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Abstract: Systemic lupus erythematosus (SLE) is a chronic immune-related disorder designated by
a lack of tolerance to self-antigens and the over-secretion of autoantibodies against several cellular
compartments. Although the exact pathophysiology of SLE has not been clarified yet, this disorder has
a strong genetic component based on the results of familial aggregation and twin studies. Variation
in the expression of non-coding RNAs has been shown to influence both susceptibility to SLE and the
clinical course of this disorder. Several long non-coding RNAs (IncRNAs) such as GAS5, MALAT1
and NEAT1 are dysregulated in SLE patients. Moreover, genetic variants within IncRNAs such as
SLEAR and linc00513 have been associated with risk of this disorder. The dysregulation of a number
of IncRNAs in the peripheral blood of SLE patients has potentiated them as biomarkers for diagnosis,
disease activity and therapeutic response. MicroRNAs (miRNAs) have also been shown to affect
apoptosis and the function of immune cells. Taken together, there is a compelling rationale for the
better understanding of the involvement of these two classes of non-coding RNAs in the pathogenesis
of SLE. Clarification of the function of these transcripts has the potential to elucidate the molecular
pathophysiology of SLE and provide new opportunities for the development of targeted therapies for
this disorder.
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1. Introduction

Systemic lupus erythematosus (SLE) is a chronic immune-related disorder described by a lack
of tolerance to self-antigens and the over-secretion of autoantibodies against host DNA and other
cellular elements. This disorder mostly affects females of reproductive age. SLE has a broad range of
clinical manifestations that affect several organs. Approximately 50% of SLE cases will have serious
and life-threatening complications such as nephritis, vasculitis, pulmonary hypertension, interstitial
lung disorder and cerebral stroke [1]. The significantly higher concordance rate in monozygotic
twins (24-35%) compared with what has been reported in dizygotic twins (2-5%) [2,3] indicates the
presence of a genetically determined component in this disorder. Several genetic loci such as the
major histocompatibility complex [4], Fc gamma (Fcy) receptors [5] and the signal transducer and
activator of transcription (STAT) genes [6] have been associated with risk of SLE in different populations.
However, it is estimated that the majority of the genetic variation acknowledged until now illuminates
less than 10% of genetic SLE susceptibility [7]. Recent studies have shown the prominent roles of
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non-coding RNAs in the pathogenesis of SLE [1]. These transcripts comprise a large proportion of the
whole transcriptome and exert regulatory roles on specific targets or large regions of the genome [8].
Classified into two main groups comprising either long non-coding RNAs (IncRNAs) or microRNAs
(miRNAs) based on their sizes, non-coding RNAs are involved in the regulation of critical biological
processes including cell differentiation [8]. The GENCODE v7 catalog of human IncRNAs has reported
9277 annotated genes, generating a total of 14,880 transcripts [9]. Subsequent studies have led to the
annotation of more than 172,000 IncRNA transcripts in the human genome [10]. Moreover, a recent
combination of in silico high- and experimental low-throughput methods has estimated the presence
of 2300 mature miRNAs in humans [11]. In the current manuscript, we describe the role of IncRNAs
and miRNAs in the pathogenesis of SLE.

2. LncRNAs in SLE

LncRNAs are typically defined as transcripts longer than 200 nucleotides in length with no
recognizable protein-coding potential. Approximately three decades have passed since the discovery
of the first IncRNA [12]. Based on the information provided by the NONCODE database, there are
more than 172,000 annotated IncRNA transcripts in the human genome [10]. These transcripts have
known functions in the immune cell differentiation and the regulation of immune responses [13].
The regulatory roles of IncRNAs can be exerted through both cis- and trans-mechanisms. The former are
best exemplified in enhancer-associated RNAs [14]. The interaction between IncRNAs and transcription
factors and the subsequent construction of the preinitiation complex (PIC) can activate or suppress gene
transcription [15]. Being formed by almost 100 proteins, the PIC has a crucial role in the transcription of
protein-coding genes. The PIC recruits RNA polymerase Il at gene transcription start sites and positions
DNA into the RNA polymerase II active site for transcription [16]. Moreover, some IncRNAs can
recruit co-activators to modulate the chromatin looping of adjacent genes, enhancing the transcription
of these genes [17].

Several studies have noted the dysregulation of IncRNAs in SLE patients. One study comparing
transcriptomes between SLE patients and health controls identified the differential expression of 163
IncRNAs [18]. Real-time PCR verified the upregulation of ENST00000604411.1 and ENST00000501122.2
and the downregulation of Inc-HSFY2-3:3 and Inc-SERPINB9-1:2 in the monocyte-derived dendritic cells
(moDCs) of SLE patients. Notably, the expression levels of ENST00000604411.1 and ENST00000501122.2
were associated with disease activity [18]. An integrative assessment of the expression profiles of
IncRNAs and messenger RNAS (mRNAs) in the peripheral blood mononuclear cells (PBMCs) of
SLE patients led to the identification of the differential expression of more than 8,000 IncRNAs
and more than 6,000 mRNAs between SLE patients and normal controls. Among the hundreds of
concordantly-expressed IncRNA-mRNA pairs, most were enriched in transcriptional dysregulation
in cancer and amino acid degradation pathways [19]. In a study identifying the biomarkers for
SLE, the assessment of the levels of IncRNAs in plasma revealed lower levels of GAS5 and Inc-DC
and elevated levels of 1inc0597 in SLE patients [20]. Notably, the expression of Inc-DC was higher
in SLE patients with lupus nephritis (LN) compared with those without nephritis. Assessment of
the diagnostic power of IncRNAs led to the recognition of GAS5, 1inc0597 and Inc-DC as specific
markers for SLE. The combination of GAS5 and 1inc0597 was found to enhance diagnostic power.
Moreover, Inc-DC has been suggested as a marker for the identification of nephritis in SLE patients [20].
In an in silico study examining the expression profile of IncRNAs and mRNAs from the Gene
Expression Omnibus dataset, numerous interaction pairs of IncRNA-adjacent targeted mRNAs were
identified, including NRIR-RSAD2, RP11-153M7.5-TLR2, RP4-758]18.2-CCNL2, RP11-69E11.4-PABPC4
and RP11-49619.1-IRF7/HRAS/PHRF1 [21]. Notably, mitogen-activated protein kinase (MAPK) was
found among the enriched signaling pathways of differentially expressed transcripts [21].

The well-characterized IncRNA NEAT1 has been found to be upregulated in SLE patients [22].
NEAT1 was mainly expressed in human monocytes and its expression was stimulated by LPS through
a p38-mediated pathway. The downregulation of NEAT1 leads to suppression of the expression of
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several chemokines and cytokines such as IL-6 and CXCL10. NEAT1 participates in TLR4-associated
inflammatory responses by influencing the activity of the MAPK-related axis. Notably, the expression
of NEAT1 was found to be correlated with the course of SLE [22].

A number of other previously identified IncRNAs have also been found to be dysregulated in SLE
patients. For example, Inc5150 was found to be downregulated in the PBMCs of SLE patients compared
with healthy individuals. Moreover, Inc3643 expression was downregulated in SLE patients with
proteinuria compared with patients without this symptom. The expression of Inc7514 was decreased in
patients who tested positive for anti-double-stranded DNA (anti-dsDNA) antibodies compared with
those that tested negative. The expression of Inc3643 was correlated with CRP and ESR levels. Finally,
the expression of Inc7514 was associated with SLE activity and ESR levels [23]. Comparing IncRNAs in
the PBMCs of SME patients with rheumatoid arthritis (RA) and healthy individuals, it was found that
1inc0949 and 1inc0597 were downregulated [24]. Notably, the expression of 1inc0949 was correlated
with disease activity and the concentrations of complement component C3. Moreover, the expression
of 1inc0949 was decreased in SLE patients with a history of organ damage and a significant association
was found between the downregulation of 1inc0949 and the presence of LN. In the same study,
appropriate treatment of SLE patients was found to enhance linc0949 expression. These results indicate
the possibility that 1inc0949 could serve as a diagnostic marker for SLE that correlates with disease
activity [24]. In an animal model of SLE, the suppression of the NF-«B pathway was shown to exert a
protective role against kidney injury [25]. This effect was suggested to be a result of enhancement of the
expression of the IncRNA TUGI [25]. TUG1 was also found to be downregulated in the PBMCs of SLE
patients compared with controls. The expression of this IncRNA was particularly downregulated in
SLE patients with lupus nephritis. The authors detected negative correlations between the expression
of this IncRNA and the SLE Disease Activity Index score, ESR, disease duration and proteinuria.
Moreover, the expression of TUG1 was associated with complement C3 levels. The expression levels
of TUGI could effectively differentiate SLE patients with lupus nephritis [26]. A microarray-based
study of IncRNA signatures in the T cells of SLE patients and normal persons led to the identification
of more than 1900 dysregulated IncRNAs; among them were uc001ykl.1 and ENST00000448942, which
were down-regulated in SLE patients. The expression of uc001ykl.1 was associated with ESR and
CRP, while the expression of ENST00000448942 was associated with ESR and anti-Smith antibodies.
Moreover, the expression of a number of IncRNAs was correlated with the activity of SLE in the affected
individuals. LncRNA-mRNA co-expression assessments revealed a putative competing endogenous
RNA role for these IncRNAs [27].

