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Abstract

MicroRNA (miRNA) is a small, single-stranded, non-coding RNA molecule that plays a variety of key roles in different biological
processes through post-transcriptional regulation of gene expression. MiRNA has been proved to be a variety of cellular pro-
cesses involved in development, differentiation, signal transduction, and is an important regulator of immune and autoimmune
diseases. Therefore, it may act as potent modulators of the immune system and play an important role in the development
of several autoimmune diseases. Immune thrombocytopenia (ITP) is an autoimmune systemic disease characterized by a low
platelet count. Several studies suggest that like other autoimmune disorders, miRNAs are deeply involved in the pathogenesis
of ITP, interacting with the function of innate and adaptive immune responses. In this review, we discuss emerging knowledge
about the function of miRNAs in ITP and describe miRNAs in terms of their role in the immune system and autoimmune
response. These findings suggest that miRNA may be a useful therapeutic target for ITP by regulating the immune system. In
the future, we need to have a more comprehensive understanding of miRNAs and how they regulate the immune system of

patients with ITP.
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Introduction

ITP is an autoimmune disease characterized by a low platelet
count. Most patients have no symptoms or have mild skin
bleeding, and 5% of the patients have severe bleeding.'
Regardless of bleeding, patients with ITP often report fatigue
and a decline in quality of life.? Overall, the incidence of
primary ITP in adults is 2 to 4 per 100000 person-years.>*
The pathophysiology of ITP is complex and not fully under-
stood. The conventional wisdom is that ITP is mainly caused
by autoantibodies against platelet membrane glycoproteins,
such as GPIIb/IIIa and GPIb proteins.” Antibody-coated plate-
lets are destroyed prematurely in the spleen and/or liver.®” T
cell-mediated platelet destruction and abnormal number and
function of megakaryocytes are also involved.®!!

In recent years, people are more and more interested in
exploring the epigenetic mechanism of common diseases,
and the number of citations related to microRNA (miRNA)
is increasing rapidly. The full picture of the miRNA of
these abnormal communications in ITP is slowly being dis-
covered. In this review, we summarize the current knowl-
edge of miRNA in ITP. This work attempt to review some

of these studies and summarize some of the latest advances
in the role of miRNA in pathophysiology, diagnosis and
treatment of ITP.

Biogenesis of microRNA

MiRNA is a non-coding RNA of about 22 base pairs (19-25
base pairs in length). MiRNA results in mRNA degradation
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and translation inhibition by pairing with partial complemen-
tary sequences in the 3’ untranslated region (3'UTR) of the
target mRNA. Many biological processes of gene expression
are regulated by miRNA in this way.'>™'* In 1993, two small
lin-4 transcripts, approximately 22 and 61nt, were identified
respectively. They contain sequences complementary to a repet-
itive element in the 3'UTR of lin-14mRNA, which proved that
lin-4 regulates the translation of lin-14 via an antisense
RNA-RNA interaction.'> MiRNA biogenesis is a complex
process that starts from the cell nucleus and consists of two
major steps: Transcription of miRNA genes into primary
miRNA (pri-miRNA) and pri-miRNA processing through suc-
cessive cutting steps to maturity (Figure 1).

The miRNA genes are located in the whole genome, most of
them come from intergenic regions or antisense to form indepen-
dent transcriptional units, and most of the others are located in the
intron regions of protein-coding genes.'®~'® Most intron miRNAs
share a promoter with the host gene, some of which have their own
promoter and are independently transcribed, while others are tran-
scribed as a single primary miRNA."*2° Most miRNA genes are
transcribed by RNA polymerase II into large pri-miRNAs con-
taining one or more stem-loop structures.*'** In the nucleus, the
pri-miRNA transcript is cleaved into an about 70-nt stem-loop
precursor called pre-miRNA.This process is accomplished by a
microprocessor complex composed of Drosha and DiGeorge syn-
drome critical region gene 8 (DGCRS8) or generated directly from
the intron region of the splice joint in a Drosha-independent
pathway.”* > Subsequently, pre-miRNA is exported from
the nucleus by Exportin 5 and RAS-associated nuclear pro-
teins.>*2® In the cytoplasm, pre-miRNA is cleaved into
miRNA/miRNA* double-stranded RNA of about 21nt in length
near the loop by endonuclide Dicer. A protein called TAR RNA
binding protein (TRBP) guides the Dicer cleavage process.”*°
Subsequently, the small RNA double strands produced by Dicer
are loaded onto the Argonaute (AGO) protein, and the
Hsc70-Hsp90 chaperone promotes the conformational change
of AGO, thereby allowing the loading of miRNA double
strands to form RNA-induced silencing complex (RISC).*'3
The AGO complex that binds to the RNA double-strand is
called pre-RISC. Usually, the two chains have different fates.
The “passenger” chain is discarded, while the “guide” (mature)
miRNA is retained in the AGO protein. There are several possible
mechanisms to remove passenger strand. If the double strands
match in the center, the AGO2 protein can cleave the passenger
chain and be further degraded by the endonuclease C3PO to
promote RISC activation.***> But most miRNAs have a central
mismatch, and the AGO family (AGO1-4) has no cutting ability
except AGO2, so double strand dissociation is a more common
way.>*** The mismatch of nucleotide positions 2-8 and 12-15
of the guide chain promotes the dissociation of miRNA double
strands.*'™** This asymmetric chain selection (often referred to
as the “asymmetry rule”’) depends on the relative thermodynamic
stability of the first 1-4 bases at both ends of the small RNA double
strand.** The unstable chain at the 5" end is selected as the guide
chain, while the other chain is discarded.**™*® Atthis point, a func-
tional RISC, which is called a mature RISC is formed. This ribo-

nuclear protein complex mediates the translational repression of
target mRNA followed by deadenylation and decay.**™"
MiRNA is the nucleic acid core of mature RISC, and its sequence
determines which mRNAs in a given transcriptome it may interact
with, but it is the protein components of mature RISC that perform
target mRNA silencing. If the target is completely complementary
in the base pairing region, it is cleaved by the catalytic active AGO.
However, when the target is not completely complementary, AGO
is not enough to silence, so it is necessary to recruit from the
GW182 family proteins. GW182 protein acts as a molecular scaf-
fold to connect AGO protein and downstream effect complex in
mammalian cells, which mediates miRNA-dependent translation
repression and deadenylation.'***

New discoveries have been made in the research on
the biogenesis and function of miRNA. Emerging evidence
also suggests that miRNA is associated with the
pathogenesis of human diseases such as cancer and metabolic
disorders.

miRNA and Autoimmune Diseases

Up to now, many clinical studies and experimental animal
models have proved that miRNA is involved in the regulation
of immune system homeostasis and is involved in the pathogen-
esis, diagnosis and prognosis of many autoimmune diseases.*~
% The inability of the autoimmune system to distinguish
between the self and the non-self is often referred to as violation
of tolerance, which is the basis of autoimmune diseases.’” The
disease cluster includes more than 100 diseases, ranging from a
single organ, such as ITP, type 1 diabetes, and autoimmune thy-
roiditis, to systemic involvement, such as systemic Lupus
Erythematosus (SLE), rheumatoid arthritis (RA). The study of
abnormal expression of miRNA in a variety of autoimmune dis-
eases has been widely carried out, and showed a correlation. For
example, miR-21 is up-regulated in patients with SLE, asthma
and RA;**>7 milR-326 is overexpressed in Multiple sclerosis,
type 1 diabetic patients with ongoing islet autoimmunity,
SLE, but decreased in ITP;***° MiR-155 is up-regulated in
ITP but down-regulated in Guillain-Barre syndrome.*
Interestingly, the expression of miRNA is different in different
cell or tissue types derived from RA, for example, the expres-
sion of miR-155 is increased in synovial tissue, RA synovial
fluid, peripheral blood B cells, peripheral blood macrophages
and synovial fluid macrophages, but decreased in plasma and
serum.®! Existing studies have shown that miRNA has similar-
ities and contradictions in autoimmune diseases, because the
mechanism of miRNA is not completely clear. One miRNA
can target hundreds of mRNAs, and the expression of an
mRNA is regulated by multiple different miRNAs. This bidir-
ectional multiline regulatory network may play an important
role in autoimmune diseases.

