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Abstract
Systemic Lupus Erythematosus (SLE) is an autoimmune
disease. It happens when the body's immune system targets
its organs and tissues with producing a series of antibodies
against nuclear and cytoplasmic antigens that cause
inflammation and damage in various parts of the body.
There are several factors including genetic and epigenetic
involved in the development of this disease that lead to
show various signs and symptoms in the body and
MicroRNAs (miRNAs) is important one of these factors.
miRNAs are small endogenous RNAs that play a pivotal role
in regulating gene expression after transcription. The lack of
regulation of miRNAs in many diseases causes the
progression of these disease. miRNA inhibitors and
activators also have a many therapeutic strategies in the
treatment of the variety of diseases such as lupus. Therefor
in this review study, we discuss the role and function of
miRNAs in lupus.

Key words: Systemic Lupus Erythematosus; miRNA;
Phosphoinositide 3-kinase; NF-κB; Toll-Like Receptor.

Abbreviation: NF-κB: NF-kappaB, TLR: Toll-Like Receptor,
IFNY: Interferon gamma, SLE: Systemic Lupus
Erythematosus, HIF-1a: Hypoxia-inducible factor 1-alpha,
ERK: extracellular signal-regulated kinase, P13K:
Phosphoinositide 3-kinase, AP-1: Activator Protein 1

Introduction
Certain cells with specific responsibilities in various levels and

forms participate in the immune system response. They are
made from stem cells in bone marrow under the influence of
various types of cytokines. Peripheral blood leukocytes are the
most diverse defense cells inside the body, generally including
lymphocytes, monocytes, and granulocytes [1-3]. Different
lymphocytes originate from stem cells of the bone marrow. In
human the production of B lymphocyte precursors in the

