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ABSTRACT
Autoimmune diseases with hematological manifestations are often charac-
terized by chronicity and relapses despite treatment, and the underlying
pathogenetic mechanisms remain unknown. Epigenetic alterations play a
vital role in the deregulation of immune tolerance and the development
of autoimmune diseases. In recent years, study of epigenetic mechanisms
in both adult and childhood autoimmune disorders has been seeking to
explain the pathophysiology of these heterogeneous diseases and to elu-
cidate the interaction between genetic and environmental factors. Various
mechanisms, including DNA methylation, histone modifications (chromatin
remodeling), and noncoding RNAs (ncRNAs), have been studied exten-
sively in the context of autoimmune diseases. This paper summarizes the
epigenetic patterns in some of the most common childhood autoimmune
disorders with hematological manifestations, based on epigenetic studies in
children with primary immune thrombocytopenia (ITP), systemic lupus ery-
thematosus (SLE), and juvenile idiopathic arthritis (JIA). Research findings
indicate that methylation changes in genes expressed on T cells, modifica-
tions at a variety of histone sites, and alterations in the expression of several
ncRNAs are involved in the pathogenesis of these diseases. These mecha-
nisms not only determine the development of these diseases but also affect
the severity of the clinical presentation and biochemical markers. Further
studies will provide new tools for the prevention and diagnosis of childhood
autoimmune disorders, and possible novel treatment options.
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INTRODUCTION

The term autoimmune diseases include a wide variety of
disorders that are characterized by the lack of immuno-
logical tolerance, leading to immune-mediated damage of
healthy cells and tissues. Despite extensive research, much
remains to be clarified in the etiology and pathophysiology
of these diseases, with recent focus on the study of epi-
genetics and the effect of environmental factors.1 One of
the main stimuli for this field of research was the incom-
plete concordance rate of autoimmune diseases in monozy-
gotic twins, which can only be explained by nontraditional
genetic mechanisms.2

Epigenetic mechanisms include alterations in gene expres-
sion, related to environmental factors, without changes in
the sequence of the bases in the DNA. These potentially
heritable and reversible changes in transcription activity
and cell functioning have been implicated in the patho-
physiology of many childhood diseases, including can-
cer, allergies, autoimmune diseases, and autoinflammatory
conditions.3–6

Various epigenetic mechanisms, including DNA methyla-
tion, histone modifications (chromatin remodeling), and
noncoding RNAs (ncRNAs), appear to play a crucial
role in cellular immunity, and in recent years have been
under intensive study. The relationship between epige-
netic modifications and alterations in the immune system
is now being used for the discovery of potential novel
therapeutic strategies in autoimmune diseases and other
disorders.7,8

In this review, we tried to summarize the recent findings
of the main epigenetic mechanisms in the field of some
of the most common childhood autoimmune diseases with
hematological manifestations, as epigenetic regulators play
an important role in hematopoiesis and in the life cycle
and survival of peripheral blood cells.9 We focused on
three diseases, namely, primary immune thrombocytope-
nia (ITP), systemic lupus erythematosus (SLE), and juve-
nile idiopathic arthritis (JIA). These diseases are three
of the most common pediatric autoimmune diseases, and
their clinical manifestations include significant hematolog-
ical manifestations.10–12 The analysis of epigenetic changes
in these diseases can lead to the establishment of new
biomarkers for the diagnosis as well as the discovery of new
methods of treatment for these conditions that adversely
affect the health of children.

EPIGENETIC MECHANISMS AND
EPIGENETIC THERAPIES

Epigenetic modifications include three important processes
that allow reversible regulation of gene transcription, with-
out altering the DNA sequence. These mechanisms play a

key role in cell differentiation and in the development and
functioning of the immune system.13

DNA methylation is probably the most widely studied epi-
genetic modification in humans. It consists of the addition
of a methyl group to the fifth carbon (C5) of cytosine in
CpG dinucleotides, and the process is catalyzed by enzymes
called DNA methyltransferases (DNMTs). Hypermethyla-
tion usually results in gene inactivation, while hypomethy-
lation leads to the activation of gene transcription
(Figure 1).14

