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Abstract
Objective
To describe the clinical, serologic and histologic features of a cohort of patients with brachio-
cervical inflammatory myopathy (BCIM) associated with systemic sclerosis (SSc) and unravel
disease-specific pathophysiologic mechanisms occurring in these patients.

Methods
We reviewed clinical, immunologic, muscle MRI, nailfold videocapillaroscopy, muscle biopsy,
and response to treatment data from 8 patients with BCIM-SSc.We compared cytokine profiles
between patients with BCIM-SSc and SSc without muscle involvement and controls. We
analyzed the effect of the deregulated cytokines in vitro (fibroblasts, endothelial cells, and
muscle cells) and in vivo.

Results
All patients with BCIM-SSc presented with muscle weakness involving cervical and proximal
muscles of the upper limbs plus Raynaud syndrome, telangiectasia and/or sclerodactilia, hy-
potonia of the esophagus, and interstitial lung disease. Immunosuppressive treatment stopped
the progression of the disease. Muscle biopsy showed pathologic changes including the pres-
ence of necrotic fibers, fibrosis, and reduced capillary number and size. Cytokines involved in
inflammation, angiogenesis, and fibrosis were deregulated. Thrombospondin-1 (TSP-1), which
participates in all these 3 processes, was upregulated in patients with BCIM-SSc. In vitro, TSP-1
and serum of patients with BCIM-SSc promoted proliferation and upregulation of collagen,
fibronectin, and transforming growth factor beta in fibroblasts. TSP-1 disrupted vascular net-
work, decreased muscle differentiation, and promoted hypotrophic myotubes. In vivo, TSP-1
increased fibrotic tissue and profibrotic macrophage infiltration in the muscle.

Conclusions
Patients with SSc may present with a clinically and pathologically distinct myopathy. A prompt
and correct diagnosis has important implications for treatment. Finally, TSP-1 may participate
in the pathologic changes observed in muscle.

*These authors contributed equally to the manuscript.

From the Neuromuscular Diseases Unit (X.S.-C., J.A.-P., A.C.-R., E.F.-S., A.A.-J., R.R.-G., J.T., L.Q., N.d.L., E.C.-V., I.I., E.G., J.D.-M.), Neurology Department, Hospital de la Santa CreuiSant
Pau and Biomedical Research Institute Sant Pau (IIB Sant Pau), Barcelona; Centro de Investigaciones Biomédicas en Red en Enfermedades Raras (CIBERER) (X.S.-C., R.R.-G., L.Q.,
N.d.L., E.C.-V., I.I., E.G., J.D.-M.), Madrid; JohnWaltonMuscular Dystrophy Research Center (J.D.-M), University of Newcastle, UK; Rheumatology Unit (I.C., A.M.-n.-M., H.C.), Hospital de la
Santa Creu i Sant Pau; Laboratory of Experimental Immunology (C.Z.), Hospital de la Santa Creu i Sant Pau, Biomedical Research Institute Sant Pau (IIB Sant Pau); Servei Immunologia
(L.M.-M.), Hospital de la Santa Creu i Sant Pau, Biomedical Research Institute Sant Pau (IIB Sant Pau); and Department of Respiratory Medicine (D.C.), Hospital de la Santa Creu i Sant
Pau, Barcelona, Spain.

Go to Neurology.org/NN for full disclosures. Funding information is provided at the end of the article.

The Article Processing Charge was funded by the authors.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 1

http://dx.doi.org/10.1212/NXI.0000000000000694
mailto:jdiazm@santpau.cat
mailto:egallardo@santpau.cat
https://nn.neurology.org/content/7/3/e694/tab-article-info
http://creativecommons.org/licenses/by-nc-nd/4.0/


Brachio-cervical inflammatory myopathy (BCIM) is charac-
terized by weakness of proximal muscles of the upper limbs
and cervical flexor and/or extensor muscles.1 There are less
than 30 cases described in the literature so far.1–3 In most of
them, myositis was associated with other immune-mediated
disorders such as myasthenia gravis, rheumatoid arthritis, or
mixed connective tissue disease.