MiRNAs Abnormally Expressed in ITP

In ITP, the association between miRNA and immune interac-
tion is one of the most interesting research areas that has been
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Figure |. The process of miRNA biogenesis. In the nucleus, the miRNA gene is transcribed into pri-miRNAs by RNA polymerase II.
Pri-miRNA is cleaved into pre-miRNA through Drosha pathway or Drosha-independent pathway and transported out of the nucleus by
Exportin-5 and RAS-related nuclear proteins. In the cytoplasm, pre-miRNA is cut into miRNA/miRNA* by Dizer. Subsequently, the double
strands were loaded into the AGO, the miRNA* strand was discarded, while the “guide” miRNA was retained in the AGO to mediate the

translation inhibition of the target mRNA.

neglected in recent years. MiRNA affects almost all immune
cells and immune events. How does miRNA change in patients
with ITP? More and more studies have given the answer. In this
review, we try to give only a brief overview of the latest find-
ings (The main microRNAs shown in Table 1).

Mononuclear Cell

Human peripheral blood mononuclear cells (PBMC) are an
important part of the immune system and a natural defense
against infection and foreign invaders. PBMC is a mixture of
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Table 1. The Main MicroRNAs* Involved in the Different Cells of ITP.

Target
MicroRNA Species/Sample source Gene Function MiRNA Regulation References
miR-130a Human/PBMCs TGFBI - Downregulated 62
IL-18
miR-409-3p Human/PBMCs IFNG - Downregulated 63
miR-106b-5p Human/PBMCs - - Upregulated o4
miR-200C-3p Human/CD4+ T NR4A3 Regulate immune imbalance of Upregulated 64,65
miR-92a-3p Human/PBMCs Treg/Th17 through the NR4A3/
miR-142-3p Human/PBMCs Foxp3 pathway
Human/PBMCs
Human/Treg - - Upregulated o4
miR-46b-5p Human/PBMCs - - Upregulated o4
miR-146a Human/Treg - - Upregulated o4
miR-146a-5p Human/PBMCs - - Downregulated 66
Human/CD4+ T cells - - Downregulated &7
- - Downregulated 66
Human/BMSCs-exosome - - Downregulated 67
form health volunteer - Contribute to the Th17/Treg had no significant 8
imbalance difference
IRAK Regulate Th17/Treg imbalance Upregulated 9
miR-326 Human/PBMCs - - Downregulated 67
Human/CD4+ T cells - Contribute to the Th17/Treg Had no significant 8
imbalance difference
miR-17-5p Human/PBMCs - - Upregulated, but had no &7
significant difference
Human/CD4+ T cells - Contribute to the Th17/Treg had no significant 8
imbalance difference
miR-181a Human/PBMCs - - Upregulated, but had no &7
significant difference
Mouse/Macrophage - Regulate of TLR4, TNF-o and IL-6 Downregulated (by a 70
expression TCM treatment)
miR-181-5p Human/CD4+ T cells - Contribute to the Th17/Treg Had no significant 68
imbalance difference
miR-21 Human/PBMCs - - Upregulated, but had no &7
miR-155 Human/Treg significant difference
Human/PBMCs and
macrophages - - Downregulated 66
Human/PBMCs SOCSI Role in macrophage M2 Upregulated 7!
Human/PBMCs polarization
Human/CD19+ B cells - - Upregulated 2
SOCSI Regulate cytokine profiles Upregulated 73
- Role in the dysfunction of B Upregulated .
lymphocytes and ntracellular
antibody production
miR-15a Human/CD4+ T cells - Contribute to the Th17/Treg Has no significant 8
imbalance difference
Let-7b-5p Human/PBMCs - Involve in the regulation of Thl/ Downregulated &
Th2 imbalance
Human/B cells BAFF-R  Enhance the expression of surface Upregulated 76
miR-99a BAFF-R and promotes B cell
survival
Human/CD4+ T cells mTOR Contribute to the Th17/Treg Downregulated 68
imbalance
miR-182-5p Human/CD4+ T cells - Contribute to the Th17/Treg Upregulated 8
miR-183-5p imbalance
miR-96-5p
miR-125-5p Human/CD4+ T cells CXCLI3  Induce immune imbalance of Treg/ Downregulated 4

Th17

(continued)
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Table |. (continued)

Target

MicroRNA Species/Sample source Gene

Function MiRNA Regulation References

miRNA-30a Mouse/Spleen SOCS3

mononuclear cells

miR-199a-5p Mouse/spleen CD4+ T STAT3

cells
Human/BMSCs

miR-98-5p IGF2BPI

Affect the differentiation of Th17

Represse Thl7 differentiation

Exert Pro-apoptotic Effects by

Upregulated 78

cells

Downregulated 79

Upregulated 80

Inhibiting the IGF-2/ PI3K/Akt

miR-20b-5p
miR-3148

miR-4284

miR-3977
EBV-miR-BART 9-3p
HSVI-miR-H7*
HSVI-miRH8*
HSVI-miR-H14-3
HSV2-miR-H7-3p
MiR-557

Human/BMSCs -

Human/Megakaryocytes -

Human/Plasma -

miR-338-5p
miR-765
miR-122-5p
miR-451b
miR-133a-3p
miR-224-3p
miR-452-5p
miR-491-5p
miR-15a-3p

Human/Platelet -

Role in the excessive apoptosis of

Pathway

- Upregulated 80

- Upregulated 8!

Upregulated 82

megakaryocytes

- Only expressed in ITP 8

Downregulated

Note:# MicroRNAs measured by quantitative PCR.

ITP: immune thrombocytopenia; PBMCs: peripheral blood mononuclear cells; BMSCs: bone mesenchymal stem cells; TCM: Traditional Chinese medicine.

lymphocytes (T cells, B cells and NK cells), monocytes and
dendritic cells, of which lymphoid cells are the most abundant,
accounting for 70-90%.%* Like the plasma separation method,
the PBMC separation method is simple and standardized, and
the quality of the samples obtained is stable. PBMC is widely
used in ITP research.

Several studies have examined the miRNAs expression
profile of PBMC in patients with ITP. In 2007, Dai and his col-
leagues identified miRNA in PBSCs from ITP and SLE patients
using microarray analysis.® It was found that 19 miRNAs
related to ITP, 14 miRNAs of them were down-regulated and
5 miRNAs were up-regulated, but most of them were not veri-
fied by quantitative or semi-quantitative experiments. The
expression of HSA-miR-299-3p and MMU-miR-298 is
up-regulated in SLE and down-regulated in ITP, which pro-
vides a possible biomarker for the differentiation of ITP and
SLE. This is the earliest literature we have retrieved about
miRNA in patients with ITP. Due to the rapid development
of technology, the results of this study need to be reconsidered.

