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ABSTRACT

MicroRNA (miRNA) is a single-stranded small molecule RNA of non-coding proteins with a length of
about 18-24 nucleotides in eukaryotic cells. It is widely found in multicellular organisms and viruses. The
miRNA itself is not encoding protein which is mainly through the nucleic acid sequence complementary
pairing to a specific target mRNA and inhibit the target mRNA translation process or degradation of target
mRNA, thereby inhibiting protein synthesis and regulation of gene expression. According to reports,
microRNAs are widely involved in the physiological and biochemical immune response process and their
dysfunction may lead to tumorigenesis, viral infection, abnormal expression of hematopoietic cells and
immune diseases (RA, SLE) and other pathological phenomena. This paper describes the related mechanisms
of mirna and some progress in the immune system.
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Introduction

MicroRNA (miRNA) is a class of non-coding small RNAs with an
endogenous length of about 22 nucleotides that regulates mRNA expression
at post-transcriptional levels which is widely found in viruses, nematodes,
plants, and animals. Mature miRNAs can complement the specific target
mRNA by nucleic acid sequence to degrade or inhibit its translation, thereby
inhibiting the synthesis of protein and achieving the purpose of regulating
gene expression. MiRNA genes are present in the genome in a variety of
forms such as single copy, multiple copies or gene clusters, and most of them
are located in the gene spacer. Their transcription is independent of other
genes. The expression of these small RNA molecules has spatial and temporal
specificity and is an important molecule for regulating the expression of
other functional genes. It has been found that more than 100 kinds of miRNA
sequences are expressed by immune cells in more than 800 kinds of miRNA
sequences. It is involved in cell production, differentiation, apoptosis, natural
immune, and acquired immune response.

Discovery of miRNA

In 1993, Lee et al. had found that the first gene-regulated gene lin-4"
which was moderately regulated embryos and was discovered in 1998.
American scientists Andrew Fire and Craig C. Mello found that dsSRNA could
induce gene silencing. In 2000, Reinhart in the nematode found a second
isochronous switch gene let-7"*. 2001 'Science' reported dozens of small RNA
genes similar to lin-4 from nematodes, fruit flies and human clones, namely
miRNAs. Up to now, according to miRNA registry published data miRNA
entries include 103 species, more than 9,000, of which 851 people are involve.
(Release 13. 0, March, 2009)

Biosynthesis and mechanism of action of miRNA

Most of the miRNA primary transcription products (pri-miRNAs) were
first synthesized under the action of RNA polymerase Il and the Pri-miero
RNA molecule was formed in the nucleus by double-stranded RNA-specific
nuclease Rnasel II-Drosha (Pre-microRNAs) from 7 0 to 100 n t and then

16



Cheng L., et al.

the Pre-miRNAs were transported to the cytoplasm
under the action of the transporter-5 which was
replaced by another double-stranded RNA. The
nuclease Rnaselll - Dice r recognizes and further
cleaves the small molecule RNA which is about 2 2
nt, that is, mature miRNAs. Mature miRNAs, under
the guidance of RNA-induced silencing complex R
I S C are completely or incompletely matched with
the complementary target mRNA which degrades the
target mRNA or regulating its post-transcriptional
translation'”’

The role of miRNASs in the immune
system

The immune system is the protective system of
the body to protect itself and protect against foreign
invasion. It can detect and remove the factors such as
foreign matter, foreign pathogenic microorganisms
and so on. Its function in hyperthyroidism will be
on their organ or tissue damage. CD4 + T cells
play an important role in many diseases caused by
autoimmunity. The immune system is composed
of immune organs, immune cells and immune
molecules which are divided into two categories
of innate immunity and adaptive immunity. The
mechanism of its play complex and diverse has
not yet fully elucidated. The present study has
found that miRNAs play a significant role in the
immune system through complementary base pairs.
The miRNAs are mainly expressed in terms of the
number and extent of their target gene levels which
are capable of fine tuning at all levels of the immune
response.

miRNA is involved in the development and
differentiation of immune cells

miRNAs are spatially expressed in tissue-specific
miRNAs that may be associated with histiocytosis
and can play a physiological role similar to tissue-
specific transcription factors. In 2004, Chen'"
reported that miRNAs may be associated with
immune cell differentiation. It is found that mir-142a,
mir-181a and mir-223 are expressed in immune cells,
miR-181a is expressed in B lymphocytes, miR-223 is
expressed in bone marrow cells, whereas miR-142a
was expressed with B lymphocytes and bone marrow
cells. This initial finding suggests that miRNAs
may be involved in the maturation, proliferation,
differentiation, and activation of immune cells.

