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“Target” and “Sandwich” Signs in Thigh Muscles have High
Diagnostic Values for Collagen Vi-related Myopathies
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Background: Collagen VI-related myopathies are autosomal dominant and recessive hereditary myopathies, mainly including Ullrich
congenital muscular dystrophy (UCMD) and Bethlem myopathy (BM). Muscle magnetic resonance imaging (MRI) has been widely
used to diagnosis muscular disorders. The purpose of this study was to evaluate the diagnostic value of thigh muscles MRI for collagen
Vl-related myopathies.

Methods: Eleven patients with collagen VI gene mutation-related myopathies were enrolled in this study. MRI of the thigh muscles was
performed in all patients with collagen VI gene mutation-related myopathies and in 361 patients with other neuromuscular disorders (disease
controls). T1-weighted images were used to assess fatty infiltration of the muscles using a modified Mercuri’s scale. We assessed the
sensitivity and specificity of the MRI features of collagen VI-related myopathies. The relationship between fatty infiltration of muscles
and specific collagen VI gene mutations was also investigated.

Results: Eleven patients with collagen VI gene mutation-related myopathies included six UCMD patients and five BM patients. There
was no significant difference between UCMD and BM patients in the fatty infiltration of each thigh muscle except sartorius (P = 0.033);
therefore, we combined the UCMD and BM data. Mean fatty infiltration scores were 3.1 and 3.0 in adductor magnus and gluteus maximus,
while the scores were 1.3, 1.3, and 1.5 in gracilis, adductor longus, and sartorius, respectively. A “target” sign in rectus femoris (RF) was
present in seven cases, and a “sandwich” sign in vastus lateralis (VL) was present in ten cases. The “target” and “sandwich” signs had
sensitivities of 63.6% and 90.9% and specificities of 97.3% and 96.9% for the diagnosis of collagen VI-related myopathies, respectively.
Fatty infiltration scores were 2.0-3.0 in seven patients with mutations in the triple-helical domain, and 1.0-1.5 in three of four patients
with mutations in the N- or C-domain of the collagen VI genes.

Conclusions: The “target” sign in RF and “sandwich” sign in VL are common MRI features and are useful for the diagnosis of collagen
Vl-related myopathies. The severity of fatty infiltration of muscles may have a relationship with the mutation location of collagen VI gene.
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INTRODUCTION associated with these myopathies include marked variation
in muscle fiber diameter, mild necrosis with muscle fiber
regeneration, and increased endomysial connective tissue.!
Mutations can result in collagen VI deficiency (in UCMD) or
dysfunction (in BM) in the extracellular matrices of muscle
fibers and collagenous connective tissues.!"! Pathological

Collagen VI-related myopathies include autosomal
dominant and recessive hereditary myopathies caused by
mutations in any of the three collagen VI genes, COL6A1,
COL6A2, and COL6A3.1"% These myopathies encompass a
spectrum of disorders, including Ullrich congenital muscular
dystrophy (UCMD), Bethlem myopathy (BM), autosomal
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diagnosis of BM is often difficult because there is usually
no loss of collagen VI in the extracellular matrix of muscle
fibers.

In recent years, magnetic resonance imaging (MRI) of
muscle has been widely used to diagnose muscular disorders
and assess their progression.®!31 Collagen VI-related
myopathies have been shown to have a distinct pattern of
fatty infiltration, which is most severe fatty infiltration in
the vasti muscles with relative sparing of gracilis, adductor
longus (AL), and sartorius. MRI of patients with collagen
Vl-related myopathies has shown a peripheral rim of
abnormal signal in the vastus lateralis (VL) and a central
area of abnormal signal within rectus femoris (RF).[!1:14-16]
Peripheral rims of the abnormal signal have also been
shown in soleus and gastrocnemius.!"® Whether these MRI
changes are specific to collagen VI-related myopathies
and can be used for their diagnosis is still unknown. The
purpose of this study was to evaluate the diagnostic value
of MRI features in the thigh muscles of patients with
collagen VI-related myopathies and to compare these MRI
findings to those seen in patients with other neuromuscular
disorders.