Compared with normal controls the expression of miR-130a
and miR-409-3p in PBMC of active ITP patients decreased sig-
nificantly and recovered after effective treatment.®?

Using the same method, the two studies proved that the
transforming growth factor-p 1 (TGFB1) and interleukin 18

(IL-18) genes are the target genes of miR-130a, and IFNG is
the target gene of miR-409-3p.°* Although they are found to
be related at the genetic level, two contradictory results that
are difficult to explain. First, the expression levels of
miR-130a and TGFBI1 in plasma decreased; second, the con-
centration of IFNG in plasma did not change with
miR-409-3p before and after treatment. For the decreased
expression of TGFB1 and miR-130a, the authors speculate
that there is a regulatory feedback loop between TGFBI and
miR-130a, and the decrease of TGFBI1 leads to the down-
regulation of miR-130a, which partly saves the expression of
TGFBI1. However, exogenous TGFB1 does not promote the
miR-130a expression of PBMCs in any way, which does not
support this conjecture. Since platelets are the largest source
of TGFBI, thrombocytopenia in patients with ITP may be the
main cause of TGFB1 decrease.

IFNG is elevated in the plasma of patients with ITP.*
MiR-409-3p negatively regulates the expression of IFNG, so
the decrease of miR-409-3p in ITP patients may partly
explain the increase of IFNG, but it is not the main mechanism.
Only when future studies directly verify that both miRNA and
cytokines come from PBMCs, these contradictions can be
resolved. It is well known that a single miRNA has the
ability to regulate multiple genes, so the functions of
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MIR409-3p and miR-130a may be much more complex than
expected. The relationship between the abnormal expression
of them and the pathology of ITP needs to be further
discussed.

The level of DGCRS transcription in PBMC of ITP patients
was significantly lower than that of healthy controls, and the
expression of miR-409-3p was positively correlated with
DGCRS transcripts (r=0.570, P =0.005). There was no corre-
lation between other enzymes (DROSHA., DICER1, DGCRS8
and EIF2C2) related to miRNA biogenesis. It shows that the
reduction of DGCRS8 leads to impaired processing of
miRNAs from Pri-miRNAs to Pre-miRNAs and ultimately
leads to the reduction of miR-409-3p.%

The expression profiles of miRNAs and mRNAs in PBMC
of 3 subjects in each group were detected by gene chip tech-
nique.®* Compared with healthy subjects, there were differ-
ences in the expression of miRNAs and mRNAs in newly
diagnosed and chronic ITP patients. The miRNA-mRNA regu-
latory network was constructed through bioinformatics, and it
was found that three up-regulated miRNAs (miR-106b-5p,
miR-200C-3p, and miR-92a-3p) exhibited strong regulatory
abilities, which were regulated more transcription factors in
both stages. Verified by qPCR, there were significant differ-
ences in miR-106b-5p and miR-200C-3p among the three
groups, and there was no significant difference in the expression
of miR-92a-3p between the chronic group and newly diagnosed
group. The area under the ROC curve of the differential expres-
sion of miR-106b-5p between the newly diagnosed group and
the healthy control group is the largest (0.92). The difference
in expression of miR-106b-5p and miR-200C-3p can distin-
guish the chronic group and healthy controls (AUC is 0.88).
These three miRNAs can effectively distinguish ITP stages.
In this study, it was found that the expression of miR-142-3p
was abnormal and elevated. Similarly, miR-106b-5p in periph-
eral blood of patients with ITP is significantly up-regulated,
which mediates the immune imbalance of Treg/Th17 in ITP.%

There is no consistent answer to the expression of miR-155
in ITP. Compared with healthy controls, miR-155 was signifi-
cantly decreased in Treg cells of ITP patients; Although the
expression increased in PBMC and CD4+ T-cells, there was
no statistical significance.®® However, three other studies have
shown that the expression of miR-155 is up-regulated in
PBMCs of patients with ITP.”' The relative expression level
of miR-155 in PBMCs of elderly patients with ITP increased
significantly with the severity of the disease (P < 0.05). The
response rate to glucocorticoid of elderly ITP patients with
high expression of miR-155 was significantly lower than that
of patients with low expression of miR-155 (72.31% vs
96.92%). And patients with high expression have a higher
risk of recurrence.”” Another study suggests that miR-155
may be involved in the pathogenesis of ITP by targeting
SOCSI to regulate cytokine profiles.”> The miR-155 level
was negatively correlated with platelet count, SOCS1 mRNA
level and plasma IL-4, IL-10 and TGF- f 1 levels, but positively
correlated with plasma IL-17A level. Medical treatment reduced
the level of miR-155, but there was no significant difference before

and after treatment (p = 0.056). SOCSI is a mature member of the
SOCS family. Some studies have determined that SOCSI is one of
the targets of miR-155 and participates in the function of T cells,
macrophages, and dendritic cells.*’~°

The expression of miR-15a is significantly reduced in
PBMC of patients with ITP. The expression of miR-15a is neg-
atively correlated with IFN-y and IL-2, and positively corre-
lated with IL-4 and IL-10. Overexpression of miR-15a can
significantly inhibit the production of IFN- y and IL-2, and
promote the production of IL-4 and IL-10. Since IFN-y and
IL-2 are inflammatory factors secreted by Thl cells, and IL-4
and IL-10 are secreted by Th2 cells, it is speculated that
miR-15a may be involved in the Th1/Th2 imbalance in ITP.”®

The results of a study using deep sequencing showed that there
were 6 miRNAs differentially expressed between ITP and control
(P <0.0005), of which 2 miRNAs (miR-4482-3p and miR-1299)
were up-regulated, and the other 4 miRNAs (miR-412-5p
miR-204-5p  miR-199a-5p and  miR-126-5p)  were
down-regulated.”’

miRNAs and the Innate Immune System

Macrophages. The phenotype and function of macrophages are
regulated by the surrounding cytokine environment. Induced by
Thl cytokines like [IFN-gamma and microbicidal stimuli such
as lipopolysaccharides (LPS), macrophages polarized to M1,
produced high levels of pro-inflammatory cytokines (such as
IL-12, IL-23), and polarized to M2 induced by Th2 cytokines
such as IL-4\IL-13.°*% M2 high secretion of interleukin-10
(IL-10) has anti-inflammatory properties.”*** Current studies
have shown that splenic macrophages promote platelet destruc-
tion in ITP.?® And macrophages act as antigen-presenting cells
to stimulate the acquired immune response. It is generally
believed that platelet destruction after autoantibody binding
occurs in the spleen and binds to FcgRIla and FcgRIla on the
reticuloendothelial system tissue macrophages through the Fc
portion of the platelet surface immunoglobulin.”” MiRNA
affects all these events, from the activation of macrophages to
inflammation and immunity.g8

The expression of miR-155-5p is up-regulated in patients
with ITP and affects the inflammatory activity of macrophages.
MiR-155-5p can inhibit SOCSI1-dependent PDI1/PDLI
pathway and promote M2 polarization of macrophages to
prevent ITP. Chang et al”' confirmed that the expression of
SOCS1 in macrophages and PBMC of newly diagnosed and
treated ITP patients was significantly lower than that of
healthy controls, while miR-155-5p was up-regulated. Further
exploring the relationship between the two through in vitro
experiments and animal models, it was found that
miR-155-5p targeted SOCS1 and down-regulated its expres-
sion. More specifically, inhibition of miR-155-5p can produce
a series of changes: first, promote the expression of CD206
(M2 phenotypic protein) and up-regulate M2/M1; second,
up-regulate the expression of PD1/PDLI1; third, up-regulate
the expression of SOCS1. When SOCSI is overexpressed in
macrophages, the above processes also occurred while the
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expression of miR-155-5p did not change. The cells that inhib-
ited miR-155-5p and silenced SOCSI reversed the above
process, indicating that SOCS]1 is the target of miR-155-5p.
In PBMC, the expression of cytokine IL-4\IL-10\TGF-BETA
increased and IL-17A decreased after miR-155-5p was inhib-
ited. Another study of PBMCs in patients with ITP showed
similar results: miR-155 increased, SOCSImRNA level
decreased in PBMCs of ITP patients, and miR-155 level
decreased after medical treatment.”