Figure 1 shows the molecular mechanism of the involvement of NEAT1 in the pathogenesis of SLE.



Biomolecules 2020, 10, 937

40f22

Cvioplasm

cXcL1o

<+ CCL2

i
Adion) | £

IL-6, CCL-2, CXCLIG, ...

280 CXCL1(

L6 oo
e g
°s CCL2

CXCL10

e 0%,
e e®

IL-6

®g
-
A

CCL2

Figure 1. NEAT1 has been shown to be over-expressed in the monocytes of SLE patients. This IncRNA
phosphorylates JNK and ERK, thus activating these proteins and enhancing the expression of IL-6,
CCL2 and CXCL10. These cytokines/chemokines attract Th1 cells, thus participating in the pathogenesis
of nephritis [22]. Abbreviations: SLE, systemic lupus erythematosus; IncRNA, long non-coding RNA,
I1-6: interleukin-6, CCL2: C-C motif ligand 2, CXCL10: C-X-C motif chemokine 10.

Tables 1 and 2 show the list of down- and upregulated IncRNAs in SLE patients, respectively.
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Table 1. List of IncRNAs whose expression has been downregulated in SLE patients (PBMC: peripheral blood mononuclear cell, SPF BALB/c mice: specific
pathogen-free (SPF) bcl-2 transgenic BALB/c mice).

LncRNA Numb‘er of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
(Tissues, Serum, etc.)
Inc-HSFY2-3:3 15 SLE patients and 15 healthy Monocyte-derived [18]
dendritic cells
Inc-SERPINBY-1:2 donors were enrolled. (moDCs)
GASS induces apoptosis and
. growth arrest in human
GASS 24 SLE patients and 12 healthy Plasma peripheral blood T cells and
controls were enrolled. : :
increases apoptosis. [20]
Lnc-DC, which is expressed
Ine-DC STAT3 exclusively in .dendrltllc cells,
supports their capacity to
stimulate T cell activation.
PRSS30P
RP11-23P13.6
ARRDC1-AS1 5 SLE patients and 6 age- and
. (g;en'flier—inatched noxirlngl. Plasma The downregulation of
individuals were enrolled in
: RP4-758]18.2 and CCNL2 may
RP4-758]18.2 this study. CCNL2 play a key role in the immune !
response of SLE. (21]
RP11-66N24.3
LINC00996 REPIN1
RP11-649A18.12 NUP85, MIF4AGD
RP11-539L10.2 MAN2B2

RP11-23]9.5
TMEM147-AS1

76 SLE patients and 71 healthy . .
Inc5150 controls were recruited in this PBMCs L?CSBO mlght disclose a [23]
study. diagnostic value for SLE.
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Table 1. Cont.
LncRNA Numl{er of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
(Tissues, Serum, etc.)
Samples were obtained from Llrllacig?jgri?rﬂfcl EZ; pr?;e;rilstlal
linc0949 102 SLE patients and 76 healthy PBMCs TNF-«, IL-6 . P iag § [24]
donors disease activity and
' therapeutic response in SLE.
Samples were collected from 29
SLE patients and 34 age- and
CTC-471]1.2 sex-matched healthy control PBMCs [19]
subjects.
Samples from 85 SLE patients TUG1 might be associated with
and 95 healthy controls were PBMCs miR-223 inflammation and renal injury [26]
TUG1 . .
collected. in SLE pathogenesis.
A tota'l of 24 SPF BALB/c Blood samples, NF-«B signaling M1b1t10n of NF- K.B 51gnahr'1g
female mice (8 weeks old) (SLE Kidnev tissue p65 athwa might be a potential target in [25]
models: n = 18, controls: n = 6). y p y SLE treatment.
130 SLE patients and 119 ILF2, hnRNP F and SLEAR expression negatively
SLEAR Jurkat cells correlates with degree of [28]
healthy controls were enrolled. TAF15 . .
apoptosis in SLE patients.
A decreased uc001ykl.1 level
may induce CRISPLD2
downregulation and then
uc001ykl.1 24 SLE patients and 12 T cell CDK6 result in inflammation and
age-matched healthy cells abnormalities of the
volunteers were recruited. erythrocyte sedimentation rate
(ESR) and CRP. [27]
The correlation between
ENST00000448942 and ESR
may be due to its potential role
ENST00000448942

TNFSF10, TNFAIP3

in positively regulating
expression of TNFAIP3, an
important regulator of
inflammation.
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Table 2. List of IncRNAs whose expression has been upregulated in SLE patients.

LncRNA Numb.er of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
(Tissues, Serum, etc.)
. Monocyte-derived TSIX is a new regulator of collagen
TSIX 15 SLE patients and 15 healthy dendritic cells collagen mRNA expression which stabilizes the [18]
donors were enrolled.
(moDCs) collagen mRNA.
NRIR is a negative regulator of the
IFN IFN pathway and other signaling
NRIR RSAD2 pathway pathways that are involved in
innate and adaptive immunity.
AC002511.3 5 SLE patients and 6 age- and FFAR3
CTD231317.1 8ender-matched normal FAM174B
individuals were enrolled in
_ this study. FCGRI1A,
RP11-196G18.3 HIST2H2BE, BOLA1
RP11-561023.8
AC005532.5 Plasma C1GALT1 (21]
TMLHE-AS1
AC007556.3
Increased expression of
RP11-153M7.5 and TLR2 may
RP11-153M7.5 TLR2 promote thrombosis and
autoantibody production, which
contributes to the process of SLE.
RP11-242C19.2
Linc0597 is involved in innate
linc0597 24 SLE patients and 12 healthy Plasma TNF-o, IL-6 . 1mmgn1ty and Iregulates the [20]
controls were enrolled. induction of proinflammatory
cytokines.
36 SLE patients and 45 Mtf];eA(I;L;X;r;iiziiegtrslggr{tal
MALAT1 age-matched and sex-matched PBMCs IL-21, SIRT1 SIRT1 signaling signaling in both THP-1 cell lines [29]

normal controls were recruited.

and human primary monocytes.
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Number of Clinical Samples

LncRNA (Tissues, Serum, etc.) Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
Samples were collected from
29 SLE patients and 34 age-
RP11-875011.1 and sex-matched healthy PBMCs [19]
control subjects.
. NEAT1 may act as an important
Samples from 28 SLE patients NEAT1-BAFF component of the molecular
and 28 healthy donors were PBMCs BAFF L R [30]
NEAT1 pathway circuitry to regulate the activation
collected. -
of the immune system.
NEAT1 participates in the
pathogenesis
29 patients with SLE and 40 of SLE through dysregulating
age-matched and sex-matched PBMCs IL-6, CXCL10 MAPK pathway proinflammatory chemokines and [22]
normal controls were recruited. cytokines by affecting the
TLR4-mediated
inflammatory pathway.
Knockdown of IncRNA
Samples were collected from 22 RP11-2B6.2 inhibits the
) SLE patients suffering from . IFN-I signaling phosphorylation of JAK1, TYK?2,
RP11-2B6.2 lupus nephritis and 7 healthy Renal tissue S0Cs1 pathway and STAT1 in IFN-I pathway, while [31]
controls. promoting chromatin accessibility
and the transcription of SOCS1.
. . . Linc00513 is responsible for
linc00513 22 SLE patients and 7 healthy Renal tissue STATI, STAT2 IFN signaling amplified IFN signaling in [32]
controls were recruited. pathway

SLE patients.
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Notably, a number of studies have assessed the association between single nucleotide
polymorphisms (SNPs) within IncRNAs and SLE. A recent genome-wide analysis of SLE-associated
polymorphisms in IncRNA gene loci has shown an association between the rs13259960 in the SLEAR
IncRNA and susceptibility to SLE. This variant is located in an intronic enhancer and changes the
recruitment of STAT1 to the enhancer. Thus, the minor allele of this SNP diminishes SLEAR expression.
SLEAR interacts with ILF2, hnRNP F and TAF15 to construct a complex that enhances the transcription
of the anti-apoptotic genes. The role of this SNP in the regulation of apoptosis has also been verified
in clinical samples [28]. The assessment of transcript signatures in SLA patients identified the
lenRNA 1inc00513 as significantly upregulated relative to healthy controls [32]. Interestingly, linc00513,
which has also been recognized as a regulator of the type I interferon pathway [32], encompasses
a functional risk locus for SLE in its promoter region. Notably, the risk alleles of the rs205764 and
rs547311 SNPs increase the promoter activity of linc00513, resulting in the over-expression of this
IncRNA in SLA patients. Table 3 shows the summary of studies which assessed the association between
IncRNA SNPs and SLE.

Table 3. Variants within IncRNAs which are associated with risk of SLE.