Systemic sclerosis (SSc) is an immune-mediated rheumatic
disease characterized by fibrosis of the skin and internal organs
and vasculopathy.4 The prevalence of musculoskeletal in-
volvement in SSc is not completely known and varies from 13%
to 96% depending on the series published.5–10 Muscle weakness
in patients with SSc, when present, involves proximal muscles of
the upper and lower limbs, and it is associated with higher dis-
ability, worse prognosis, and death.11 Brachio-cervical weakness
is the presenting symptom in few patients with SSc.3,12

The pathogenic mechanism behind BCIM is unknown, but
findings on muscle biopsies, consistent with a necrotizing
myopathy associated with fibrosis, macrophage and B-cell
infiltrates, and complement deposition, suggest that specific
pathways—different from those of the other inflammatory
myopathies—are likely involved.1,13

We report the clinical and pathologic features and response to
treatment of a cohort of patients with BCIM associated with
SSc from our center and the role of thrombospondin-1
(TSP-1) in the pathogenesis of this disease.

Methods
Patients
Muscle biopsies from patients with BCIM-SSc (n = 8), der-
matomyositis (DM; n = 3), and immune-mediated necrotizing
myopathy (IMNM; n = 3) were obtained for diagnostic pur-
poses. Healthy muscle samples were obtained from patients
undergoing orthopedic surgery. All patients with BCIM-SSc
fulfilled the 2013 European League Against Rheumatism
(EULAR) and American College of Rheumatology (ACR)
classification criteria EULAR/ACR for SSc.14 Muscle strength
before treatment and at last visit was studied using the Medical
Research Council scale. We analyzed cervical flexion, bilateral
shoulder abduction, bilateral elbow flexion, and bilateral elbow
extension. The score was from 0 to 5 per each item, with
a maximum accumulative score of 35 points. Genomic DNA
was extracted and processed for human leukocyte antigen
(HLA) genotyping as previously described.15

Standard protocol approvals, registrations,
and patient consents
The study was approved by the Ethics Committee of the
Hospital de la Santa Creu i Sant Pau in accordance with the
Helsinki Declaration. Informed consent and the authorization
to publish their photographs were obtained from participants.

Cytokine measurements
Serum samples were obtained from our cohort of patients with
BCIM-SSc, patients with SSc with no evidence of muscle in-
volvement (n = 4), and age and sex-matched controls (n = 23).
Serum samples were analyzed using the Proteome Profiler
Human XL Cytokine Array Kit (R&D Systems, Minneapolis,
MN) according to the manufacturer’s protocol. Quantitative
analysis of blotting spot was performed using Image Studio 5.2
(LI-COR, Lincoln, NE). TSP-1 levels were measured in serum
samples using a commercial ELISA kit (R&D Systems).

Cell cultures
Human myoblasts and fibroblasts were isolated and cultured
from control muscle biopsies and enriched using magnetic
separation with CD56 magnetic beads (Miltenyi Biotec,
Bergisch-Gladbach, Germany) as previously described.16 We
analyzed the proliferation of fibroblasts incubated with 5 μg/mL
of recombinant TSP-1 (R&D Systems) or serum from controls
or patients with BCIM-SSc for 48 hours (dilution 1/6) by BrdU
incorporation assay (Roche, Indianapolis, IN). The effect of
TSP-1 in muscle differentiation was evaluated by the measure-
ment of fusion index after 5 days with daily treatment of TSP-1 at
2, 5, or 10 μg/mL or serum from controls and patients with
BCIM-SSc (dilution ¼) in Dulbecco’s Modified Eagle Medium
2% fetal bovine serum. To measure whether TSP-1 and BCIM-
SSc serum induced myotube hypotrophy, we added TSP-1
(20 μg/mL) or BCIM-SSc serum (dilution¼) for 48 hours, and
we compared myotube area using myosin heavy chain staining
(clone MF20; Hybridoma bank, IA) with nontreated or control
serum. We performed tube formation assays in human umbilical
vein endothelial cells incubated with TSP-1 (10 μg/mL) or se-
rum samples (dilution ½) from controls and patients with
BCIM-SSc as previously described.17 Five pictures per well at
different time points were analyzed using the Macro Angio-
genesis Analyzer (Gilles Carpentier. Contribution: Angiogenesis
Analyzer, ImageJNews, October 5, 2012) for NIH ImageJ 1.47v.