Histones, a family of proteins that associate with DNA,
compressing it into chromatin, can undergo many post-
translational modifications, including acetylation, methyla-
tion and others (e.g., ubiquitination, phosphorylation and
SUMOylation). These modifications result in chromatin
remodeling, which alters the accessibility of DNA to tran-
scription factors, resulting in either activation or inactiva-
tion of genes (Figure 1).15,16

NcRNAs are RNA molecules that are transcribed from
DNA but not translated into proteins. They are classified
into two groups: long ncRNAs (lncRNAs), consisting of
>200 nucleotides, and small ncRNAs, consisting of <200
nucleotides, mainly micro RNAs (miRNAs). In general,
ncRNAs function to regulate gene expression at the tran-
scriptional and post-transcriptional levels (Figure 1).17,18

Recently epigenetic mechanisms have been used for the
discovery of novel therapeutic options in autoimmune
and other diseases. Such epigenetic therapies can reverse
existing changes in DNA methylation and histone acety-
lation. For instance DNMT’s inhibitors like 5-aza-20-
deoxycytidine (decitabine) have been studied on systemic
sclerosis. Decitabine has been seen to decrease the methy-
lation levels of the promoters of DKK1 and SFRP1 genes
and that way it can effectively decrease normal wnt sig-
naling (a conserved pathway that regulates crucial aspects
of cell fate decisions and tissue patterning during early
embryonic and later development) in systemic sclerosis
fibroblasts and effectively ameliorate fibrosis.19 Addition-
ally histone deacetylase (HDAC) inhibitors like trichostatin
A have been studied on rheumatoid arthritis patients and
they were able to disrupt inflammatory cytokine produc-
tion in the synovial cells by reducing the stability of inter-
leukin 6 (IL-6) mRNA in the fibroblast like synoviocytes
and macrophages.20

EPIGENETIC MODIFICATIONS
IN PRIMARY ITP

Primary ITP is an autoimmune hematological disease char-
acterized by low platelet count (<100 × 109/L) with no
other causes found, whereas secondary ITP develops in
the context of other exogenous diseases and drugs.21 The
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FIGURE 1 Epigenetic mechanisms. Histone modifications: The histones (H) most widely studied for their modification status are H4 (specific sites:
K5, K8, K12, K16, K20, R3, S1), H3 (specific sites: K4, K9, K14, K18, K23, K27, K36, K56, K79, S10, S28, R2, R17), and less conserved sites
for H2A and H2B. DNA methylation: Addition of a methyl group (CH3) to the fifth carbon (C5) of cytosine in CpG dinucleotides. The CpG sites
are regions of DNA where a cytosine nucleotide is followed by a guanine nucleotide in the linear sequence of bases along its 5’>3’ direction. Higher
methylation correlates with lower gene expression. Noncoding RNAs: RNA molecules that are not translated into proteins and function as regulators of
gene expression. Epigenetic related noncoding RNAs (ncRNAs) include microRNA (miRNA), small interfering RNA (siRNA), piwi-interacting RNA
(piRNA), long intergenic RNA (lincRNA), and others.

etiology of ITP is not completely understood, but it is
widely accepted that both genetic and environmental fac-
tors play a role in its development. Recent studies indicate
that irregularities associated with ITP are related to abnor-
mal T-cell responses, particularly defective CD4+CD25+ T
regulatory cell (Treg) activity.22 Epigenetic research on ITP
is ongoing and includes study of DNA methylation, histone
modifications, and ncRNAs (Table 1).