The miR-155 host gene (MIR155HG) produces two differ-
ent miRNA chains, miR-155-5p from S5p precursor and
miR-155-3p from 3p precursor. In humans, the highly
expressed miRNA tends to 5p hairpin arm, so miR-155-5p is
generally considered to be a functional miR-155 form.?%'%
MiR-155 is considered to be an important regulator of many
acquired and innate immune cell populations.®”* Studies
have shown that compared with M2, MiR-155 is highly
expressed in M1 macrophages.'®"'°? Inhibition of miR-155
can polarize macrophages to M2.'*® There are M1 polarization
dominance and M2 marker expression impairment in spleen
and peripheral macrophages of patients with ITP, and the pro-
portion of M2 increases after treatment, suggesting that they
may be involved in the pathogenesis of ITP.'*!'" These
results suggest that miR-155 is involved in the pathogenesis
of ITP by regulating the polarization of macrophage M1/M2.

Another study found that miR-181a was involved in the
treatment of ITP.”® A passively immunized ITP mouse model
was established, and the therapeutic effect of Qian Five
Rhinoceros Gindeng (QFRG) on ITP mice was observed. In
this group, the platelet count and the expression of miR-181a
in PBSC increased significantly, while TLR4, IL-6, and TNF-a
decreased significantly. Inhibition of miR-181a expression in the
model reversed the therapeutic effect. TLR-4/IL-6 and TNF-a
decreased significantly after upregulating the expression of
miR-181a in LPS-induced mononuclear macrophages with
miR-181a mimics in vitro. Bi et al'® found that the expression
of miR-181a increased when the M1 phenotype was transformed
into M2. However, more direct evidence is needed to confirm the
polarized involvement of macrophages in ITP.

Dendritic cells and Nk cells. As an important part of innate
immunity, dendritic cell dysfunction is involved in the
disease process of ITP, like the expression of CD80 and
CD86 increased, while the expression of CD70 and CD205
decreased significantly.'®”"'% There are few studies on NK
cells in ITP. In patients with ITP, the number of NK cells in
peripheral blood decreased, developmental disorders and func-
tion decreased, and insufficient inhibition of self-reactive T and
B cells led to the occurrence of diseases.'*”"!'® Up to now, there
is no direct evidence as to whether microRNA is involved in the
reaction of DC cells and NK cells in ITP.

Adaptive Immune System

B-cell. B-cells play an important role in ITP. Plasma from
patients with ITP was injected into healthy volunteers,

causing severe thrombocytopenia.''' It was subsequently
proved that B cells produced antiplatelet antibodies, mainly
IgG antibodies, and a small number of IgM and IgA antibodies
could also be detected.!'*'"® The antibody binds to rich glyco-
proteins or glycoprotein complexes on the surface of platelets
(especially GPIIb/Illa and GPIb/IX/V, rare GPla/lla, IV, or
VI).''*11% Phagocytosis of antibody-labeled platelets by
splenic macrophages mediated by Fc y receptor.''>!''® The pro-
portion of total B cells, naive B cells, and defective Bregs
decreased in patients with ITP.''” The loss of peripheral toler-
ance of immature B cells may be an important part of the path-
ogenesis of ITP.''"® Based on these immunopathological
theories, B cell depletion is an effective strategy for the treat-
ment of ITP.

There are two reports about the abnormality of miRNA in B
cells of ITP. Let-7b-5p and miR-155 are abnormally highly
expressed in B cells derived from peripheral blood of patients
with ITP.*

Wang et al’® found that the expression of let-7b-5p in B cells
of patients with ITP was up-regulated, and it was higher in
patients with positive platelet specific autoantibodies than in
patients with negative platelet specific autoantibodies.
Compared with healthy controls, the level of B-cell-activating
factor receptor (BAFF-R) on the surface of B cells in patients
with ITP was higher but the level of BAFF-R mRNA was
lower. This inconsistency points to the post-transcriptional reg-
ulation of BAFF-R and may be related to miRNA. In order to
further investigate whether let-7b-5p regulates BAFF-R expres-
sion, the researchers stimulated CD19+ B-cells from healthy
volunteers with BAFF, which resulted in an up-regulation of
let-7b-5p expression After up-regulation of let-7b-5p in B
cells in vitro, the expression of BAFF-R increased and pro-
moted the survival of B cells, while the mRNA level of
BAFF-R decreased, which was consistent with the expression
of B cells in patients with ITP. These findings suggest that
let-7b-5p may enhance BAFF/BAFF-R-mediated signal trans-
duction, thus promoting B cell survival and participating in
the disease process of ITP.

B-cell-activating factor (BAFF) is a key cytokine supporting
B-cell homeostasis and tolerance. BAFF/BAFF-R interaction
determines the fate of mature B cells and plays an important
role in the occurrence and development of autoimmunity.''®~
123 BAFF is significantly increased in circulation in patients
with ITP. It is speculated that BAFF may play a pathogenic
role in ITP by promoting B cell survival and increasing
B-cell effector function, thereby increasing platelet apoptosis
and IFN-y secretion.'**'?> BAFF binds to three receptors:
TNF, TACI, BCMA, and BAFF-R. BAFF-R is one of the
main survival-promoting receptors of BAFF and is widely
expressed in human B-cell subsets, especially mature
B-cells.'**'>” BAFF-dependent survival signals are mediated
by NF- k B activation.'®*!'% Of the three BAFF receptors,
only BAFF receptor (BAFF-R) increased in ITP mice.'?®
BAFF-R not only prolonged the survival of B-cells but also sig-
nificantly promoted the survival of CD8+ T-cells and the prolif-
eration of B-cells in patients with ITP.'?
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The let-7 family is the second miRNA found in
Caenorhabditis elegans, which is involved in the immune
response of several cancers and the regulation of tumor
resistance. The expression of let-7b-5p is increased in B-cells
of patients with ITP, especially in patients with positive
platelet autoantibodies, and let-7b-5p can enhance the expres-
sion of BAFF-R. These data suggest that let-7b-5p may be a
functional miRNA regulating antibody production and B cell
survival.

Another study on CD19+ B-cells found that miR-155 in
B-cells of newly diagnosed ITP patients was higher than that
of the control group, IgG and IgM, which reflect the activity
of B lymphocytes, had similar results, while the results of
SHIP1 were opposite to those of miR-155.”* MiR-155 was neg-
atively correlated with platelet count and positively correlated
with the number of peripheral B1 (CD19+ CD5+) cells. It is
speculated that miR-155 may stimulate the activation of
B-cells receptors by silencing the expression of negative regu-
latory factor SHIP-1 in B-cells, and then over-activate autoreac-
tive B-cells, promote the production of specific antibodies IgG
and IgM, and mediate platelet destruction.

