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Abstract

Since the discovery of extracellular RNA (exRNA), it has been shown that exRNAs play a significant role as a
transducer in intercellular communication and biomarkers in various diseases. Systemic lupus erythematosus (SLE) is
a kind of autoimmune disease that has protean manifestations. The survival and long-term prognosis of patients
with SLE has improved in these 5-10 years, while disease pathogenesis is still not clear. Many researchers found the
changes in exRNA profile, and exRNAs are likely participating in the process of SLE. In this review, we summarize
the current profile and function of exRNA in SLE. Circulating miRNAs, in particular, have been identified as
biomarkers for SLE diagnosis. We also explore the function of IncRNA in SLE and the potential correlation with
disease progression and activity. These studies show that exRNAs may take parts in the process of SLE and some of

them can be used as diagnostic tool for SLE.
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Background

The role of extracellular RNA in the pathogenesis and
therapy in systemic lupus erythematosus has been exten-
sively addressed. This review will summarize the most
recent contents in this field.

Main text

Introduction of extracellular RNAs

Extracellular RNAs (exRNAs) are known as RNA
species that are present outside of the cell, in the circu-
lation, or tissue culture supernatants. With the develop-
ment of sequencing technology, the profiles of exRNAs
have been found almost in all bodily fluid and secre-
tions. Moreover, exRNAs that have been found in extra-
cellular fluid contain almost all types of RNA, mRNA
transcripts and non-coding RNAs (ncRNA), which in-
clude small nuclear RNAs (snRNA), microRNAs
(miRNA), Y-RNAs, long non-coding RNAs (IncRNA),
small nucleolar RNAs (snoRNA), ribosomal RNAs
(rRNA), circular RNAs (circRNA), piwi-RNAs (piRNA),
transfer RNAs (tRNA), 5-tRNA halves, and microbial
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RNAs [1-13]. Among the various types of RNA, many
exRNAs sequencing are focused on small RNA species
(<200 nt), especially miRNA [14, 15]. The range of con-
centration of miRNA in sequencing of exRNA varied
from 40 to 75% in human serum and plasma [1, 6, 13].
MiRNAs were identified an average of 21.7% ranging in
size from 15 to 40 nt in human seminal fluid [10]. How-
ever, miRNA transcript present different forms in kinds
of bodily fluids. For example, many results in published
reports show that the miRNA expression profile of
cerebrospinal fluid (CSF) is substantially different from
that of serum [16]. These results indicate that some
extracellular miRNA may be tissue-dependent.

More recently, it has been reported that exRNAs are
packaged into complexes with some carriers such as
extracellular vesicles (EVs), lipoproteins (LPPs) including
LDLs [17, 18], HDLs [18], and ribonucleoprotein parti-
cles (RNPs), such as Ago2-containing RNPs [19, 20].
The diameter of EVs ranges in size from ~ 30 nm to 400
nm according to the type [21-24]. The biogenesis of EVs
includes a range of complex mechanisms, which is still
not clear enough. Based on their biogenesis pathways,
EVs includes exosomes, microvesicles and apoptotic
bodies, each of those being highly heterogeneous in their
own [25-27]. The molecular composition of EVs con-
tains mRNAs, ncRNAs, proteins, and lipids [25, 26].
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Cells release EVs to communicate with other neighbor-
ing cells. EVs can modify the physiological state of target
cell via receptor-ligand interaction, endocytosis or
phagocytosis [28]. The secretion of EVs is a conservative
process throughout evolution [29], and it is reported
that EVs can be released by cells from all eukaryotes and
some prokaryotic cells. EVs have both physiological and
pathological roles in cell-to-cell signaling, immune re-
sponse, and age-related disease, including neurodegener-
ative, cardiovascular diseases and cancer [30-36].

