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Epigenetic regulation of RUNX3 in 
systemic sclerosis pathogenesis: time 
to target?
Steven O’Reilly  

Systemic sclerosis (SSc) is an idiopathic 
autoimmune disease, that is, characterised 
by inflammation, cytokine imbalances and 
vasculopathy that leads to skin and lung 
fibrosis. The disease has very limited 
options with none specifically targeting 
the fibrotic component, and only in recent 
times has an insight into the molecular 
pathways at work come to light. An aber-
rant immune system has long been associ-
ated with SSc, with clear alterations in 
innate immune cell numbers and activa-
tion and recently the role of type I inter-
ferons has been implicated in SSc,1 
molecules normally associated with a 
different rheumatic disease: systemic lupus 
erythematosus. What is driving this 
increase in type I interferons, however, 
was unknown until now.

In this issue, Affandi et al show that 
plasmacytoid dendritic cells (pDCs) are 
important and the central transcription 
factor RUNX3 is critical.2 The authors 
showed that RUNX3 expression is severely 
reduced in SSc patients, in pDCs, and 
this is observed across both limited and 
diffuse subsets of the disease. The level of 
RUNX3 was reduced both at the gene and 
protein levels and, importantly, correlated 
significantly with the Rodnan skin score. 
pDCs are rare type I interferon-producing 
cells that can present antigen. These cells 
can release high levels of type I interferon 
and can also contribute to pathology by 
the activation of effector T cells, cyto-
toxic T cells and conventional dendritic 
cells (DCs). Thus, it is conceivable that 
the pDCs in SSc are contributing to the 
disease pathology through the release of 
interferon and the activation of T cells, 
which are known to release profibrotic 
molecules capable of activating fibro-
blasts to myofibroblasts.3 RUNX3 is one 
of three mammalian Runt-domain tran-
scription factors encoded by the highly 
conserved RUNX gene family. RUNX 
genes are key regulators of lineage-specific 
gene expression and regulate T cell devel-
opment and RUNX3 is highly expressed 

in conventional DC where it functions as 
part of the transforming growth factor-β 
signalling pathway. Interestingly, genetic 
loss of RUNX3 in mice leads to spon-
taneous eosinophilic airway inflamma-
tion and airway remodelling including 
increased collagen deposition, which 
is suggestive of fibrosis.4 Interestingly, 
DC-specific RUNX3 knock out (KO) 
cells display and enhanced maturation 
and potency to stimulate T cells.4 While 
the role of RUNX3 in conventional DCs 
has been confirmed,4 its role in pDCs is 
highly novel. A small nucleotide poly-
morphism in RUNX3 has been associated 
with ankylosing spondylitis (AS) risk and 
that peripheral blood mononuclear cells 
have reduced expression of RUNX3 too.5 
Interestingly, in AS cells containing the 
polymorphism this appears to contain the 
binding of transcription factors including 
P300.5 P300 is a transcriptional coacti-
vator and acetyltransferase that mediates 
acetylation of histone tails leading to 
modulation of transcription and there-
fore, gene expression. It is known that 
P300 is important in SSc pathogenesis6 
and it could be that alterations in RUNX3 
mediate changes in expression of the acet-
yltransferase P300 leading to the opening 
of chromatin and subsequent gene expres-
sion in SSc pDCs.

In search of what is causing the reduced 
expression of RUNX3, the authors exam-
ined the methylation status of the gene for 
RUNX3 and found that within specific 
5'-C-Phosphate-G-3' (CpG) sites that this 
was hypermethylated compared with 
healthy controls. Methylation of specific 
CpG sites within genes leads to gene 
repression through altering the binding 
of DNA. Conversely, hypomethylation 
leads to increased gene expression.6 The 
addition of methyl groups is controlled by 
the enzymes DNA methyl transferases and 
the removal by ten eleven translocation 
(TET) proteins. To confirm a direct role 
for methylation in controlling RUNX3 
expression, the authors used the DNA 
demethylating agent 5-aza-2ʹ-deoxycyt-
idine and confirmed that incubation of 
the pan demethylating agent increased 

expression of RUNX3 in SSc cells. This 
suggests that the therapeutic use of 
5-aza-2ʹ-deoxycytidine could be possible 
in SSc. Indeed decitabine (Dacogen), 
which is 5-aza-2ʹ-deoxycytidine, is already 
licenced for myleodysplastic syndrome 
and appears well tolerated, with few 
side effects. We have previously found 
that incubation of SSc dermal fibroblasts 
with decitabine reduced excess collagen 
production from such cells.7