LncRNA Number of Clinical Samples Risk Variant Reference
4,556 SLE patients and 9,451
SLEAR healthy controls were enrolled. rs13259960 [28]
linc00513 139 SLE g}tleenlrfztwefre1 recruited rs205764 [32]
genotyping. rs547311

3. MiRNAs in SLE

In an animal model of SLE, similar dysregulation of a number of miRNAs was observed in both
PBMCs and splenocytes [33], leading to the suggestion that the miRNA profile of PBMCs reflects
their signature in the lymphoid organ spleen. This finding potentiates PBMCs as a biological source
for observing the kinetics of SLE-related miRNAs during the course of the disorder or after starting
therapeutic modalities [33]. Assessment of the expression of B cell-related miRNAs in plasma samples
from SLE patients revealed the downregulation of 14 miRNAs in SLE patients compared with healthy
subjects [34]. Moreover, the expression of six miRNAs was substantially lower in SLE patients
compared with RA patients. MiRNA signatures could not only differentiate SLE patients from healthy
subjects, but could also discriminate SLE patients from RA patients. Furthermore, a particular miRNA
profile including miR-19b, miR-25, miR-93 and miR-15b could predict disease activity in SLE patients.
Independently, the expression levels of miR-15b have also been previously associated with LN [34].
In a study examining a panel of differentially expressed miRNAs in SLE patients with and without
renal involvement, hsa-miR-766-3p, which participates in the regulation of the PI3K-AKT-mTOR
pathway, was identified as significantly dysregulated [35]. The authors reported the significance
of proinflammatory cytokines, disease stage and severity in the observed differential expression of
miRNAs. In the same study, hsa-miR-621 was also suggested to contribute to the pathogenesis of
hypertension in SLE [35]. The dysregulation of miR-145, miR-224, miR-513-5p, miR-150, miR-516a-5p,
miR-483-5p and miR-629 has been indicated in the T cells of SLE patients, with downregulation of
miR-145 and the upregulation of miR-224 subsequently validated in SLE patients [36]. These miRNAs
have been shown to target STAT1 and apoptosis inhibitory protein 5 (API5), respectively. In vitro
studies indicated that abnormal expression of these miRNAs facilitates T cell activation-induced cell
death, and over-expression of STAT1 was linked with lupus nephritis in SLE patients [36]. A separate
study reported the downregulation of miR-410 in the T cells of SLE patients [37]. The upregulation of
miR-410 has been shown to decrease the expression of IL-10. This miRNA inhibits the expression of
STAT3 through interaction with its 3" untranslated region (UTR). Knockdown of STAT3 decreased the
expression of IL-10 in CD3+ T cells. Thus, miR-410 is involved in the pathophysiology of SLE through
modulating the expression of IL-10 via the STAT3 axis [37]. The miRNA miR-29b has been found to be
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upregulated in SLE patients [38]. Notably, its expression was negatively correlated with the expression
of Spl and DNMT1. The upregulation of miR-29b in CD4+ T cells enhanced hypomethylation and the
expression of the CD11a and CD70 genes, while the suppression of miR-29b had the opposite effect.
Therefore, miR-29b decreases DNMT1 expression through the modulation of Sp1in T cells [38]. In bone
marrow mesenchymal stem cells of SLE patients, a negative association between the expression of
let-7f and disease activity was identified [39]. The downregulation of let-7f decreased the proliferation
of these cells, leading to the upregulation of Th17 cells and the downregulation of Treg cells through
targeting IL-6 and inducing the STAT3 axis [39]. Yuan et al. indicated decreased levels of miR-98
in the PBMCs of SLE patients, and negative association between its level and IL-6 concentration.
The expression of this miRNA in SLE patients was associated with SLE activity, lupus nephritis, and the
presence of the anti-dsDNA antibody. This miRNA is predicted to influence the expression of IL-6. IL-6
upregulation enhances the proliferation of PBMCs and facilitates the production of pro-inflammatory
cytokines. MiR-98 modulates STAT3 phosphorylation through the regulation of IL-6 expression. Thus,
miR-98 can amend STAT3-associated cell proliferation and the release of pro-inflammatory cytokines
in patients with SLE [40]. The downregulation of miR-98 has also been reported in SLE CD4+ T cells,
while Fas levels were enhanced [41]. In vitro studies have shown that the over-expression of miR-98
secured Jurkat cells against Fas-associated apoptosis. Direct interaction between miR-98 and Fas mRNA
has been verified through functional studies. Thus, the under-expression of miR-98 enhances apoptosis
by altering the Fas-mediated apoptotic axis in SLE CD4+ T cells [41]. Downregulation of miR-125a and
the upregulation of its target gene KLF13 has been reported in SLE patients [42]. The upregulation of
miR-125a decreases the expression of RANTES and KLF13. This miRNA downregulates the expression
of RANTES through targeting KLF13 [42]. A microarray-based analysis has shown the dysregulation
of 37 miRNAs in SLE patients, among them the down-regulated miR-125b whose expression was
negatively correlated with lupus nephritis. This miRNA has been shown to target ETS1 and STAT3.
Their high throughput analysis has shown that the signature of this miRNA can be regarded as a
potential biomarker of SLE. Besides, the deceased levels of miR-125b in T cells participate in the
development of SLE through modulating the ETS1 and STAT3 levels [43]. Downregulation of the
estrogen-regulated miRNA miR-302d has been observed in SLE patient monocytes [44]. This miRNA
regulates the expression of interferon regulatory factor (IRF) 9. Mechanistically, miR-302d has a
protective effect against pristane-associated inflammation in animal models through influencing the
expression of IRF9 and ISG. Notably, the expression of this miRNA was remarkably decreased in
patients with higher disease activity. miR-302d has been identified as an important modulator of type I
interferon (IFN)-associated gene expression in SLE [44]. Differential expression of seven miRNAs was
identified in plasma samples from SLE patients versus healthy controls, including over-expression
of miR-142-3p and miR-181a and the downregulation of miR-106a, miR-17, miR-20a, miR-203 and
miR-92a [45]. Moreover, significant downregulation of miR-342-3p, miR-223, and miR-20a was also
reported in patients with active nephritis. The peripheral expression of miRNAs might be regarded as a
diagnostic biomarker for SLE. The miRNAs mentioned were predicted to target TGF-3-related elements
in addition to those regulating apoptosis, cytokine—cytokine interactions and T cell differentiation [45].
Downregulation of plasma miR-200b-5p, miR-141-5p, and miR-200c-5p was found in patients with
lupus nephritis compared with healthy individuals [46]. The diagnostic values of these miRNAs were
estimated to be 0.748, 0.74 and 0.723, respectively. The combination of these three miRNAs increased
the diagnostic value of lupus nephritis to 0.936. Finally, the plasma level of miR-141-5p was found to
be inversely correlated with serum creatinine and the Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI ) score, while miR-200c-5p and miR-200b-3p levels were inversely correlated with the
SLEDALI score and proteinuria, respectively [46].

Figure 2 shows the molecular mechanism of the participation of a number of miRNAs in the
pathogenesis of SLE.

Tables 4 and 5 summarize the results of studies that have reported the down- and upregulation of
miRNAs in SLE samples, respectively.
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Figure 2. MiR-145 is decreased in SLE patients. MiR-145 has a role in the inhibition of STAT1, which is involved in the differentiation of Treg cells via its inhibition of
Foxp3. Moreover, STAT1 induces T-bet, which participates in the differentiation of Th1 cells [36]. MiR-410 is downregulated in SLE patients and is a suppressor of STAT3.
STAT3 is an inducer of IL-10. The levels of this cytokine are increased in SLE patients, leading to the enhanced survival and differentiation of B cells and the increased
production of antibodies [37]. MiR-224 is increased in SLE patients and has been shown to inhibit API5. API5 decreases the expression of APAF1 and precludes the
activation of caspases, thereby hampering apoptosome formation. Thus, the over-expression of miR-224 leads to increased T cell activation-induced cell death. [36].
MiR-29a is upregulated in SLE patients and suppresses Sp1, which is an inducer of ANMT1. The over-expression of miR-29a leads to hypomethylation of CD11a and
CD70, which are involved in the production of autoreactive T cells [38] Abbreviations: Treg cell: Regulatory T cell, DNMT1: DNA (cytosine-5)-methyltransferase 1,
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SP1: specificity protein 1.
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Table 4. List of miRNAs whose expression has been downregulated in SLE patients.
miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
. n total 15 SLE patients and 10 Bone marrow-derived STATS signaling MiR let-7f mcreases.the apoptosis rate qf BM-MSCs
miR let-7f normal controls were enrolled mesenchymal stem cells IL-6 athwa through targeting IL-6 and activating the [39]
‘ (BM-MSCs)/PBMCs p y STATS3 pathway.
MRL/Ipr mice and control Foxp3
miR-31 MRL/Mp] mice were purchased PBMCs serine/threonine NE-«B signaling MiR-31 enhances inflammatory cytokine production. [33]
from the Jackson Laboratory (JAX, . pathway
. kinase 40, IL-2
Maine, USA)
Samples from 41 SLE patients and PBMCs L6 IL-6/STATS3 signaling MiR-98 could ameliorate STAT3-mediated cell [40]
miR-98 20 healthy controls were collected. pathway proliferation and inflammatory cytokine production.
Samples from 48 SLE patients and PBMCs Fas Fas-mediated MiR-98 downregulation contributes to the [41]
39 healthy controls were collected. apoptosis dysregulation of apoptosis in SLE.
- Samples were gathered from 10 Inflammatory MiR-125a acts as a negative regulator in the feedback )
miR-125a SLE patients and 8 healthy donors. PBMCs KLF13, RANTES chemokine pathway loop of RANTES expression in activated T cells. 421
50 SLE patients and 26 healthy MiR-125b exprezsm? cm:elatefs _ENlth LN and the
miR-125b controls were enrolled in this PBMCs TNF-«, ETS1, STAT3 NF-«B signaling . ystunction o [43]
rud cells by affecting the target genes ETS1 and
study: STAT3.
Inhibition of the type I IFN pathway through the
o manipulation of miR-302d levels could be beneficial N
miR-302d PBMCs IRE9 IFN pathway in SLE patients who present with clinical disease (441
driven by IFN dysregulation.
miR-106a CREB1, TGFBR2 These control mor;otcytolfro1efl1$ and regulate
miR-20a regulatory T cells.
miR-17 68 SLE patients and 68 healthy Plasma Bim, PTEN, CREB1, TGFB s}ignaling These regulate apoptosis, control monocytopoiesis
miR-20a controls were enrolled. TGFBR2 pathway and regulate regulatory T cells.
miR-92a [45]
This miRNA targets genes in the MAPK signaling
miR-203 TGFBR1/2, and cytokine—cytokine receptor pathways and many
ACVR2A/2B, genes involved in focal adhesion and tight junctions.
T — SMADé6/7, SMURF]I, - - - -
miR-342-3p BMPR2, MAPK1 The association of miR-223 and miR-342-3p with