embryo begins with the emergence organs such as liver as a
Hematopoietic organ. In this period, liver is the most important
that makes B cell precursors; However, when the bone marrow
starts functioning, the production of B cells originates from the
bone marrow. Humoral immunity is mediated by the production
of antibodies. Antibodies with connecting to extracellular
microbes “antigens” starting functions [1,4-6]. Beginner B cells
residing in peripheral lymph follicles circulate among spleen,
lymph nodes and Mucous lymphatic tissues in order to meet the
antigens. Some B-cells affected by cxcl13, are called follicular B-
cells; these lymphocytes' survival depends on cytokines such as
BAFF. In some cases, the immune system responses can be
induced against local antigens that cause several diseases called
autoimmune diseases. Antigens activate autoantibodies in such
diseases. Some mechanisms inhibit autoimmunity naturally and
are called tolerance mechanisms. Autoimmune diseases infect
all ages and are detectable and predictable by specific tests.
Important factors play a role in the diseases among which
genetic predisposition, environmental stimuli such as infections,
and chemical and physical stress within the tissues can be
named. SLE is considered as a chronic autoimmune disease that
can infect a lot of organs in the body, particularly the skin, joints,
blood, kidneys, and central nervous system. Most often, women
get it especially in their productive years at the age of between
15 to 45. While the disease is more common in men before
puberty and one out of five patients with lupus is a male [7-11].
Lupus is not a contagious disease but an autoimmune one that
infects various parts of the body like joints, kidneys and skin,
causing inflammation and swelling. The afflicted parts are
painful and swollen. Lupus can be familial or hereditary. It may
have different symptoms; chronic fatigue and vaginitis are the
most common early symptoms [12]. Lots of children with lupus
have intermittent or persistent fevers, weight loss and a loss of
appetite. Some medications such as steroid and non-steroid
anti-inflammatory ones are used to treat it. Some other
medications, also, are used in severe forms of the disease such
as cyclophosphamide. Genetic and epigenetic factors are two
categories involved in SLE. Genetic symptoms such as miRNAs,
Huston variation after translation, and miRNAs methylation can
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be named. miRNAs are small non-inhibitory ribonucleic acids
that play an important role in regulating gene expression, RNA
control, and post-transcriptional regulation [13]. Variations
made in the expression of miRNAs can lead to many changes in
the expression of different genes. miRNAs contain 18 to 24
nucleotides. Nowadays, attention has been paid to miRNAs
studies in lots of human diseases such as various types of cancer,
infections, chronic inflammation, and autoimmune diseases
[14]. Some miRNAs are located inside the cell but some others
are called circulating or extracellular miRNAs. Around 60% of
human and other mammals' genes contain microRNAs.
Disorders in miRNAs regulation can be due to viral or bacterial
infections or Sex hormones. One of the important roles of
miRNAs is controlling different aspects of the innate immune
system, which can stimulate the production of cytokines and
help deliver the antigens. The innate immune system is involved
in autoimmune diseases such as lupus. miRNAs play an
important role in the development of lupus. Autoimmune
diseases such as lupus are more common among women than
men, which may be due to estrogen. Estrogen can also control
the expression of genes by regulating miRNAs. Studies have
demonstrated that miRNA-155 and miRNA-181b are inhibited in
women who have breast cancer cells. miRNAs are also present
on the X chromosome, while no miRNAs have been detected on
the Y chromosome yet. Since microRNAs play a role in B and T-
cells' function and differentiation, we can conclude that they
play an important role in autoimmune diseases and disorders.
miRNAs dysfunction can cause several diseases like autoimmune
diseases [15-20]. In the present study, we have explained and
studied some miRNAs. MiR-326 is a type of miRNAs that has an
important role in the production of TH17 [21,22]. Increase in the
production of miR-326 can also increase the number of TH17
cells and its inhibition can decrease the number of TH17 cells.
These miRNAs play an important role in various biological
processes such as glucose and fat metabolism, puberty,
differentiation of immune cells and cellular differentiation of
TH17 cells. It can also be used as a therapeutic target in
numerous types of cancer [22-24]. MiR-224 is another form of
miRNAs found in mammals' X chromosome and is involved in
apoptosis inhibition [25,26]. Mir-223 also has an important role
in granulocytes differentiation and therefore, is a hematopoietic
miRNA, this microRNA is suppressed in thyroid cancer [27,28].
MiR-146 is another microRNA, involved in NF-κB / TLR signaling
pathway and is intergenic signaling path inhibitor which
regulates inflammation procedure by increasing cytokine
signaling [29,30]. MiR-21 also plays an important role in the
function of B cells and the immune system, and is significantly
increased in patients with HIV [31]. Our aim in the present study
is to investigate the role of miRNAs in SLE. The mammals'
genome is able to encode a large number of miRNAs. miRNAs
are a precise regulator for biologic processes which are
conducted after transcription. They can regulate and modulate a
wide range of cellular activities and processes. These miRNAs
play essential roles in regulating the immune system within the
body [32,33]. When miRNA regulation is distorted, it causes
some abnormalities and diseases inside the body, one of which
is SLE [34]. miRNAs perform numerous tasks such as DNA
methylation and Histone variations, all of which help cellular
development and differentiation. So the relevant gene

expression is controlled [35,36]. miRNAs containing primary
transcriptions can produce different miRNAs that work in
unison. There are two pathways for producing miRNAs inside the
nucleus [37,38]. In the first pathway, RNA pol II transcribes the
encoding genes and then they are capped and adenylated at
their ends. Next, RNA changes into a loop called precursor
miRNAs or pre-miRNAs. The stem in the RNA has approximately
33 base pairs and the upper loop size varies. Then, the primary
miRNA or pre-miRNA is generated (Figure1). In the second
pathway, the primary miRNA is made from introns, which
contain 65 nucleotides [39,40]. In this study, we analyzed some
of miRNAs involved in immunity system and Lupus.

Figure 1: Schematic overview of miRNA processing and
regulation pathway.

MiR-155
This miRNA has different significant roles in various

physiological processes in human, is encoded by the host gene
MiR-155 or MiR155HG. MiR155-5p performs significant role in
cell differentiation because this miRNA in human is expressed in
hematopoietic cells and CO34+, and keep these cells in the stem
phase. Considering the research conducted, it has been shown
that deficiency in pre-MiR-155 can cause insufficient growth and
production of B and T lymphocytes. Therefore, presence of
these miRNAs is very crucial for T regulating (T-reg) cells'
development. It has also been observed that MiR-155 is
overexpressed in many cases of cancer originating from B
Lymphocytes. Thus, we can study this miRNA in such diseases a
therapeutic target. The family related to this miRNA also plays a
role in the immune system as a modulator, and it is involved in
the immune system as a modulator for cellular and humoral
immune responses. B and T cells, macrophages and activated
dendritic cells increase the expression of MiR-155 [41-45].