The effect of miRNA on hematopoietic cells

A number of recent reports have investigated the
role of miRNAs in mammalian hematopoiesis. MiRNA
analysis of hematopoietic cells in mice and humans
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revealed that not only the expression of miRNAs
in hematopoietic and non-hematopoietic cells was
different, but the expression of miRNAs in different
hematopoietic cells was different™. If hematopoietic stem
cells were differentiated into different stages of immune
cell differentiation, miRNA expression will change
accordingly'™”. For instances, TNF-[alpha] stimulation of
mouse Raw 264. 7 cells can cause miR-125b and miR-
155 expression levels change, this change will lead to the
corresponding NF-kB transcriptional activity changes.
The expression levels of miR-16, miR-142-3p, miR-142-
S5p, miR-150, miR-15b and let-7f were compared with
naive T cells during antigen-induced CDS8 + T lymphocyte
differentiation down-regulation of effector T cells.
Although most of these miRNA functions are not known,
some have been confirmed the growth and function of
lymphocytes play an important role™.

Effects of miRNA on bone marrow cells

MiR-155 plays an important role in the
proliferation and differentiation of bone marrow
cells. It has been shown that miR-155" is elevated
in patients with acute myeloid leukemia (AML) and
miR-155 can inhibit the expression of related genes
in hematopoietic system diseases. Down-regulation
of some transcription factors can regulate the role
of miR-155 in hematopoietic development such as
Cull, Arntl, Picalm, Jarid2, Csflr, HIF 1a.

Fontana and other human umbilical cord blood
CD34 hematopoietic progenitor cells found that
mir-17-29 reduction can also lead to acute myeloid
leukemia-1 (AML-1), the hematopoietic core
binding factor (CBF) increased in which CBF can
promote bone marrow cell differentiation related
genes. It is speculated that miRNAs may have far-
reaching value in the diagnosis and treatment of
human hematopoietic diseases. Johnnidis''” and
other tests found that mir-223 knockout mice
after LPS stimulation, neutrophils increased and
lung Spontaneous inflammation. Further studies
have found that mir-223 by down-regulation
of transcription factor Mef-2c and then on the
proliferation and differentiation of neutrophils play a
regulatory role!""

Effects of miRNA on T lymphocytes

Recent studies have found that miRNAs are
involved in antigen-induced T cell differentiation.
The level of miR-150 expression was significantly
increased in the process of T cell maturation but
the expression level of miR-150 was decreased
rapidly after further differentiation into Thl and
Th2 subgroups. In contrast, miR-146 expression
levels increased in Thl cell subsets and decreased in
Th2 cell subsets'”. Li"* and other miR-181a study
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found that the expression level of T lymphocytes
with the sensitivity of the antigen is consistent.
Neilson et al."™ T lymphocyte development process
in the various stages of small RNA sequences,
including DN1, DN3, DN4, DP, CD4 + and CD8 +
T lymphocytes were found to be highly expressed
in CD4 + CD8 + DP stage compared with DN
or mature CD4 + T lymphocytes and CD8 + T
lymphocytes. MiR-181a can promote the affinity of
mature T cells to antigens and found that decreased
levels of miR-181a expression in immature T cells
can inhibit the affinity of T cells to antigens. In
short, miR-181a had a higher level of expression
in the early stage of T-cell differentiation, whereas
the level of miR-181a was significantly lower in
the double-positive and later stages. This indicates
that miR-181a plays an important role in positive
selection and negative selection. It is known that the
target molecules of R-181a are various phosphatases
such as SHP2, PTPN22, DUSP5 and DUSP6, so
miR-181a can affect the signal of TCR. Therefore,
miR-181a can reduce the level of TCR activation
by adjusting the expression level of T-cell surface
inhibitory co-stimulatory molecules and down-
regulating the levels of various phosphatases that
negatively regulate TCR signaling pathway.