miR-223

lupus nephritis was observed in this study.
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Table 4. Cont.
miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
miR-200b-5p 101 SLE patients suffering from LN The miR-200 family could target several genes and
MiR-200c-5 and 100 healthy controls Plasma IKBKB, Hi;g’ IL-6, Typel IFI:II’ PTEN, pathways to inhibit inflammatory responses and [46]
AP were enrolled. NE-kB KLK4 and 5051 kidney fibrosis, thereby decreasing renal damage.
miR-141-5p
miR-103
miR-15b 50 SLE patients and 30 healthy The signature of circulating miRNAs will provide
miR-19b controls were involved in Plasma novel biomarkers for the diagnosis of SLE and the
[ this study. evaluation of disease activity and LN. [34]
miR-22
miR-23a
miR-93
. Samples from 24 SLE patients and ERK, AKT, IL-13, MIF-dependent MIR_654 1nh}b1t§ Mn: (mlgratlor,\ inhibitory factor) ,
miR-654 Serum expression via binding to MIF 3" UTR and reduces [47]
24 controls were collected. IL-6, IL-8, TNF-o¢ pathways . . R
downstream inflammatory cytokine production.
This miRNA may have regulatory effects on
27 SLE patients and 34 healthy TNE, TGF-3, NF-kB  immunity by affecting signaling pathways, and may
miR-124 controls were recruited in Serum and MAPK signaling represent a specific biomarker for distinguishing [48]
this study. pathways patients with autoimmune diseases from
healthy controls.
- 52 SLE patients and 29 healthy IRAK1, TRAFS6, IRF-5, The under-expression of miR-146a in lupus patients is
miR-146a controls were recruited. Serum STAT-1 Type IIFN pathway relevant to the biological and clinical behavior of SLE. (491
. . . Therapies that turn the expression of affected
miR-1246 /?1;2{?}11 Ofc(S)gti I(ZIE P;i;?::ﬂi?g jO B cells EBF1 AKT—PaStiségnahng miR-1246 genes back to normal could serve as a [50]
y ’ P y potential and effective method for treating SLE.
miR-377 Severe vitamin D deficiency is associated with
d d ob. d miRNA levels in SLE patients.
miR-342 42 SLE patients and 48 healthy Vitamin D signaling VDelgrea;;I AO servee T th e{fe Sllm fSLII; i 1?1 St -
1 tributed to the stud T cells athwa S xpressions T e | cee o paben’s (51l
miR-10a controls con ¥ p y were significantly lower than those in controls, but
I — CYP24A1 and CYP27B1 mRNA levels were
miR-374b R .
[ significantly increased.
miR-410
. . . MiR-410 is the key regulatory factor in the
miR-410 20SLE .patlents and 20‘hea1thy T cells STAT3 STATS signaling pathogenesis of SLE, which regulates the expression [37]
subjects were recruited. pathway

of IL-10.
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Table 4. Cont.

miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
. . The over-expression of miR-145 suppresses the gene
miR-145 Samples from 26 SLE patients and T cells STAT1 In.terfer'on—medlated expression of STAT-1 which seems to be associated [36]
27 healthy controls were collected. signaling pathway . o
with lupus nephritis.
18 SLE patients suffering from LN . .
. . . The over-expression of miR-23b suppresses both -
miR-23b and 9 heaéﬁ}; lclz.:‘r:l\trols were Kidney biopsy TAB2, TAB3, IKK-« NF-«kB pathway TNF-a- and IL-1p-induced NF-kB activation. [52]
35 SLE patients suffering from LN . . s
hsa-miR-371-5p  and 35 healthy controls were Kidney biopsy HIF-1x The over-expression of }}sa-m1R-37l-5p may mh1b}t [53]
included in this study. mesangial cell proliferation and promote apoptosis.
Table 5. List of miRNAs whose expression has been upregulated in SLE patients (LPS: lipopolysaccharide, DC: dendritic cell, NK: natural killer).
miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
. TGF-p1, JUNB and The inhibition of miR-663 in BMSCs could restore
miR-663 ?1;2{?}1 Ofc(fl tSr EIF; Fv)\?etiznetrir?)rllli 30 BM-MSCs JUND, MYL9, Efi/l;i[iﬁPK;r}llcvlvikst the production of Treg and Tth cells through the [54]
Y : GRID2D, EPHB3 ghaing p Y secretion of TGF-B1.
SHIP1, SOCS1, EKKe,
miR-155 TAB2, Slprl, IL4, MIiR-155 regulates the distribution of T cells.
IL-17A
24 SLE patients and 75 healthy S U1-RNP/TLRs/IFNs
donors were enrolled. erum signaling pathway MiR-143 reduces the production of TLR4 and
miR-143 TLR2, NF«xB pro-inflammatory cytokines (IL-1f3, IL-6, and
TNF-«).
- 55]
. Monocytes and macrophages show an increased !
miR-132 IRAK4 expression of miR-132 in response to LPS.
miR-126 TRAF6, IFN MiR-126 inhibits the release of proinflammatory
’ cytokines.
miR-29a IFN- MiR-29a contributes to inhibiting the response to
Y intracellular bacterial infections.
miR-448 27 SLE patients and 34 healthy TNEF, TGEF-f, NF-kB and These miRNAs may have regulatory effects on
controls were recruited in this Serum MAPK signaling immunity by affecting signaling pathways, and [48]
study. pathways may represent specific biomarkers for
miR-551b distinguishing patients with autoimmune diseases

from healthy controls.




miR-326

activation-induced cell death.
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Table 5. Cont.
miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
‘ 60 SLE patients suffering from LN ERBB2IP, PGC-1ct, TGE-B-induced signaling The circulating m1R—13Qb—3p might serveasa
miR-130b-3p and 30 healthy controls were Serum biomarker and play an important role in renal [56]
. PPAR-y pathways . .
recruited. damage in early-stage LN patients.
miRNA-371b  Samples were collected from 1092 It was suggested that the microRNAs mentioned
T iRNAB100 SLE patients and 553 healthy Serum may be associated with aberrant functions of CD4+ 1571
mt i controls. and CD8+ T cells in SLE.

A 70 SLE patients and 40 healthy A MlR-30e expression is supplﬁessed by IFN-oc,. Whlch
hsa-miR-30e-5p . Plasma Granzyme B, perforin in turn suppresses natural killer cell cytotoxicity by [58]
controls were included. . .

