
BASIC Science Journal club 
of the Eustar YIG

May
CXCL4 assembles 
DNA into liquid cry-
stalline complexes to 
amplify TLR9-media-
ted interferon-α pro-
duction in systemic 
sclerosis. 

Lande R, Lee EY, Pa-
lazzo R, Marinari B, 
Pietraforte I, Santos 
GS, Mattenberger 
Y, Spadaro F, Stefa-
nantoni K, Iannace 
N, Dufour AM, Falchi 
M, Bianco M, Botti 
E, Bianchi L, Alvarez 
M, Riccieri V, Truche-
tet ME, C L Wong G, 
Chizzolini C, Frasca 
L. Nat Commun. 2019 
May 1;10(1):1731.
CXCL4 is believed 
to be an early serum 
biomarker of severe 
systemic scleroder-
ma (SSc), a chronic 
autoimmune disease 
characterized by fi-
brosis and vasculopa-
thy, and its exact role 
in pathophysiology is 
explored in more de-
tail in this article. The 
authors showed that 
CXCL4 organizes 
self-DNA and micro-
bial DNA into liquid 
crystalline immune 
complexes, which am-
plify the production of 
interferon-α via TLR9. 
These CXCL4-DNA 
complexes are present 
in vivo and in corre-
lation with interferon 

type I (IFN-I) in the 
blood of SSc patients. 
The authors establish 
a direct link between 
the overexpression of 
CXCL4 and the signa-
ture of the IFN-I gene 
in SSc and suggest a 
new paradigm in which 
chemokines can radi-
cally modulate innate 
immune receptors wi-
thout being direct ago-
nists.

June
Blockade of the 
C X 3 C L 1 - C X 3 C R 1 
Pathway Inhibits the 
Progress of Skin In-
flammation, Fibrosis, 
and Vascular Injury 
in an Experimen-
tal Mouse Model of 
Systemic Sclerosis 
 
Luong VH, Utsuno-
miya A, Chino T, Le 
DH, Matsushita T, 
Obara T, Kuboi Y, 
Ishii N, Machinaga A, 
Ogasawara H, Ikeda 
W, Kawano T, Imai T, 
Oyama N, Hasegawa 
M. Arthritis Rheumatol. 
2019 Jun 7.
CX3CL1 (fractalkine) 
is both a membrane 
bound-protein and a 
chemokine under a 
soluble form. CX3CL1 
expression is known 
to increase under in-
flammatory condi-
tions on the surface 
of endothelial cells. 
CX3CL1 interacts 
with its sole receptor 

CX3CR1 to mediate 
the firm adhesion of 
leucocytes to the en-
dothelium, the recru-
itment of leucocytes 
towards inflamed tis-
sues and the cytotoxi-
city of NK cells.
The CX3CL1/CX3CR1 
axis has been de-
monstrated to be in-
volved in systemic 
sclerosis (SSc). So-
luble CX3CL1 is in-
creased in the sera 
of SSc patients with 
interstitial lung disea-
se and digital ulcers. 
The expression of 
both CX3CL1 and its 
receptor CX3CR1 is 
increased in the target 
organs of SSc disease 
namely skin and lung 
and a previous stu-
dy showed a dampe-
ned fibrosing process 
in connective tissue 
growth factor (CTGF) 
and transforming 
growth factor beta 
(TGFβ) treated mice 
that were knocked-out 
for CX3CR1, fractalki-
ne receptor.
In this article, the au-
thors assessed in 
preclinical models the 
blockade of CX3CL1/
CX3CR1 pathway 
using anti-human and 
anti-mouse monoclo-
nal CX3CL1 antibo-
dies (mAb).
They showed that tre-
atment of human der-
mal fibroblasts with 
TGFβ1 in vitro increa-
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ses their expression of 
CX3CL1 and its recep-
tor assessed by qPCR 
and confocal micro-
scopy. This increased 
expression is associa-
ted with enhancement 
of TGFβ1 signaling 
assessed by Smad3 
phosphorylation, type I 
collagen α2 chain (Co-
l1A2) and fibronectin 
1(FN1) production that 
are reversed by the ad-
dition of anti-CX3CL1 
mAb.
Then the authors as-
sessed the effect of 
mouse anti-CX3CL1 
mAb in the mouse ble-
omycin model. The au-
thors used two sche-
mes of administration 
of the mAb: concomi-
tant (preventive mo-
del) or consecutive 
to bleomycin admini-
stration (curative mo-
del). In the preventive 
model, the treatment 
with anti-CX3CL1 mAb 
is associated with a 
decrease of skin thi-
ckness, fibrosis and 
reversal of capillary 
rarefaction assessed 
by immunostaining. 
The same findings are 
obtained in a second 
SSc mouse model in-
duced by CTGF and 
TGFβ treatment but 
are not confirmed in 
the curative setting of 
bleomycine model
In addition, the infiltra-
tion of skin by profibro-
tic M2 macrophages 
and CD3+ T cells is 
significantly decrea-
sed in anti-CX3CL1 
mAb-treated mice as 
well as the level of 
expression of profi-
brotic molecules such 
as thymic stromal lym-
phopoietin (TSLP), 
secreted phosphopro-
tein1 (SPP-1), IL-1β 
and IL-6. 
Altogether these data 

