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Attenuation of murine sclerodermatous
models by the selective S1P1 receptor
modulator
cenerimod.
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Immunity and fibrosis
via the interaction with
five S1P receptors
(S1P1-5R). S1P regulates the migration of
T and B lymphocytes
from peripheral lymphoid organs towards
blood, promotes fibroblast
migration
towards
fibronectin
and interacts with
TGFbeta
signaling.
The S1P/S1P receptors axis is involved in
the pathophysiology
of systemic sclerosis
(SSc). Indeed, serum
S1P are increased in
SSc patients in comparison with healthy
controls and fibroblasts of SSc patients display enhanced
S1P-mediated profibrotic response.
Cenerimod is a potent,
selective, modulator
of S1P1 receptor that
induces receptor internalization and prevents lymphocyte exit
from lymphoid organs.
In this article, the authors aimed to assess
the effects of cenerimod treatment upon
cutaneous and lung
fibrosis in two mouse

models of SSc.
First, they treated Sclerodermatous Chronic
Graft Versus Host disease (SSc cGVHd)
mice with oral cenerimod owing 2 schemes
of administrations after
the bone marrow transplantation: preventive (from day 0 to 42)
or curative (from day
22 to 42). Dermal thickness and collagen
contents in skin and
lungs were attenuated in both models in
comparison with the
control group. The authors analyzed the effect of cenerimod on
immune and fibrosis
molecular targets into
the skin of SSc cGVHD treated mice by
microarray analysis,
qPCR and immunohistochemistry. Cenerimod treatment of SSc
mice was associated
with reduced immune
cells infiltration (CD4+
T cells, CD8+ T cells,
and CD11b+ cells) and
increased frequency
of regulatory T cells
into the skin of SSc-cGVHD mice in comparison with non-treated mice. Cenerimod
also
downregulated
the mRNA expression of extracellular
matrix
components
(type I collagen proα2
(COL1A2) and fibronectin-1) and fibrogenic cytokines (IL-1be-

ta, IL-6, IL-13) in the
skin and inhibited collagen production by
skin fibroblasts.
The authors next investigated the effect
of cenerimod on the
bleomycin-induced
scleroderma
mouse
model. Mice were orally administered cenerimod from day 0 to day
28. Cenerimod-treated
mice displayed significantly lower dermal
thickness and fibrosis
area in the skin and
lung than control mice.
The selective S1P1
receptor
modulator
cenerimod decreased
lung and skin fibrosis in two SSc murine models. Targeting
S1P1 receptor with
cenerimod could be a
promising therapy for
SSc via its anti-fibrotic
and immunomodulator
effects. The selective
targeting of one receptor is expected to induce less adverse events than non-specific
S1P1,2,3,4,5 receptors modulators such
as fingolimod, a therapeutic agent currently
used at clinical grade
in multiple sclerosis.
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Circulating follicular
helper T cells are increased in systemic
sclerosis and promote
plasmablast
differentiation through the IL-21 pathway
which can be inhibited by ruxolitinib.
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Follicular
helper T (Tfh) cells
cd4+cXcR5+pd-1+
cooperate with B lymphocytes to induce
the differentiation of
plasmocytes
secreting immunoglobulins
(ig). Authors analysed
circulating Tfh cells
from SSc and healthy
controls (Hc) by flow
cytometry and performed in vitro coculture
experiments of sorted
Tfh and B cells for functional analysis.
They observed that
circulating Tfh cells
were increased in patients with SSc and
expressed higher levels of PD-1 and other
activation
markers,
such as ICOS and
HLA-DR especially in
severe dSSc subtype.
In functional assay,
authors
demonstrated that these circulating Tfh were able to
promote plasmablast
activation and Ig production. They further
show that this ability
was prevented by IL21 blockade and JAK
½ inhibition by ruxolitinib. They suggest that
JAK ½ inhibitor could