Effects of miRNA on B lymphocytes

It has been reported that miR-150 expression is
significantly up-regulated in mature B cells from
spleen-derived cells, whereas the same phenomenon
is not seen in bone marrow-derived pro-B cells.
Early development of mi R-150 transgenic mice B
cell development was destroyed, while in miR-150
deletion of transgenic mice B lymphocytes were
highly expressed. Studies have found that miR-150
abnormal expression through the target gene c-Myb
to prevent pro-B cells into pre-B cells". Neilson!”
and other studies have found that miRNA-181A also
plays a positive role in B cell differentiation. MiR-
181a is preferentially expressed in thymus, low
expression in undifferentiated progenitor cells and
highly expressed in differentiated B lymphocytes.
In vitro, hematopoietic progenitor cells ectopic
overexpression of miR-181a, even without the
effect of T cells induced, B lymphocyte number also
increased by 2 times. This indicates that miR-181a
is a positive regulator of B lymphocyte specificity in
the bone marrow of mice'"*’. These indicate that miR-
181a plays an important role in the differentiation of
B lymphocytes.
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Regulation of miRNA on immune cell signal
transduction

miRNA and the relationship between intrinsic
immune response

Intrinsic immune response in the body of non-
specific anti-infective immune process is of great
significance and it is the body resistance to pathogens
of the first line of defense. Many miRNAs are
thought to be associated with the regulation of innate
immune responses. The recognition of 'self' and
'non-self' receptors is known as pattern recognition-
related receptor (PRR) which is also known as
pathogen-associated molecular patterns (PAMP).
The body through the identification of PAMP to
start the inherent immune defense to prevent the
invasion of pathogens or timely removal of invasive
pathogens to prevent its further spread and can
mediate the follow-up organ adaptive immune
response. Taganov et al."” stimulated the human
monocyte cell line THP-1 with LPS and detected the
expression of 200 mature miRNAs by chip technique
and found that miR-132, miR-146 and miR-155
levels were elevated. There are two different miR-
146 subtypes, miR-146a and miR-146b, which can
bind to the same target gene. However, the results
of LPS stimulation showed that although both
subtypes were induced by LPS, both TNF-a and
IL-1B could induce miR-146 expression, but only
miR-146a production was dependent on activation
of NF2-kB. In addition, studies have shown that™”,
toll-like receptor (TLR) pathway involved in the
activation of miR-146a activation, TLR2, TLR4 and
TLRS ligands can significantly stimulate miR-146
expression upregulation. It has been demonstrated
that TRAF6 and IRAK1 are direct target molecules
of miR-146. MiRNA-146 can reduce the expression
of IRAK1 and TRAF6 in two important components
of TLR pathway and thus regulate the immune signal
transduction. This suggests that miR-146 can be
used as a potential drug target for the intervention
of systemic disorders such as septic shock, or local
damage such as rheumatoid arthritis due to an
excessively active immune response.

Relationship between miRNA and adaptive
immune response

Adaptive immunity is a highly specific defense
mechanism for the development of the immune
system in the evolutionary process for specific
antigenic substances, including T cell-based cellular
immunity and B cell-based humoral immunity.
Protein recognition and antigen presentation of
monocytes and dendritic cells are an important
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component of adaptive immunity. Rodriguez and
other studies have found that macrophages and
dendritic cells by TLR ligand stimulation, through
the NF-KB and JNK pathway, induced miR-155
production, miR-155 deletion of dendritic cells
cannot play the antigen delivery and co-stimulatory
effect cannot induce effector T cell activation,
indicating that mir-155 has an important role in TLR
signaling pathway. This regulatory pathway may be
a positive regulator of TLR signaling pathway by
inhibiting PUI, indirectly reducing the expression of
DC-SIGN and further reducing its ability to bind to
pathogens. MiR-155 has a positive regulatory effect
on TLR signaling pathway.