Extracellular RNA function

ExRNAs contain many types of ncRNA, such as miR-
NAs and LncRNAs. MiRNAs are a class of small
non-coding RNA which negatively regulate target genes
through binding gene sequences, about 21-25 nucleo-
tides in length. Recently, a significant number of miRNA
have been found in human bodily fluids by using
next-generation sequencing (NGS). The abnormal ex-
pression of miRNAs affects cell function and processes,
such as apoptosis or proliferation, and links between miR-
NAs and cancer development exist [37]. Accordingly, some
circulating miRNAs in plasma, serum, urine, or saliva have
been changed specifically and successfully taken as bio-
markers for several diseases. For example, 15 serum miR-
NAs were up-regulated in prostate cancer comparing to
healthy individuals, including miR-16, miR-92a, miR-103,
miR-107, miR-197, miR-34b, miR-328, miR-485-3p,
miR-486-5p, miR-92b, miR-574-3p, miR-636, miR-640,
miR-766, and miR-885-5p [38]. And, exosomal miR-141 is
up-expressed in the serum from patients of prostate cancer
compared with the healthy volunteers, and detected as a
useful biomarker for the diagnosis of metastatic prostate
cancer [39]. The levels of miR-126 and miR-182 in urine
can be used to diagnose bladder cancer [40], and decreased
levels of miR-125a and miR-200a in saliva is associated
with the procession of oral squamous cell carcinoma [41].
According to the results of extracellular miRNA in blood
serum and urine, they have showed that miRNA present in
many other forms of body fluids including tears, saliva,
seminal plasma, amniotic fluid, breast milk, colostrum,
cerebrospinal fluid, bronchial lavage, peritoneal fluid, and
pleural fluid [41, 42]. MiRNAs, including miR-122,
miR-192, miR-21, miR-223, miR-26a, miR-27a and miR-80,
provided a high diagnostic accuracy of hepatitis B
virus-related hepatocellular carcinoma [43]. Moreover,
microRNA-501-3p could suppress metastasis and progres-
sion of hepatocellular carcinoma through targeting Lin-7
homolog A (LIN7A) [44]. Extracellular miRNA have been
already detected in cell-exported exosomes. However, we
found that vesicle-encapsulated miRNAs represent only a
minor portion and most of extracellular miRNA interact
with Ago2 protein as a RISC complex to play the role [20].
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In addition, both Ago2 and Agol-bound miRNAs can be
identified in human blood plasma [45].

Besides circulating miRNAs, IncRNAs in extravesicles
are novel potential biomarkers for diagnosis and progno-
sis. LncRNAs are a group of long noncoding RNAs with
diverse functions in the cell. LncRNAs can be stable in
the plasma and other body fluids and could therefore
serve as biomarkers for some diseases. For example,
IncRNA-ROR (linc-ROR), a stress responsive IncRNA
was enriched within extracellular vesicles derived from
tumor cells. It was found that increasing linc-ROR ex-
pression through vesicle reduced chemotherapy-induced
cell death and modulate the intercellular response to
hypoxia. These results implicate the transfer of extracel-
lular vesicle IncRNAs take part in many intercellular
responses in hepatocellular cancer cell (HCC) as media-
tors [3, 46]. Another IncRNA, HULC highly expressed in
the HCC patients’ plasma and associated with higher
Edmondson histological grades [47]. The ucRNA (ultra-
nconserved IncRNA) TUC399 was identified to express
in exosomes of HCC lines, and exosomal TUC399 that
transferred into the cell can contribute to tumor growth
and progression [48]. Moreover, The LINC01138 drives
malignancies via activating arginine methyltransferase 5
in HCC [49], while long non-coding RNA00607 could
act as a tumor suppressor by modulating NF-xkB p65/
p53 signaling axis in HCC [50]. The IncRNA PCA3 can
be identified in urine samples as a specific disease
marker in prostate cancer [51, 52].

It was also shown that miR-210 in EVs can induce the
activation of endothelial cell [53]. Moreover, miR-210
expression was inversely correlated with a disease-free
and overall survival in breast cancer [54]. Epstein-Barr
virus (EBV) encodes miRNAs, as the first reported viral
miRNAs in human, play important roles in inhibiting
apoptosis and suppressing the host immune response
[55]. Some studies have reported that miRNAs in apop-
totic bodies were transferred between the cells. For ex-
ample, miR-126, which was contained in endothelial
cell-derived apoptotic bodies, promoted endothelial cell
proliferation and contributed in the angiogenesis proper-
ties [56]. In addition, it is reported that EPC-derived EVs
can induce neoangiogenesis and enhance recovery in a
hind limb ischemia [57].

Extracellular RNA and SLE

Systemic lupus erythematosus (SLE) is a severe auto-
immune disease with various clinical manifestations in-
cluding multiorgan involvement, an unpredictable
course with alternation of flares and remissions requir-
ing long-term treatment with glucocorticoids, immuno-
suppressive and biologic agents or both. The worldwide
overall incidence rates of SLE range from 1 to 10 per
100,000 person-years, and SLE affects predominantly
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females (the female to male ratio is 9:1) in reproductive
age [58]. The aetiology of SLE is multifactorial, including
but not limiting contributions from the environment,
stochastic factor, and genetic susceptibility.

