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Morphea and systemic sclerosis are fibrosing disorders of the skin that share common inflammatory and immunologic pathways
that are responsible for the vascular changes, increased collagen production, and extracellular matrix proliferation seen in both
conditions. Recent advances inmolecular biology techniques have furthered our knowledge of the potential underlying pathogenic
mechanisms and offer new and provocative areas of research for novel diagnostic and therapeutic interventions.This review focuses
on the role of vascular injury in the development of morphea, the use of ultrasonography as a diagnostic modality, and well-
established and newly proposed treatments.

1. Introduction

Morphea is an inflammatory, fibrosing skin disorder that
leads to sclerosis of the dermis and subcutaneous tissue but
in some cases may also extend to the fascia, muscle, and
underlying bone. Clinically, morphea has an asymmetric
distribution and is usually confined to one body area; hence it
is also referred to as localized scleroderma. Systemic sclerosis
(SSc), however, in addition to symmetric skin changes is
characterized by internal organ involvement, sclerodactyly,
presence of Raynaud’s phenomenon, and nailfold capillary
abnormalities. Despite these differences, both entities share
common inflammatory and immunologic pathways that are
ultimately responsible for the vascular changes, increased
collagen production, and extracellular matrix proliferation
seen in both conditions. Although the etiology and precise
mechanisms that trigger the cascade of molecular events
that culminate in skin fibrosis are not fully understood,
advances in molecular biology techniques have furthered
our knowledge of the potential culprits and offer new and
provocative areas of research for novel diagnostic and thera-
peutic interventions.This brief reviewwill focus on the role of
vascular injury in the development ofmorpheawith emphasis
on recent basic research data as well as use of ultrasonography

as a diagnostic method. Lastly, well-established and newly
proposed treatments will be discussed.

2. Clinical Features

Several classification systems have been developed in attempt
to grasp the breath of the various forms of presentation of
morphea [1, 2].They are largely based on clinical findings and
include, with minor differences, at least four major variants:
plaque-type, linear, generalized and a miscellaneous group of
morphologically distinct phenotypes.

Plaque-TypeMorphea (Morphea en Plaque or Circumscribed).
It is themost common subtype overall and themost common
variant in adults. Most often located on the trunk, it begins as
an erythematous-to-violaceous, edematous plaque of several
centimeters that extends peripherally over a period of 3 to 5
years before it reaches a plateau phase. This is followed by an
involution phase that leaves behind atrophic skin (Figure 1).

Linear Morphea (Including Morphea en Coup de Sabre
(Figure 2) and Progressive Hemifacial Atrophy or Parry-
Romberg Syndrome). Most common in children and ado-
lescents, it presents as a linear induration on the scalp,
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Figure 1: Plaque-type morphea.

Figure 2: Morphea en coup de sabre.

forehead, trunk, or extremities (Figures 3 and 4), sometimes
with involvement of the eye (in the case of facial lesions),
underlying fascia, muscle, and bone. The latter may lead to
limb atrophy and joint immobilization. Patients with Parry-
Romberg syndrome and en coup de sabre morphea may also
have seizures, headaches, and abnormal intracranial findings
on magnetic resonance imaging (MRI) [3]. Linear morphea
affecting the mouth has also been described (Figure 5).
Antinuclear antibodies, ssDNA, and antihistones antibodies
are usually positive.

Generalized Morphea. It is defined by the presence of four or
more plaque-type lesions affecting two or more body sites
or by the insidious onset of a slowly progressing plaque-
type morphea on the trunk with eventual involvement of the
entire trunk leading to progressive dyspnea due to mechan-
ical restriction of chest cage expansion. Similar to linear
morphea, patients in this subgroup have positive serology for
antinuclear antibodies, ssDNA, and antihistones antibodies
and are more likely to have constitutional symptoms.

Miscellaneous Group. Encompasses a variety of phenotypi-
cally different lesions including nodular, mixed (combination
of two or more variants), guttate, bullous morphea and
atrophoderma of Pasini and Pierini.

Irrespective of the clinical subgroup, morphea can be dis-
tinguished from SSc by the absence of internal organ involve-
ment, Raynaud’s phenomenon and nailfold capillary changes.
On the other hand, SSc can be further subdivided into limited
SSc (lSSc) and diffuse SSc (dSSC) on the basis of the extent
and distribution pattern of skin disease. Sclerodermatous
skin changes distal to the elbows or knees are referred to

Figure 3: Linear morphea affecting the leg.