affect plasmablast differentiation and their
capacity to secrete immunoglobulin notably
by decreasing the IL21 production of Tfh.
Altogether, in severe
dSSc circulating Tfh
would be increased
and activated, suggesting a role in the
disease and its activity. Notably, JAK ½
blockade could inhibit
the function of those
Tfh, leading the authors to the conclusion
that this pathway coud
be promising in the treatment of SSc.
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Fibrosis is one of the
main feature of systemic sclerosis (SSc).
During SSc, resident
fibroblasts
undergo
activation and convert to aSMA+ myofibroblasts which synthetize collagen and
fibrogenic components. In this article, the
authors explored the
antifibrotic
properties of TLY012, a PEGylated
long-acting
recombinant human
TRAIL which especially targets myofibroblasts and induces their

apoptosis through death receptor 5 (DR5)
activation.
The
authors
firstly
demonstrated
that mRNA DR4 and
DR5 were up-regulated in the skin of SSc
patients and that in fibrotic skin, DR4/DR5
and aSMA were co-localised suggesting that
myofibroblasts specifically expressed DR4
and DR5. In human
primary
fibroblasts,
activation by TGF-b1
exposure also induced the expression of
DR4, DR5 and aSMA.
Interestingly, in vitro
exposure to TLY012
induced apoptosis in
TGF-b1 activated fibroblasts, as demonstrated by the activation of pro-apoptotic
caspase-8 and caspase-3/7. This effect of
TLY012 was not observed in unactivated
fibroblasts, suggesting
that TLY012 especially
targeted fibroblast that
were pre-activated by
TGF-b1. This specific effect of TLY012
on
TGF-b1-activated fibroblasts was
dependent on the
expression of DR5,
as the down-regulation of DR5 by siRNA suppressed the
effects of TLY012 in
TGF-b1-activated fibroblasts. On the contrary, silencing DR4
did not modulate the
effects of TLY012,
and this result was
explained
because only DR5 protein
membrane
expression was especially
induced after TGF-b1
exposure. From a mechanistic view-point,
using siRNA and immunoprecipitation approaches, the authors

also
demonstrated
that TGF-b1 signaling
up-regulated the DR5
expression in human
dermal
fibroblasts
through Smad2/3-SP1
complexes.
In a therapeutic perspective, the authors
demonstrated
that
DR5 was also expressed on mouse myofibroblasts and that
TLY012 could also induce the apoptosis of
mouse myofibroblast
in a DR5 dependent
manner. TLY012 could
reverse fibrosis in two
different mouse models of SSc: in the bleomycin-induced model
and in Tsk-1 transgenic mice. To confirm
the central role of DR5
targeting in the observed effects of TLY012,
the authors also tested
the effects of a mouse anti-DR5 agonist
antibody (MD5-1) and
demonstrated
that
MD5-1 could also reverse skin fibrosis in
the bleomycin model.
The effects of MD5-1
could not be assessed
in the Tsk1 model due
to liver toxicity induced
by this molecule.
In demonstrating the
specific expression of
DR5 in TGF-b1 activated myofibroblasts,
and the specific targeting and apoptosis of
these activated cells
by TLY012, this work
supports the hypothesis that DR5 could be
a relevant target in
SSc. Most importantly, using two mouse
models of SSc, this
work
demonstrates
that targeting this pathway can especially
reverse fibrosis and
could therefore be benefic for patients with
advanced skin fibrosis,

therefore differing from
strategies suppressing
inflammation or inhibiting fibroblast proliferation.
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Compendium of skin
molecular signatures identifies key
pathological features associated with
fibrosis in systemic
sclerosis
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The aim of this article was to create a
compendium
from
skin samples of scleroderma patients that
will cover 17424 genes and their various
transcriptional
and
signaling signatures.
Gene-set enrichment
analysis was used. Authors performed comprehensive
meta-analysis of the publicly
available data sets
that have been published so far. They tried
to make a difference
between group of genes, in order to identify
key cellular components, pathways and
biomarkers in each
group, thus developing
predictive models for
drug responsiveness.
The keywords ‘systemic sclerosis’, ‘skin’,
‘transcriptomics or microarray’ and ‘data set’
were used in Google
Scholar and PubMed
to scan for relevant publications on genetic
skin signatures in patients with SSc. The final number of patients
with SSc was 175 (115
dcSSc, 60 lcSSc and

