at 

the time of presentation. One affected male (S1) with profound clinical signs of 

muscle weakness was euthanised at an early age with no further investigation. 

Muscle atrophy was most striking in G2, a dog that achieved only 61 % of the typical 

weight of a full grown female Landseer dog.24 Postural reactions, tendon reflexes 

(exception: reduced in G1), sensation and cranial nerve examination (exception: 

reduced gag reflex and megaoesophagus in S4) were normal. A generalised 

neuromuscular disease with predominant muscle dysfunction was evident so that 

lesion localization and muscle biopsies were obtained for further investigation. All 

affected dogs had to be euthanised at the age of 1 to 15 months due to the severity 

of their clinical signs and poor quality of life. Detailed clinical data and relevant blood 

test results of all 6 cases and the unaffected littermate are summarized in Table 1. 

 

Histopathological findings 

Individual pathologic lesions are summarized in Supplementary Table 1. H&E and GT 

staining revealed a severely abnormal overall histologic morphology (Figure 2 C-F). 
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In comparison to the unaffected sibling (Figure 2 A+B) the total amount of muscle 

fibres was markedly reduced. Reaction for acid phosphatase showed an increase of 

activitiy indicating degeneration and necrosis within muscle fibres. Oil red O staining 

indicated muscle inactivity and further highlighted the amount of adipose tissue. The 

alterations were more prominent in proximal than in distal muscles (S3, S4). 

Staining for the oxidative enzymes ATPase and NADH-TR showed an indistinct 

distribution of type 1 and 2 fibres with no predominance of either type.  

While immunohistochemical staining for dystrophin 1 & 2, beta sarcoglycan, gamma 

sarcoglycan, spectrin 1 and emerin were normal, staining for collagen VI revealed an 

absence in both sarcolemma and endomysium (Figure 3 B). Further 

immunofluorescence investigations for collgen VI showed similar results (Figure 4 

E+H).  

 

Discussion 

Muscle samples from affected dogs showed alterations commonly seen in muscular 

dystrophies. The lesions closely resembled those of human UCMD.26,27 Varying 

alterations demonstrate different stages of muscular destruction with compensatory 

hypertrophy and progressive replacement of lost fibres by connective and adipose 

tissue. These histopathological findings are also a common feature of the severe 
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Duchenne muscular dystrophy of Golden Retrievers with a genetic defect in the X-

linked DMD gene coding for dystrophin.21-23 However, myofiber necrosis in the 

COL6A1-/- Landseer dogs was generally less prominent and the mitochondria had no 

substantial alterations such as ragged red fibres.20 CK elevation was only mild to 

moderate, similar to human UCMD patients,4 while CK in the affected Golden 

Retrievers is highly increased and a helpful tool in diagnosis.22 A comparison of the 

clincal and histopathological hallmarks between UCMD, BM, Col6a1-/- knock out mice 

and the affected Landseer dogs is summarised in Table 2. 

All muscle biopsies lacked antibody reaction to collagen VI in the sarcolemma and 

showed only weak immunofluorescence in the endomysium. A plausible explanation 

could be nonspecific reactions of the anti-collagen alpha-1(VI) antibodies to epitopes 

located on other extracellular collagen VI subunits that are not affected by the 

p.Glu97* nonsense variant in the COL6A1 gene. Alternatively, it might result from 

cross reactions with other proteins or variability of the antibodies used.28  

Muscle atrophy and adipose tissue distribution in G2 was excessive and present in 

both superficial gluteus and semimembranosus muscle (Figure 3C). As the genetic 

diagnosis was not known during the course of the disease, most of the investigated 

dogs received only symptomatic support. Analogous therapy as in human patients 

could possibly slow down disease progression as seen in G2, which may have 

achieved the longest survival because the dog received the most aggressive 
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symptomatic support (i.e. physiotherapy with use of an underwater treadmill) until the 

last possible point in time. We believe that the observed dramatic muscle atrophy and 

histopathologic picture of G2 represents the end stage of the disease. A canine 

muscular dystrophy with a comparable clinical picture and prominent histopathologic 

fatty change in distal muscle biospies has been described in Rottweiler dogs. In 

contrast to the Landseer dogs that showed a proximal distribution, similar to humans 

with UCMD4, these dogs developed a distal myopathy caused by a presumed defect 

in the sarcolemmal transport of carnitine.29 

The complete lack of collagen VI and the severe clinical phenotype, resembling 

human patients with UCMD, also differentiates the affected COL6A1-/- Landseer dogs 