MeTtHoDS

Patients

Eleven patients with collagen VI-related myopathies
diagnosed by genetic and clinical tests in Peking University
First Hospital from June 2012 to January 2015 were recruited
for this study. The study was approved by the Ethics Committee
of Peking University First Hospital, and written informed
consent was obtained from all patients or their parents.
Participants consisted of eight males and three females with a
median age of 6.8 years (range: 4.7-29.8 years). The median
age of disease onset was 0.5 years (range: 0-25.0 years),
and the median duration of disease was 5.1 years (range:
2.0-24.0 years). Contracture of the distal joints was present
in two of the five BM patients [Supplementary Table 1]. All
the patients could walk and had no respiratory dysfunction
at the time of diagnosis. Serum creatine kinase levels were
between 216 and 700 U/L (normal range: 25-170 U/L).
Electromyography was conducted in nine patients; of these,
a myopathic pattern was found in six patients and the other
three patients were normal.

Sequence analysis of collagen VI genes

Genomic DNA was extracted from peripheral blood samples
from all patients following standard procedures. Mutations
in the collagen VI genes (COL6A1, COL6A2, and COL6A3)
were analyzed by next generation sequencing, which was
conducted using the Agilent Sure Design Panel kit (0.4 Mb,
for neuromuscular disorders; Agilent, Santa Clara, CA,
USA) and the Illumina HiSeq 2500 sequencer (Illumina, San
Diego, CA, USA). Sanger sequencing with specific primers
was conducted to confirm the mutations in the patients and
their parents, as well as 1000 healthy control participants.
Comparison of collagen VI amino acid sequences among

species was performed using the National Center for
Biotechnology Information HomoloGene Web server (http://
www.ncbi.nlm.nih.gov/homologene). Prediction of the
impact of new mutations was also performed using tools
polymorphism phenotyping 2 (http://www.genetics.
bwh.harvard.edu/pph 2/) and sorting intolerant from
tolerant (http://www.sift.jcvi.org/).

Muscle magnetic resonance imaging

Muscle MRI examinations at 1.5 and 3.0 T were performed
at the thigh level in 11 patients with collagen VI-related
myopathies and in 361 patients with other neuromuscular
diseases (disease controls). T1-weighted sequences were
performed with the following parameters: repetition
time =450 ms, echo time = 12 ms, slice thickness = 5-8 mm,
slice gap = 1-2 mm, and field of view =28-32 cm. The MRI
was assessed by two independent and experienced examiners,
aradiologist and a neurologist. Using T1-weighted MRI, the
degree of fatty infiltration of the muscles was scored using
a modified Mercuri’s scale.l'"!7]

The 361 non-collagen VI-related myopathy cases included
166 cases of dystrophinopathies, 56 cases of inflammatory
myopathy, 35 cases of neurogenic muscular atrophy, 33 cases
of LGMD2B, 15 cases of congenital myopathy, 15 cases
of LGMD2A, 13 cases of metabolic myopathy, 8 cases of
LMNA -related myopathy, 7 cases of GNE myopathy, 5 cases
of myotonic dystrophy, 3 cases of LGMD2D, 3 cases of
LGMD2I, 1 case of LGMD2C, and 1 case of LGMD2Q.

Statistical analysis

Data were analyzed using SPSS version 22.0 (SPSS
Inc., Chicago, IL, USA). Independent ¢-test or Mann-
Whitney U-test were conducted to assess the significance
of differences in age of onset, disease duration, and MRI
fatty infiltration scores between UCMD and BM patients.
Differences were considered statistically significant if
P < 0.05. Sensitivity and specificity were calculated to
evaluate the diagnostic value of the MRI signs.

ResuLts

Eleven patients with collagen VI gene mutation-related
myopathies included six UCMD patients and five BM
patients. Six UCMD patients had a median onset age of
1.0 month (range: 0.0-6.0 months), and presented with
neonatal hypotonia, delayed motor milestones, distal
hyperlaxity, and proximal muscle weakness for a median
duration of 5.1 years (range: 4.7-13.5 years); and five BM
patients manifested proximal limb weakness, with a median
onset age of 5.0 years (range: 2.0-25.0 years) and a median
duration of 5.8 years (range: 2.0-24.0 years). Disease onset in
UCMD patients was at a significantly earlier age than in BM
patients (¢ =—2.87, P =0.004), but no significant difference
was found in the duration of these diseases (P > 0.05).