61 healthy controls).
After further analysis
final SSc compendium
was constructed from
eight studies with a
total of 423 samples
from 236 patients and
covering 23 684 genes
total (common core of
17 424 genes). The
gene candidates were
identified by three independent methods.
After that gene-set enrichment analysis and
protein–protein interaction network analysis were performed
together with additional complex analysis.
Genes were compared
between SSc and healthy controls, and 1089
upregulated gene in
dcSSc and 192 in lcSSc were determined.
Those genes were
analyzed considering
their repercussion on
protein synthesis and
pathway
activation
profiles, what resulted
in formation of four clusters.
Cluster 1 was weighted towards the
Notch and Hedgehog
signalling pathways,
while cluster 2 showed
a stronger predilection
for the TGFβ signalling
pathway. The type 1
IFN signalling pathway
was active in both clusters 1 and 2, as well
as in unaffected skin
areas of dcSSc. Cluster 1 had a higher
score for eosinophils
and Th1 cells, while
cluster 2 was the most
enriched with immune
cells such as B cells,
T cells, dendritic cells and macrophages.
Cluster 3 was the
weakest for most pathways, but was conspicuous for the PPAR
(peroxisome proliferator-activated receptor)

signaling pathway and
the most dominant cells were epithelial cells and keratinocytes.
Cluster 4 showed the
strongest inclination
towards extracellular
matrix formation and
was also highly active for TGFβ, Apelin,
PI3K-Akt and PDGF
signalling pathways.
Fibroblast
subsets
predominated in this
cluster, with strong
activity for fibrosing
signalling pathways.
As matched with previous results by intrinsic gene subsets,
clusters 1 and 2 and
clusters 3 and 4 were
conceptually similar to
inflammatory, normal
like and fibroproliferative types. Considering
clinical implication, the
modified Rodnan skin
score (mRSS) was
significantly higher in
cluster 4 compared
with clusters 1 and 3,
but not compared with
cluster 2, which was
a proxime accessit in
the mRSS and TGFβ
pathway activity. The
main difference between cluster 2 and 4 is
the early inflammatory
phase and better clinical outcome in cluster 2 due to a strong

immunoinflammatory
nature with reversibility, unlike irreversible fibrotic change
in cluster 4. Authors
emphasize correlation
between mRSS and
PI3K-Akt and PDGF
signalling, as well as
between mRSS and
mitogen-activated protein kinases (MAPK)
and TGFβ signalling
pathways. They deem
that improvement in
mRSS was associated with proportional
mitigation of PI3K-Akt
signalling, JAK-STAT
signaling and dermatan sulfate biosynthesis and vice versa.
As conclusion, the
PI3K-Akt
signalling
pathway was identified as one of the most
enriched gene sets in
dcSSc, together with
previously well known
TGFβ. Genes COMP
(cartilage
oligomeric matrix protein),
THBS4 (thrombospondin-4),THBS1 (thrombospondin-1),
TNC
(tenascin-C) and FN1
(fibronectin 1) were associated with this pathway as leading-edge
genes together with
collagen family genes.
Leading-edge genes
are those that contri-

bute most to the enrichment of a particular
gene set and include
the most significantly
upregulated genes in a
given gene set (definition given by authors).
Authors doubt that the
PI3K-Akt signalling pathway could be potential drug target in order
to reverse the process
of skin fibrosis. The
second target could
be CTGF, a secreted
matricellular
protein
which contributes to
tissue remodeling and
fibrosis in cooperation
with TGFβ.
Authors recommend
patient categorization
by pathway-driven clustering, especially for
clinical studies that assess responses to novel therapies. Further
studies are needed to
identify which genes
are associated with interstitial lung disease
or pulmonary arterial
hypertension in SSc.