from the 2 described Labrador Retriever dogs with variants in COL6A3 that showed 

milder (“BM like”) phenotypes. One Labrador dog carried a recessive allele with a 

premature stop codon in a homozygous state (COL6A3:p.R1576*). Immunolabeling 

in this dog revealed a complete lack of collagen VI in skeletal muscles, while the 

other dog showed a sarcolemma specific collagen VI deficiency. The second dog 

carried a dominant allele in a heterozygous state leading to altered splicing 

(COL6A3:c.6210+1G>A).13,14 As in humans with collagen VI alterations, the clinical 

severity in dogs is most likely variable and dependent on the specific genetic variant. 

UCMD is the most severe phenotype with progressive weakness and muscle 

contractures. Affected patients lose the ability to walk within the first or second 
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decade of life. BM has milder clinical signs and longer periods of unassisted 

ambulation.8 

Col6a1-/- knockout mice are an animal model for collagen VI related congenital 

muscular dystrophies/BM.30 Although they do not express any residual collagen 

alpha-1(VI) chains, the mice lack the severe phenotype of UCMD. In contrast, the 

affected Landseer dogs showed a severe and clinically relevant phenotype, much 

closer to the human condition. 

Electron micrsocopy of Col6a1-/- knock out mice muscle cells showed mitochondrial 

tubular cristae, electron-dense inclusions, overt swelling and additional marked 

dilations of the sarcoplasmic reticulum. These alterations are due to mitochondrial 

dysfunction.31 Treatment with cyclosporine A leads to the inhibition of the 

mitochondrial permeability transition pore. In Col6a1-/- mice this rescued the 

ultrastructural defects in muscle and markedly decreased the number of apoptotic 

nuclei in vivo.32 Mitochondrial defects can also be seen in human patients with 

genetic defects in COL6A1 or COL6A3 gene.33 Consequently, further investigations 

of the Landseer UCMD should comprise electron microscopy, which was not possible 

in the present study because glutaraldehyde-fixed material was not available). 

There is currently no cure for human patients with a collagen VI related congenital 

muscular dystrophy. Management consists of physiotherapy, orthopaedic treatment, 
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surgery and respiratory support.34,35 Six human patients were treated with 

cyclosporine A (3-5 mg/kg) over 1 to 3.2 years in an open trial study. Treatment 

corrected mitochondrial dysfunction, increased muscle regeneration and decreased 

the number of apoptotic nuclei. This resulted in improvement of muscle strength, but 

did not affect motor function or further detoriation of respiratory function.35 

In conclusion, we provide a refined clinical and histopathological description of a 

collagen VI related severe canine muscular dystrophy. The Landseer dogs carrying 

the COL6A1 nonsense variant in a homozygous state could potentially be used in 

place of Col6a1-/- knock out mice for final tests before human clinical trials of a novel 

therapy for human UCMD, as their clinical phenotype more closely resembles the 

human situation. A genetic test for the COL6A1:p.Glu97* nonsense variant in dogs is 

commercially available and can be used to establish a colony starting from 

heterozygote carriers (Figure 1).36 

 

Abbreviations: 

ATPase  adenosine triphosphatase  

BM  Bethlem myopathy 

BMD  Becker muscular dystrophy 
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CK  creatine kinase 

Col6a1-/- mice with two null allels in the Col6a1 gene encoding collagen type 

VI alpha 1 chain 

COL6A1-/- Landseer dogs with two null allels in the COL6A1 gene encoding 

collagen type VI alpha 1 chain 

COL6A1 gene encoding collagen type VI alpha 1 chain 

COL6A2 gene encoding collagen type VI alpha 2 chain 

COL6A3 gene encoding collagen type VI alpha 3 chain 

GT modified Gomori trichrome according to Engel & Cunningham 

G1  affected dog 1 from Germany 

G2  affected dog 2 from Germany 

H&E  haematoxylin and eosin 

NADH-TR  nicotinamide adenine dinucleotide-tetrazolium reductase 

S1  affected dog 1 from Switzerland 

S2  affected dog 2 from Switzerland 

S3  affected dog 3 from Switzerland 
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S4  affected dog 4 from Switzerland 

S5  control dog from Switzerland 

UCMD Ullrich congenital muscular dystrophy 
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Figure 1 

Pedigree of the investigated dogs. 
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The six affected dogs (S1-S4, G1, G2) originated in two litters from Switzerland and 

Germany. The German litter on the right side is inbred to a great-great-grandfather 

shown at the top right of the pedigree. Three key ancestors marked with asterisks are 

shared by both litters. Genotypes at COL6A1:c.289G>T are indicated for those dogs 

from which a DNA sample was available. 