targeting granzyme B and perforin.
Increased miR-142-3p expression may be caused by
. . increased cellular release of this miRNA through
miR-142-3p 68 SLE patllents and 68111‘"?1&1}’ Plasma TGFBR1 TGEFp signaling pathway increased exocytosis and/or the normal exocytosis
controls were enrolled. of cells containing increased miRNA. [45]
This miRNA is important for hematopoietic cell
miR-181a differentiation, increases the fraction of B-lineage
cells, and is also expressed by endothelial cells.
MiR-132 was shown to regulate neuronal
miR-132 Human THP-1, HEK293, and . . morphogenesis and the dendritic plasticity of
murine RAW264.7 cells were PBMCs IRAK4 TLR-signaling pathway cultured neurons. [59]
. obtained from the Ame.rlcan Type MiR-212 can interfere with the craving for cocaine
miR-212 Culture Collection. ol e
in mice and acts as a tumor suppressor.
miR-25 28 SLE patients and 28 healthy AMPD2 Purine blosg nlt.hems and This study suggested that mentioned miRNAs
controls were enrolled in this study. PBMCs metabolism represent novel diagnostic biomarkers, disease
Genes encoding peroxidase,  activity markers and potential therapeutic targets 60
glycosyltransferase, ATP for SLE. (601
miR-1273h-5p synthase and hydrolase,
carbohydrate phosphatase
and exoribonuclease
miR-148a Gadd45«, PTEN, Bim, DNA methylation pathway Members of the miR-148 family, including
8 SLE patients and 7 healthy DNMT, Bcl2111 miR-148a, miR-148b and miR-152, are negative
S PBMCs i 2 i
miR-152 controls were enrolled in this study. regulators of the innate response and Ag-presenting [33,61]
capacity of DCs.
miR-224 STAT-1, API5 Enhanced expression of miR-224 accelerates T cell
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miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
IRF8 is a transcription factor which has a key role in
. 99 SLE patients and 65 healthy regulating the differentiation of B cells and
hsa-miR-345 controls were enrolled. PBMCs IRF8 promoting their differentiation. It is revealed that (621
IRFS is inhibited by hsa-miR-345.
It was proposed that the over-expression of miR-16
. . in the blood may be associated with the exposure of
miR-16 30 SLE patients and ,20 hgalthy PBMCs MAPK pathway immune and inflammatory cells to the
controls were enrolled in this study. . . [63]
circulating blood.
. Higher circulating levels of miR-451 might be
miR-451 . . O
associated with abnormal erythropoiesis.
MiR-21 is highly expressed in CD41 T cells in
miR-21 MRL/lpr mice and control DNMT1 patients with SLE and may contribute to DNA
fMRLﬁM})] Il?ice V{e{’e purCha(?ZdX PBMCs hypomethylation in lupus CD41 T cells. [33,64]
; rom the Jackson Laboratory ,
miR-127 Maine, USA)
miR-182
This study highlighted the expression
. file of miR-27a and its potential target NKG2D
. Samples from 37 SLE patients and protre S -
miR-27a 17 healthy controls were collected. PBMC/NK cells NKG2D which is of prime 1mp0rtia;1ce for NK cell activation [65]
SLE.
A high level of miR-30a might be responsible for
miR-30a B cells Lyn Pathways of B cell activation  the development of B cell hyperactivity, suggesting [66]
that it could be involved in the pathogenesis of SLE.
. Knockdown of miR-152-3p expression inhibits the
miR-152-3p 30SLE patients and 30 .healthy B cells BAFF, KLF5 self-reactivity of SLE B cells, thereby reducing their [67]
controls were recruited. . ;
autoantibody production.
MiR-29b reduces DNMTT1 expression levels, thereby
miR-29b 36 SLE patients .and 28 ht.ealthy T cells spl, DNMT1 resultlng. in DNA hypor.nethylat}(.)n and the 38]
donors were recruited in this study. over-expression of methylation-sensitive genes, and
mediates the pathogenesis of SLE.
Wild-type (WT, n = 10), Faslpr/lpr The knockout of miR-451a affects the enlargement
miR-451a (n =10), and miR-451a—/— Spleen and thymus IRF8 IFN pathwa of the spleen and reduces urine protein content and [68]
Faslpr/lpr (n = 10) female C57B/L6 tissues pathway P P

mice were recruited.

immune complex deposits.
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Table 5. Cont.
miRNA Number of Clinical Samples Assessed Cell Line Targets/Regulators Signaling Pathways Function and Comments Reference
Formalin-fixed paraffin-embedded
kidney specimens from 14 SLE Janus kinase/signal The over-expression or TGF-B1-induced increase of
miR-150 patients suffering from LN and Kidney biopsy SOCS1 transducer f miR-150 directly decreases SOCS], leading to [69]
from 2 normal controls were increases in profibrotic protein production.
gathered.
Samples were collected from 98 The over-expression of let-7 miRNAs leads to the
let-7 family SLE patients and 47 healthy Kidney biopsy TNFAIP3 Let-7-TNFAIP3-NF-«B increased phosphorylation and sustained [70]

controls.

pathway

degradation of IkBx and the enhanced
phosphorylation of p65.
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4. Discussion

The highly heterogeneous nature of SLE in terms of both the underlying pathogenic processes
and the manifestation of the disease course has hampered a comprehensive understanding of SLE
etiology [13]. Recent observations regarding the dysregulation of non-coding RNAs in SLE patients
raise an opportunity to clarify the pathobiology of this disorder. The advent of high throughput
sequencing technologies and the availability of these data in public databases have facilitated the
recognition of the complicated interaction network between IncRNAs, miRNAs and protein-coding
genes. A representative study in this regard has identified numerous pairs of IncRNAs and target
mRNAs [21]. Such studies have enabled the recognition of therapeutic targets for SLE. Non-coding
RNAs have been shown to influence several crucial pathways in the pathogenesis of SLE, including B cell
activation and the NF-«B, IFN and TGFf signaling pathways. STAT-related pathways have been among
the most frequently dysregulated pathways in SLE patients. These patients have high IL-17 levels and
Th17 numbers. Notably, STAT3 signaling has a critical role in Th17 differentiation [71]. Several miRNAs
listed above regulate the STAT3 pathway. Moreover, there is a complex interaction between IncRNAs
and miRNAs in the context of SLE, which should be considered in the design of targeted therapies.
Several online tools such as StatBase v2.0 (https://web.archive.org/web/20110222111721/http://starbase.
sysu.edu.cn/) and TargetScan v7.2 (http://www.targetscan.org/vert_72/) can be used for the prediction
of miRNA targets. Non-coding RNA signatures, particularly miRNAs, are not only useful for the
discrimination of SLE patients from healthy subjects, but could also potentially distinguish the presence
of SLE-related complications [20].

Although the association between SNPs within coding regions and the risk of SLE has been
assessed in several studies [72], the contribution of genomic variants within non-coding regions has
been less well explored. Based on the crucial roles of non-coding RNAs in the pathogenesis of SLE
and the prominent role of SNPs in the regulation of their functions, these SNPs are regarded as
putative risk variants for SLE. Thus, better identification of the role of these variants might lead to the
identification of the underlying cause of variability in the disease course or the response of patients to
therapeutic modalities.

Overall, despite extensive research in the field of non-coding RNAs’ participation in SLE,
this research avenue has not reached the level of clinical application except for a small number of
studies that have verified the diagnostic/prognostic roles of these transcripts in SLE. Animal studies
have raised the hope that modification of the expression of these transcripts could influence the disease
course. Thus, future studies in this field may facilitate the identification of new treatment modalities
for SLE.

Author Contributions: M.T., M.E.D. and S.G.-F. designed the study, wrote the draft and revised it. R.E. collected
the data. All authors contributed equally and are fully aware of submission. All authors have read and agreed to
the published version of the manuscript.

Conflicts of Interest: The authors declare they have no conflict of interest.

References

1. Ramos, PS.; Brown, E.E.; Kimberly, R.; Langefeld, C.D. Genetic Factors Predisposing to Systemic Lupus
Erythematosus and Lupus Nephritis. Semin. Nephrol. 2010, 30, 164-176. [CrossRef] [PubMed]

2. Block, S.R. A brief history of twins. Lupus 2006, 15, 61-64. [CrossRef] [PubMed]

3.  Deafen, D.; Escalante, A.; Weinrib, L.; Horwitz, D.; Bachman, B.; Roy-Burman, P.; Walker, A.; Mack, T.M.
A revised estimate of twin concordance in systemic lupus erythematosus. ARHEAW 1992, 35, 311-318.
[CrossRef] [PubMed]

4. Grumet, EC.; Coukell, A.; Bodmer, ].G.; Bodmer, W.; McDevitt, H.O. Histocompatibility (HL-A) Antigens
Associated with Systemic Lupus Erythematosus. New Engl. J. Med. 1971, 285, 193-196. [CrossRef] [PubMed]

5. Brown, E.E.; Edberg, ].C.; Kimberly, R. Fc receptor genes and the systemic lupus erythematosus diathesis.
J. Autoimmun. 2007, 40, 567-581. [CrossRef] [PubMed]


https://web.archive.org/web/20110222111721/http://starbase.sysu.edu.cn/
https://web.archive.org/web/20110222111721/http://starbase.sysu.edu.cn/
http://www.targetscan.org/vert_72/
http://dx.doi.org/10.1016/j.semnephrol.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/20347645
http://dx.doi.org/10.1191/0961203306lu2263ed
http://www.ncbi.nlm.nih.gov/pubmed/16539274
http://dx.doi.org/10.1002/art.1780350310
http://www.ncbi.nlm.nih.gov/pubmed/1536669
http://dx.doi.org/10.1056/NEJM197107222850403
http://www.ncbi.nlm.nih.gov/pubmed/5087722
http://dx.doi.org/10.1080/08916930701763710
http://www.ncbi.nlm.nih.gov/pubmed/18075791

Biomolecules 2020, 10, 937 19 of 22

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Amos, C.I; Chen, W.V,; Lee, A.; Li, W.; Kern, M.; Lundsten, R.; Batliwalla, F.; Wener, M.; Remmers, E.FA;
Kastner, D.; et al. High-density SNP analysis of 642 Caucasian families with rheumatoid arthritis identifies
two new linkage regions on 11p12 and 2q33. Genes Immun. 2006, 7, 277-286. [CrossRef]

Gateva, V.; Sandling, J.; Hom, G.E.; Taylor, K.A.; Chung, S.; Sun, X.; Ortmann, W.; Kosoy, R.; Ferreira, R.C.;
Nordmark, G.; et al. A large-scale replication study identifies TNIP1, PRDM1, JAZF1, UHRF1BP1 and IL10
as risk loci for systemic lupus erythematosus. Nat. Genet. 2009, 41, 1228-1233. [CrossRef]

Wang, Z. Diverse roles of regulatory non-coding RNAs. J. Mol. Cell Biol. 2018, 10, 91-92. [CrossRef]
Derrien, T.; Johnson, R.; Bussotti, G.; Tanzer, A.; Djebali, S.; Tilgner, H.; Guernec, G.; Martin, D.; Merkel, A.;
Knowles, D.G.; et al. The GENCODE v7 catalog of human long noncoding RNAs: Analysis of their gene
structure, evolution, and expression. Genome Res. 2012, 22, 1775-1789. [CrossRef]

Noncode. Available online: http://www.noncode.org/analysis.php (accessed on 8 May 2020).