Figure 4: Linear morphea of the upper extremity.

as lSSC whereas skin thickening proximal to these anatomic
landmarks are characteristic of dSSC. A subset of patients
with lSSc and calcinosis, Raynaud’s phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasias comprised the
so-called CREST syndrome.

3. Pathogenesis

Vascular Injury as the Crucial Event. It has been proposed
that endothelial cell damage may represent the initial and
pivotal step in the development of soft tissue changes in mor-
phea and systemic sclerosis. For example, using whole-field
digital microscopy and transmission electron microscopy,
Frech and coworkers demonstrated that 20 patients with SSc
had increased skin interstitial edema, fibrosis, basal lamina
lamellation, and endothelial swelling compared to normal
controls, irrespective of disease duration, or appreciable clin-
ical features [4].This is consistent with the clinical findings of
Raynaud’s phenomenon and nail fold capillary changes seen
in the early stages of the disease prior to the development of
frank fibrosis. Infection, hypoxia, trauma, radiation, reactive
oxygen species, and antiendothelial cell autoantibodies con-
tribute to vascular injury and subsequent recruitment and
activation of T and B lymphocytes and mononuclear cells,
secretion of proinflammatory mediators and growth factors,
endothelial cell apoptosis, and fibroblast activation which in



Autoimmune Diseases 3

Figure 5: Linear morphea of the mouth. Note subtle changes of
the inner upper lip and gingival mucosa around the maxillary right
central incisor.

turn leads to vascular and tissue remodeling and fibrosis [5–
9].

Under physiologic and pathologic conditions, disruption
of the capillary network results in decreased blood flow and
tissue ischemia. The ability to withstand hypoxia varies by
tissue type and is tightly regulated by hypoxia inducible
factors. One of the adaptive responses to diminished tissue
oxygen delivery is the formation of new vessels via either
angiogenesis and/or vasculogenesis. The former refers to the
formation of new vessels from preexisting vessels whereas
vasculogenesis represents de novo vessel formation from
bone marrow derived endothelial precursor cells (EPC).
Cumulative evidence suggests that both processes are defec-
tive in SSc despite strong proangiogenic stimuli [10].

Viruses may trigger vascular damage via neointimal
proliferation and apoptosis likely through overproduction of
profibrotic cytokines including TGF-beta, PDGF-alpha, and
PDGF-beta [11]. Cytomegalovirus (CMV) RNA transcripts
have been found in the endothelium of patients with scle-
rodermoid changes [12]. Similarly, parvovirus B19-infected
endothelial cells, fibroblasts, and perivascular inflammatory
cells of SSc patients have increased expression of TNF-alpha
[13] which has been shown to participate in regulation of
fibroblast function and endothelial activation [14]. A role
for viral infection is further supported by the observation
that molecular mimicry between human CMV late protein
UL94 and NAG-2, a surface molecule present on endothelial
cells and dermal fibroblasts, is responsible for cross-reactivity
of human anti-CMV antibodies against the latter and may
contribute to chronic sclerodermoid graft versus host disease
(GVHD) [15, 16].

Endothelial cell apoptosis is a key feature of SSc and
arguably the earliest event [17]. IL-6 and the Fas-pathway
have been implicated in endothelial cell apoptosis [18, 19]
via mechanisms dependent on the presence of neutrophils
and antibody-induced cell-mediated toxicity, respectively.
Circulating angiogenic cells are also prone to and undergo
apoptosis in SSc through phagocytosis of microparticles and
stimulation of acid sphingomyelinase activity [20]. Plasma
samples of SSc patients have significantly higher levels of
microparticles [21]. They are small, membrane-bound vesi-
cles with altered surface lipids that participate in intercellular
signaling [22]. Conversely, dermal fibroblasts are resistant

to Fas-mediated apoptosis, perhaps due to deficiency in
acid sphingomyelinase, and increased levels of anti-apoptotic
proteins cFLIPs and cIAP, partially explaining their survival
and contribution to increased extracellular matrix deposition
in SSc [23, 24].