SHIP-1, a member of the inositol phosphatase family, plays
an important role in the maturation of B lymphocytes and the
production of high affinity antibodies.'*® It is known that
miR-155 plays a role in hematopoiesis, inflammation and
immune response, and is highly expressed in a variety of
solid tumors.”*' In B cell proliferative diseases such as
diffuse large B-cell lymphoma, the level of miR-155 increases,
and the expression of SHIP-1 decreases. Inhibition of SHIP-1 is
an important part of the biological function of
miR-155.3%13213% This study proved that, like other diseases,
B lymphocytes in patients with ITP had high expression of
miR-155 and inhibition of SHIP-1, suggesting that miR-155
can be used as a therapeutic grouping and prognostic molecule
for ITP.

T-cell. Abnormal T-cell immunity plays an important role in the
pathogenesis of ITP. Excessive activation and proliferation of
platelet autoantigen reactive cytotoxic T cells, imbalance of
T-cell subsets, and functional abnormalities inhibit megakaryo-
cyte apoptosis.'** In recent years, it has been found that T cell
immune imbalance plays an important role in the pathogenesis
of ITP. Many studies have focused on the imbalance of T cell
subsets. At present, it is widely accepted that the phenotypes
of Thl, Th17 and newly discovered Th9, Th22 and T follicular
helper cells increase, while the number of cells with immuno-
modulatory characteristics (such as T regulatory cells)
decreases.'?

Treg cells account for 5-7% of CD4+ T-cells, and they
develop directly in the thymus and periphery.'*® Many inhibi-
tory activities of Treg cells can act in an antigenic non-specific
way, inhibiting different specific effector T cells.'*” It can also
regulate the tissue microenvironment and promote the emer-
gence of other immunosuppressive cell populations by produc-
ing some of the same immunosuppressive molecules (such as
IL-10, TGF-B, and IL-35)."*® Th17 cells produce the signature

cytokine interleukin 17A (IL-17A) and lineagespecific tran-
scriptional factor retinoid-related orphan receptor gamma t
(RoR-yt)."*%13% One of the most striking aspects of Treg phys-
iology is their opposition to pro-inflammatory Th17 cells.'*
Th17 cells cause autoimmunity, while Treg cells inhibit autoim-
munity. Many factors affecting the production and maintenance
of Treg and Th17 cells are also important for the regulation of
their balance, including TCR signal, costimulatory signal, cyto-
kine signal, Foxp3 stability and, metabolic process.'*' Th17
and Treg developmental programs are interrelated, and imma-
ture T-cells develop to Th17 or Treg phenotypes in different
extracellular environments.'**'*3 The altered homeostasis
between Th17 and Treg has been implicated associating with
several autoimmune diseases.'**~'*” In patients with ITP, the
number of Tregs decreases or shows a deficiency of inhibitory
function, while the number of Thl7 cells increased and
hyperfunction.'*®

MiRNA regulates Treg/Th17 balance in ITP, and more than
10 miRNAs are found to be involved in experimental animal
models and clinical specimens (miR-30a miR-199a-5p
miR-106b-5p  miR-155-5p  miR-156b-5p  miR-142-3p
miR-99a miR-182-5p miR-183-5p miR-125a-5p miR-146a
miR-326 miR-142-3p).

Genome-wide expression analysis of mRNA and microRNA
in T-cells of ITP patients and controls showed that there were
1915 genes and 22 miRNAs differentially expressed.'*’ Then
TargetScan and Miranda databases were used to predict target
genes, of which 17 microRNA were related to changes in
target gene expression. According to the functional classifica-
tion of cross-reference genes by GO, 57 of these target genes
are related to the immune system, including T cell activation
involved in immune response, natural killer cell differentiation,
regulation of immunoglobulin production, positive regulation
of leukocyte activation, lymphocyte activation involved in
immune response, lymphocyte differentiation and lymphocyte
costimulation. The researchers found that plasma levels of
CXCLI13 and IL-21 in patients with ITP were significantly
higher than those in the control group.'*® This study opened
the beginning of the study of T-cell miRNA in patients with
ITP. In the subsequent scientific research results, there are
more and more studies on miRNA in T-cells of patients with
ITP.

Hua et al®® found that miR-99a regulates the differentiation
of Treg cells by targeting mTOR in ITP.Compared with the
healthy control group, the expression of miR-99a in CD4+ T
cells of ITP patients was down-regulated. The percentage of
Treg cells, and the decrease of plasma IL-10 in ITP patients
were positively correlated with the expression of miR-99a.
There was no significant correlation between the expression
of miR-99a and TGF-Bf1. As mentioned earlier, IL-10 and
TGF-p are cytokines secreted by Treg. Up-regulation of
miR-99a with mimics promotes CD4+ cells to differentiate
into Treg, and the expression of mTOR and its phosphorylation
level is decreased. On the other hand, the study also found
increased expression of miR-182-5p and miR-183-5p on CD4
cells and increased TH17 cell ratio in ITP patients.
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Down-regulation of miR-183-5p inhibited Th17, while down-
regulation of miR182-5p had no effect on Th17 differentiation.
IL-17, a Thl7-related cytokine, was overexpressed in ITP
patients, but not significantly associated with miR-182-5p or
miR-183-5p. MiR-183-5p may be used as a molecular basis
for the classification of ITP because the expression of
miR-183-5p in CD4+ T-cells of critically ill patients is signifi-
cantly higher than that of non-critically ill patients. It was found
that there was no significant difference in the expression of
miR-146a-5p,miR-155-5p,miR-96-5p,miR-17-5p,miR-181-5p,
and miR-326 in CD4+ T cells between patients and healthy
controls, and there was no significant effect on the regulation
of Th17 and Treg cell differentiation.

Different from the results of Hua et al, miR-146a-5p,
miR-155-5p, and miR-326 obtained different results in the
other two groups of studies.

Liu et al®’ studied the expression profiles of 7 kinds of
immune-related miRNAs (miR-155, miR-146a, miR-326,
miR-142-3p, miR-17-5p, miR-21 and miR-181a) and four
kinds of Th cells (Thl, Th2, Th17 and Treg) in PBMC of
ITP patients. The results showed that the expression of
miR-146a,miR-326, and miR-142-3p in PBMC of ITP patients
was significantly lower than that of healthy controls. The
expression of MiR-142-3p and miR-146a was negatively corre-
lated with Th17 cells, while the expression of miR-146a was
positively correlated with Treg cell frequency and platelet
count, respectively. Dexamethasone-treated PBMCs can
up-regulate the expression of miR-146a. Thl7 frequency
decreased after miR-146a was up-regulated with agomir.
MiR-155, miR-17-5p, miR-21, and miR-181a were not found
to be statistically significant. There was no significant differ-
ence in miR-17-5p and miR-155 between ITP patients and
healthy controls, which was consistent with the results of Hua
et al, however, the results of miR-146a, miR-326, and
miR-181a expression were not consistent, which may be due
to the different cell phenotypes of the studies.