Extracellular RNA in SLE pathogenesis

miRNA and SLE pathogenesis

For the deep understanding the function of miRNAs and
their target proteins, researchers found that many miR-
NAs can affect the immune system by directly working
on innate and adaptive immune cells. Monocytes from
active lupus patients expressed significant lower
miRNA-302d, which is associated with increased inter-
feron regulatory factor (IRF)-9 both in patients and pris-
tine induce lupus model [59]. Moreover, in kidney
tissues of lupus patients and mice model, renal mesan-
gial cells express much lower miRNA-302d, which is
negatively correlated with its target gene IRF-1 [60].
Cheng, et al. found that miRNA-451a increased in both
spleen and thymus tissues in lupus mice model. The de-
ficiency of miRNA-451a decreased proteinuria and im-
mune complex deposit, concomitant with the decrease
of CD47CD69" and CD4/CD8 T cell ratio. This effect
was mediated by inhibiting miRNA-451a target gene,
IRF-8 [61]. In active SLE patient peripheral CD4" T cells,
both miR-148a and miR-126 were increased and directly
target DNA methyltransferase 1 (DNMT1), then cause
DNA hypomethylation and increasing CD11a and CD70
expressions on T cells. This effect can promote the auto-
reactivity of CD4" T cells in SLE patients [62, 63]. CD4"
T cells from active lupus patients showed an increase of
miR-873. The further mechanism study confirmed that
miR-873 facilitated the Th17 cell differentiation from
naive CD4" T cells by targeting forkhead box O1
(Foxol), which is known as an inhibitor of Th17 cell dif-
ferentiation. In MRL/Ipr lupus prone mice model, inhib-
ition of miR-873 treatment resulted in decreased
proteinuria and serum autoantibodies, as well as IL-17
expressions [64], suggesting the potential role of
miR-873 as a target for lupus treatment.

For B cell targeted miRNAs studies, miR-1246 expres-
sion was significantly decreased in B cells from active
SLE compared to healthy controls. Transfection of
miR-1246 inhibitors into B cells markedly upregulated
the expression of EBF1, and enhanced B cell function,
and increased the CD40, CD80, and CD86 production
on the surface of B cells [65]. In another study the au-
thors found that miR-30a level is upregulated in CD19"*
B cells from patients with SLE, and was negatively corre-
lated with Lyn expression, which is a target gene of
miR-30a. Moreover, Lyn is also a negative regulator of B
cell activation. Other studies also found that miR-15a,
miR-155 and miR-181b are involved in B cell activation
in SLE [65, 66]. In active SLE patients, miRNA-326
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significantly promoted peripheral CD19" B cells to dif-
ferentiate into CD138" plasma cells as well as
anti-dsDNA expression. They further showed that
miRNA-326 promoted B cells hyperactivity via Ets-1, a
negative regulator of B cell differentiation [67]. In
pediatric lupus patients, PBMC PU.1, a target for
miRNA-155, significantly upregulated and directly corre-
lated with disease activity. Ectopic expression of
miR-155 and knockdown of PU.1 suppressed TNF-a and
BAFF on CD19" B cells. This study provided an evi-
dence of miRNA-155 suppression of autoimmunity
through transcriptional repression of PU.1, TNF-a and
BAFF on lupus B cells [68].

MiRNAs are not only located intracelullarly, but their
presence in tissues and body fluids, such as the plasma
and the serum [69, 70], makes them potential
blood-based biomarkers of disease development and ac-
tivity as well as for predicting therapeutic responses. In
mice spleen cells, apoptotic lymphocytes are most likely
to be the contributor of extracellular RNA. The ratio of
RNA in spleen supernatant to total RNA in BALB/c
mice was negatively correlated with age (from 3 weeks of
approximately 70 to 45% at 6 months). However, in a
BXSB lupus animal model, this ratio remained at about
70% irrespective of age. RNase activity in the spleen
supernatant of 6-month-old BXSB mice was significantly
lower than that of BALB/c mice. This is the early evi-
dence to show the correlation between extracellular
RNA and autoimmune disease, especially lupus model
[71]. In SLE, different patterns of miRNAs expression
have been detected in the plasma, serum and urine, as
well as in peripheral mononuclear cells (PBMC). As an
important player in immune regulation, miRNA dysreg-
ulation is substantially involved in SLE pathogenesis.
Interestingly, under expression of several miRNAs is
more common in SLE [72-74]. Recently Zhang et al.
screened SLE B cell related miRNAs in plasma by using
miRNA PCR Array and found 14 miRNAs differently
expressed between SLE patients and healthy donors and
acted as the diagnostic signature. They also found 6 miR-
NAs were significantly and differently expressed between
SLE and RA patients. Moreover, they found that the
downregulation of miR-15b, miR-93, miR-25, and miR-9b
was associated with disease activity of SLE, providing evi-
dence that circulating miRNA can be used as biomarker
for SLE diagnosis [75]. EVs predominantly express many
extracellular miRNAs, and miR-21 that encapsulated by
EVs can act as an endogenous ligand and induction of
both TLR8 and cytokine expression. This study elucidated
a novel innate inflammatory pathway in SLE [76].