Antiendothelial cell autoantibodies (AECAs) likely pro-
mote vascular injury, endothelial cell apoptosis, generation
of reactive oxygen species, and expression of adhesion
molecules on endothelial cells in patients with SSc. They are
a heterogeneous group of antibodies against endothelial cell-
specific proteins and are present in 22–86% of patients with
SSc [25]. Upon interaction with these antibodies, endothe-
lial cells augment the expression of vascular cell adhe-
sion molecule-1 (VCAM-1), intercellular adhesion molecule-
1 (ICAM-1), and E-selectin resulting in increased leucocyte
adhesion. Moreover, they stimulate platelet-derived growth
factor (PDGF) pathway and oxidative stress [26]. Beyond
their pathogenic role in dermal fibrosis, AECAs have also
been linked to complications of SSs, including pulmonary
fibrosis andhypertension, and apoptosis of bonemarrowEPC
[27, 28].

Microarray analyses of EPC from patients with SSc
reveal a differential protein expression profile under both
basal and hypoxic conditions, with differentiation towards
a proinflammatory state. Furthermore, immunohistochem-
istry of SSc skin samples shows downregulation of TNFS10,
TNFAIP3, and HOX-A9 and overexpression of PTGS-2
[29]. Most recently, genomic DNA analysis of eight pairs
of monozygotic twins with SSc identified sites that were
preferentially hypermethylated or hypomethylated on the X
chromosome and corresponded to target genes governing,
among other cellular pathways, apoptosis (MTM1), inflam-
mation (ARAF), and oxidative stress (ENOX2) [30]. These
latter findings provide some insight into the molecular alter-
ations behind the higher prevalence of morphea and SSc in
women.

Vascular abnormalities seem not to be limited to the skin.
Patients with SSc have reduced bone marrow vascularity, in
spite of normal cell morphology, as measured by microvessel
density. Notoriously, peripheral blood mononuclear cells
(PMBC) from individuals with SSc release greater amounts
of VEGF [31], and its expression is much higher in SSc
patients [32, 33] thus suggesting a diminished responsiveness
to angiogenic stimuli. Impaired production of TNF-like
weak inducer of apoptosis (TWEAK), a newly characterized
cytokine, by PMBC may be accountable for aberrant angio-
genesis and tissue remodeling in SSc [34]. Lastly, fibroblasts
and autoimmunity are also important pathogenic players in
morphea and SSc, but in-depth discussion of these topics is
beyond the scope of this review.

4. Evaluation

Based on the increasing evidence that vascular changes
dominate the early stages of disease development, it is not
surprising that there is emerging research looking into ways
to rapidly and accurately recognize them. Ultrasonography
has gained particular attention as a noninvasive, harmless,
and inexpensive diagnostic tool.
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Morphea and SSc are characterized by three distinct
phases of skin disease: active or edematous; inactive, sclerotic,
or fibrosis; and atrophic lesions. Early recognition of the
active phasemay have both therapeutic and prognostic impli-
cations. In a study of 104 morphea lesions, ultrasonography
was not inferior to dermatopathologic examination in eval-
uating active disease. Indeed, when compared to histology,
increased cutaneous (dermal or subcutaneous) blood flow
and hyperechogenicity of the subcutaneous tissue had both
100% specificity and 100% sensitivity [35]. In keeping with
these observations, using fourteen MHz ultrasonography of
16 morphea lesions, hyperechogenicity correlated with the
presence of moderate or severe sclerosis on histology. More
importantly, ultrasonographic findings were more reliable
than clinical-based scores such as the Modified Rodnan Skin
Score (mRSS) [36] and have acceptable and reproducible
inter- and intraobserver reliability. The inactive and atrophic
phases of the disease also exhibit unique sonographic features
[37, 38].

Ultrasound can additionally be used to determine the
severity of musculoskeletal involvement [39] and endothelial
function [40] in SSc and in sclerodermoid GVHD [41]. It has
also been shown to be useful in monitoring the response to
treatment. For instance, in pediatric patients, the hyperemia
and increased echogenicity of active lesions disappeared after
successful treatment [42]. In a different series, dermal thick-
ness as measured by ultrasound was decreased in patients
treated with phototherapy [43] and topical imiquimod [44].
Due to its depth of penetration, which is a function of
frequency, the usefulness of ultrasonography is somewhat
limited to the skin and subcutaneous tissue. In this regard
MRI is more advantageous and allows for better assessment
of deeper structures such as the fascia and underlying muscle
[45, 46]. As with ultrasonography, MRI can be resourceful
in monitoring disease activity and response to treatment
[47].