Zhu et al®® found that miR-155-5p, miR-146b-5p and
miR-142-3p decreased in Treg cells of ITP patients. The
researchers first used miRCURY LNA array to evaluate the
expression of human miRNA in T cells of 3 ITP patients and
3 healthy blood donors, then further analyzed 37 genes (fold
> 1.3 and p < 0.05) and found that 26 genes were up-regulated
and 11 down-regulated. After qPCR verification, miR-155p,
miR-146b-5p and miR-142-3p in Treg were significantly down-
regulated in ITP patients.

In the third case, the expression of miR-155 in ITP CD4+
cells and PBMCs was increased but not significantly different
from that in healthy controls, while it was significantly
decreased in the Treg group.’”®® As for miR-142-3p and
miR-146, they were down-regulated in PBMCs and Treg. But
what is less certain is whether the functions of miR-146a and
miR-146b are consistent in the pathophysiology of ITP.
Although there are only two bases different between the
two, 150-151

Recent studies have found that miR-106b-5p negatively reg-
ulates NR4A3/Foxp3 and mediates the immune imbalance of

Treg/Th17 in ITP.®> Compared with healthy controls,
miR-106b-5p was significantly up-regulated and NR4A3
mRNA was significantly down-regulated in peripheral blood
of patients with ITP, and there was a negative correlation
between them. TGF-B (one of the Treg cytokines) decreased,
but there was no significant difference in IL-17A. Silencing
the miR-106b-5p of CD4+ T-cells can promote its polarization
to Treg. After up-regulating the expression of miR-106b-5p on
CDA4+ T cells, the expressions of NR4A3, Foxp3, and TGF-beta
all decreased. These results were reversed by NR4A3, but
IL-17A remained unchanged. Inhibition of miR-106b-5p
expression in the experimental ITP model resulted in an
increase in peripheral blood platelet count and spleen Treg fre-
quency but no change in Th17 frequency in ITP model mice.

MiR-125a-5p targeted CXCL13 participates in the patholog-
ical process of ITP and is regulated by long non-coding RNA
MEG3 to induce immune imbalance of Treg/Thl7 in
ITP.”'>2 The authors observed that the concentration of
plasma CXCL13 in PBMCs of patients with ITP increased
and negatively correlated with miR-125a-5p. After CD4+
T-cells up-regulated/down-regulated miR-125a-5p, CXCL13
decreased/increased. Dexamethasone, a first-line treatment for
ITP, upregulated miR-125a-5p expression and decreased
CXCL13 in CD4+ T-cells, and miR-125a-5p inhibitors could
reverse this process. It is suggested that CXCL13 is the target
of miR-125a-5p and participates in the pathological process
of ITP, which is consistent with the results of previous
studies.'* Subsequent studies have shown that MEG3, a long
non-coding RNA highly expressed in CD4+ T-cells of ITP
patients, directly interacts with miR-125a-5p and inhibits its
expression. The expression of MEG3 in CD4+ T-cells
decreased after being treated with dexamethasone.
Down-regulation of MEG3 or overexpression of miR-125a-5p
in CD4+ T-cells can promote Treg polarization and inhibit
Th17 polarization.

Two miRNAs were verified to be involved in the pathogen-
esis of ITP through animal experiments. The expression of
miRNA-30a in splenic mononuclear cells of the ITP mouse
model is increased, which is positively correlated with the
expression of ROR vt. It is involved in the pathogenesis of
ITP by affecting the differentiation of Th17 cells. The authors
used biological software to predict that miRNA-30a may
target SOCS3, a cytokine signal inhibitor that inhibits the differ-
entiation of Th17 cells. Unfortunately, further verification
shows that although SOCS3 can bind to the target site of
miRNA-30a, it may not be its functional target gene.”® The
latest study found that miR-199a-5p participates in the patho-
logical process of ITP by inhibiting the differentiation of
Th17.”° The level of miR-199a-5p in the spleen CD4+ T cells
of the ITP mouse model decreased, while the protein levels of
STAT3 and pSTAT3 increased. MiR-199a-5p overexpression
inhibited the differentiation of Thl7 cells by targeting
STAT3. The authors also developed an extracellular vesicle
containing miR-199a-5p, which comes from adipose-derived
mesenchymal stem cells modified by mir-199a-5p, and can
inhibit Th17 differentiation in vitro and in vivo, increase
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platelet count in ITP mice, and have potential therapeutic
effects on ITP.

Mesenchymal Stem Cells Interfere with the Platelet
Growth Environment

Mesenchymal stem cells (MSCs) are pluripotent progenitor
cells with the ability to differentiate into different cell lines,
which can be obtained from bone marrow, umbilical cord
blood, fat, dental pulp, and other tissues.'>> MSCs can regulate
immune cells in both acquired immunity and innate immunity,
including inhibiting the activation of B and T cells, inducing the
production of tolerant dendritic cells, inducing macrophages to
M2 polarization, and reducing the cytotoxicity of NK and NKT
cells.'>*'5* There are quantitative dysfunction and immuno-
modulatory deficiency in bone marrow MSCs of patients with
ITP, which lead to abnormal megakaryocyte development, dis-
turbance of platelet production and immune intolerance, which
may be related to Notch-1/Jagge-1 and TNFAIP3/NF-xB/
SMAD?7.'> All-trans retinoic acid, Platelet-derived growth
factor, and Thalidomide can partially correct the abnormsality
of bone marrow MSCs in ITP."*®*'>” Due to the immunomodu-
latory effect of MSCs, MSCs transplantation has shown a
certain therapeutic effect on ITP in vivo and in vitro, and in
the clinic.'>%'¢!

Interestingly, MSC-derived extracellular vesicles (MSC-EV)
have the same effect and have higher safety and lower immuno-
genicity. Using MSC-EV as a substitute for MSC can avoid
complications such as ectopic tumor formation and immune
rejection, and has many advantages.'® Li et al”’ developed
extracellular vesicles containing miR-199a-5p, which is
derived from mir-199a-5p modified adipose-derived mesenchy-
mal stem cells. It was found that the miR-199a-5p level of CD4
+ T-cells in the spleen of ITP mice decreased, while the protein
levels of STAT3 and pSTAT3 (Thl7 transcription factor)
increased. The overexpression of miR-199a-5p inhibited the
differentiation of Thl7 cells by targeting STAT3. Adipose
MSC-EV-derived miR-199a-5p can inhibit Th17 differentiation
in vitro and in vivo, restore Th17/Treg balance, increase platelet
count in ITP mice, and have potential therapeutic effects on
ITP. Similarly, the expression of miR-146a-5p in bone
marrow MSC-derived EVs is higher than that in bone marrow
MSC, which can be directly related to IL-1R-associated
kinase (IRAK1), inhibit its expression in CD4+ T-cells, and
thus restore the Th17/Treg ratio.®” In the previous study, 62
miRNAs with a significant difference in bone marrow MSC
between ITP patients and healthy controls were detected, of
which 5 (miR-98-5p, miR-20b-5p, miR-3148, miR-4284
miR-3977) increased continuously in ITP-MSCs after some
of them were verified by qPCR.'®® The researchers were target-
ing miR-98-5p because it had the highest fold change in micro-
array analysis and because of its relevance to cell apoptosis. It
was found that after up-regulation of miR-98-5p in MSCs from
healthy volunteers, the state of cells was similar to that of MSCs
in ITP patients, showing abnormal morphology and increased
apoptosis rate, while inhibition of miR-98-5p expression in