Genetic analysis
Fifteen different mutations in the collagen VI genes
were identified in the patients with collagen VI-related
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myopathies, and no other pathogenic mutations of other
genes were found [Table 1]. Three of these 15 mutations have
been previously reported.!'®!”) None of the mutations were
observed in unaffected family members or in 1000 unrelated
healthy controls. The amino acids where missense mutations
occurred were highly conserved among species [Figure 1].
The splice site mutations occurred at conserved GT-AG splice
junctions. In silico analysis predicted that these missense
mutations were likely to be pathogenic [Table 1]. There were
seven patients with mutations located in or near the triple
helical domain (THD), three with mutations located in the
N- or C-terminal globular domain, and one with mutations
in both the THD and N-terminal domain [Figure 2].

Magnetic resonance imaging findings

There were no significant differences between UCMD
and BM patients in the fatty infiltration scores of each
thigh muscle, except sartorius (¢ = —2.13, P = 0.033). The
total fatty infiltration scores for all thigh muscles also did
not significantly differ between UCMD and BM patients;
therefore, we evaluated the collective MRI changes in all
of the patients together.

Mean fatty infiltration scores varied greatly among the
different thigh muscles in all patients [Figure 3]. The mean

scores were 3.1 and 3.0 in adductor magnus (AM) and
gluteus maximus (GM), while the scores were 1.3, 1.3,
and 1.5 in gracilis, AL, and sartorius, respectively. Fatty
infiltration was unevenly distributed within semitendinosus
at different regions in ten (90.9%) patients [Figure 4].
Proximally, the peripheral regions of the muscle were
affected more severely than the internal regions; mean
fatty infiltration scores were 3.5 and 1.8 for the peripheral
and internal regions, respectively. In contrast, distally the
scores were 1.6 for the peripheral and 3.4 for the internal
portions of the muscle. Changes similar to those seen in the
semitendinosus of collagen VI-related myopathy patients
appeared in only 18 of the 361 (5.0%) control patients.

Seven patients had a “target” sign due to severe fatty
infiltration in the central region of RF, surrounding a
mid-point of little infiltration [Figure 5]. The mean fatty
infiltration scores were 0.9 in the center, 4.1 in the ring, and
2.0 at the periphery of the muscle. Four patients showed no
“target” sign in the less affected RF. Ten cases revealed a
“sandwich” sign due to a severe involvement of the periphery
of VL, with sparing of the central region [Figure 5]. The
fatty infiltration scores were 3.6 in the periphery and
1.4 centrally. There was no obvious clinical difference
between patients with and without “target” or “sandwich”

Table 1: Collagen VI gene mutations and MRI findings in 11 patients with collagen VI gene mutation-related myopathies

Patient  Genes Substitution Domain  Source SIFT/ MRI findings
number Nucleotides Amino acid Polyphen2 Fatty infiltration = Sandwich/target
1 COL6A2  ¢.955-2A>G(het)* Splicing THD De novo 233 +/—-
2 COL6A1  ¢.850G>A(het)* p.G284R THD NA 0/0.98 233 +/+
3 COL6A1  ¢.842G>A(het) p.G281E THD NA 0/0.969 2.92 ++
4 COL6A2  ¢.2515 _2516delGA(hom) Deletion C2 Patental 3.42 +/+
5 COL6A1  c.472G>A p.DISSN NI Maternal 0/0.997 1.25 +/—-
COL6Al  ¢.1576-2 1576-1delAG Splicing THD Patental
6 COL6A1  ¢.1056+1G>T(het) Splicing THD NA 2.92 +/+
7 COL6A2  ¢.2088G>C(het) p.-W696C Cl Maternal ~ 0.01/0.999 1.42 +/—-
8 COL6A3  c.5114C>A p.A1705D N2 Patental 0.01/1 1.08 —/-
COL6A3  ¢.1826G>A p.R609Q N7/N8 Maternal ~ 0.57/0.997
9 COL6A2  ¢.1745G>A(het) p.G582D THD De novo 0/1 2.08 ++
10 COL6A2  ¢.1798G>A* p.E600K THD Maternal ~ 0.28/0.991 2.75 ++
COL6A2  c.11_23del Deletion SP Patental
11 COL6A1  ¢.929 930insGCCGT Insertion THD NA 2.33 +/+
COL6A1  ¢.930+2T>G Splicing THD

Patients 1-6 and 7-11 were patients with UCMD and BM, respectively. SIFT score <0.05 and PolyPhen2 score approximately = 1 indicate a prediction
of pathogenicity. *Mutation has been reported. Het: Heterozygosis; hom: Homozygosis; THD: Triple helical domain; N: N-terminal globular domain;
C: C-terminal globular domain; SP: Signal peptide; NA: DNAs of parents were not available; +: With the sign; —: Without the sign; MRI: Magnetic

resonance imaging.