5. Treatment

The treatment of morphea and skin disease in SSc is chal-
lenging, and its efficacy is difficult to assess owing to the
absence of validated and standardized outcome measures.
Nonetheless, numerous treatment modalities both systemic
and topical have been investigated, themajority of which have
been abandoned due to lack of response or have not been
investigated in larger populations. However, among these
interventions, methotrexate (MTX) alone or in combination
with systemic steroids and phototherapy have been proven
to be beneficial with stronger evidence to support their
use.

5.1. Methotrexate. The effectiveness of methotrexate, primar-
ily in conjunction with systemic steroids, has been validated
by several retrospective studies. In the recent past, at least
six prospective, including double-blind, randomized trials
have confirmed the efficacy and safety of this therapeutic
regimen. For example, in patients with juvenile morphea,
clinical remission for a mean duration of 25 months was
achievedwith simultaneous use ofMTXand prednisone [48].

In another study of pediatric patients withmoderate to severe
morphea, this combination strategy quickly resulted in clini-
cal improvement, as determined byModified LS Skin Severity
Index, within two months of treatment [49]. Improvement
in musculoskeletal involvement has also been observed in a
prospective study of adults with deep morphea (mean age 52
years) [47]. When added to MTX and prednisone, imatinib,
which inhibits fibroblast activity, halted the progression of
skin disease and joint deformity in a 3-year-old patient [50].
MTX likely exerts its antifibrotic effects via inhibition of
inflammatory cytokines such as IL-2, IL-4, IL-6, IL-8, and
TNF-alpha and adhesion molecules such as ICAM-1 [7, 51,
52].

With regard to the use of MTX in SSc, in 2009 the
European LeagueAgainst Rheumatism/EULAR Scleroderma
Trails and Research published recommendations for the
management of the multiple manifestations of SSc, including
cutaneous involvement. Based on two randomized con-
trolled trials on patients with early diffuse SSc or limited
SSc [53, 54], methotrexate was recommended as a first-
line treatment for early diffuse SSc (Class A recommen-
dation). Notwithstanding, MTX was superior to placebo
in one of these studies [54], whereas the other showed
only a trend favoring MTX, but it did not reach statistical
significance. Two important considerations can be drawn
from these conflicting observations. First, it is conceivable
to hypothesize that, relative to morphea, the modest or lack
of response to treatment with MTX in SSc is due to the fact
that most studies for management of morphea included a
combination of MTX and steroids. Second, with widespread
involvement, the efficacy of MTXmay be reduced or difficult
to quantify. Placebo controlled trials assessing the benefits
of combined MTX and systemic steroids for diffuse SSc are
lacking.

Mycophenolate mofetil is reserved as a second line agent
that could be used for treatment of localized and generalized
morphea after failed response to MTX and/or phototherapy
[55, 56]. Over the past decade, B-cell depletion therapy
has gained special attention as a successful intervention for
various immune-mediated diseases. Pertaining to its use
for sclerodermoid conditions, there are conflicting results
in patients with refractory sclerodermoid GVHD either
showing improvement [17] or lack of response [57]. A
recent case report showed resolution of localized scleroderma
with rituximab [58]. Larger case series and prospective
studies will help elucidate its potential use as a standard
treatment.

5.2. Phototherapy. First documented in 1994 [59], pho-
totherapy for treatment of morphea has since been widely
used and studied. By virtue of their longer wavelength and
thus deeper penetration, PUVA therapy and UVA1 are the
cornerstone of light treatment for localized scleroderma.
Its mechanism of action likely involves the combination of
various effects such as alteration in cytokine and growth
factors expression, modulation of endothelial dysfunction,
induction ofmatrixmetalloproteinases that degrade collagen,
apoptosis of Langerhans cells and T cells, and inhibition
of collagen synthesis [60–63]. The treatment course varies
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among clinical protocols, but it typically requires approx-
imately 30 sessions before clinical, histological, and ultra-
sonographic improvement can be appreciated. Furthermore,
clinical improvement continues beyond cessation of therapy;
thus prolonged treatment is neither needed nor indicated.
Phototherapy is effective in all Fitzpatrick skin prototypes and
is generally well tolerated, with no serious side effects. The
main caveats to the use of UVA1 are the need for prolonged
exposure times, diminished effectives after repetitive treat-
ment owing to increased pigmentation, and its availability at
specialized centers only. Alternatively, narrowband UVB and
broadband UVA can be used with satisfactory results [64–
67].