DNA methylation in ITP

Forkhead box P3 (FOXP3), also known as scurfin, is a pro-
tein involved in immune system responses that appears to
function as a major regulator of the pathway in the devel-
opment and function of Tregs.23 Stable Foxp3 expression in
Tregs is sustained by selectively activated DNA demethyla-
tion at a highly conserved region within the FOXP3 pro-

moter, called TSDR (Treg-specific demethylated region).24

The status of DNA methylation in the FOXP3 promoter
was investigated in 49 children with newly diagnosed, 18
with persistent, and 15 with chronic ITP. The children with
ITP showed a hypermethylation pattern at several CpG
sites, indicating an involvement in the pathogenesis of ITP.
Higher CpG-6 (one of the 12 different CpG sites) expres-
sion was related to the persistent and chronic types of
the disease.23 Other studies were focused on the DNMTs,
the main mediators of DNA methylation. The prevalence
of the single-nucleotide polymorphism (SNP) rs2424913,
located in the DNMT3B gene promoter, was investigated
in children with chronic ITP. The homozygous pattern of
this SNP was higher in patients with ITP than in con-
trol subjects, and it was related to chronic ITP through
alteration of the methylation phenotype.25 In a study from
Greece, the same DNMT3B SNP, rs2424913, and the
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TABLE 1 Main findings of the studies on epigenetic alterations in children with idiopathic thrombocytopenic purpura (ITP), systemic

lupus erythematosus (SLE), and juvenile idiopathic arthritis (JIA)

Disease DNA methylation Histone modifications Noncoding RNAs

ΙΤΡ FOXP3 hypermethylation23

DNMT3B-rs2424913 SNP increased
expression25,26

IL-1 Ra VNTR polymorphism expression26

DNMT3B −579 G>T SNP increased
expression28

DNMT3B −149C/T SNP increased expression29

DNMT3A −448 G/A SNP decreased
expression29

Global H3K9 hypomethylation30

Downregulation of HMTs
(SUV39H2 and EZH2)30

Increased MALAT1 and THRIL
expression31

Increased miR-302c-3p, miR-483-5p,
miR-410, miR-302a-3p, miR-223-3p,
and miR-597 expression32

Decreased miR-544a expression32

SLE FOXP3 hypermethylation41

Type I INF-related genes (e.g., MX1, IFI44L,
PARP9, and DTX3L) hypomethylation42

JAK2 hypomethylation43

SOCS3 hypermethylation43

HMGB1 hypomethylation44

Global histone H3 and H4
hypoacetylation45

Global histone H3K9
hypomethylation45

Increased miRNA-516a-3p expression46

Increased miRNA-629 expression46

Increased miRNA-525-5p expression46

Increased miRNA-27a* expression47

Decreased NKG2D and ULBP2
expression47

JIA MRPL28 hypomethylation62

IL32 hypomethylation62

DNMT1 decreased expression63

DNMT3a decreased expression63

H3K4me3 and H3K27me3 SNPs
and indels64

Increased miRNA-155 expression66

Increased miRNA-16 expression66

Decreased miRNA-204 expression66

Increased miRNA-125a-5p expression67

Decreased miR-19a expression68

Decreased miR-21 expression68

Increased RP11-340F14.6 expression69

Increased serum miR-223 levels70

Abbreviations: FOXP3, forkhead box P3; IL-1Ra VNTR, the interleukin-1 receptor antagonist variable-number tandem repeats; HMTs, histone methyl-
transferases; DNMTs; DNA methyltransferases; MALAT1, metastasis associated lung adenocarcinoma transcript 1; THRIL, tumor necrosis factor-α
(TNF-α) and heterogeneous nuclear ribonucleoprotein L (hnRNPL) immune-regulatory lncRNA; INF, interferon; JAK2, janus kinase 2; SOCS3, suppres-
sor of cytokine signaling 3.

interleukin-1 (IL1) receptor antagonist (IL-1Ra) variable-
number tandem repeats (VNTR) polymorphism were stud-
ied in 30 children with newly diagnosed ITP. No significant
differences were found in the genotype distribution of this
polymorphism between patients and control subjects, but
the frequency of the T-allele was increased in children with
ITP and appeared to be correlated with susceptibility to
ITP. In the case of IL-1Ra polymorphism, children with ITP
had a significantly higher frequency of genotype I/II, com-
pared with the control group.26 IL-1Ra inhibits the activ-
ities of IL1 alpha (IL1A) and IL1 beta (IL1B), and mod-
ulates a variety of IL1-related immune and inflammatory
responses.27 In a prospective study, the DNMT3B −579
G>T SNP promoter polymorphism was shown to be asso-
ciated with a higher likelihood of ITP in children.28 Lastly,
in a prospective case–control study of patients with ITP, the
frequency of the DNMT3A−448 G/A SNP variant A-allele
was significantly lower in the patients with primary ITP
than in the control subjects, whereas the DNMT3B −149
C/T SNP variant T-allele was significantly higher in the
patients with almost double the risk of ITP compared with
the control. These findings demonstrate that the DNMT3A
−448 SNP variant A-allele might exert a protective effect
against ITP, whereas the DNMT3B −149 SNP variant T-
allele could be considered as a molecular risk factor for
ITP.29