LncRNA and SLE pathogenesis
Many studies have shown that IncRNA and their poten-
tial correlation with autoimmune disease activity and



Liu et al. EXRNA (2019) 1:33

progression. For the observation of IncRNAs on different
immune cells in SLE, Wang et al. recruited 15 female
lupus patients and 15 healthy controls. By comparing
peripheral monocytes derived dendritic cells (moDCs),
they found 118 IncRNAs upregulated and 45 downregu-
lated according to IncRNA microarray analysis in moDCs
of SLE patients. The expression levels of LINC00013 and
NEAT1 were positively correlated with disease activity
score, respectively. This study indicated a different expres-
sion of IncRNAs in moDCs, which involved in SLE patho-
genesis [77]. And, IncRNA MALAT-1, which significantly
upregulated in SLE monocytes, is a pivotal regulator in
SLE development and provided novel target for thera-
peutic intervention [78]. Human monocytes IncRNA
NEAT1 was highly expressed in lupus patients and posi-
tively correlated with disease activity. NEAT1 was involve-
ment in TLR4-mediated inflammatory process, which was
through the late MAPK signaling pathway activation.
These findings suggested monocytes IncRNA NEAT1 as a
novel regulator in SLE patients [79]. In lupus patient
PBMC IncRNA array analysis, 8868 IncRNAs were found
differentially expressed between patients and controls.
Through GO analysis, the downregulated and upregulated
transcripts of IncRNAs were identified to be associated
with biological processes, cellular components and mo-
lecular function. For detecting IncRNA profile of periph-
eral CD4" T cells in SLE patient, Li, et al. found 1935
IncRNAs and 1977 mRNAs were differentially expressed
between SLE patients and healthy controls. Further results
demonstrated that the expression of both uc001ykl.1 and
ENST00000448942 were significantly correlated with
erythrocyte sedimentation rate (ESR) [80]. Besides adult
SLE, Li, et al. reported that in children SLE patients, 1042
IncRNA were found differentially expressed compared to
control children.

Recently, Wu, et al. compared plasma 5 IncRNA
(HOTAIRM1, Inc-DC, 1inc0949, GAS5 and linc0597)
levels between lupus patients and healthy control. They
found that plasma linc0597 was upregulated, but GAS5
and Inc-DC were decreased in human lupus. Then they
divided lupus patients into two groups, with lupus neph-
ritis (LN) and without LN. Lnc-DC was significantly
higher in LN patients. Further analysis demonstrated
that 1inc0597, GAS5 and Inc-DC may specifically identify
lupus. Moreover, 1inc0597 and GAS5 together provided
better diagnostic significance. This study suggested
plasma Inc-DC linc0597 and GAS5 could be potential
biomarkers for lupus patients [81].

Extracellular RNA and organ involvement in SLE

Renal involvement is the most common and LN is the
main cause of mortality for human SLE [82]. The ex-
pression of serum miRNA-15la-3p was significantly
down-regulated in the class IV LN group compared to
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that in the control group and was negatively correlated
with disease activity index, suggesting miRNA-151a-3p
can be employed for diagnosing class IV LN [83]. How-
ever, this study did not involve and compare other types
of LN patients. Su, et al. then adopted NGS for miRNAs
between patients with or without LN, and finally found
that miR-146a-5p had a significant correlation with clin-
ical biochemistry markers, which can be used as a surro-
gate biomarker for the early detection of LN [84].
MiR-130b was downregulated in hormone-resistant LN
patients and it inhibited the viability but accelerated the
apoptosis of mesangial cells via its target gene PTEN,
phosphatase and tensin homolog [85]. MiR-22 and
miR-15b expressions were significantly lower in lupus
with low estimate glomerular filtration rate (eGFR) [75].
One study involved 16 SLE patients, including 9 with LN
and 7 without. They found that serum has-miR-5571-5p
and has-miR-766-3p significantly decreased in LN patients
compared those without LN [86].

For urine miRNA profiles between LN and diabetic ne-
phropathy patients, Cardenas et al. found that miR-1273e
and miR-3201 were downregulated and associated with
endocapillary glomerular inflammation. However, in dia-
betic nephropathy, miR-4532, miR-1915-3p and miR-2861
were downregulated and associated with estimated glom-
erular filtration rate and interstitial fibrosis/tubular atro-
phy. This study for the first time showed that miRNAs
can be used as biomarkers to distinguish LN and diabetic
nephropathy [87].