There is a paucity of data on the use of phototherapy for
management of diffuse skin involvement in SSc, but PUVA
and UVA1 have been reported to be effective. In a study
of 18 patients with acrosclerosis, low dose UVA1 resulted in
reduction of clinical score from 19.4 to 14.9; this was accom-
panied by elevation of dermal collagenase [68]. In a larger
series of patients with different skin conditions amenable
to treatment with UVA1, 12 patients with SSc/CREST had
a moderate response (51–75% improvement) as determined
by clinical assessment by the same physician before and
after treatment [69]. Another study involving 3 patients
with systemic scleroderma also reported improvement in the
mRSS after UVA1 treatment [70]. Due to the small number of
study subjects, evaluation of limited diseasewith involvement
of the hands only, and the subjective (clinical) assessment of
response to treatment, the results of these studies cannot be
generalized.

On the other hand, provocative data from the basic
research literature may be key in providing the founda-
tion for the development of new therapeutic interventions
for morphea and SSc. For instance, the tight-skin (Tsk
(−/+)) model of SSc shows abnormal fibrillin-1 expression
and chronic oxidative damage that may be responsible for
impaired angiogenesis [71]. Circulating endothelial cells and
EPCs from patients with SSc treated with iloprost, a syn-
thetic analogue of the vasodilatory prostacyclin PGI2, exhibit
upregulation of antiapoptotic genes and genes involved in
wound healing [72]. Treatment with recombinant human
erythropoietin resulted in resolution of a nonhealing digital
ulcer and reduction in apoptotic rates of bone marrow
endothelial cells [73] in a patient with SSc. In conclusion, the
advent of new technology has furthered our understanding
of the imbricated mechanisms behind the development of
these debilitating and disfiguring conditions. Nonetheless,
placebo-controlled trials exploring these newly discovered
pathways are much needed to expand our treatment reper-
toire. This task is rather challenging because, by virtue of
its heterogenous presentation, better measures of disease
activity and outcomes are necessary to accurately evaluate
evidence-based therapies. Fortunately, research in this area is
underway.

Conflict of Interests

The authors declare that they have no conflict of interests.

References

[1] R. M. Laxer and F. Zulian, “Localized scleroderma,” Current
Opinion in Rheumatology, vol. 18, no. 6, pp. 606–613, 2006.

[2] L. S. Peterson, A. M. Nelson, and W. P. D. Su, “Classification of
morphea (localized scleroderma),”MayoClinic Proceedings, vol.
70, no. 11, pp. 1068–1076, 1995.

[3] Y. E. Chiu, S. Vora, E. K. Kwon, and M. Maheshwari, “A sig-
nificant proportion of children with morphea en coup de sabre
and Parry-Romberg syndrome have neuroimaging findings,”
Pediatric Dermatology, vol. 29, pp. 738–748, 2012.

[4] T. M. Frech, M. P. Revelo, S. G. Drakos et al., “Vascular leak is
a central feature in the pathogenesis of systemic sclerosis,” The
Journal of Rheumatology, vol. 39, pp. 1385–1391, 2012.

[5] M. Hasegawa, S. Sato, T. Nagaoka, M. Fujimoto, and K. Take-
hara, “Serum levels of tumor necrosis factor and interleukin-13
are elevated in patients with localized scleroderma,” Dermatol-
ogy, vol. 207, no. 2, pp. 141–147, 2003.

[6] H.Higley, K. Persichitte, S. Chu,W.Waegell, R. Vancheeswaran,
and C. Black, “Immunocytochemical localization and serologic
detection of transforming growth factor 𝛽1: association with
type I procollagen and inflammatory cell markers in diffuse
and limited systemic sclerosis, morphea, and Raynaud’s phe-
nomenon,”Arthritis andRheumatism, vol. 37, no. 2, pp. 278–288,
1994.

[7] H. Ihn, S. Sato, M. Fujimoto, K. Kikuchi, and K. Take-
hara, “Demonstration of interleukin-2, interleukin-4 and
interleukin-6 in sera from patients with localized scleroderma,”
Archives of Dermatological Research, vol. 287, no. 2, pp. 193–197,
1995.