From the above studies it appears that hypermethylation of
the promoter region of FOXP3 can alter regulatory T-cell
activity, and thus play a crucial role in the development
of persistent and chronic ITP in children. Polymorphisms
in the promoter of the main regulatory enzymes of DNA
methylation, such as DNMT3B rs2424913, DNMT3B
−579 G>T, and DNMT3B −149 C/T, can lead to de novo
methylation of CpG islands in genes expressed on T cells,
thus they appear to constitute a risk factor for ITP in
children.

Histone modifications in ITP

In a study on 35 patients with ITP (20 active and 15 in
remission), global H3K9 hypomethylation in CD4+ T cells
was observed in the patients with active ITP, but no dif-
ference was found between patients with ITP in remission
and healthy control subjects. The mRNA expression analy-
sis of three histone methyltransferases (HMTs), SUV39H1,
SUV39H2, and EZH2, showed significant downregulation
of EZH2 and SUV39H2, but no difference in SUV39H1 in
patients with active ITP compared with control subjects and
patients with ITP in remission. These HMTs are responsi-
ble for most of the H3K9 and H3K27 methylation and these
findings indicate that their expression is involved in the eti-
ology of ITP.30
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In summary, H3K9 hypomethylation in CD4+ T cells and
downregulation of specific HMTs (EZH2 and SUV39H2)
may contribute to the dysregulation of immune response
by activating or deactivating specific immune-related genes
and are associated with ITP in children.

Noncoding RNAs in ITP

In a study of children with ITP, Ayoub et al.31 ana-
lyzed the expression profiles of two lncRNAs metastasis
associated lung adenocarcinoma transcript 1 (MALAT1)
and tumor necrosis factor-α (TNF-α) and heterogeneous
nuclear ribonucleoprotein L (hnRNPL) immune-regulatory
lncRNA (THRIL). The analysis showed that MALAT1 and
THRIL were both significantly upregulated in patients with
ITP, compared with healthy control subjects. MALAT1 is
a highly conserved nuclear-retained lncRNA that is abun-
dantly expressed in cells and tissues and has been shown
to play a role in regulating genes at both the transcriptional
and posttranscriptional levels. THRIL lncRNA is involved
in the pathogenesis of immune-related and inflammatory
disease through controlling the expression of TNF-α.31 In
another study, seven miRNAs showed significant differ-
ences in patients with ITP, specifically, increased expres-
sion of miR-302c-3p, miR-483-5p, miR-410, miR-302a-
3p, miR-223-3p, and miR-597, and decreased expression of
miR-544a. Increased expression of miR-302c-3p appeared
to increase the risk of the acute form of ITP. These find-
ings indicate that plasma miRNA levels may provide useful
information for prediction of the course of disease.32

As described above, changes in the expression of ncR-
NAs appear to be associated with the susceptibility to ITP
in childhood. In particular, several differentially expressed
miRNAs can modulate the functions of T lymphocytes and
differentiation of Th1/Th2 cells, and thus increase the risk
of ITP appearance in children.