The high risk of both subclinical atherosclerosis and
cardiovascular events are well established in SLE. Anti-
phospholipid syndrome (APS) secondary to SLE also
showed an increased risk of developing cardiovascular
diseases in patients [88]. For the observation of different
miRNAs profiles in a subset of lupus patients who had
cardiovascular events, Kay et al. identified that miR-101,
miR-375 and miR-125b were indicative of atheroscler-
osis, with a sensitivity of 86% and a specificity of 88%.
They also found an eight-miRNA profile that differenti-
ated a subgroup of SLE with venous thrombotic events,
thrombocytopenia and 2-glycoprotein I antibodies [89].
Recently, the miRNA profile was assessed in SLE pDCs,
APS secondary to SLE (SLE + APS) and primary APS
(PAPS) patients, but the result showed that the whole
miRNA profiles of SLE, SLE + APS and PAPS did not
show any difference, as well as IFN score among the
three groups [90], so the detailed role of miRNA in SLE
cardiovascular events needs further investigation.

Pleuritis and pericarditis are observed in late-onset
lupus patients. The TRAF3IP2 gene polymorphisms have
been observed in association with SLE susceptibility and
pericarditis development. TRAF3IP2 is the target gene
of miR1279. Ciccacci’s group used allelic discrimination
assay for Italian lupus patients and found miR1279 was
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a useful predictor for pericarditis development in SLE
patients [91]. Huang et al. found that miR-210 expres-
sion significantly increased in lupus patients and espe-
cially in those with pleuritis and positive anti-SSB/La
antibody [92].

Extracellular RNA and SLE treatment

For the important role of extracellular RNA in lupus
pathogenesis, the expression declined after effective
therapy. SLE patient plasma miR-6088, miR-4732-5p
and miR-1246 were significantly decreased after passage
through the plasma adsorption membrane [93].
Mesenchymal stem cells (MSC) showed encouraging
potential for lupus treatment. Lupus patient bone mar-
row derived MSC expressed significant higher level of
miR-663, which mediated the inhibition of MSC prolif-
eration, migration and enhancement of its apoptosis, as
well as the immunoregulatory properties. MiR-663 is
targeting transforming growth factor B1 (TGF-p1).
MiR-663 overexpression weakened MSC therapeutic ef-
fect, while miR-663 inhibition improves disease remis-
sion in lupus mice. So miR-663 is an important
mediator of SLE bone marrow MSC regulation and

Table 1 The change of key extracellular RNAs in SLE patients
exRNA (human) exRNA in disease Ref

exRNA expression change

miR-451a 1 SLE pathogenensis  [61]
miR-148a 1 [62]
miR-126 1 [63]
miR-873 1 [64]
miR-1246 l [65]
miR-30a 1 [66]
miR-326 1 [68]
miR-15b ! [76]
miR-25 1 1761
miR-302 1 [76]
miR-93 | [76]
miR-9b l [76]
Linc00013 1 [78]
NEAT-1 1 [78]
MALAT-1 I [79]
GAS5 l [82]
Linc0597 1 [82]
Inc-DC l [82]
miR-22 l Lupus nephritis [76]
miR-15b ! [76]
miR-151a-3p l [84]
miR-130b ! [86]
MiR-5571-5p 1 187]
miR-766-3p l [87]
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may serve as a new therapeutic target for lupus treat-
ment [94]. Human adipose tissue derived MSC showed
obvious amelioration of lupus mice model, by reducing
serum anti-dsDNA levels, glomerular C3 deposition
and trabecular damage. The splenocyte miR-182-5p
and miR-96-5p significantly decreased, accompanied by
decreased CD138 proportion and Th1/Th2 ratio after
MSC treatment [95].

Conclusions

Though the long-term prognosis and survival rate of
lupus has significantly improved, significant morbidity
and mortality are still associated to a substantial extent.
And, disease pathogenesis is still not clear. Since the re-
cent discovery, the noncoding RNA such as miRNA and
IncRNA have been reported to play an important role in
autoimmune disorders. MiRNAs and IncRNAs are not
located only intracelullarly, but their presence in tissues
and body fluids, such as the plasma and the serum,
makes them potential blood-based biomarkers of disease
development and activity as well as for predicting thera-
peutic responses. In this review, we summarize the
current state and function of exRNAs in SLE (Table 1).
exRNAs may take parts in the process of SLE and some
of them can be used as diagnostic tool for SLE.
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