Statistics
Statistical analyses were performed with GraphPad Software
(GraphPad Software, La Jolla, CA). The Fisher exact test, OR,
and CI calculations were performed. Values are expressed
asmean ± standard error of themean of triplicates. Comparisons

Glossary
ACR = American College of Rheumatology; BCIM = brachio-cervical inflammatory myopathy; DM = dermatomyositis;
EULAR = European League Against Rheumatism; HLA = human leukocyte antigen; IMNM = immune-mediated necrotizing
myopathy; SSc = systemic sclerosis; TGFβ = transforming growth factor beta; TNF = tumor necrosis factor; TSP-1 =
thrombospondin-1.
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and multiple comparisons were made using the Mann-Whitney
test or 2-way analysis of variance, respectively. Correlations were
studied with the Pearson coefficient (r). Differences were con-
sidered significant when p < 0.05.

Data availability
Data presented in this study are available on reasonable
request.

Supplementary methods (e-methods, links.lww.com/NXI/
A213) can be downloaded. Primary and secondary antibodies
used in the study are listed in table e-1. mRNA specific probes
used for qPCR studies are listed in table e-2.

Results
Patients with BCIM-SSc present
a homogeneous clinical picture
We studied 8 patients (all female), who were referred to our Unit
because of subacute or chronic muscle weakness involving cer-
vical and proximal muscles of the upper limbs (table 1). Six of the
8 had been diagnosed previously of muscle dystrophy based in
the clinical and muscle biopsy results. However, next-generation
sequencing studies did not identify any pathologic variant in 169
genes related to muscle dystrophy, and facioscapulohumeral
muscular dystrophy had been ruled out using specific genetic
testing. All patients but one had also Raynaud syndrome, and in
all cases, concomitant telangiectasia and sclerodactilia were found
(figure 1). All cases had pathologic nailfold videocapillaroscopy
and hypotonia of the esophagus, and 50% of patients had in-
terstitial lung disease by high-resolution thoracic CT, associated
with a restrictive pattern in the lung function test. All these
symptoms were identified after the first visit in our center, and
none of the patients had a previous diagnosis of SSc.MuscleMRI
demonstrated fatty replacement in cervical and periscapular
muscles in all the cases. Short-TI inversion recoverymusclesMRI
sequences showed hyperintense signal in at least 1muscle in 50%
of the cases. Echocardiography was normal in all patients. HLA
study showed a high prevalence of the allele HLA-DRB1*03:01
(4/7; OR = 4.2, CI = 2.29–7.7), and curiously, the other 3
patients were HLA-DRB1*13:01 (OR = 4.6, CI = 2.3–9.2). We
detected antinuclear antibodies in serum in all patients but one,
although the pattern and antigen specificity were variable, as
shown in table 1. All patients but one had a good response to
different regimens of immunosuppressors, which consisted in an
improvement of muscle weakness or a stabilization of the disease.
Table 1 illustrates the different treatment regimens used and the
progression of the disease. It is noteworthy that none of the
patients recovered muscle weakness completely; in fact, scapular
winging, when present, did not improve, and therefore limitation
to extend the arms persisted over time.

BCIM-SSc muscle biopsies show inflammation,
fibrosis, and vasculopathy
Muscle biopsies showed increased myofiber size variability,
abundant atrophic myofibers, and necrosis. Diffuse major

histocompatibility complex class I expression and CD68 mac-
rophages infiltrates were found in all biopsies (figure 2). CD20,
CD4, and CD8 infiltrates were found in 3/8, 2/8, and 5/8 of
the patients, respectively (figure e-1, links.lww.com/NXI/
A210). Complement deposition (membrane attack complex)
was observed in vessels in 50% of patients (figure 2). The
quantification of pathologic findings showed a significant in-
crease in fibrotic tissue and a significant decrease in myofiber
size in patients with BCIM-SSc compared with controls. These
changes were similar to those observed in some patients with
IMNM (figure 3A). We identified fibroblasts positive for the
fibroblast-activated protein embedded in the connective tissue.
Macrophages were positive for CD206 marker, which are
typically found in a profibrotic and necrotizing environment,
and quantitative polymerase chain reaction (qPCR) showed
the upregulation of the M2 markers CCL18, interleukin-10,
CD206, CD163, and transforming growth factor beta (TGFβ)
(figure 3B). The number of vessels was reduced, which was
smaller in patients with BCIM-SSc compared with controls,
similar to DM samples (figure 3C). There was a gradient in
macrophage infiltration, fibrosis, and in the number of vessels
related to the severity of the muscle disease (figures 2 and 3).