MSCs derived from ITP patients improved cell morphology
and increased survival rate. Overexpression of miR-98-5p in
MSCs weakens the therapeutic effect of MSCs on ITP mice.
MiR-98-5p acts by targeting inhibition of insulin-like growth
factor 2 mRNA binding protein 1 (IGF2BP1). The subsequent
down-regulation of insulin-like growth factor 2 (IGF-2) leads
to the PI3K/Akt pathway and participates in the process of
MSC deficiency. In addition, miR-98-5p upregulates
p53-TrCP-dependent p53 ubiquitination by inhibiting the ubiq-
uitination of p53 containing P-transduction protein repeat
sequences, which leads to the accumulation of p53 and down-
regulation of IGFIR (an IGF2 receptor), which also leads to
the inhibition of PI3K/AKt pathway, resulting in MSC defi-
ciency. PI3K/AKt pathway and (-TrCP/p53 ubiquitin
pathway cross-affect the apoptosis of ITP-MSCs, which is
related to the targeted inhibition of IGF2BP1 by miR-98-5p.
In addition, the authors found that all-trans retinoic acid
(ATRA) protects MSCs from apoptosis by down-regulating
miR-98-5p, thus providing a potential treatment for ITP.%°

Megakaryocytes and Platelets

Megakaryocytes are highly specialized hematopoietic progeni-
tor cells, which are responsible for the production of platelets in
the bone marrow and may be the target of ITP immune-
mediated injury. There are some contradictory views on mega-
karyocytes in ITP. Some studies have shown that ITP megakar-
yocytes show ultrastructural characteristics of apoptosis, while
other studies have shown that ITP megakaryocytes are resistant
to apoptosis.'® Abnormal autophagy of megakaryocytes in
patients with ITP affects the differentiation of hematopoietic
stem cells into megakaryocytes and platelet production by
megakaryocytes.'® Anti-platelet antibodies can impair the
ability of megakaryocytes to release platelets.'® Abnormal
megakaryocytes and thrombocytopenia are caused by a
variety of reasons in patients with ITP. The important role of
miRNA in megakaryocyte and platelet production has been
determined.'®-'¢7

Considering that some patients with acute ITP or acute exac-
erbation of chronic ITP have a history of viral infection from
days to weeks before the onset of thrombocytopenia and that
viral miRNA can regulate viral gene expression or host cell
gene expression, the authors studied the expression of viral
miRNA in ITP.*! Umbilical cord blood-derived mononuclear
cells were cultured with plasma from ITP patients and healthy
people to incubate megakaryocytes. The plasma of patients
with ITP significantly inhibited the number and maturity of
megakaryocytes. Gene chip analysis showed that 14 virus
miRNA were up-regulated in the experimental group
(hsvl-miR-H7*  hsv2-miR-H9-3p  ebv-miR-BART19-3p
hsv2-miR-H24 hsv2-miR-H10 hsvl-miR-H17 hsvl-miR-H8*
ebv-miR-BART6-3p hsvl-miR-H14-3p ebv-miR-BARTS*
sv40-miR-S1-5p ebv-miR-BHRF1-2 hsv2-miR-H7-3p
hsv2-miR-H6). Bioinformatics analysis shows that they may
interfere with megakaryocyte maturation by regulating genes
related to cell development, metabolic process and, cell
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biosynthesis. Further studies showed that EBV-miR-BART6
down-regulated the expression of miR-185-5p in megakaryo-
cytes, which triggered the upregulation of ABCG4 gene expres-
sion.'® This effect is accompanied by the decrease of
megakaryocyte maturation, development, differentiation, and
cell proliferation.

EBV-miR-BART6-5p may target Dicerl to promote prolif-
eration and metastasis of nasopharyngeal carcinoma cells and
inhibit apoptosis.'®>*!’® However, miR-BART6-3p encoded
by EBV can inhibit tumors. It can target and down-regulate
long non-coding RNA LOC553103 and affect the stability of
3’'UTR of STMNI mRNA, so as to regulate the expression of
cell cycle-related proteins and inhibit the proliferation of
EBV-related tumor cells.'”' According to the “asymmetry
rule”, the miR-BART6 double chain predicts that the 3p
chain is selected as the effective chain because the stability of
the 5" end of the 3p chain is worse. However, it was noted that
the more stable 5p chain at the 5" end of the double chain is
more effectively loaded into miRISC as the effective chain,*®'%
EBV miR-BART6-5p combined with dexitabine can enhance
the expression of miR-29 in EBV-positive Burkitt lymphoma
cell lines.*® MiR-BART6-3p avoids RIG-I recognition by target-
ing RIG-I (a pattern recognition receptor), evades the host’s
innate immune response, and promotes EBV infection.'’?

MiR-557 is highly expressed in human megakaryocytic leu-
kemia cells and plasma of children with ITP, its inhibitors
improve ITP by regulating apoptosis-related genes and cellular
immunity and activating Akt/ERK pathway.®* MiR-557 inhib-
itors may significantly inhibit the excessive apoptosis of mega-
karyocytes by reducing the expression of apoptosis genes
caspase-3 and Bax. MiR-557 inhibitors can not only increase
the cell survival rate, inhibit apoptosis and improve the symp-
toms of hemorrhage in ITP model rats, but also increase the
number of platelets and megakaryocytes, promote TPO-induced
megakaryocyte multinucleation, and promote cell division. In
addition, miR-577 inhibitors could increase the ratio of Treg/
CD4+ T-cells, increase the level of TGF-beta and decrease the
level of IL-6 in peripheral blood of rats.

Platelets are essential for proper hemostasis and thrombosis.
Although platelets lack nuclei, there are functional splicing
bodies and signal-dependent precursor mRNA splicing in
them, as well as miRNA and the processing mechanism of
miRNA.'7>'7* Although the number of miRNA in platelets is
significantly lower than that in nucleated cells, it is also rich
in species, accounting for about 30% of the currently annotated
mature human miRNA.'” There is evidence that although a
large proportion of platelet miRNA content comes from mega-
karyocytes, platelets can also absorb miRNA from the environ-
ment and transfer it to other cells.'”®'”” Among them, miR-96
regulates the expression of vesicle associated membrane protein
8 (also known as endobrevin), while miR-223 plays an opposite
role in platelet production and function.'”*'”® In recent years,
the research on the target of miRNA in ITP is becoming more
and more clear.

Microarray analysis was used to compare the expression of
miRNA in platelets of patients with ITP and healthy controls.

There were 115 miRNAs differentially expressed between the
two groups.*> Nine miRNAs were further verified by
RT-qPCR, and the results showed that 4 miRNAs were only
expressed in ITP (miR-338-5p, miR-765, miR-122-5p and
miR-451b), and the other 5 miRNAs were significantly
decreased in ITP (miR-133a-3p,miR-224-3p miRNA
miR-452-5p, miR-491-5p and miR-15a-3p). Bioinformatics
analysis of 115 differentially expressed miRNAs showed that
miR-548a-5p was the most important regulator of down-
regulated miRNA and miR-6867-5p was the most important
regulator of up-regulated miRNA; they regulated 50 and 24
related target genes respectively. Multiple miRNAs may jointly
regulate celladhesionmolecules (CAMs) pathway and play an
important role in platelet cell adhesion, which may explain the
role of CAMs pathway in the pathogenesis of ITP.!”