Alles, J.; Fehlmann, T.; Fischer, U.; Backes, C.; Galata, V.; Minet, M.; Hart, M.; Abu-Halima, M. A.; Grisser, E.;
Lenhof, H.-P,; et al. An estimate of the total number of true human miRNAs. Nucleic Acids Res. 2019,
47,3353-3364. [CrossRef]

Brannan, C.L; Dees, E.C.; Ingram, R.S; Tilghman, S.M. The product of the H19 gene may function as an RNA.
Mol. Cell. Biol. 1990, 10, 28-36. [CrossRef]

Gao, Y,; Li, S;; Zhang, Z.; Yu, X.; Zheng, J. The Role of Long Non-coding RNAs in the Pathogenesis of RA,
SLE, and SS. Front. Med. 2018, 5, 193-207. [CrossRef] [PubMed]

Ounzain, S.; Pedrazzini, T. The promise of enhancer-associated long noncoding RNAs in cardiac regeneration.
Trends Cardiovasc. Med. 2015, 25, 592-602. [CrossRef] [PubMed]

Sengupta, S.; Mitra, S.; Bhakat, K.K. Dual regulatory roles of human AP-endonuclease (APE1/Ref-1) in
CDKN1A/p21 expression. PLoS ONE 2013, 8, 1-9. [CrossRef]

Lee, T.; Young, R.A. Transcription of Eukaryotic Protein-Coding Genes. Annu. Rev. Genet. 2000, 34, 77-137.
[CrossRef] [PubMed]

Lai, F; Orom, U.A.V,; Cesaroni, M.; Beringer, M.; Taatjes, D.J.; Blobel, G.A.; Shiekhattar, R. Activating RNAs
associate with Mediator to enhance chromatin architecture and transcription. Nature 2013, 494, 497-501.
[CrossRef] [PubMed]

Wang, Y.; Chen, S.; Chen, S.; Du, J.; Lin, J.; Qin, H.; Wang, J.; Liang, J.; Xu, J. Long noncoding RNA expression
profile and association with SLEDAI score in monocyte-derived dendritic cells from patients with systematic
lupus erythematosus. Arthritis Res. 2018, 20, 138-149. [CrossRef] [PubMed]

Luo, Q.; Li, X,; Xu, C; Zeng, L.; Ye, J.; Guo, Y,; Huang, Z.; Li, J. Integrative analysis of long non-coding
RNAs and messenger RNA expression profiles in systemic lupus erythematosus. Mol. Med. Rep. 2017,
17, 3489-3496. [CrossRef]

Wu, G.-C; Li, J; Leng, R.-X,; Li, X.-P; Li, X.-M.; Wang, D.-G.; Pan, H.-E; Ye, D.-Q. Identification of
long non-coding RNAs GAS5, 1inc0597 and Inc-DC in plasma as novel biomarkers for systemic lupus
erythematosus. Oncotarget 2017, 8, 23650-23663. [CrossRef]

Cao, H,; Li, D.; Lu, H,; Sun, J.; Li, H. Uncovering potential IncRNAs and nearby mRNAs in systemic lupus
erythematosus from the Gene Expression Omnibus dataset. Epigenomics 2019, 11, 1795-1809. [CrossRef]
Zhang, F; Wu, L.; Qian, ].; Qu, B.; Xia, S.; La, T.; Wu, Y;; Ma, J.; Zeng, J.; Guo, Q.; et al. Identification of the
long noncoding RNA NEAT1 as a novel inflammatory regulator acting through MAPK pathway in human
lupus. J. Autoimmun. 2016, 75, 96-104. [CrossRef] [PubMed]

Wang, J.-B.; Li, J.; Zhang, T.-P,; Lv, T.-T; Li, L.-].; Wu, J.; Leng, R.-X,; Fan, Y.-G.; Pan, H.-F; Ye, D.-Q. Expression
of several long noncoding RNAs in peripheral blood mononuclear cells of patients with systemic lupus
erythematosus. Adv. Med. Sci-Poland 2019, 64, 430-436. [CrossRef] [PubMed]

Wu, Y.; Zhang, F; Ma, J.; Zhang, X.; Wu, L.; Qu, B,; Xia, S.; Chen, S.; Tang, Y.; Shen, N. Association of
large intergenic noncoding RNA expression with disease activity and organ damage in systemic lupus
erythematosus. Arthritis Res. 2015, 17, 131-142. [CrossRef] [PubMed]

Cao, H.; Li, D.; Wang, Y,; Lu, H.; Sun, J.; Li, H. The protection of NF-«B inhibition on kidney injury of
systemic lupus erythematosus mice may be correlated with IncRNA TUGI. Kaohsiung, J. Med Sci. 2020,
36, 354-362. [CrossRef]

Cao, H,; Li, D.; Wang, Y.; Lu, H.; Sun, J.; Li, H. Clinical significance of reduced expression of IncRNA TUG1
in the peripheral blood of systemic lupus erythematosus patients. Int. . Rheum. Dis. 2020, 23, 428—434.
[CrossRef]


http://dx.doi.org/10.1038/sj.gene.6364295
http://dx.doi.org/10.1038/ng.468
http://dx.doi.org/10.1093/jmcb/mjy026
http://dx.doi.org/10.1101/gr.132159.111
http://www.noncode.org/analysis.php
http://dx.doi.org/10.1093/nar/gkz097
http://dx.doi.org/10.1128/MCB.10.1.28
http://dx.doi.org/10.3389/fmed.2018.00193
http://www.ncbi.nlm.nih.gov/pubmed/30018955
http://dx.doi.org/10.1016/j.tcm.2015.01.014
http://www.ncbi.nlm.nih.gov/pubmed/25753179
http://dx.doi.org/10.1371/journal.pone.0068467
http://dx.doi.org/10.1146/annurev.genet.34.1.77
http://www.ncbi.nlm.nih.gov/pubmed/11092823
http://dx.doi.org/10.1038/nature11884
http://www.ncbi.nlm.nih.gov/pubmed/23417068
http://dx.doi.org/10.1186/s13075-018-1640-x
http://www.ncbi.nlm.nih.gov/pubmed/29996948
http://dx.doi.org/10.3892/mmr.2017.8344
http://dx.doi.org/10.18632/oncotarget.15569
http://dx.doi.org/10.2217/epi-2019-0145
http://dx.doi.org/10.1016/j.jaut.2016.07.012
http://www.ncbi.nlm.nih.gov/pubmed/27481557
http://dx.doi.org/10.1016/j.advms.2019.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31563860
http://dx.doi.org/10.1186/s13075-015-0632-3
http://www.ncbi.nlm.nih.gov/pubmed/25994030
http://dx.doi.org/10.1002/kjm2.12183
http://dx.doi.org/10.1111/1756-185X.13786

Biomolecules 2020, 10, 937 20 of 22

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Li, L.-J.; Zhao, W,; Tao, S.-S.; Li, J.; Xu, S.-Z.; Wang, J.-B.; Leng, R.-X,; Fan, Y.-G.; Pan, H.-F,; Ye, D.-Q.
Comprehensive long non-coding RNA expression profiling reveals their potential roles in systemic lupus
erythematosus. Cell. Immunol. 2017, 319, 17-27. [CrossRef]

Fan, Z.; Chen, X,; Liu, L.; Zhu, C.; Xu, J.; Yin, X,; Sheng, Y.; Zhu, Z.; Wen, L.; Zuo, X,; et al. Association
of the Polymorphism 1rs13259960 in SLEAR With Predisposition to Systemic Lupus Erythematosus.
Arthritis Rheumatol. 2020, 72, 985-996. [CrossRef]

Yang, H.; Liang, N.; Wang, M.; Fei, Y.; Sun, J.; Li, Z.; Xu, Y.; Guo, C; Cao, Z.; Li, S.; et al. Long noncoding
RNA MALAT-1 is a novel inflammatory regulator in human systemic lupus erythematosus. Oncotarget 2017,
8, 77400-77406. [CrossRef]

Dong, G.; Yang, Y.; Li, X;; Yao, X.; Zhu, Y.; Zhang, H.; Wang, H.; Ma, Q.; Zhang, ].; Shi, H.; et al. Granulocytic
myeloid-derived suppressor cells contribute to IFN-I signaling activation of B cells and disease progression
through the IncRNA NEAT1-BAFF axis in systemic lupus erythematosus. Biochim. Biophys. Acta Mol.
Basis. Dis. 2019, 1866, 165554-165566. [CrossRef]

Liao, Z.; Ye, Z.; Xue, Z.; Wu, L.; Ouyang, Y.; Yao, C.; Cui, C.; Xu, N.; Ma, J.; Hou, G; et al. Identification of
Renal Long Non-coding RNA RP11-2B6.2 as a Positive Regulator of Type I Interferon Signaling Pathway in
Lupus Nephritis. Front. Immunol. 2019, 10, 975-986. [CrossRef]