Circulating levels of TSP-1 are elevated in
patientswith BCIM-SSc and are associatedwith
muscle pathologic findings
We examined the levels of 105 circulating cytokines in the
serum of our cohort of patients with BCIM-SSc and compared
themwith patients with SScwith nomyopathy and controls.We
observed a cluster of deregulated cytokines in BCIM-SSc sam-
ples that are involved in angiogenesis and response to hypoxia
(such as TSP-1, angiopoietin-2, and sCD105), extracellular
matrix organization (such as TSP-1, fibroblast growth factor 2,
and serpin), and macrophage infiltration (such as TSP-1 and
CXCL10) (figure 4A). ELISA measurement confirmed that
TSP-1, which participates in these 3 cellular processes, was
significantly overexpressed in BCIM-SSc (figure 4B). qPCR
showed high expression levels of TSP-1 in the BCIM-SSc
muscle biopsies that, using immunohistochemistry, was found
located in the extracellular matrix, in CD206+macrophages, and
in some vessels (figure e-2, links.lww.com/NXI/A211). Based
in these results, we analyzed whether TSP-1 serum levels cor-
related with muscle pathology findings. Higher levels of TSP-1
were found in serum patients whose biopsies showed larger
fibrotic areas, higher number of macrophages, and fewer capil-
laries (figure 4C). Overall, these results suggest that TSP-1 may
participate in the muscle pathology of patients with BCIM-SSc.

The effects of TSP-1 in human fibroblasts,
endothelial cells, and muscle cells
We explored the role of recombinant TSP-1 and serum
from BCIM-SSc in the expansion of fibrotic tissue. TSP-1
significantly increased the proliferation of human fibro-
blasts compared with nontreated cells (figure 5A). We
observed the same effects when we incubated BCIM-SSc
serum, and moreover, we found increased rates of fibroblast
proliferation if TSP-1 serum levels were higher (figure 5B).
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Table 1 Clinical data and response to the treatment of the 8 patients with brachio-cervical inflammatory myopathy–systemic sclerosis described in this study

P

Demographic features

Muscle
wk
(onset)

MRC
baseline

Other
features

Other
symptoms

Antibodies

HLA

Muscle MRI, Ps/
D/Cer/A** (+/2)
***

Esophagic
hypotonia
(manometry)

Lung
disease
(HRCT)

Cap
pattern Echo Treatment Response

MRC
last
visitSex

Age at
first
visit

Age at
onset

Age at
last
visit

ANA
pattern
and title

Antigen
specificity

1 Women 59 57 62 Prox UL +
cervical

26 Asymmetry R + T + D Nucleolar
(1/640)

Not
detected

DRB1*03:
01;
DRB1*11:02

Ps(+); De(+) Last 1/3 No Sc N Pdn + Ig + MMF St 29

2 Women 76 75 78 Prox UL +
cervical

24 Axial wk R + T + S +D Nucleolar
(1/640)

Ku DRB1*03:
02;
DRB1*13:01

Ps Last 1/3 Yes Sc N Pdn + Ig + MMF I 32

3 Women 39 39 45 Prox UL +
cervical

28 Scapular
winging

R + T + S Speckled
(1/80)

Not
detected

DRB1*03:
01;
DRB1*04:02

De+; C+; A All body Yes Sc N Pdn + MTX St 30

4 Women 61 61 65 Prox UL +
cervical

30 Distal UL,
axial

R + T + S +D Nucleolar
(1/160)

Th/To Not tested Ps + C + A All body No Sc N Pdn + Ig + MMF
+ MTX + Ci + Cy

W, Death 25

5 Women 29 26 39 Prox UL +
cervical

25 Scapular
winging

R + T Speckled
(1/320)

Ku DRB1*13:
01;
DRB1*15:01

Ps + De +
C + A (−)

Last 1/3 Yes Sc N Pdn + Aza +
MTX + MMF

I 34

6 Women 70 66 72 Prox UL +
cervical

31 Scapular
winging

R + T + D Negative Not
detected

DRB1*03:
01;
DRB1*03:01

C + A N No Sc N Pdn + MMF St 31

7 Women 48 47 50 Prox UL +
cervical

31 — R + S + D Speckled
(1/80)

Not
detected

DRB1*04:
05;
DRB1*13:01

A Last 1/3 No Sc N Pdn + MMF I 34

8 Women 44 33 46 Prox UL +
Cervical

26 — T + D Speckled
(1/1,280)