[8] V.-M. Kahari, M. Sandberg, H. Kalimo, T. Vuorio, and E. Vuo-
rio, “Identification of fibroblasts responsible for increased col-
lagen production in localized scleroderma by in situ hybridiza-
tion,” Journal of Investigative Dermatology, vol. 90, no. 5, pp.
664–670, 1988.

[9] R. Sgonc, M. S. Gruschwitz, H. Dietrich, H. Recheis, M. E.
Gershwin, andG.Wick, “Endothelial cell apoptosis is a primary
pathogenetic event underlying skin lesions in avian and human
scleroderma,”The Journal of Clinical Investigation, vol. 98, no. 3,
pp. 785–792, 1996.

[10] P. Cipriani, A. Marrelli, V. Liakouli, P. Di Benedetto, and R.
Giacomelli, “Cellular players in angiogenesis during the course
of systemic sclerosis,” Autoimmunity Reviews, vol. 10, no. 10, pp.
641–646, 2011.

[11] D.Hamamdzic, R. A.Harley,D.Hazen-Martin, andE. C. LeRoy,
“MCMV induces neointima in IFN-𝛾R-/- mice: intimal cell
apoptosis and persistent proliferation of myofibroblasts,” BMC
Musculoskeletal Disorders, vol. 2, article 1, 2001.

[12] C. M. Magro, A. N. Crowson, and C. Ferri, “Cytomegalovirus-
associated cutaneous vasculopathy and scleroderma sans inclu-
sion body change,” Human Pathology, vol. 38, no. 1, pp. 42–49,
2007.

[13] C. M. Magro, G. Nuovo, C. Ferri, A. N. Crowson, D. Giug-
gioli, and M. Sebastiani, “Parvoviral infection of endothelial
cells and stromal fibroblasts: a possible pathogenetic role in
scleroderma,” Journal of Cutaneous Pathology, vol. 31, no. 1, pp.
43–50, 2004.

[14] S. S. Koca, A. Isik, I. H. Ozercan, B. Ustundag, B. Evren, and
K. Metin, “Effectiveness of etanercept in bleomycin-induced
experimental scleroderma,” Rheumatology, vol. 47, no. 2, pp.
172–175, 2008.



6 Autoimmune Diseases

[15] C. Lunardi, M. Dolcino, D. Peterlana et al., “Antibodies against
human cytomegalovirus in the pathogenesis of systemic sclero-
sis: a gene array approach,” PLoS Medicine, vol. 3, no. 1, article
e2, 2006.

[16] R. Pastano, C. Dell’Agnola, C. Bason et al., “Antibodies against
human cytomegalovirus late protein UL94 in the pathogenesis
of scleroderma-like skin lesions in chronic graft-versus-host
disease,” International Immunology, vol. 24, pp. 583–591, 2012.

[17] V. Ratanatharathorn, L. Ayash, C. Reynolds et al., “Treatment
of chronic graft-versus-host disease with anti-CD20 chimeric
monoclonal antibody,” Biology of Blood andMarrow Transplan-
tation, vol. 9, no. 8, pp. 505–511, 2003.

[18] T. C. Barnes, D. G. Spiller, M. E. Anderson, S. W. Edwards,
and R. J.Moots, “Endothelial activation and apoptosismediated
by neutrophil-dependent interleukin 6 trans-signalling: a novel
target for systemic sclerosis?”Annals of the Rheumatic Diseases,
vol. 70, no. 2, pp. 366–372, 2011.

[19] R. Sgonc, M. S. Gruschwitz, G. Boeck, N. Sepp, J. Gruber, and
G. Wick, “Endothelial cell apoptosis in systemic sclerosis is
induced by antibody-dependent cell-mediated cytotoxicity via
CD95,”Arthritis and Rheumatism, vol. 43, pp. 2550–2562, 2000.

[20] J. H. W. Distler, A. Akhmetshina, C. Dees et al., “Induction
of apoptosis in circulating angiogenic cells by microparticles,”
Arthritis and Rheumatism, vol. 63, no. 7, pp. 2067–2077, 2011.

[21] S. Guiducci, J. H. W. Distler, A. Jüngel et al., “The relationship
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