Circulating Cell-Free miRNA

In addition to nucleated cells and platelets, miRNA also exists
in the extracellular environment, which is wrapped in extracel-
lular vesicles and circulates with body fluids to establish com-
munication between cells.'® Circulating cell-free miRNA
comes from different types of cells and exists in plasma or
serum, urine, saliva, and other body fluids, and the content is
stable. As a non-invasive “fluid biopsy”, cell-free miRNA anal-
ysis provides a promising strategy for disease diagnosis, prog-
nosis, and monitoring. For example, specific cell-free miRNA
shows good diagnostic effectiveness in many diseases, such
as cancer, central nervous system diseases, obesity and so
on."""82 There is no doubt about the change of miRNA in
plasma or serum of ITP patients (Appendix A), but it is not
clear to what extent the circulating miRNA spectrum of patients
with ITP has changed, and whether the spectrum of this change
can be used as a biomarker to improve the diagnostic level of ITP.

Two studies used Agilent human miRNA microarray
(Version 19) to analyze plasma miRNA profiles.
Unfortunately, miR-4499 up-regulated, which was the only
similarity between the two studies, although both studies used
qRCP to verify part of the miRNA to confirm the accuracy of
the microarray results.'®*'®* The main reason for this result
may be the difference in the number of included cases, This
will require further study.

In ROC analysis, 10 miRNAs (miR-144-3p, miR-320c,
miR-642b-3p,  miR-1275, miR-3141, miR-3162-3p,
miR-4270, miR-4499, miR-4739 and miR-6126) had positive
diagnostic value when tested alone.'® Of those 10 miRNAs,
miR-3141 had the best AUC value of 0.729 (95% CI: 0.627
to 0.830). When the four (miR-144-3p, miR-1275, miR-3141
and miR-3162-3p) miRNAs were analyzed as a group or
together with antiplatelet autoantibodies, the diagnostic value
was increased. It was also found that the level of plasma
miR-3162-3p was positively correlated with platelet count in
patients with ITP.

As the disease progresses, so does miRNA. For example, the
expression of miR-642-3p,miR-1275,miR-3141, and miR-4499
is up-regulated in newly diagnosed ITP patients, while plasma
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Figure 2. Abnormal expression of cell-associated miRNAs in ITP.

miR-144-3p,miR-320C,miR-3162-3p, and miR-6126 levels are
changed in patients with persistent and chronic ITP. Plasma
miR-320c levels were significantly increased in ITP patients
who responded to hormone therapy.'®* In the plasma of chil-
dren with ITP, the level of miR-302c-3p in patients with
acute ITP was 4.4 times higher than that in patients with
chronic ITP (P < 0.028)."% As for miR-223-3p, acute ITP is
27.59 times higher than that of chronic ITP patients.

Another study isolated exosomes from plasma of patients
with ITP for proteomic analysis and RNA sequencing, and
found 16 differentially expressed miRNA (6 down-regulated
and 10 up-regulated (Supplemental Figures A), and one
up-regulated exosome protein (apolipoprotein E, ApoE). The
expression of three exosomes miRNA was evaluated by
qPCR. In ITP patients, the expression of miR-142-5p and
miR-29b-3p increased, while the expression of miR-584-5p
decreased.'®®

There were 81 miRNAs differentially expressed in ITP
patients. Using droplet digital PCR for verification, three
kinds of miRNA differential expression were found in ITP
patients before TPO-RA treatment: miR-199a-5p down-
regulated, miR-33a-5p, and miR-195-5p up-regulated. ROC
curve analysis showed that the combination of miR-199a-5p
and miR-33a-5p could distinguish ITP patients from the
control group, and the AUC was 0.93.'%7

The change of plasma miRNA level may reflect the potential
autoimmune response of ITP and subsequent platelet destruc-
tion. The source of plasma miRNA cells is still unknown,
which may come from damaged or apoptotic cells or platelets,
or from changes in an autoimmune response. The results of the
above independent studies are very different. There is still a
long way to go for circulating cell-free miRNA to be used as
a “fluid biopsy” to guide the prognosis of ITP, which may be
the focus of research in the future.

Differential Expression of miRNA Before and After
Medical Treatment

The aim of ITP treatment is to raise the platelet count to a safe
level to reduce the risk of death from massive bleeding. The
standard of care for newly diagnosed patients remains cortico-
steroid."®1°" TPO receptor agonist (TPO-RA) is a safe and
effective treatment option for chronic ITP patients who are at
risk of bleeding after first-line treatment failure. The continuous
response to TPO-RA can last as long as 6 to 8 years.189
Thrombopoietin (TPO), synthesized in the liver, induces intra-
cellular signaling cascades by binding and activating TPO
receptors on the surface of megakaryocytes.'®!

Using miRNA PCR panel analysis, 14 miRNAs showed sig-
nificant changes during TPO-RA treatment. Quantitative


https://journals.sagepub.com/doi/suppl/10.1177/10760296221093595

Zhao et al.

13

analysis by ddPCR showed that 6 miRNAs (miR-199a-5p,
miR-33a-5p, miR-382-5p, miR-92b-3p, miR-26a-5p and
miR-221-3p) changed after treatment with TPO-RAs, of
which 5 (except miR-33a-5p) increased 2 weeks after
TPO-RAS. MiR-33a-5p decreased 6 weeks after TPO-RAs
compared with that before treatment. The level of
miR-195-5p was not affected by TPO-RAs and was signifi-
cantly higher than that in the control group, which may indicate
that it may play a role in the pathophysiology of ITP. The levels
of miR-199a-5p and miR-221-3p before treatment are helpful to
predict the response of platelets to TPO-RA treatment.'®’

The expression of 25 miRNAs (Supplemental Figures A)
was down-regulated in ITP patients (p < 0.005), and the expres-
sion level was similar to that of the normal control group after
QSBLE treatment. 44 miRNAs were differentially expressed
between the treatment group and the ITP group (35
up-regulated and 9 down-regulated), of which 14 targeted 31
known ITP-related genes. 13 of the 14 miRNA were
up-regulated after QSBLE treatment. Bioinformatics analysis
showed that most of the 31 known ITP related genes were
involved in the immune process of B cells and T cells. the treat-
ment of ITP by QSBLE may be achieved by up-regulating and
restoring part of miRNA to suppress many important immuno-
reactive genes.”!

Conculsion

In the past few years, the research on miRNA has made rapid
progress, especially in immunology (Figure 2). This provides
new insights into the pathophysiology of ITP. The relationship
between miRNA action mechanism and ITP is complex, and we
only understand a small part of it. In this review, we focus on
some of the detailed changes known in immunology. The
results of many studies point to the abnormal expression of
miRNAs such as miR-155, miR-146, mir-142 and miR-181,
which play an important role in the pathophysiology of ITP.
This also shows that they are hotspots in current research.
The detection of ITP related miRNA can be used as a correct
potential biomarker for the diagnosis and prognosis of ITP.
The levels of miR-199a-5p and miR-221-3p are helpful to
predict the response of patients to TPO-RAs treatment. The
level of miR-155 is helpful to predict the prognosis of elderly
patients. It is worth noting that most of the results described
have not been reproduced, which may be due to blood
sources, different population sizes and different races studied,
as well as the use of different RNA isolation and detection tech-
nologies. Therefore, standardized detection schemes are needed
in the future, including more sensitive miRNA detection
methods and quantitative analysis models. In conclusion, it
may be very promising to continue to analyze the role of
miRNA in the development and progress of ITP.
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