Epigenetic therapies in ITP

Recent research on ITP has led on to the new therapeutic
approaches that contribute to reversal of existing epigenetic
changes. 5-Aza-20-deoxycytidine (decitabine) is a DNMT
inhibitor that has been used for the treatment of myelodys-
plastic syndrome.33 In a study of low-dose decitabine for
the treatment of ITP, the therapy has been seen to pro-
mote megakaryocyte maturation and platelet release by
increasing the expression of tumor necrosis factor-related
apoptosis inducing ligand (TRAIL) via decreasing its pro-
moter methylation.34 Moreover, Han et al.35 using low-
dose decitabine for patients with ITP observed a consequent
improved function of Treg cells and suppression of Th1
and Th17 cells. Next-generation RNA sequencing revealed
downregulated phosphorylated STAT3 (STAT3 is a mem-
ber of the STAT protein family that plays a vital role in

the maintenance of CD4+ T-cell homeostasis). The data
suggested that in ITP, low-dose decitabine might restore
Treg cells by inhibiting STAT3 activation.35 Finally, the
same researchers reported that decitabine at a low dose can
restore the methylation level and expression of the pro-
grammed cell death protein 1 (PD-1) on CD8+ T cells
of ITP patients. Reduced expression of PD-1 was corre-
lated with lower cytotoxic T lymphocytes-mediated platelet
destruction.36

EPIGENETIC MODIFICATIONS IN SLE

SLE is a prototype of immunological abnormalities, and
probably the most widely studied autoimmune disease in
relation to epigenetic modifications. It is a rheumatic dis-
ease characterized by autoantibodies directed against self-
antigens, immune complex formation, and immune dys-
regulation, with resultant damage to essentially any organ.
Hematological manifestations are common in SLE, both at
diagnosis and during the course of the disease, the most
common of which are leukopenia, thrombocytopenia, lym-
phadenopathy, and/or splenomegaly.11,37 Many recent stud-
ies have documented the importance of dysregulation of the
T-cell and B-cell response as a trigger in SLE.38 Abnormal
cell responses in SLE include downregulation of the Th1
and Treg cells, upregulation of Th17 cells, decreased cyto-
toxicity of CD8+ T cells, and increased B-cell activation
and autoantibody production.38,39 One of the first connec-
tions between epigenetic dysregulation and SLE was the
lupus-like disease caused by methylation inhibitor drugs,
like procainamide and hydralazine.40

DNA methylation in SLE

Hanaei et al.41 analyzed the methylation status of FOXP3
in girls with SLE. Promoter methylation of the FOXP3
gene was significantly higher in children with SLE than
in healthy control subjects. Also, expression of FOXP3
gene was associated with renal involvement and the lev-
els of anti-dsDNA in SLE patients. One of the causes of
increased immune response in SLE could therefore be the
inappropriate activity of Tregs caused by lower expression
of FOXP3 gene due to hypermethylation of its promoter.41

A genome-wide methylation study of 16 Chinese patients
with childhood-onset SLE and 13 healthy control sub-
jects compared DNA methylation both in whole blood and
within each independent cell lineage (CD4+ T cells, CD8+

T cells, B cells, and neutrophils). A consistent pattern of
hypomethylation at 21 CpG sites encompassing 15 genes
was identified across both myeloid and lymphoid cell lin-
eages. Type I interferon-related genes (i.e., MX1, IFI44L,
PARP9, and DTX3L) were identified as the hypomethy-
lated genes that significantly distinguished between SLE
patients and control subjects. This suggests that epige-
netic reprogramming of type I interferon-related genes is
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a widespread phenomenon in the blood cells of children
with SLE.42 The methylation status of the promoters of
Janus kinase 2 (JAK2) and suppressor of cytokine sig-
naling 3 (SOCS3) genes was analyzed in a study of 25
pediatric patients with SLE and 24 healthy control sub-
jects. The results showed that JAK2 promoter was signifi-
cantly hypomethylated, whereas SOCS3 promoter was sig-
nificantly hypermethylated in SLE patients compared with
the control patients.43 In an epigenetic study on the T cells
of 10 patients with SLE, HMGB1, a gene encoding the
homonymous protein with important immunological activ-
ity, showed significant hypomethylation.44

From the above studies, it appears that deregulation of
Tregs activity through FOXP3 promoter hypermethylation
constitutes a risk factor for SLE in children. Moreover,
SOCS3 promoter hypermethylation and JAK2, HMGB1,
and type I INF-related genes hypomethylation, which may
alter the activity of T cells and also other cell lineages (B
cells and neutrophils), could also increase the likelihood of
SLE appearance in children.