Ro52;
Gp210

DRB1*03:
01;
DRB1*11:04

C + A (+) Last 1/3 Yes Sc N Pdn + Ig; +MMF I 35

Abbreviations: + = STIR positive; − = STIR negative; A = axial; ANA = antinuclear antibody; Az = azathioprine; C = cervical; Cap = capillaroscopy; Ci = ciclosporin; Cy = cyclophosphamide; D = dysphagia; De = deltoid; H = high; HLA =
human leukocyte antigen; HRCT = high-resolution thoracic CT; I = improved; Ig = immunoglobulin; MMF = mycophenolate; MRC = Medical Research Council scale; MTX = methotrexate; N = normal; Pdn = prednisone; prox =
proximal; Ps = periscapular; R = Raynaud; S = sclerodactylia; Sc = sclerodermia; St = stabilization; STIR = short-TI inversion recovery; T = telangiectasia; UL = upper limb; W = worsening; wk = weakness.
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qPCR studies showed that TSP-1 increased significantly
the expression of the proliferation marker p53 and of the
components of the extracellular matrix collagen I, fibro-
nectin, and TGFβ. Moreover, TGFβ expression was also
elevated when the supernatant of TSP-1–treated cells was
transferred to untreated fibroblasts (figure 5C).

We performed a tube formation assay using endothelial cells
to analyze the effect of TSP-1 and BCIM-SSc serum in the
formation of vascular network. Both untreated and cells
incubated with TSP-1 showed formation of capillaries at 4
hours of culture. In the case of untreated cells, capillaries
were stable until 12 hours of culture. In contrast, TSP-1
induced a rapid degeneration of the vascular network after 4
hours of culture (figure 5D) as shown in representative
images (figure 5E). The addition of BCIM serum to the
media produced similar results, we found a significant re-
duction of capillaries at 8 hours compared with controls
(figure 5F).

Whenwe studied the effect of TSP-1 or serum inmuscle cells, we
observed a significant reduction in the number and size of
myotubes in a TSP-1 dose-dependent manner (figure 5G).
When we incubated BCIM-SSc serum, we observed a similar
trend, but differences were not statistically significant (figure 5H).

Effects of TSP-1 in vivo
Repeated intramuscular (IM) injection of TSP-1 in healthy
mice induced a series of changes in skeletal muscle architec-
ture. First, we observed persistent focal inflammatory infil-
trates in the TSP-1–injected animals that were not present in
the phosphate buffered saline-injected animals (figure e-3A,
links.lww.com/NXI/A212). Flow cytometry confirmed the
increased number of macrophages in the TSP-1–injected
muscles that indeed showed markers of profibrotic M2 mac-
rophages such as CD163 (figure e-3B). Quantification of fi-
brotic areas in the muscle showed a significant increase in the
TSP-1–injected animals (figure e-3, A and C), whereas the
quantification of the number of IM capillaries was not

Figure 1 Clinical findings in patients with BCIM-SSc

Facial weakness (A), prominent cervical weakness (B), proximal upper limb weakness with deltoid atrophy (C), and bilateral scapular winging (D). Nailfold
videocapillaroscopy: normal findings in healthy control (E), early active scleroderma pattern showing giant loops (arrow) in patient 1 and normal number of
capillaries inpatient 5 (F). Active sclerodermapattern showinggiant loops (arrow),microhemorrhages (asterisk), and lossof capillaries inpatient 1 (G).MuscleMRI:
T1-weighted sequence shows fatty replacement of the periscapularmuscles affecting rhomboidmajor (H), latissimus dorsi and serratus anterior (I), and lumbar
paraspinal muscles (J). STIR sequence (K) shows signal enhancement in scapular muscles that appear normal in T1-weighted sequence (L). Arrow shows fatty
replacement in thoracic paraspinal muscles (H), serratus Anterior (I) and Lumbar paraspinal muscles (J). Arrow shoes STIR + signal in periscapular muscles (K),
which do not have fat replacement yet (L). BCIM = brachio-cervical inflammatory myopathy; SSc = systemic sclerosis; STIR = short-TI inversion recovery.
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different from that observed in phosphate buffered saline-
injected animals (data not shown). qPCR showed a significant
upregulation of collagen III and interleukin-10, which par-
ticipates in the switch of macrophages from M1 (pro-
regenerative) to M2 (profibrotic). Moreover, we observed an
upregulation of the endothelial marker Pecam1, which may
reflect an early compensatory mechanism against vascular
damage.