. sapiens

P. troglodytes
B. taurus

C. lupus

M. musculus

R. norvegicus
G. gallus

DISSN  G281E G284R
LIVVTDGHPL--GLPGEKGEAGDPGRPG
LIVVTDGHPL--GLPGEKGEAGDPGRPG
LVVVTDGHPL-~GLPGEKGEAGDPGRPG
LIVVTDGHPL--GLPGEKGEAGEPGRPG
LIVVTDGHPL--GLPGEKGEAGDPGRPG
LIVVTDGHPL-~GLPGEKGEAGDPGRPG
LIVVTDGHPL--GLPGQKGDAGDPGRPG

(582D
GEPGPPGDPG—MTYVRETCGC—-VKNLEWIAGG
GEPGPPGDPG—MTYVRETCGC—-VKNLEWIAGG
GEPGPPGDPG—MTYVRETCGC—-VKNLENTAGG
GEPGPPGDPG—MTYVRETCGC—-VKNLEWTAGG
GEPGPPGDPG—MTYVRETCGC—VKNLENTAGG
GEPGPPGDPG—MTYVRETCGC—-VKNLEWIAGG
GTPGPPGDPG—MTYVRETCGC—-VKRLEWTAGG

E600K W696C R609E  A1075D

VFIPAEFRAA——RQIIDAINKV
VFIPAEFRAA——RQIIDAINKV
VFTATEFRPA-—QQIIDAINKV
VFIPTEFRAA——QQIIDAINKV
VFIPAEFRPA-—RQIIDAINKV
VFIPAEFRPA-—RQIIDAINKV

VFQPNDFRLQ-—PEILDAINKV

Figure 1: Amino acid sequences where mutations occurred are highly conserved among different species.
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Figure 2: Schematic of the domain structure of three collagen VI chains and related mutations in this study. The red figure represented the mean
score of magnetic resonance imaging fatty infiltration in each patient. THD: Triple helical domain.

the mutations in the patients presented in this case series
were novel, which were consistent with other reports.!*2%
A previous report indicated that patients with UCMD were
more severely affected than those with BM;!'% however,

the UCMD and BM patients in our study had no significant
difference in disease severity and duration except for age of
disease onset at the time of examination. The total MRI fatty
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Figure 3: Mean scores of fatty infiltration in individual thigh muscles.
AM: Adductor magnus; GM: Gluteus maximus; VL: Vastus lateralis;
BF: Biceps femoris long head:; VI: Vastus intermedius; ST Semitendinosus;
RF: Rectus femoris; VM: Vastus medialis; SM: Semimembranosus;
Sa: Sartorius; AL: Adductor longus; Gr: Gracilis.

signs, which were listed in the Supplementary Table 1.
The sensitivities of the “target” sign and “sandwich” sign
for the diagnosis of collagen VI-related myopathies were
63.6% and 90.9%, and the specificities were 97.0% and
96.1%, respectively [Table 2]. The control diseases which
had “sandwich” sign and “target” sign are shown in Table 2.

Mean fatty infiltration scores in the thigh muscles ranged
from 2.0 to 3.0 in patients with mutations in THD, and from
1.0 to 1.5 in those with mutations in the C- or N-terminal
domains. One patient (P4) with a homozygous deletion
mutation in the C2 domain had a high score of 3.4.

Discussion

The diagnoses of collagen VI-related myopathies in the
patients of this study were confirmed genetically. Most of

infiltration scores for all thigh muscles did not significantly
differ between UCMD and BM patients.

We demonstrated a distinct pattern of fatty infiltration
in the thigh muscles of patients with collagen VI-related
myopathies. AM and GM were the most severely affected
muscles, while gracilis, sartorius, and AL were relatively
spared. The similar findings were reported by Mercuri
et all' in both UCMD and BM patients. Our results also
confirmed previous reports of greater peripheral than the
central fatty infiltration in vastus lateralis.l'*!?!l We defined
the “sandwich” sign, which described the MRI changes in VL
and also detected the “central shadow” sign in RF, as reported
by others.!'*1%) A unique finding of our study was the small
central region in the RF that was spared fatty infiltration in
most of our patients. This region gave the appearance of a
“target” on MRI. The “target” sign was not seen as usual as
“sandwich” sign. Patients with or without these signs may
have no significant difference in demographic and clinical
aspects. Moreover, the fatty infiltration in semitendinosus was
nonhomogeneous, which has not been previously described.