Histone modifications in SLE

Hu et al.45 investigated alterations in CD4+ T-cell histones
in patients with SLE. Global histone H3 and H4 hypoacety-
lation was found in the patients, and the degree of histone
H3 acetylation was negatively correlated with increased
disease activity and with laboratory markers. Global his-
tone H3K9 hypomethylation was observed in the CD4+

T cells of the patients with SLE, but not of the control
subjects.45

Therefore, it seems that global histone H3 and H4
hypoacetylation and global histone H3K9 hypomethylation
in the T cells can alter cytokine production and so act as
potential biomarkers for SLE.

NcRNAs in SLE

In a Chinese study comparing the expression of ncRNAs
in children with newly diagnosed active SLE, patients with
inactive disease and healthy control subjects, high expres-
sion of miRNA-516a-3p, miRNA-629, and miRNA-525-
5p was recorded in the children with active SLE patients,
which was positively correlated with disease activity and
the level of C-reactive protein.46 The expression of miR-
NAs that might potentially target an essential activat-
ing receptor, NKG2D, and its ligand ULBP2 in periph-
eral blood mononuclear cells (PBMCs) and natural killer
(NK) cells was investigated in 37 patients with childhood-
onset SLE. NKG2D is one of the most significant activat-
ing receptors of NK cells. In the PBMCs and NK cells
of patients with SLE, miR-27a* was overexpressed, and
was found to have a putative binding site on the NKG2D
mRNA. In contrast, NKG2D and ULBP2 mRNA were

downregulated in the PBMCs and NK cells of the patients
with SLE.47 Lastly, in a comparison study, lncRNA and
mRNA microarrays were performed in children with SLE
and paired healthy children. A total of 1042 lncRNAs and
1162 mRNAs were differentially expressed, indicating that
ncRNAs are involved in pathways with crucial pathobiolog-
ical relevance in SLE.48

From the above studies, it is apparent that ncRNAs are
involved in the pathogenesis of childhood-onset SLE by
affecting gene expression on mononuclear and NK cells.
Specifically, high expression of miRNA-516a-3p, miRNA-
629, miRNA-525-5p, and miR-27a*, and decreased expres-
sion of NKG2D and ULBP2 appear to be strongly associ-
ated with childhood SLE.

Epigenetic therapies in SLE

Nowadays, new epigenetic-based drugs are candidates for
the treatment of SLE. Such drugs seem to be able to reverse
hypoacetylation of specific histone sites and alter expres-
sion of dysregulated ncRNAs.49 Trichostatin A (TSA) is
an HDAC inhibitor that selectively inhibits the class I and
II histone deacetylase families of enzymes.50 TSA was
found to be able to inhibit interferon-α production by den-
dritic cells that were activated in vitro in the presence
of serum obtained from SLE patients.51 Moreover, treat-
ment with TSA has been observed to increase Foxp3 gene
expression, as well as the production and suppressive func-
tion of Tregs.52 Vorinostat, also known as suberanilohy-
droxamic acid (SAHA), is another HDAC inhibitor that
has been used for the treatment of cutaneous manifes-
tations in patients with cutaneous T-cell lymphoma.53

SAHA has been observed to inhibit TNF-α, IL-6, NO,
and inducible NO synthase expression and to reverse pro-
teinuria and pathologic renal disease in MRL/lpr mice
(mice that develop an autoimmune disease resembling
SLE).54 Administration of anti-miR-155 in MRL/lpr mice
led to subsequent decrease of serum IgG anti-dsDNA
autoantibodies that resulted in the reduction of kidney
inflammation.55