The relationship between miRNA and
immune disease

MiRNAs are not only associated with normal
immune responses, but also related to abnormal
immune responses such as inflammation and
autoimmune diseases. Recently, many studies
have revealed that miRNAs play an important role
in immune system diseases such as psoriasis and
hereditary allergic eczema skin miRNA expression
profiles Healthy and noninflammatory skin miRNA
expression is very different, there is also a difference
between the two. (MiR-203, miR-146 and miR-125b)
have been shown to have differences in miRNA
expression between psoriasis and atopic eczema in
different levels of inflammation such as Sonkoly"".
These mirRNA are inflammatory response and
cytokine signaling regulation. Psoriasis-specific
miRNAs: miR-203, miR-146a, miR-203 target
molecule cytokine signal transduction factor-3
(SOCS-3), whereas miR-146 direct targets TRAF6
and IRAKI1 are TNF- Signal pathway regulators,
and TNF-a signaling pathways have been shown
to be an important pathway in the pathogenesis
of psoriasis'”’). MiR-146a can reduce the release
of inflammatory factors by regulating TLR / IL-
1B signaling pathway TRAF6 and IRAK1%¥. This
suggests that miR-146 can be used as a potential
drug target for the intervention of inflammatory
diseases. MiR-203 can target the translation of
cytokine signaling 3 (SOCS-3)***". The expression
of SOCS-3 was inhibited in the skin of patients with
psoriasis and was consistent with the high expression
of miR-203. SOCS-3 is a negative regulator of IL-6
and IFN-y-induced signaling pathways. SOCS-3
deficiency causes IL-6-induced activity of STAT3
to persist. Therefore, miR-203 inhibits SOCS-3 to
increase skin inflammatory response or prolonged
response time. Overexpression or downregulation
of miRNA and the pathogenesis of inflammatory
diseases are closely related. In addition to psoriasis
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and hereditary allergic eczema, miRNAs are
associated with other inflammatory or autoimmune
diseases, such as rheumatoid arthritis (RA) and
systemic lupus erythematosus (SLE).

RA is an autoimmune disease characterized by
arthritis associated with articular cartilage and bone
destruction. Stanczyk”® and other studies found
that compared with the OA control group, RA
patients with synovial fibroblasts miR-155, mir-146
expression increased and mir-155 in RA synovial
tissue expression was significantly higher than OA
Synovial tissue and speculated that MMP-13 may
be a potential target gene for mir-155, indicating
that miR-155 may have a modulatory effect on bone
destruction in RA patients. Nakasa”” and other
normal and OA patients with synovial tissue study
found that miR-146a in RA patients with synovial
tissue overexpression. Through in situ hybridization
studies have found that miR-146a is mainly
expressed with RA synovial CD68 macrophages.
Murata™ found that plasma levels of miR-16 in RA
patients were closely related to DAS28, and the level
of mir-16 in synovial fluid was significantly higher
than that in OA and RA plasma levels. In addition,
the expression of miR-146a in PBMCs could
enhance the function of T h 1 cells, indicating that
miR-146a may affect the development of RA disease
through TNF-a and other inflammatory factors.

SLE is an autoimmune-mediated, diffuse
connective tissue disease characterized by acute
inflammation. In 2007, Dai et al.”?” found that the
expression of multiple miRNAs (mir-196a and
mir-17-5p) in SLE PBMCs was down-regulated
compared with normal PBMCs in 23 SLE and
10 healthy volunteers, While the expression of 9
miRNAs increased (mir-189 and mir-61). Zhou
et al.”" studied the SLCpDC type I interferon. It
was found that miR-155 promoted / inhibited the
production of interferon by targeting IRAKM or
TAB?2, indicating that synergistic effect was achieved
at different stages of pDC activation and was helpful
for SLE disease Provide treatment direction.

Conclusion

In conclusion, miRNAs are involved in multiple
aspects of the immune response. MiRNAs regulate
the immune response and inflammatory response
in a large, networked manner. A single miRNA can
have multiple regulatory functions at the same time.
And each target gene can be regulated by multiple
miRNAs. Therefore, the miRNA on the physiological
function of the regulatory role is very complex, with
the miRNA research to further deepen, help us from
the source to understand some of the autoimmune
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disease etiology and morbidity. Mechanism for
clinicians to fundamentally prevent and control these
diseases to provide a new entry point.
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