Discussion
In the present study, we describe a cohort of patients with
a common clinical picture characterized by late-onset BCIM
associated with SSc. These patients present not only muscle
biopsy findings of an IMNM associated with an increase in
fibrotic tissue but also a reduction of the number of vessels,

which is frequently observed in the muscle biopsy of patients
with DM. To further understand the pathologic process be-
hind this syndrome, we have performed a series of experi-
ments that led us to propose TSP-1 as a key factor involved in
the development of the disease.

Muscle weakness preferentially involving cervical and proximal
muscles of the upper limbs as an initial symptom is uncommon
in neuromuscular disorders. The differential diagnosis should
include hereditary but also acquired muscle disorders such as
facioscapulohumeral muscular dystrophy, amyotrophic lateral
sclerosis, and even myasthenia gravis.18,19 Inflammatory myo-
pathies can also develop a similar phenotype, but in most
patients with DM or polymyositis, weakness involves prefer-
entially proximal muscles of the lower and upper limbs.20

Muscle weakness in patients with BCIM involves cervical
muscles (extensor and/or flexor muscle) and proximal muscles

Figure 2 Histochemical and immunohistochemical analysis of muscle biopsies from patients with BCIM-SSc

Representative pictures of HE, MHC-I, CD68, and MAC (C5b9) stainings in 3 patients with BCIM-SSc with mild (P6), moderate (P4), and severe (P3) muscle
pathology are shown. Scale bar (HE, MHC-I, and CD68): 200 μm; scale bar (MAC): 100 μm. BCIM = brachio-cervical inflammatory myopathy; HE = hematoxilin-
eosin; MAC membrane attack complex; MHC = major histocompatibility complex; SSc = systemic sclerosis.
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of the upper limbs but can spread to other muscle groups
involving paraspinal and respiratory muscles. The disease can
sometimes progress slowly over several months, making the
differential diagnosis with a muscle dystrophy more difficult.
Patients with BCIM usually associate other inflammatory dis-
eases such as rheumatoid arthritis, lupus, or mixed connective
tissue disease, but the association with SSc has been reported in

few cases only.1–3,12 Patients with SSc and myopathy have an
important variability regarding clinical and histologic features.
These patients may have just hyperCKemia or develop muscle
weakness involving proximal muscles of the limbs. Muscle bi-
opsy in these cases varies from the classic polymyositis phe-
notype to a fibrosing myopathy, including also nonspecific
myositis or IMNM.11,13,21,22 This variability suggests that

Figure 3 Muscle biopsies from patients with BCIM-SSc are characterized by fibrosis, inflammation, and vasculopathy

Amount of fibrotic tissue stained by WGA and muscle fiber size frequency were quantified and compared among controls, patients with BCIM-SSc, and
patients with IMNM. Scale bar: 200μm(A). Immunofluorescence of the FAP andCD206 in BCIM-SSc samples (scale bars: 100μmand 200μm, respectively) and
qPCR gene expression analysis of muscle biopsies from patients with BCIM-SSc, patients with IMNM, and controls (B). Representative pictures of the
quantification of the number and size of IM capillaries (Ulex) in control, BCIM-SSc, and dermatomyositis muscle biopsies. Three pictures of different patients
with BCIM-SSc are shownwithmild (P6), moderate (P4), and severe (P3)muscle pathology. Scale bar: 200 μm. *p < 0.05. BCIM = brachio-cervical inflammatory
myopathy; DM = dermatomyositis; FAP = fibroblast-activated protein; IL = interleukin; IMNM = immune-mediated necrotizing myopathy; SSc = systemic
sclerosis; TGF = transforming growth factor; WGA = wheat germ agglutinin.
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different mechanisms can be involved in the development of
muscle damage in SSc. Our patients showed findings compatible
with SSc: skin telangiectasia, Raynaud syndrome, esophageal
dysfunction, and interstitial lung disease, and all of them fulfilled
criteria for SSc.14 Muscle MRI showed fatty replacement in
paraspinal and proximal muscles of the upper limbs, confirming
that the development of symptoms was slowly progressive, al-
though increase in short-TI inversion recovery signal was found

in a few patients, suggesting the presence of active necrosis or
inflammation in themuscle.23 The clinical picture of our patients
was similar, suggesting a common pathophysiology, a notion that
is reinforced by themuscle biopsy findings and the homogeneity
of HLA haplotypes. HLA-DRB1*11 alleles have been associated
with adult SSc in several studies within Caucasian populations,
including Spanish populations.24 However, in our patients, we
did not find these alleles, but we found a strong association with