EPIGENETIC MODIFICATIONS IN JIA

JIA is the most common chronic rheumatic disease in
children. Children with JIA may exhibit a variety of
hematological abnormalities associated with active dis-
ease, including anemia of chronic disease, thrombocytosis,
sometimes a mild leukocytosis, and less often, eosinophilia,
leukopenia/neutropenia, thrombocytopenia, or pancytope-
nia. A rare inflammatory hematological complication
is the macrophage-activation syndrome, which occurs
most commonly in systemic arthritis subtype.12,56 As the
word “idiopathic” suggests, the cause of JIA is unclear,
although the current understanding is that it arises from a
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combination of genetic and environmental factors.57 Pre-
dominance of CD4+ T cells in the synovial infiltrates of
JIA patients indicates the importance of T cells involve-
ment in the disease.58 Studies on patients with JIA have
shown that children with active disease have elevated levels
of Th17 and Treg cells, and moreover, the higher Th17
levels predicted a longer period to reach disease inactive
stage.59 Several studies have already linked epigenetic
research with the treatment of JIA. It has been shown
that the treatment of rheumatoid arthritis patients with
methotrexate acts through restoring defective Tregs func-
tion by demethylation of the FOXP3 locus, leading to a
subsequent increase in FOXP3 expression.60 Epigenetic
research on JIA is ongoing and the findings are promising.

DNA methylation in JIA

In a case–control study of CD4+ T cells from 56 pedi-
atric patients with oligoarticular JIA, no evidence of sub-
stantial common alterations to the DNA methylome was
found in children with oligoarticular JIA, in contrast to the
findings for adult-onset rheumatoid arthritis.61 In another
genome-scale analysis of CD4+ T cells from 14 children
with oligoarticular and polyarticular JIA, a total of 91
genes were found to be more highly methylated in the
children with JIA, although the data suggested a possi-
ble impact of methotrexate treatment on the methylome.
Methylation at MRPL28 and IL32 appeared reduced in
the T cells of children with JIA, and these findings were
robust to methotrexate exposure. MRPL28 encodes mito-
chondrial ribosomal protein L28, and therefore, reduced
MRPL28 methylation could be associated with mitochon-
drial dysfunction.62 Ghavidel et al.63 found expression
of DNMT1 and DNMT3a was significantly lower in the
patients with JIA than in the healthy control subjects.

From the above, it appears that MRPL28 and IL32
hypomethylation can alter T-cell activity and cause mito-
chondrial dysfunction and increase the risk of development
of both oligoarticular and polyarticular JIA. Underexpres-
sion of DNMT1 and DNMT3a in PBMCs causes reduction
in DNA methylation and appears to be associated with an
increased risk of JIA.

Histone modifications in JIA

In a deep whole-genome sequencing study of 48 children
with the polyarticular form of JIA, the researchers searched
for novel JIA variants in histone modification peaks. The
results revealed significant enrichment of JIA novel SNPs
within H3K4me3 and H3K27me3 marks in CD20+ B cells
and novel JIA indels were enriched in H3K4me3 peaks
of CD4+ T cells.64 Therefore, it seems that specific novel
SNPs in H3K4me3 and H3K27me3 marks of CD20+ B

cells and several indels in H3K4me3 peaks of CD4+ T cells
may serve as potential biomarkers for JIA appearance.