We found that the “sandwich” sign in VL and “target” sign
in RF were common in our patients with collagen VI-related
myopathies and were specific to these conditions. These MRI
changes had a positive predictive value of 69% for BM,?!
and had high sensitivities and specificities. Supporting our
findings, both “sandwich” and “target” signs are very rare
in other neuromuscular disorders in the literatures, such
as Duchenne muscular dystrophy,®??! lipid metabolic
myopathy,?¥ inflammatory myopathy,®! LGMD2A, 24
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Table 2: The sensitivity and specificity of “sandwich” and “target” signs for collagen Vi-related myopathies and

other neuromuscular disorders (disease controls)

Signs Collagen VI  Disease  Sensitivity, Specificity, Disease controls with the signs
myopathies  controls % % Dystrophinopathies LGMD2B LGMD2A  LMNA-related
(n=11)  (n=361) (n = 166) (n=133) (n=15) myopathy (7 = 8)

Sandwich 90.9 96.1

Positive 10 14 4 4 4

Negative 1 347 162 29 11
Target 63.6 97.0

Positive 7 11 7 2 1 1

Negative 4 350 159 31 14 7

LGMD2B: Limb-girdle muscular dystrophy 2B; LGMD2A: Limb-girdle muscular dystrophy 2A.

Figure 4: Inhomogeneous fatty infiltration in semitendinosus (shown
by arrows). High scores of fatty infiltration appeared in the periphery
at upper region (a) and in the central part at lower region (b) of the
semitendinosus. The lines on the coronal images represented the
different sections of axial images.

Emery-Dreifuss muscular dystrophy,-"! and congenital
muscular dystrophy with rigid spine syndrome (RSMD1).['7-2#

Our study demonstrated that the fatty infiltration associated
with collagen VI-related myopathies was more severe
in patients with mutations in the THD than those with
mutations in the N- or C-terminal domain. The degree of fatty
infiltration seen in the MRI was associated with the severity
of clinical symptoms.['® Homozygous premature termination
codon-causing mutations in the triple-helix domains led to
the most severe phenotypes.!'”) De novo dominant mutations
in severe UCMD occurred relatively frequently in all three
collagen VI chains. The severity of the phenotype depends
on the ability of mutant chains to be incorporated in the
multimeric structure of collagen VI.*!

In conclusion, the muscle MRI changes in collagen
Vl-related myopathies showed a distinct pattern and can be
helpful for the differential diagnosis. The severity of fatty
infiltration seen in muscle MRI may have a relationship with
the locations of the causative genetic mutations underlying
the myopathy.

Supplementary information is linked to the online version of
the paper on the Chinese Medical Journal website.

Figure 5: Muscle magnetic resonance imaging of a patient with
Bethlem myopathy. Gracilis, adductor longus, and sartorius were less
affected. The rectus femoris had a “target” sign and vastus lateralis
a “sandwich” sign.
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Supplementary Table 1: Clinical data and MRI signs of 11 patients with collagen VI-related myopathies

Patient Phenotype Gender/  Onset age Age of walking Hypotonia Delayed motor Contracture/ Muscle strength  MRI signs

number age (years) (years) (months) at birth milestone  distal hyperlaxity proximal/distal sandwich/target
1 Ullrich Male/5.0 0 18 + + ++ 4-/4 +/—
2 Ullrich Male/5.1 0 18 + + —/+ 4-/4 +/+
3 Ullrich Female/4.7 0 14 + + +/+ 4/5 +/+
4 Ullrich Male/4.8 0 15 + + +/+ 4-/4 +/+
5 Ullrich Male/6.8 0.5 18 - + ++ 4/5 +/—
6 Ullrich Male/13.5 0 19 + + ++ 4/5 ++
7 Bethlem Male/6.0 3.0 <12 - - —/— 5-/5 +/—
8 Bethlem Male/9.0 7.0 <12 - - - 4-/5 —/=
9 Bethlem Female/12.8 2.0 <12 — — +/— 4/5 +/+
10 Bethlem  Male/29.0 5.0 <12 - - +- 4/5 +/+
11 Bethlem  Male/29.8 25.0 <12 - - - 3+/4+ ++

+: With the symptom or sign; —: Without the symptom or sign; MRI: Magnetic resonance imaging.