Xue, Z.; Cui, C,; Liao, Z.; Xia, S.; Zhang, P,; Qin, J.; Guo, Q.; Chen, S.; Fu, Q.; Yin, Z; et al. Identification
of LncRNA Linc00513 Containing Lupus-Associated Genetic Variants as a Novel Regulator of Interferon
Signaling Pathway. Front. Immunol. 2018, 9, 2967-2978. [CrossRef] [PubMed]

Wang, Z.; Heid, B.; Dai, R.; Ahmed, S.A. Similar dysregulation of lupus-associated miRNAs in peripheral
blood mononuclear cells and splenic lymphocytes in MRL/lpr mice. Lupus Sci. Med. 2018, 5, e000290.
[CrossRef] [PubMed]

Zhang, H.; Huang, X,; Ye, L.; Guo, G.; Li, X.; Chen, C.; Sun, L.; Li, B.; Chen, N.; Xue, X. B Cell-Related Circulating
MicroRNAs With the Potential Value of Biomarkers in the Differential Diagnosis, and Distinguishment
Between the Disease Activity and Lupus Nephritis for Systemic Lupus Erythematosus. Front. Immunol. 2018,
9, 1473-1486. [CrossRef] [PubMed]

Ghods, EJ.; Sarikaya, A.T.; Arda, N.; Hamuryudan, V. MiRNA and mRNA Profiling in Systemic Lupus
Reveals a Novel Set of Cytokine-Related miRNAs and their Target Genes in Cases With and Without Renal
Involvement. Kidney Blood Press. Res. 2017, 42, 1322-1337. [CrossRef]

Lu, M;; Lai, N.; Chen, H; Yu, H.; Huang, K.; Tung, C.; Huang, H.-B.; Yu, C.-L. Decreased microRNA(miR)-145
and increased miR-224 expression in T cells from patients with systemic lupus erythematosus involved in
lupus immunopathogenesis. Clin. Exp. Immunol. 2012, 171, 91-99. [CrossRef] [PubMed]

Liu, N.; Zhang, N.; Zhang, X.; Qin, M.; Dong, Y.; Jin, L. MiR-410 Down-Regulates the Expression of
Interleukin-10 by Targeting STAT3 in the Pathogenesis of Systemic Lupus Erythematosus. Cell. Physiol. Biochem.
2016, 39, 303-315. [CrossRef]

Qin, H,; Zhu, X,; Liang, J.; Wu, J.; Yang, Y.; Wang, S.; Shi, W.; Xu, J. MicroRNA-29b contributes to
DNA hypomethylation of CD4+ T cells in systemic lupus erythematosus by indirectly targeting DNA
methyltransferase 1. J. Dermatol. Sci. 2013, 69, 61-67. [CrossRef]

Geng, L.; Tang, X.; Wang, S.; Sun, Y.; Wang, D.; Tsao, B.P; Feng, X.; Sun, L. Reduced Let-7f in Bone
Marrow-Derived Mesenchymal Stem Cells Triggers Treg/Th17 Imbalance in Patients With Systemic Lupus
Erythematosus. Front. Immunol. 2020, 11, 233-244. [CrossRef]

Yuan, S.; Tang, C.; Chen, D.; Li, F.; Huang, M.; Ye, J.; He, Z.; Li, W.; Chen, Y; Lin, X,; et al. miR-98 Modulates
Cytokine Production from Human PBMCs in Systemic Lupus Erythematosus by Targeting IL-6 mRNA.
J. Immunol. Res. 2019, 2019, 9827574-9827585. [CrossRef]

Xie, L.; Xu, J. Role of MiR-98 and Its Underlying Mechanisms in Systemic Lupus Erythematosus. J. Rheumatol.
2018, 45, 1397-1405. [CrossRef]

Zhao, X.; Tang, Y.; Qu, B.; Cui, H.; Wang, S.; Wang, L.; Luo, X.; Huang, X; Li, ].; Chen, S.; et al. MicroRNA-125a
contributes to elevated inflammatory chemokine RANTES levels via targeting KLF13 in systemic lupus
erythematosus. Arthritis Rheum. 2010, 62, 3425-3435. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.cellimm.2017.06.004
http://dx.doi.org/10.1002/art.41200
http://dx.doi.org/10.18632/oncotarget.20490
http://dx.doi.org/10.1016/j.bbadis.2019.165554
http://dx.doi.org/10.3389/fimmu.2019.00975
http://dx.doi.org/10.3389/fimmu.2018.02967
http://www.ncbi.nlm.nih.gov/pubmed/30619325
http://dx.doi.org/10.1136/lupus-2018-000290
http://www.ncbi.nlm.nih.gov/pubmed/30515297
http://dx.doi.org/10.3389/fimmu.2018.01473
http://www.ncbi.nlm.nih.gov/pubmed/30008716
http://dx.doi.org/10.1159/000485987
http://dx.doi.org/10.1111/j.1365-2249.2012.04676.x
http://www.ncbi.nlm.nih.gov/pubmed/23199328
http://dx.doi.org/10.1159/000445625
http://dx.doi.org/10.1016/j.jdermsci.2012.10.011
http://dx.doi.org/10.3389/fimmu.2020.00233
http://dx.doi.org/10.1155/2019/9827574
http://dx.doi.org/10.3899/jrheum.171290
http://dx.doi.org/10.1002/art.27632
http://www.ncbi.nlm.nih.gov/pubmed/20589685

Biomolecules 2020, 10, 937 21 of 22

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Luo, X.; Zhang, L.; Li, M.; Zhang, W.; Leng, X.; Zhang, F; Zhao, Y.; Zeng, X. The role of miR-125b in T
lymphocytes in the pathogenesis of systemic lupus erythematosus. Clin. Exp. Rheumatol. 2013, 31, 267-271.
Smith, S.; Fernando, T.; Wu, PW,; Seo, J.; Gabhann, J.N.; Piskareva, O.; McCarthy, E.; Howard, D.;
O’Connell, P.; Conway, R.; et al. MicroRNA-302d targets IRF9 to regulate the IFN-induced gene expression
in SLE. J. Autoimmun. 2017, 79, 105-111. [CrossRef]

Carlsen, A.L.; Schetter, A.].; Nielsen, C.T.; Lood, C.; Knudsen, S.; Voss, A.; Harris, C.C.; Hellmark, T.;
Segelmark, M.; Jacobsen, S.; et al. Circulating MicroRNA Expression Profiles Associated With Systemic
Lupus Erythematosus. Arthritis Rheum. 2013, 65, 1324-1334. [CrossRef]

Zhang, Y.; Wang, Y. The correlation of plasma microRNA-200 family expressions with risk and disease
severity of lupus nephritis. Eur. Rev. Med. Pharmacol. Sci. 2018, 22, 3118-3125.

Tu, Y;; Guo, R.; Li, J.; Wang, S.; Leng, L.; Deng, J.; Bucala, R.; Lu, L. MiRNA Regulation of MIF in SLE and
Attenuation of Murine Lupus Nephritis With miR-654. Front. Immunol. 2019, 10, 2229-2233. [CrossRef]
[PubMed]

Jin, F; Hu, H.; Xu, M,; Zhan, S.; Wang, Y.; Zhang, H.; Chen, X. Serum microRNA Profiles Serve as Novel
Biomarkers for Autoimmune Diseases. Front. Immunol. 2018, 9, 2381-2390. [CrossRef] [PubMed]

Tang, Y.,; Luo, X,; Cui, H.; Ni, X,; Yuan, M.; Guo, Y.; Huang, X.; Zhou, H.; De Vries, N.; Tak, PP; et al.
MicroRNA-146a contributes to abnormal activation of the type I interferon pathway in human lupus by
targeting the key signaling proteins. Arthritis Rheum. 2009, 60, 1065-1075. [CrossRef]

Luo, S.; Liu, Y,; Liang, G.; Zhao, M.; Wu, H,; Liang, Y.; Qiu, X,; Tan, Y,; Dai, Y.; Yung, S.; et al. The role of
microRNA-1246 in the regulation of B cell activation and the pathogenesis of systemic lupus erythematosus.
Clin. Epigenetics 2015, 7, 24-37. [CrossRef]

Chen, D.-].; Li, L.-J,; Yang, X.-K,; Yu, T.; Leng, R.-X.; Pan, H.-F; Ye, D.-Q. Altered microRNAs expression in T
cells of patients with SLE involved in the lack of vitamin D. Oncotarget 2017, 8, 62099-62110. [CrossRef]
Zhu, S.; Pan, W.; Song, X.; Liu, Y.; Shao, X.; Tang, Y.; Liang, N.; He, N.; Wang, H.; Liu, W.; et al. The microRNA
miR-23b suppresses IL-17-associated autoimmune inflammation by targeting TAB2, TAB3 and IKK-c.
Nat. Med. 2012, 18, 1077-1086. [CrossRef] [PubMed]

Yao, F; Sun, L.; Fang, W.; Wang, H.; Yao, D.; Cui, R.; Xu, J.; Wang, L.; Wang, X. Hsa-miR-371-5p inhibits human
mesangial cell proliferation and promotes apoptosis in lupus nephritis by directly targeting hypoxia-inducible
factor 1. Mol. Med. Rep. 2016, 14, 5693-5698. [CrossRef] [PubMed]