Noncoding RNAs in JIA

Hu et al.65 studied 35 children with newly diagnosed,
untreated polyarticular, rheumatoid factor (RF)-negative
JIA. Among the dysregulated miRNAs with the largest
effects were miR-15/16, miR-384, and miR-223, which are
positively correlated with innate immunity, whereas miR-
320 and miR-185 are negatively correlated with innate
immunity.65 In another study, the plasma levels of four
candidate miRNAs (miRNA-16, miRNA-155, miRNA-204,
and miRNA-451), which are known to be associated with
autoimmunity, were compared. Plasma miRNA-155 levels
were higher in the patients with JIA than in the healthy
control subjects. Raised miRNA-16 levels and reduced
miRNA-204 levels were recorded in patients with oligoar-
ticular or polyarticular JIA, and the miRNA-16 levels were
correlated with disease activity. In a comparison of the JIA
subtypes, the miRNA-204 levels were higher in polyartic-
ular JIA, whereas the miRNA-451 levels were higher in
enthesitis-related arthritis.66 Schulert et al.67 found 110 dif-
ferentially expressed microRNAs in PBMCs from patients
with active systemic JIA. MiRNA-125a-5p was highly
upregulated from children with active systemic JIA, com-
pared to children with clinically inactive JIA and those
with active polyarticular JIA, and its expression was cor-
related with systemic features of the disease. In another
study, the expression levels of miR-19a and miR-21 were
significantly lower in the systemic JIA group compared
with the control group.68 In another study, lncRNA RP11-
340F14.6 was upregulated in patients with JIA and also
negatively correlated with Foxp3 expression. These find-
ings suggest that this lncRNA plays a pivotal role in stimu-
lating Th17 differentiation and simultaneously suppressing
Treg distribution.69 Kamiya et al.70 evaluated serum lev-
els of seven miRNAs (miR-16, miR-132, miR-146a, miR-
155, and miR-223) in 24 JIA patients (eight systemic onset,
16 polyarthritis) and eight healthy controls. MiR-223 lev-
els were significantly higher in patients in the active phase
of systemic-onset JIA than in controls. Moreover, levels of
miR-223 and miR-16 correlated with erythrocyte sedimen-
tation rate and matrix metalloproteinase-3 in both systemic-
onset JIA and polyarthritis patients.70

In summary, it appears that alterations in miRNA’s expres-
sion of the PBMCs can alter cytokine production and
increase the likelihood of development of JIA. Specifically,
increased miRNA-16, miRNA-125a-5p, miRNA-155, and
RP11-340F14.6 expression and decreased miR-19a, miR-
21, and miRNA-204 expression constitute a risk factor for
JIA. Also, increased serum miR-223 levels seem to also
increase the risk for JIA appearance.
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Epigenetic therapies in JIA

Recent articles investigated new treatment options that
interfere with existing epigenetic changes in patients with
JIA. Givinostat (originally ITF2357) is a class I and II
HDAC inhibitor with potential anti-inflammatory, antian-
giogenic, and antineoplastic activities.71 It can reverse his-
tone hypoacetylation and reduce production and release of
several proinflammatory cytokines like TNF-α, IL-1β, IL-
6, and IL-12.72 In a study of orally given Givinostat on JIA
patients, the treatment exhibited significant therapeutic ben-
efit in patients with systemic-onset JIA, particularly with
regard to the arthritic component.73

CONCLUSION

Childhood autoimmune diseases with hematological man-
ifestations account for a large part of pediatric morbidity
with profound effects on the health of children, both
physical and mental. The link between epigenetics and
autoimmunity is now widely accepted in the scientific
community. This article summarized some of the most
important epigenetic mechanisms involved in childhood
autoimmune diseases with hematological manifestations.
Normal hematopoiesis and the survival of blood cells are
under the tight epigenetic regulation.74

Primary ITP appears to be associated with methyla-
tion alterations in specific genes of the CD4+ T cells
and SNPs in DNMTs. Deregulation of Tregs through
FOXP3 promoter hypermethylation seems to be of par-
ticular importance. Hypomethylation in particular histone
sites and changes in the regulation of HMTs and spe-
cific miRNAs have also been implicated in the pathogen-
esis of the disease. Regarding SLE, methylation changes in
genes expressed in CD4+ T cells (especially FOXP3 pro-
moter hypermethylation leading to inappropriate activity
of Tregs), hypoacetylation/methylation at specific histone
sites, and changes in expression of some miRNAs have
been associated with the onset of the disease in children.
Studies on children with JIA have indicated the importance
of hypomethylation of genes expressed in T cells, decreased
expression of some DNMTs, and changes in expression of
several miRNAs as factors associated with the appearance
of the disease.

Epigenetic study in these diseases not only has great poten-
tial for both the diagnosis and the prevention of these het-
erogeneous diseases, but also for the discovery of novel
therapeutic strategies. It is of note that epigenetic events
are potentially reversible, and they may disappear after a
variable number of generations.75 There is a need for bet-
ter understanding of these autoimmune epigenetic changes;
we are just beginning to understand the impact of epige-
netic mechanisms on autoimmunity and therefore further
research is required in this area.
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