MiR-181
MiR-181c, MiR-181-b, MiR-181a and MiR-181d are activated

in humans by a gene called ERBB2, located in Chromosome 17.
MiR-181 plays critical biological roles in human body. This
miRNA also plays an important role in acute myeloid leukemia. It
has been shown that MiR-181a enhances the differentiation of B
Lymphocytes within the bone marrow [46-49].
MiR-146a

This miRNA plays an important role in the differentiation of
immune cells. It has been shown that lack of MiR-146a increases
the production of IFNY-producing lymphocytes. In addition, this
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miRNA can be rarely expressed in memory T cells. Moreover, this
miRNA can be expressed in T-reg lymphocytes that maintain
immune homeostasis. Studies have shown that in patients with
lupus suffering from proteinuria, expression of MiR-146a is less
than in those who do not have proteinuria. This miRNA can be
decreased in connection with the lupus pathogenesis; when the
expression of MiR-146a decreases, the type 1 interferon
pathway is activated and causes some symptoms within the
individual's body which is an indication of SLE [50-52].

MiR-142
Studies conducted on this miRNA have shown that shortages

in MiR-142 can decrease T-reg. Therefore, the presence of this
miRNA is crucial for the immune system, T lymphocytes growth
and also the development of cellular and humoral immunity
[53-55].

MiR-15a
MiR-15a makes the stem cells differentiate into

megakaryocytes. Alongside MiR-155, it can make the T and B-
lymphocytes differentiate. Studies have shown the link between
this miRNA and some cancers, one of them is gastric cancer
[56,57].

MiR-21
This miRNA identifies cancer cells and its high levels act as an

apoptotic agent. MiR-21 also plays a crucial role in the immune
system, which can regulate T cell immunity. Therefore, in
patients with lupus, the miRNA is overexpressed in T CD4+
lymphocytes [58, 59].

MiR-23b
This miRNA can prevent autoimmune diseases development

by targeting some factors, and it can suppress IL17. It makes
Blimp-1 expression suppressed and, thus, it can help regulate
the antibody production; Therefore, acting as an anti-
inflammatory agent. The miRNA decreases in patients with lupus
and Rheumatoid Arthritis [60,61].

MiR-29b
The expression of this miRNA is more than all other members

of MiR-29 family. MiR-29b can be a biologic indicator of lupus.
As the expression of the miRNA increases, a significant decrease
in SP1 and DNMT1 proteins is observed. Therefore, T cells'
methylation decreases which is a characteristic of SLE. That is
because it has been observed in some studies that T cell DNA in
individuals with lupus is reduced in methylation compared to
healthy individuals (Figure 2). Studies have shown that there is a
high amount of HIF-1a in the urine from patients with SLE, which
is a key factor for inducing MiR-29. ERK 1/2 and P13K/AKT
kinases can regulate the function of HIF-1a. It has been shown
that the activation pathway of ERK 1/2 is impaired in patients
with lupus. Therefore, all these factors demonstrate the role of
MiR-29 in patients with lupus [62-64].

Figure 2: The effect of Mir-29b overexpression on DNA
methylation in T cells and lupus disease.

MiR-210
This miRNA plays numerous roles in most cells and performs

various multipurpose tasks and functions, which include cease in
DNA repair, cease in cellular proliferation, and suppressing
mitochondria role. One of main roles of MiR-210 is to induce
hypoxia, which is regulated by different factors. NFKB is a
nuclear factor which can activate MiR-210. ATK also activates
this miRNA. When T lymphocyte is activated, HIF-1a factor can
be expressed and genes related to HIF-1a are activated. Various
studies have shown the role of HIF-1a in autoimmune and
inflammatory diseases alongside with the abnormal expression
of HIF-1a factor and MiR210 in lupus [65-68].