suggest a beneficial 
effect of anti-CX3CL1 
mAb in dampening 
skin fibrosis and in-
flammation and angio-
genesis alteration in a 
mouse SSc model with 
a preventive scheme 
of administration.
This mAb was found 
to be well tolerated in 
a clinical trial for rheu-
matoid arthritis. Hen-
ce, the blockade of 
CX3CL1/CX3CR1 pa-
thway with the neutra-
lizing humanized an-
ti-CX3CL1 mAb could 
be of interest in the 
treatment of patients 
suffering of early forms 
of SSc. 

July

Microparticles in sy-
stemic sclerosis: Po-
tential pro-inflamma-
tory mediators and 
pulmonary hyperten-
sion biomarkers.

Lammi MR, Saketkoo 
LA, Okpechi SC, 
Ghonim MA, Wycze-
chowska D, Bauer N, 
Pyakurel K, Saito S, 
deBoisblanc BP, Bou-
lares AH. Respirology. 
2019 Jul;24(7):675-
683.
As Systemic Sclerosis 
(SSc) and Pulmonary 
Arterial Hypertension 
(PAH) are both intrin-
sically vascular dise-
ases, identification 
of biomarkers of en-
dothelial cell activation 
could be useful in pre-
dicting SSc-PAH. Mi-
croparticles (MP) are 
submicron vesicles 
that are released in 
healthy and diseased 
conditions from va-
rious cell types inclu-
ding endothelial cells 
(endothelial MP, EMP), 
platelets (platelet MP, 
PMP) and leucocytes 

(LMP). EMP appear 
to play an active role 
in the pathogenesis of 
vascular disease by 
modulating cell–cell si-
gnalling. 