 

Figure 2 

Histopathology of quadriceps femoris biopsies. 

(A+B) unaffected littermate at 4.5 months (S5); (C+D) affected female dog at 8 

months (G1); (E+F) affected male dog at 4 months (S2). (A, C, E) H&E staining. (B, 

D, F) GT staining. 

(A +B) Normal muscle histologic morphology without significant pathological 

changes. Muscle and fibre size configuration and variation, sarcolemma, nuclear 

structure and distribution as well as perimysial and endomysial connective tissue are 

of physiological appearance. 

(C, D, E, F) Muscle fibres show an abnormal and inhomogeneous variation in size 

and configuration, indicating fibre hyperthrophy and atrophy. The shape of most 

fibres is round instead of polygonal and distribution of enlarged and small fibres was 

random and diffuse, implying the cause of the alterations to be of myopathic origin. 
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Additionally, occasional central nuclei (arrows) and basophilic regeneration are 

visible. Fibre loss is accompanied by remarkable excess and distortion of both 

perimysial (stars) and endomysial connective tissue combined with the abundance of 

adipose tissue. 

(A, B, C, D) 1000x magnification, bar 20 µm. (E+F) 400x magnification, bar 50 µm. 

 

Figure 3 

Immunohistochemistry of quadriceps femoris biopsies for collagen VI and end stage 

disease picture of a superficial gluteus biopsy.  

(A) Unaffected littermate at 4.5 months (S5); (B) affected female dog at 8 months 

(G1); (C+D) affected female dog at 15 months (G2). 

(A +B) Immunostaining for collagen VI. Collagen VI (indicated by dark colour) is 

present in both sarcolemma and endomysium of the unaffected littermate (A) and 

absent in the affected dog (B).  

(C+D) H&E stained end stage picture of the disease. Large amounts of pale necrotic 

fibres (arrows) and a “moth eaten“ histologic appearance with excessive replacement 

by adipose tissue. The muscle biopsy is embedded in mounting medium (stars). 
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(A) 1000x magnification, bar 20 µm; (B) 400x magnification, bar 50 µm; (C) 100x 

magnification, bar 200 µm. (D) 1000x magnification, bar 20 µm. 

 

Figure 4 

Double immunofluorescence of quadriceps femoris biopsies for collagen IV and VI. 

(A-C) Unaffected littermate at 4.5 months (S5); (D-F) affected female dog at 8 

months (G1); (G-I) affected male dog at 4 months (S2). 

(A,D,G) Immunofluorescence for collagen IV (green colour). Collagen IV is present in 

all dogs. 

(B,E,H) Immunfluorescence for collagen VI (red colour). Collagen VI is absent from 

the sarcolemma of the affected dogs. Small spots in the endomysium of the affected 

dogs probably represent unspecific epitopes not related to collagen alpha-1(VI) 

subunits. 

(C,F,I) Merged images. Both collagen IV and VI are present in the unaffected 

littermate (yellow colour); the affected dogs show only small spots of yellow colour in 

the endomysium. 

1000x magnification, bar 20 µm. 



Table 1 Clinical data 

Subject G1¶ G2¶ S1¶ S2¶ S3¶ S4¶ S5¶ 

Gender Female Female Male Female Male Female Female 

Genotype at 

COL6A1:p.Glu97* 

T/T T/T T/T T/T T/T T/T G/T 

Age at onset 8 weeks 2-3 weeks 2-3 weeks 2-3 weeks 2-3 weeks 2-3 weeks No onset 

Clinical signs 8 weeks: 

plantigrade stance, 

simutaneous lifting 

of both hindlimbs 

while walking 

7 months: non-

ambulatory, 

elevated body 

temperature 

(39.6°C), highly 

prominent muscle 

atrophy with 

proximal 

dominance, 

thickend and 

2-3 weeks: palmi- 

and plantigrade 

stance 

4 weeks: reluctance 

to move 

4 months: proximal 

joint contractures 

5 months: 

generalised muscle 

atrophy with 

proximal 

dominance, 

unsecure 

hypometric gait with 

falling down 

No further details 

were provided 

4 months: 