MiR-183 cluster
MiR-183 cluster consists of 3 homologs named MiR-183,

MiR-96 and MiR-182. Various studies have shown that these
clusters play crucial roles, especially in some autoimmune
diseases and cancer. Inhibition of these miRNAs reduces cell
proliferation and invasions. This miRNA cluster can play an
important role in cancers such as breast carcinoma, lung cancer
and osteosarcoma. All members in the miRNA-183 cluster
regulate several proinflammatory cytokines; therefore, they play
a crucial role in the function of immune cells and the immune
system. MiR-182 is an apoptosis regulator, which has antitumor
activities. MiR-183 also is involved in tumor onset and
development and is expressed abnormally in cancers. The
miRNA is up-regulated in some cancers and is down-regulated in
some others. Studies conducted on mice have demonstrated
that the presence of miR-183 can be a treatment for lupus
autoimmune disease and regulate T-reg levels and antibodies. It
can extend mice's lifespan and lead to longer survival of mice
with lupus. Regarding MiR-182-5p, it has been shown that the
miRNA can contribute to lupus nephritis. FOX 01 expression
prohibits kidney disorders in patients with lupus as a protective
factor, but MiR-182-5p suppresses FOX 01 and leads the patients
with lupus to impairment and fibrosis in the kidney [69-72].
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MiR-17-92
MiR-17-92 family plays important roles in the growth and

differentiation of vertebrates. It has also been shown that
improper mutation or regulation in these miRNAs can contribute
to pathogenesis of various diseases such as cancer, autoimmune
diseases and congenital growth defects. MiR-17-92 family codes
six miRNAs named MiR-18a, MiR-17, MiR-19b-1, MiR-20a,
MiR-19a and MiR-92a. Studies have shown that the MiR-17-92
cluster plays a basic role in malignancies and tumors such as
breast cancer, colon cancer, lung cancer, pancreatitis, prostate
cancer, and stomach cancer. This miRNA family also, has a
relation with some transcription factors, which regulate the cell
cycle and apoptosis. E2F can be mentioned among the
transcription factors related to this family of miRNAs, as you
know E2F transcription factor, specifically E2F1 lead the cells to
apoptosis. Therefore, the negative effects of MiR-17-92 on this
transcription factor cause losses in E2F proteins' functioning. As
a result, it reinforces the cells toward cellular dividing instead of
dying. MiR-17-92 plays a major role in the immune system.
Studies have shown that this family of miRNAs is involved in the
differentiation of B cells and the production of IgM antibodies.
Deletion of this miRNA also causes the removal of antibodies
which are made against single-stranded and double-stranded
DNA. If miRNA-17-92 is overexpressed for too long within
lymphocytes, individuals will develop autoimmune and
lymphoproliferative diseases. As you know, lupus is a sort of
autoimmune disease in whose pathogenesis the family of
MiR-17-92 may play a role [73-77] (Figure 3).

Figure 3: The role of MiR-17-92 in autoimmune diseases
(lupus) and cancer.

MiR-663
MiR-663 is a type of miRNA which is reduced in cardiovascular

diseases and can act as a tumor suppressant. This miRNA can
reduce the amount of miR-155 and therefore, decrease the

inflammatory responses by reducing AP-1. On the other hand,
studies have shown that MiR-663 activities are harmful in some
diseases such as rheumatoid arthritis, joint destruction, tumor
erosion and cause their exacerbation. When the level of this
miRNA increases, the gene expression is suppressed and the
WnT signaling pathway is activated. Therefore, proinflammatory
cytokines increase. MiR-663 plays an important role in lupus
development through the reduction of the TGFB 1 secretion by
T-cells [78-80] (Figure 4).

Figure 4: The effect of Mir-663 on inflammatory responses.

Conclusion
As mentioned, miRNAs are non-coding RNA sequences that

are involved in regulating gene expression at the post-
transcriptional level. This regulation of gene expression causes
cells to function properly. Dysfunction of miRNAs has been
proven in the development and progression of many diseases.
Besides, improper expression of miRNAs in the immune system
leads to many autoimmune diseases such as lupus. Therefore,
our better understanding of the function of different types of
miRNAs in autoimmune diseases such as lupus can provide us
with many treatment strategies.

Future Perspective
Studies in recent years have shown that miRNA expression is

altered in human autoimmune diseases, including lupus. Their
dysfunction is also closely linked to many diseases, including
autoimmune diseases. This dysfunction and regulation can be
the result of various environmental factors such as sex
hormones and viral or bacterial infections. Understanding the
function of miRNAs in lupus and their role in the pathogenesis of
this disease can provide researchers with many therapeutic
strategies.
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