Circulating EMP are 
increased in pulmo-
nary hypertension 
(PH) associated with 
a wide variety of con-
ditions, correlate with 
haemodynamic seve-
rity and are predicti-
ve of poor outcomes. 
Prior measurements 
of EMP in SSc have 
demonstrated confli-
cting results and have 
not directly addressed 
the potential of EMP to 
serve as biomarkers of 
SSc-PAH. The authors 
hypothesized that (i) 
SSc patients would 
have higher levels of 
EMP compared to he-
althy controls, (ii) SSc-
PAH patients would 
have higher levels of 
EMP than SSc patien-
ts without PH and (iii) 
MP isolated from SSc 
patients would induce 
greater endothelial cell 
(EC) inflammation in 
vitro compared to tho-
se isolated from heal-
thy controls. 
In this study, the le-
vels of EMP (CD144+, 
CD31+, CD62E+ and 
CD143+) were com-
pared between three 
groups (10 SSc patien-
ts with PAH, 10 SSc 
patients without pul-
monary hypertension 
(no-PH) and 10 heal-
thy age- and sex-ma-
tched controls). Hu-
man pulmonary artery 
endothelial cells (HPA-
EC) were exposed in 
vitro to MP obtained 
from SSc patients or 
healthy controls, and 
levels of cytokines and 
inflammatory adhesion 
molecules were com-
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pared. 
The results showed 
that CD144+ EMP 
were significantly hi-
gher in the SSc-PAH 
group compared to 
either the SSc-no PH 
or healthy controls 
(diagnostic accuracy 
80%, P = 0.02). Com-
pared to controls, SSc 
patients had higher 
CD31 +/CD62E+ ra-
tios, indicating larger 
contributions of apop-
tosis to EMP release 
(P = 0.04). Patients 
with limited SSc had 
significantly higher le-
vels of CD143+ EMP 
compared to those 
with diffuse subtype (P 
= 0.008). When HPA-
EC were exposed to 
MP from SSc patients, 
there was a significant 
increase in inflam-
matory cytokines and 
adhesion molecules. 
Interestingly, exposure 
to healthy control MP 
caused a reduction in 
inflammatory markers. 
So, this data suggest 
that EMP (particular-
ly CD144+) are pro-
mising biomarkers of 
PAH in SSc but require 
further study. MP isola-
ted from SSc patients 
induced an increase in 
endothelial cell inflam-
mation and may be an 
important pathogenic 
factor in SSc.

August

Activation of m 
TORC1 in fibrblasts 
accelerates wound 
healing and induces 
fibrosis in mice

Hu X, Zhang H, Li X, Li 
Y, Chen Z. Wound Re-
pair Regen. 2019 Aug 
24.
Authors wanted to 
define the role of the 
mechanistic target of 

rapamycin complex 
1 (mTORC1) in fibro-
blast during wound 
healing and scarring. 
mTORC1 is a cen-
tral regulator of cell 
growth, proliferation 
and differentiation, re-
sponsible for activa-
tion of different cells 
in wound healing, in-
cluding dermal fibro-
blast. Activation ofm-
TORC1 significantly 
increased fibroblastic 
cell proliferation and 
contractile α-smooth 
muscle actin (α-SMA) 
expression, thus pro-
moting wound closu-
re, but also adversely 
induced excessive 
production of collagen 
and other extracellular 
matrix(ECM) proteins, 
leading to excessive 
scaring and fibrosis.
 In the intro-
duction authors de-
scribed the role of 
fibroblastic cells in 
wound healing phases 
in detail - fibroblasts 
transformation into 
myofibroblasts after 
wounding, synthesis 
of ECM components, 
and removal by pro-
grammed cell death. 
In clinical practice, 
wound healing com-
plications were repor-
ted as adverse effects 
of the mTOR inhibitor 
treatment, sirolimus 
(rapamycin). Authors 
wanted to investigate 
the effect of mTORC1 
upregulation in fibro-
blasts by inhibiting 
tuberous sclerosis 
complex 1 (TSC1) ge-
nes that suppresses 
mTORC1, as well as 
the effect of mTORC1 
downregulation by ra-
pamycin.
Authors used site-spe-
cific recombinase 
technology to cau-
se deletion of TSC1 