prolonged sleeping 

episodes, 

reluctance to 

move, short strided 

gait, muscle 

atrophy, proximal 

joint contractures 

and pain on 

palpation 

4 months: 

prolonged sleeping 

episodes, 

reluctance to 

move, short strided 

gait, muscle 

atrophy, proximal 

joint contractures 

and pain on 

palpation 

4 months: non-

ambulatory, 

elevated body 

temperature 

(39.6°C), highly 

prominent muscle 

atrophy, reduced 

gag reflex, 

megaoesophagus, 

aspiration 

pneumonia 

No abnormal 

findings 

 



contracted joints, 

absent 

proprioceptive 

positioning 

6.5-15 months: 

recurring joint 

swelling and 

continuous muscle 

atrophy 

15 months: non-

ambulatory 

Subject G1¶ G2¶ S1¶ S2¶ S3¶ S4¶ S5¶ 

CK# 

Reference value 

1037 (IU/l) 

49 – 146 (IU/l) 

Not tested Not tested 935 (IU/l) 

51 – 191 (IU/l) 

422 (IU/l) 

51 – 191 (IU/l) 

1149 (IU/l) 

51 – 191 (IU/l) 

297 (IU/l) 

51 – 191 (IU/l) 

Weight at biopsy 20 kg 34 kg Not measured 19 kg 15 kg 16 kg 27 kg 

Age at euthanasia 8 months 15 months 4 weeks 5 months 5 months 5 months Not euthanised 

¶ German (G1+2) and Swiss dogs (S1-5); # creatine kinase 



Table 2 Comparison of human, murine and Landseer dogs collagen VI related muscular dystrophies 

Type of collagen VI related 
muscular dystrophy 

Ullrich congenital muscular 
dystrophy 

Bethlem Myopathy Col6a1-/- knock out mice Landseer dogs homozygous 
for p.Glu97* nonsense variant 
in COL6A1 

Age at onset At birth or within first weeks of 
life 

Mainly adult life, can occur in 
childhood or congenital 

No obvious phenotype  2-8 weeks 

Clinical features Severe progressive muscle 
weakness and hypotonia, 
hyperlaxity of distal and 
contractures of proximal joints, 
dislocation of hips, delayed 
ambulation (achieved in some 
but not all), round face with 
prominent ears, hyperkeratosis 
and abnormal scar formation, 
progressive respiratory 
insufficiency leading to 
respiratory failure, prominent 
calcanei, scoliosis, CK# normal 
or mildly elevated 

Commonly long finger flexor and 
sometimes ellbow and ancle 
contractions, mild progressive 
muscle weakness (proximal > 
distal), respiratory insufficiency 
may appear after 4th decade, 
CK# normal or mildly elevated 

No obvious muscular phenotype, 
reduced skin tensile strength 

Severe progressive muscle 
weakness and hypotonia, 
hyperlaxity of distal and 
contractures of proximal joints in 
some cases, later all cases with 
proximal and distal joint 
contractures, CK# mild to 
moderate elevated, non 
ambulatory at 4-15 months, 
megaoesophagus and aspiration 
pneumonia in 1 case 

Histopathologic lesions Abnormal variation in fibre size, 
round fibre shape, fibre atrophy, 
internal nuclei, extensive amount 
of endomysial connective tissue, 
necrotic fibres, basophilic 
regenerating fibres, indistinct 
fibre type or predominance of 
type 1, immunolabeling: 
complete lack of collagen VI in 
skeletal muscles or just in the 
sarcolemma 

Same changes as Ullrich 
congenital muscular dystrophy 
but less distinctive alterations, 
immunolabeling: often no 
reduction in collagen VI 

General signs of myopathy: 
muscle necrosis and 
phagocytosis, pronounced 
variation in fibre diameter, 
hypercontracted and necrotic 
fibres, most frequent in 
Diaphragm (up to 20% fibres) 
but also in intercostal, external 
oblique, straight abdominal and 
medial femoral muscles, 
immunolabeling: complete lack 
of collagen VI in skeletal 
muscles 

Abnormal variation in fibre size, 
round fibre shape, fibre atrophy, 
internal nuclei, extensive amount 
of endomysial connective tissue, 
necrotic fibres, basophilic 
regenerating fibres, indistinct 
fibre type or predominance of 
type 1, immunolabeling: 
complete lack of collagen VI in 
skeletal muscles 

# Creatine kinase 
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