Figure 4 TSP-1 is overexpressed in patients with BCIM-SSc, and it is related to muscle fibrosis, inflammation, and capillary
loss

Heatmap of the levels of cytokines measured by cytokine arrays in patients with BCIM-SSc and SSc normalized with healthy controls. Circulating molecules
involved in angiogenesis, extracellularmatrix, andmacrophage infiltration are dysregulated in BCIM (A). TSP-1 levelsmeasured by ELISA are overexpressed in
patients with BCIM-SSc compared with patients with SSc and controls (B). TSP-1 levels positively correlate with fibrosis and number of macrophages in the
muscle and negatively with the number of IM capillaries (C). *p < 0.05. BCIM = brachio-cervical inflammatory myopathy; SSc = systemic sclerosis; TSP-1 =
thrombospondin-1.
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Figure 5 The effects of TSP-1 and BCIM-SSc serum in human fibroblasts, endothelial cells, and muscle cells

Human fibroblasts cultured with recombinant TSP-1 increase cell proliferation (A). Serum from patients with BCIM-SSc increases fibroblast proliferation
compared with serum from controls, and it is positively associated (r = 0.66; p = 0.1) with serum levels of TSP-1 (B). Gene expression analysis of fibroblasts
incubated with TSP-1 (left) showing the upregulation of Collagen I (Col1A1), FN, TGFβ, and p53 (TP53). Supernatant of fibroblasts preincubated with TSP-1
(right) increases TGFβ gene expression (C). Time-lapse analysis of the tube formation assay with endothelial cells cultured with TSP-1 and measurements of
total segment length, number of meshes, and junctions at different time points (D). Representative pictures of the tube formation assay without TSP-1 (NT;
left) and the evident destruction of the vascular network with TSP-1 (right) (E). Tube formation assay performed with serum from healthy controls or patients
with BCIM-SSc. Quantification of the parameters at 8 hours of culture is shown (F). Fusion index of differentiating myoblasts and area of mature myotubes
were analyzed when TSP-1 (G) or serum from healthy controls or patients with BCIM-SSc was incubated (H). Data are represented as mean of at least 3
replicates ± standard error of the mean. *p < 0.05; ***p < 0.001. BCIM = brachio-cervical inflammatory myopathy; FN = fibronectin; NT = nontreated; SSc =
systemic sclerosis; TGFβ = transforming growth factor beta; TSP-1 = thrombospondin-1.
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HLA-DRB1*03:01 (57.1%) and HLA-DRB1*13:01 (42.9%).
The correct diagnosis of patients with BCIM as an acquired
inflammatory myopathy is extremely important because the
treatment can stabilize or improve muscle weakness and com-
pletely change progression of the disease, as we have observed in
our cohort of patients (table 1).

All patients had a muscle biopsy showing necrosis, fibrosis, and
reduced number of capillaries that ranged from mild to severe
depending on the case. Our patients shared features with both
IMNM (necrotic fibers and macrophages) and chronic DM and
antisynthetase syndrome (fibrosis and damaged capillaries). In
a thorough review by Stenzel et al.,25 antisynthetase syndrome is
included as a subtype of IMNM with endo- and perimysial fi-
brous tissue. Also, overlap myositis is proposed as a fifth subtype
of inflammatory muscle disease that is beginning to be recog-
nized.20 We believe that our series of patients, with homogenous
clinical features and a common HLA, could be classified in this
subtype. We identified a deregulation of the expression of soluble
factors involved in angiogenesis, macrophage infiltration, and
extracellular matrix remodeling, which are common findings in
the muscle biopsy of our patients. The vasculopathy observed in
the muscle biopsies of patients with BCIM-SSc is supported by
the different deregulated cytokines identified in our experiments.
For example, we observed an upregulation of angiopoietin-2,
which has been previously related to vessel destabilization26 and
downregulation of sCD105, a marker of neovascularization, low
levels of which are related to enhanced cellular responses to
TGFβ.27 All patients had pathologic findings in nailfold video-
capillaroscopy compatible with SSc. Nailfold videocapillaroscopy
translates microvascular damage in SSc. We focused our atten-
tion on TSP-1 because (1) serum levels of this cytokine were
increased in patients with BCIM-SSc; (2) there was a relationship
between TSP-1 serum levels andmacrophage infiltration, fibrotic
replacement, and reduction of the number of vessels in the
muscle biopsy; and (3)TSP-1was increased inmuscle samples of
patients with BCIM-SSc.