(TSC1-cKO) in mice 
model. Genetically su-
sceptible mice were 
given intraperitoneal 
injections of tamoxi-
fen for 10 days, in or-
der to cause deletion 
of TSC1, or corn oil 
as control. Genetical-
ly unsusceptible mice 
were also treated with 
tamoxifen and they 
were used as negati-
ve controls. Deletion 
of the TSC1 gene 
was verified by PCR 
of DNA from tails cel-
ls and confirmed by 
immunofluorescen-
ce (IF) and western 
blotting (WB) that 
detected the protein 
levels of TSC1 and 
phospho-S6. A week 
after the last injection 
of tamoxifen or corn 
oil, full-thickness skin 
wounds were created 
(underlying muscle 
was uninjured) using 
a sterile 4-mm biop-
sy punch, and photo-
graphed at 0, 3, 7, and 
10 days after woun-
ding. Percentage of 
wound closure at each 
time point was calcu-
lated. Mice were eu-
thanized 7, 14, and 21 
days after wounding 
and wound tissue spe-
cimens were collected. 
Collagen synthesis 
was assessed using 
van Gieson staining 
and the hydroxyproline 
assay was performed 
to quantify collagen 
synthesis in wound tis-
sues. On days 3, 7and 
10 following wounding, 
TSC1-cKO mice had 
displayed significant-
ly accelerated wound 
healing, more over 
they displayed “volca-
no-like” healing on day 
7, with a higher wound 
closure than the adja-
cent intact tissues, 
understood as exces-



sive fibrosis. These 
mice exhibited incre-
ased levels of α SMA 
in wound tissues and 
increased fibroblast 
proliferation, but levels 
of fibroblast cell apop-
tosis was comparable 
with control mice. Tis-
sue examination of 
day 21 wounds con-
firmed increased col-
lagen deposition, as 
well as higher maturity 
of collagen fibers, and 
excessive scarring in 
TSC1-cKO mice.
In order to assess if 
mTOR inhibitor could 
restore excessive 
scarring and fibro-
sis another group of 
TSC1-cKO mice, as 
well as controls, recei-
ved rapamycin intra-
gastrically for 21 days 
after wounding and 
these wounds were 
also photographed. 
Wound tissue biopsies 
were collected on day 
7 after wounding for 
immunof luorescent 
staining, or on day 21 
for van Gieson staining 
and hydroxyproline as-
says. Rapamycin tre-
atment did not alter the 
wound closure kinetics 
of control mice, it only 
reversed the accele-
rated wound healing 
process of TSC1-cKO 
mice by reducing in-
creased fibroblast cell 
proliferation and de-
creasing the number 
of α-SMA-expressing 
myofibroblasts. Less 
collagen deposition, 
scarring and fibroge-
nesis were observed 
in TSC1-cKO mice tre-
ated with rapamycin.
The last step included 
experiments on pri-
mary human dermal 
fibroblast cultures, 
which were incubated 
with siRNA (RNA that 
interferes with expres-

sion of genes with 
complementary nucle-
otide sequences) from 
TSC1-cKO mice or 
controls. After that cul-
tures were treated ra-
pamycin or vehicle for 
48 hours. Cell analy-
sis showed that ra-
pamycin treatment si-
gnificantly attenuated 
the mTORC1 activa-
tion, thus decreasing 
production of colla-
gen and α-SMA. On 
the other side, TSC1 
knockdown promoted 
myofibroblastic transi-
tion in primary human 
dermal fibroblasts.
This study showed 
that mTORC1 is es-
sential in activation, 
proliferation and mi-
gration of fibroblasts 
(and myofibroblasts). 
mTORC1act ivat ion 
may hinder the clea-
rance of myofibrobla-
sts, leading to excessi-
ve collagen production 
and scarring. Nume-
rous studies confirmed 
the role of fibroblast in 
SSc and I would like 
to recommend deter-
mination of mTORC1 
and its protein pro-
ducts in dermal fibro-
blasts of patients with 
SSc for future studies, 
especially because 
mTOR inhibitors are 
widely available in cli-
nical practice.
Bonus
Single-cell analysis 
reveals fibroblast he-
terogeneity and myo-
fibroblasts in systemic 
sclerosis-associated 
interstitial lung disea-
se. 
Valenzi E, Bulik M, Ta-
bib T, Morse C, Sem-
brat J, Trejo Bittar H, 
Rojas M, Lafyatis R. 
AnnRheum Dis. 2019 
Aug 12. pii: annrheum-
dis-2018-214865.
Myofibroblasts play a 