Geng, L.; Tang, X.; Zhou, K.; Wang, D.; Wang, S.; Yao, G.; Chen, W.; Gao, X.; Chen, W.; Shi, S.; et al.
MicroRNA-663 induces immune dysregulation by inhibiting TGF-f31 production in bone marrow-derived
mesenchymal stem cells in patients with systemic lupus erythematosus. Cell. Mol. Immunol. 2019, 16, 260-274.
[CrossRef] [PubMed]

Stypinska, B.; Wajda, A.; Walczuk, E.; Olesinska, M.; Lewandowska, A.; Walczyk, M.; Paradowska-Gorycka, A.
The Serum Cell-Free microRNA Expression Profile in MCTD, SLE, SSc, and RA Patients. J. Clin. Med. 2020,
9, 161-174. [CrossRef]

Wang, W.; Mou, S.; Wang, L.; Zhang, M.; Shao, X.; Fang, W.; Lu, R.; Qi, C.; Fan, Z; Cao, Q.; et al. Up-regulation
of Serum MiR-130b-3p Level is Associated with Renal Damage in Early Lupus Nephritis. Sci. Rep. 2015,
5,12644-12657. [CrossRef]

Zeng, L.; Wu, J; Liu, L.-M,; Jiang, ].-Q.; Wu, H.-].; Zhao, M,; Lu, Q. Serum miRNA-371b-5p and miRNA-5100
act as biomarkers for systemic lupus erythematosus. Clin. Immunol. 2018, 196, 103-109. [CrossRef]

Kim, B.-S.; Jung, J.-Y.; Jeon, J.-Y.; Kim, H.-A.; Suh, C.-H. Circulating hsa-miR-30e-5p, hsa-miR-92a-3p,
and hsa-miR-223-3p may be novel biomarkers in systemic lupus erythematosus. HLA 2016, 88, 187-193.
[CrossRef]

Nahid, M.A.; Yao, B.; Dominguez-Gutierrez, PR.; Kesavalu, L.; Satoh, M.; Chan, E.K. Regulation of
TLR2-mediated tolerance and cross-tolerance through IRAK4 modulation by miR-132 and miR-212. |. Immunol.
2012, 190, 1250-1263. [CrossRef]

Guo, G.; Wang, H.; Shi, X,; Ye, L.; Wu, K,; Lin, K;; Ye, S.; Li, B.; Zhang, H.; Lin, Q.; et al. NovelmiRNA-25
inhibits AMPD2 in peripheral blood mononuclear cells of patients with systemic lupus erythematosus and
represents a promising novel biomarker. J. Transl. Med. 2018, 16, 370-389. [CrossRef]

Chen, J.-Q.; Papp, G.; Pdliska, S.; Szabd, K ; Tarr, T.; Balint, B.L.; Szodoray, P.; Zeher, M. MicroRNA expression
profiles identify disease-specific alterations in systemic lupus erythematosus and primary Sjogren’s syndrome.
PLoS ONE 2017, 12, €0174585. [CrossRef]


http://dx.doi.org/10.1016/j.jaut.2017.03.003
http://dx.doi.org/10.1002/art.37890
http://dx.doi.org/10.3389/fimmu.2019.02229
http://www.ncbi.nlm.nih.gov/pubmed/31608058
http://dx.doi.org/10.3389/fimmu.2018.02381
http://www.ncbi.nlm.nih.gov/pubmed/30459760
http://dx.doi.org/10.1002/art.24436
http://dx.doi.org/10.1186/s13148-015-0063-7
http://dx.doi.org/10.18632/oncotarget.19062
http://dx.doi.org/10.1038/nm.2815
http://www.ncbi.nlm.nih.gov/pubmed/22660635
http://dx.doi.org/10.3892/mmr.2016.5939
http://www.ncbi.nlm.nih.gov/pubmed/27878241
http://dx.doi.org/10.1038/cmi.2018.1
http://www.ncbi.nlm.nih.gov/pubmed/30886422
http://dx.doi.org/10.3390/jcm9010161
http://dx.doi.org/10.1038/srep12644
http://dx.doi.org/10.1016/j.clim.2018.10.004
http://dx.doi.org/10.1111/tan.12874
http://dx.doi.org/10.4049/jimmunol.1103060
http://dx.doi.org/10.1186/s12967-018-1739-5
http://dx.doi.org/10.1371/journal.pone.0174585

Biomolecules 2020, 10, 937 22 of 22

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Martinez-Ramos, R.; Garcia-Lozano, J.-R.; Lucena, J.-M.; Castillo-Palma, M.-].; Garcia-Hernandez, EJ.;
Rodriguez, M.-C.; Ntfiez-Roldan, A.; Gonzalez-Escribano, M.-F. Differential expression pattern of microRNAs
in CD4+ and CD19+ cells from asymptomatic patients with systemic lupus erythematosus. Lupus 2014,
23, 353-359. [CrossRef] [PubMed]

Wang, H.; Peng, W.; Ouyang, X.; Li, W.; Dai, Y. Circulating microRNAs as candidate biomarkers in patients
with systemic lupus erythematosus. Transl. Res. 2012, 160, 198-206. [CrossRef] [PubMed]

Pan, W,; Zhu, S.; Yuan, M.; Cui, H.; Wang, L.; Luo, X; Li, J.; Zhou, H.; Tang, Y.; Shen, N. MicroRNA-21 and
MicroRNA-148a Contribute to DNA Hypomethylation in Lupus CD4+T Cells by Directly and Indirectly
Targeting DNA Methyltransferase 1. J. Immunol. 2010, 184, 6773-6781. [CrossRef] [PubMed]

Sourour, S.K.; Aboelenein, H.R.; Elemam, N.M.; Abdelhamid, A.K,; Salah, S.; Abdelaziz, A.I. Unraveling the
expression of microRNA-27a* & NKG2D in peripheral blood mononuclear cells and natural killer cells of
pediatric systemic lupus erythematosus patients. Int. J. Rheum. Dis. 2017, 20, 1237-1246. [CrossRef]

Liu, Y,; Dong, J.; Mu, R;; Gao, Y,; Tan, X,; Li, Y.; Li, Z.; Yang, G. MicroRNA-30a Promotes B Cell Hyperactivity
in Patients With Systemic Lupus Erythematosus by Direct Interaction With Lyn. Arthritis Rheum. 2013,
65,1603-1611. [CrossRef]

Luo, S;; Ding, S.; Liao, J.; Zhang, P; Liu, Y.; Zhao, M.; Lu, Q. Excessive miR-152-3p Results in Increased
BAFF Expression in SLE B-Cells by Inhibiting the KLF5 Expression. Front. Immunol. 2019, 10, 1127-1137.
[CrossRef]

Cheng, J.; Wu, R; Long, L.; Su, J.; Liu, J.; Wu, X.-D.; Zhu, J.; Zhou, B. miRNA-451a Targets IFN Regulatory
Factor 8 for the Progression of Systemic Lupus Erythematosus. Inflammation 2017, 40, 676—687. [CrossRef]
Zhou, H.; Hasni, S.A.; Perez, P.; Tandon, M.; Jang, S.-I.; Zheng, C.; Kline, J.A.; Austin, H.; Balow, J.E.;
Alevizos, I; et al. miR-150 Promotes Renal Fibrosis in Lupus Nephritis by Downregulating SOCSL1. J. Am.
Soc. Nephrol. 2013, 24, 1073-1087. [CrossRef]

Liu, J.; Zhu, L.; Xie, G.L.; Bao, J.F; Yu, Q. Let-7 miRNAs modulate the activation of NF-«B by targeting
TNFAIP3 and are involved in the pathogenesis of lupus nephritis. PLoS ONE 2015, 10, 1-11. [CrossRef]
Chen, S.Y; Liu, M.E; Kuo, P.Y;; Wang, C.R. Upregulated expression of STAT3/IL-17 in patients with systemic
lupus erythematosus. Clin. Rheumatol. 2019, 38, 1361-1366. [CrossRef]

Fike, A.].; Elcheva, I.; Rahman, Z.S.M. The Post-GWAS Era: How to Validate the Contribution of Gene
Variants in Lupus. Curr. Rheumatol. Rep. 2019, 21, 3-18. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1177/0961203314522335
http://www.ncbi.nlm.nih.gov/pubmed/24509687
http://dx.doi.org/10.1016/j.trsl.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22683424
http://dx.doi.org/10.4049/jimmunol.0904060
http://www.ncbi.nlm.nih.gov/pubmed/20483747
http://dx.doi.org/10.1111/1756-185X.13099
http://dx.doi.org/10.1002/art.37912
http://dx.doi.org/10.3389/fimmu.2019.01127
http://dx.doi.org/10.1007/s10753-017-0514-8
http://dx.doi.org/10.1681/ASN.2012080849
http://dx.doi.org/10.1371/journal.pone.0121256
http://dx.doi.org/10.1007/s10067-019-04467-8
http://dx.doi.org/10.1007/s11926-019-0801-5
http://www.ncbi.nlm.nih.gov/pubmed/30673885
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	LncRNAs in SLE 
	MiRNAs in SLE 
	Discussion 
	References