TSP-1 is a matricellular protein mainly released by activated
platelets, but, in an inflammatory context and in response to
stress, it is also produced by other cells such as fibroblasts,
endothelial cells, and macrophages.28–30 TSP-1 is involved
in numerous biological processes through its direct binding
to CD36 and CD47 receptors or directly modulating the
function of soluble molecules such as vascular endothelial
growth factor or activating latent TGFβ to promote fibrotic
expansion31 as described in skin-derived fibroblasts from
patients with SSc.32 Our results are in line with these
observations, in which TSP-1 and serum from patients with
BCIM-SSc enhanced proliferation and production of com-
ponents of the extracellular matrix in skeletal muscle–
derived fibroblasts. In vivo, IM administration of TSP-1
resulted in a mild increase in fibrosis 2 weeks after treat-
ment. TSP-1 has an important regulatory role in the pro-
liferation of endothelial cells, and it is therefore important
for the capillarization process of the skeletal muscle. Ac-
cordingly, TSP-1 and serum of patients with BCIM-SSc

disrupted vascular networks in vitro. However, our in vivo
results did not show significant differences in the number of
capillaries between TSP-1 injected and vehicle. These dis-
crepancies may be explained by the fact that short-term
delivery of TSP-1 is not enough to induce any pathologic
change due to TSP-1 itself. In fact, other authors have
shown that chronic delivery of TSP-1 decreased muscle
capillarity in mice.33 In addition, macrophages are a source
of TSP-1 that influence their own phenotype toward a pro-
fibrotic state and, in turn, promote macrophage
recruitment.34–36 Consequently, IM injection of TSP-1 in
healthy mice resulted in infiltration of M2 macrophages
with a profibrotic phenotype. The relation between in-
flammation in skeletal muscle and TSP-1 has been also
described in other muscle diseases.37,38 We reported that
that absence of dysferlin, a protein involved in sarcolemma
repair, leads to an upregulation of TSP-1.38 Muscle biopsy
of patients with dysferlinopathy is characterized by in-
flammatory infiltrates of macrophages and necrotic fibers
with mild upregulation of major histocompatibility complex
class. We do not know the origin of TSP-1 upregulation in
our patients with BCIM-SSc, but similarly to dysferlinop-
athy, it may contribute to the inflammation observed.
Moreover, TSP-1 may have an impact in the muscle re-
generation process, as we observed that it induces a re-
duction in the number and size of myotubes in vitro, and we
observed a reduction in the myofiber size in the muscle
biopsies of patients with BCIM-SSc. This potential role of
TSP-1 has not been previously described and needs further
studies, but the fact that higher TSP-1 levels are associated
to lower muscle mass and higher macrophagic infiltration in
dystrophic mice may also support our findings.39 Consid-
ering all these evidences, we believe that TSP-1 has an im-
portant role in the expansion of fibrotic tissue and may also
participate in loss of capillaries and consequently muscle
fiber damage in patients with BCIM-SSc.

Therefore, drugs blocking TSP-1 could be a potential ther-
apy in these patients.40 Although TSP-1 blockage demon-
strated a reduction of fibrosis in animal models,40 nowadays
there is no treatment designed to target TSP-1 in humans.
Tumor necrosis factor (TNF) alpha upregulates the ex-
pression of TSP-1 in muscle cells,37 and therefore, it would
be beneficial for these patients. However, reports on the
effect of TNF-alpha inhibitors (infliximab, adalimumab, and
etanercept) in inflammatory muscle diseases indicate that
they are not effective and may be deleterious.20

In summary, we described the clinical and pathologic findings
of a cohort of patients with BCIM associated with SSc. Our
data suggest that TSP-1 has an important role in the de-
velopment of the disease, promoting fibrotic expansion, cap-
illary dysfunction leading to myofiber damage.
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