Interestingly, the authors also found 
that hypoxia also reduced the expression 
of RUNX3 and that hypoxia-induced 
reduction of RUNX3 could be blocked 
by small-interfering RNA to the central 
transcription factors hypoxia-inducible 
factors (HIF) 1 and 2-α. Underscoring the 
role of the HIFs in mediating the effects 
of hypoxia in diminishing RUNX3 expres-
sion. It is of note that hypoxia has been 
reported in the skin and hands of SSc 
patients and that this may be an initial trig-
gering factor that sets of the reduction of 
RUNX3 via increased methylation of the 
promoter. Indeed, hypoxia itself is critical 
in mediating activation of myofibroblasts 
in SSc.8 What the authors do not demon-
strate is if hypoxia itself is directly regu-
lating DNA methylation of the RUNX3 
promoter. This would have been an inter-
esting observation and could have been 
mediated by an increase in the expression 
and/or activity of DNA methyltransfer-
ase3a (DNMT3a) enzymes. This could 
also have been mediated be a decrease 
in the removal of DNA methyl marks 
which is mediated by the TET family of 
enzymes. Indeed, other epigenetic changes 
could have been mediated by hypoxia 
including a decrease of DNA methyltrans-
ferase (DNMT)-targeting microRNAs, 
thus leading to enhanced methylation at 
RUNX3 promoter, through enhanced 
DNMTs. Furthermore, the specific meth-
ylation site within RUNX3 could possibly 
serve as a marker of treatment response; 
that is, the methylation status could be 
used to guide response to treatment. 
Currently, there is no accepted biomarker 
for SSc.

The authors go on to show that RUNX3 
is significantly downregulated in SSc skin 
tissue in situ and interestingly in cells 
other than pDC. Thus, cells other than 
pDC could also be contributing to the 
pathology. In mouse, bone marrow-de-
rived pDCs that are specifically deleted 
for RUNX3 compared with matched 
RUNX3f/f cells stimulation with the toll-
like receptor agonist CpG led to increased 
levels of CD40, CD80, CD86 and reduced 
CD62L. These are surface markers asso-
ciated with increased maturation. Using 
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the Cre–Lox system and a standard bleo-
mycin model of fibrosis, where subcuta-
neous injection of bleomycin leads to skin 
fibrosis. It was found that mice deficient 
in RUNX3 had exaggerated fibrosis, with 
increased myofibroblasts and connective 
tissue growth factor and tissue inhibitor 
of metalloproteinases-1 (TIMP-1) levels. 
Interestingly, Siglec-H + pDCs were also 
higher in the skin of RUNX3 KO mice, 
which were drastically increased on expo-
sure to bleomycin. Siglec H is a murine 
plasmacytoid-specific cell surface receptor, 
that is, part of the sialic acid-binding Ig-like 
lectin family that if blocked by a Siglec 
H-specific antibody reduces interferon 
levels. Examination of the lymph nodes 
revealed significantly elevated frequencies 
of CD68+ DCs in RUNX3-specific KO 
cells on bleomycin injection; this indicates 
an elevated activation phenotype primed 
to trigger an adaptive immune response 
in the very area responsible for this. The 
antigen presentation ability of the pDCs 
devoid of RUNX3 in the lymph nodes 
would have been a useful experiment to 
do, determining their presenting ability to 
T cells.

The work presented here demonstrates 
that RUNX3 is a critical regulator of pDCs 
and that this is modulated by epigenetic 
regulation. Hypermethylation is present 
in RUNX3 at specific CpG sites and 
incubation of these cells with decitabine 
restored the levels of RUNX3. Function-
ally, the cells stimulated with a toll-like 
receptor (TLR) agonist in RUNX3 KOs 
displayed an activated mature phenotype 
with higher expression of cell surface 
markers indicative of an activated pheno-
type that could help activate naïve T cells. 
It is known that T cells themselves, espe-
cially a T-helper2 polarised phenotype can 
drive the activation of local fibroblasts to 
secrete copious amounts of collagen via 
cytokines, including IL-4 and IL-13.3

The authors here do not directly inves-
tigate this hypothesis but it is worthy of 
further investigation in the future. pDCs 
produce high levels of interferon in 
response to activation of TLR7 and TLR9. 

The authors use a synthetic ligand to stim-
ulate their cells in vitro to measure their 
response across the two genotypes in terms 
of maturation and interferon production, 
seeing large changes. However, the actual 
DNA or RNA ligand in vivo in patients is 
yet unidentified. No viral aetiology in SSc 
is currently accepted.

We have previously demonstrated 
that TLR8 activation is profibrotic in 
SSc using both a synthetic commercially 
available ligand which is single-stranded 
RNA, but importantly serum isolated 
from patients could also trigger this, in a 
myeloid differentiation primary response 
88 (MyD88)–nuclear factor kappa-
light-chain enhancer of activated B cells 
(NF-KB)-dependent manner.9 Further-
more, this serum-mediated TLR8 effect 
could be reduced by incubation with an 
RNAse enzyme which degrades RNA.

Thus, it is suggested that extracellular 
RNA, possibly released from dead cells 
in the vasculature, may trigger a TLR 
response in pDCs, that leads to increased 
maturation and activation of T cells 
leading to a panoply of profibrotic cyto-
kines activating resident fibroblasts. This 
requires further investigation but would 
be akin to the situation in systemic lupus 
erythematosus (SLE) where extracel-
lular nucleic acid triggers autoimmunity. 
Given the key role of epigenetics and 
methylation in particular plays, use of a 
hypomethylating agent such as decitabine 
appears warranted. Finally, in SSc skin 
and lung biopsies, it was demonstrated 
that RUNX3 is reduced both in pDCs 
but other cells also not identified by any 
specific cell markers, given the known role 
of RUNX3 in T cell development, and the 
T cell dysfunction in SSc, I suggest that 
RUNX3 is epigenetically repressed here. 
This could render these cells pathogenic. 
The work presented adds an intriguing 
piece of the puzzle and suggests a critical 
role of innate immunity and epigenetics in 
SSc pathogenesis.
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