pivotal role in the pa-
thogenesis of aberrant 
extracellular matrix re-
modelling characteri-
sing fibrosis in patients 
with systemic sclerosis 
(SSc). Myofibroblasts 
are characterised by 
two key features : a 
collagen-synthesising 
capacity and contracti-
le capacities. Studies 
evaluating the origin 
and behaviour of myo-
fibroblasts usually 
define these cells as 
fibroblasts expressing 
ACTA2 (alpha-smo-
oth muscle actin). No-
netheless, this appro-
ach and phenotypic 
definition may lack of 
specificity as other cell 
types such as peri-
cytes, smooth muscle 
cells and myoepithe-
lial cells also express 
ACTA2. This study (1) 
aims to identify and de-
fine the trancriptome 
of various cell types in 
lung tissue of healthy 
controls and SSc pa-
tients with interstitial 
lung disease (SSc-
ILD). These analyses 
based on explanted 
lung tissue specimens 
especially focus on 
fibroblasts and myofi-
broblasts. The author 
used droplet-based, 
single-cell RNA-se-
quencing (scRNA-seq) 
and cellular indexing 
of transcriptomes and 
epitopes by sequen-
cing (CITE-seq), a 
method that allows the 
simultaneous measure 
of cell surface proteins 
and messenger RNA 
transcripts at the sin-
gle-cell level. 
Using these single-cell 
methods, they highli-
ghted the heterogenei-
ty of lung fibroblasts, 
both in healthy con-
trols and patients with 
SSc-ILD. Examination 



of gene expressions 
in mesenchymal cel-
ls from healthy con-
trols identified three 
subsets of fibroblasts: 
one major with high 
expression of SPINT2, 
another major sub-po-
pulation characterised 
by a high expression 
of MFAP5 and a minor 
population with enhan-
ced expression of 
WIF1. Interestingly, in 
patients with SSc-ILD, 
a new large population 
was identified, defi-
ned as myofibroblasts, 
with evidence of acti-
ve proliferating cells 
within this population. 
SSc-associated myofi-
broblasts had the gre-
atest phenotypic chan-
ges in comparison with 
healthy controls and 
strongly upregulated 
expression of colla-
gens and other pro-fi-
brotic genes. 
Moreover, beyond the 
characterisation of 
these sub-populations 
of lung fibroblasts, the 
authors also highli-

ghted the heterogenei-
ty of other cell popula-
tions in the lung of SSc 
patients such as spe-
cific subpopulations of 
macrophages. More 
precisely, a higher 
proportion of prolife-
rating macrophages 
with high expression 
of SPP1 (gene coding 
for osteopontin) was 
described in patients 
with SSc-ILD. These 
results on macropha-
ges are concordant 
with the conclusions 
of a recent study from 
the same team using 
the similar technics in 
patients with idiopa-
thic pulmonary fibrosis 
(IPF) (2). 
In conclusion, this 
study exploring cell 
sub-populations of 
lung tissue specimens 
from healthy controls 
and patients with SSc-
ILD through single-cell 
methods, highlights 
the heterogeneity of 
lung fibroblasts and in-
dicates that myofibro-
blasts differentiation 

and proliferation are 
key pathological me-
chanisms driving fibro-
sis in SSc-ILD. 

(1) Valenzi E, Bu-
lik M, Tabib T, Morse C, 
Sembrat J, Trejo Bittar 
H, Rojas M, Lafyatis 
R. Single-cell analysis 
reveals fibroblast he-
terogeneity and myo-
fibroblasts in systemic 
sclerosis-associated 
interstitial lung dise-
ase. Ann Rheum Dis. 
2019 Oct;78(10):1379-
1387. 
(2) Morse C, Tabib 
T, Sembrat J, Buschur 
KL, Bittar HT, Valenzi 
E, Jiang Y, Kass DJ, 
Gibson K, Chen W, 
Mora A, Benos PV, 
Rojas M, Lafyatis R. 
Proliferating SPP1/
MERTK-expressing 
macrophages in idio-
pathic pulmonary fibro-
sis. Eur Respir J.2019 
Aug 22;54(2).


