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a  b  s  t  r  a  c  t

Systemic  sclerosis  (SSc)  is  a heterogeneous  and life-threatening  autoimmune  disease  characterized  by
damage to  small  blood  vessels,  interruption  of  immune  homeostasis  and  ultimately,  fibrosis.  Currently,
the  mechanisms  involved  in  SSc  pathogenesis  remain  unknown.  An increasing  amount  of data  shows
that,  via  certain  signaling  pathways,  epigenetic  mechanisms,  including  DNA  methylation,  histone  mod-
ification,  and miRNAs,  are  closely  related  to the three  primary  processes  that  characterize  SSc:  vascular
abnormalities,  activation  of immune  system,  and  excessive  extracellular  matrix  deposition.  In  the  clinical
setting, identification  of  molecules  and  biomarkers  for determining  disease  severity,  predicting  disease
progression  and  assessing  response  to  treatment  remains  challenging.  In this  review,  we  aim to summa-
rize the key  epigenetic  mechanisms  involved  in  the pathogenesis  of  SSc.  Certain  cytokines  or  molecules,
such  as CD40,  CD70,  and  Fli-1,  are  expressed  at varying  rates  in SSc  due  to epigenetic  modification  and
play  important  roles  in  SSc.  It is therefore  likely  that  these  molecules  may  be  biomarkers  for  SSc.  In addi-
tion,  epigenetic  changes  of certain  genes,  including  Fli-1,  BMPRII,  CD11a,  Foxp3,  and  eNOS,  influence  the
expression  of  these  genes  to ultimately  result  in  an  anti-fibrotic  effect.  The  influence  that  epigenetics  has
on SSc  pathogenesis  suggests  that  epigenetics-targeting  drugs  may  have  potential  therapeutic  effects
against  SSc.  This article is part  of a  Directed  Issue  entitled:  Epigenetics  dynamics  in development  and
disease.
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1. Introduction

Systemic sclerosis (SSc) is a life-threatening and complex con-
nective tissue disease characterized by vasculopathy, autoimmune
dysfunction, excessive extracellular matrix (ECM) deposition, and
ultimately, fibrosis in the skin and/or other organs. The life-
limiting complications of SSc include scleroderma renal crisis (SRC),
pulmonary arterial hypertension (PAH), interstitial lung disease,
heart failure, and gastrointestinal failure (Muangchan et al., 2013).
Because of the severe and often multiple organ involvement, SSc
patients have a standardized mortality ratio (SMR) of 3.24 (95%
confidence interval) compared with national population (Kuo et al.,
2011). The 3-year survival rate of patients with SSc-associated
pulmonary hypertension is only 52% (Lefevre et al., 2013). While
SSc is life-threatening and severely impacts quality-of-life, there
are still no specific therapies targeting this disease. Current dis-
ease management strategies include general immunosuppression
and immunomodulation, and organ-based and/or complication-
specific therapies (Nagaraja et al., 2014). The identification of more
sensitive and specific biomarkers of SSc presents an opportunity
to develop optimal therapeutic approaches. While various stud-
ies have investigated the pathogenesis of SSc, the exact etiology
underlying the development of these conditions remains for the
most part unknown. However, there is consensus that environ-
mental exposure to factors such as silica, organic solvents, bacteria,
viruses, drugs, pesticides and silicones, can influence genetically
susceptible individuals through epigenetic mechanisms and result
in autoimmune abnormalities and fibrosis (Luo et al., 2013). Recent
studies have focused on a seemingly pivotal role that epigenetics
plays in the development of SSc. In this review, we  focus on the
recent developments in understanding epigenetics in the patho-
genesis, prognostic biomarkers, and their potential therapeutic
effect in SSc.

2. Epigenetics

Epigenetics is the study of heritable traits not caused by the
changes in DNA sequence. Epigenetics mechanisms involve DNA
methylation, histone modification, and non-coding RNA trans-
cripts (Lu, 2013). In DNA methylation, DNA methyltransferases
(DNMTs) transfer a methyl group to the C5 position of cytosines
with S-adenosyl-methionine (SAM) as the methyl donor to form

5-methylcytosine (5mC). This programming is located mainly in
the gene promoter region and the methylated state of the DNA
sequence increases the binding of methyl-CpG-binding domain
(MBD) proteins, decreases the binding of transcription factors, and
alters the chromatin structure to form a co-repressor complex,
thereby repressing gene transcription. Otherwise, the demethyla-
tion of DNA activates gene transcription (Fan and Zhang, 2009).
These two  different states of DNA sequences are mostly regulated
by DNMTs, which consists of the following five members: main-
tenance DNMTs (DNMT1, DNMT2), and de novo DNMTs (DNMT3A,
DNMT3B, DNMT3L). DNA methylation can be negatively regulated
by the following two  pathways: 5-hydroxymethylation through
ten–eleven translocation (Tet) family of proteins and the APOBEC-
mediated deamination of 5mC. While 5-hydroxymethylation leads
to 5mC  being hydroxylated into 5hmC by Tets (Tet1, Tet2, Tet3) (Lo
and Weksberg, 2014).

Histone modification, as another epigenetic mechanism,
includes acetylation, methylation, phosphorylation, deamina-
tion, �-n-acetylglucosamine, ADP ribosylation, ubiquitination, and
sumoylation. This epigenetic phenomenon can change the charge
of histones and affect the structure of chromatin to up-regulate
or down-regulate gene expression (Yun et al., 2011). For exam-
ple, histone acetylation, the most common alteration of histone,
is catalyzed by histone acetyltransferases (HATs) and histone
deacetylases (HDACs). While HATs transfer an acetyl group from
acetyl CoA to the �-amino group of lysine side chains, HDACs
remove an acetyl group from the lysine tail. The acetylated state
of histone neutralizes its positive charge which may weaken
the interaction between histone and the DNA strands. Thereby
acetylation results in the N-terminus of histones, due to its
negatively charged phosphate backbone, to move away from
the DNA strands. These changes lead to a more open chro-
matin structure thus upregulating gene expression (Budden et al.,
2014).

MicroRNAs (MiRNAs) are a group of endogenous, non-coding
RNAs that are approximately 18–25 nucleotides in length. MiRNAs
are important post-transcriptional regulators of gene expression
(DP); MiRNAs regulate gene expression by inducing transcript
degradation or preventing translation based on the degree of com-
plementarity between miRNA strand and 3′untranslated region
(3′UTR) of the target gene mRNA and modulating DNA methyla-
tion of promoter sites and histone modifications (Bartel, 2004; Luo
et al., 2013).
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