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ABSTRACT
Both microRNAs and T helper (Th) cells involve in autoimmune diseases and 

their effects and interactions in immune thrombocytopenia (ITP) remain unclear. In 
the present study, we investigated the expression profiles of seven immune-related 
microRNAs (miR-155, 146a, 326, 142-3p, 17-5p, 21 and 181a) and the frequencies of 
four Th cells (Th1, Th2, Th17 and Treg) in peripheral blood mononuclear cell (PBMCs) 
of ITP patients and healthy controls. Platelet autoantibodies specific for GPIIb/IIIa 
or GPIb/IX were measured using MAIPA method. The regulating effect of miR-146a 
on Th differentiation was evaluated after using agomir. Our results showed that the 
expression of miR-146a, miR-326 or miR-142-3p in ITP patients was lower than that 
of controls. The frequencies of Treg cells were decreased, whereas the frequencies 
of Th17 and Th22 cells were increased significantly in ITP patients compared to 
those in controls. The expression levels of miR-142-3p and miR-146a were negatively 
correlated with Th17 cells,respectively. The expression of miR-146a was positively 
correlated with the frequencies of Treg cells and platelet counts.No significant 
correlation was found between the miRNAs expression and different autoantibody 
groups. The up-regulated miR-146a expression with agomir contributed to the 
differentiation of Th17 and Treg in ITP patients.Moreover, miR-146a was increased 
in the presence of DEX in PBMCs of ITP patients in vitro.Our study represents the 
abnormal expression profile of immune-related miRNAs in ITP patients, and miR-146a 
may be involved in Tregs differentiation and function.

INTRODUCTION

Immune thrombocytopenia (ITP) is an acquired 
autoimmune disease characterized by accelerated platelet 
destruction and decreased peripheral platelet count [1]. 
Autoantibodies against platelet that result in platelet 
over-destruction are considered to be correlated with 
the pathophysiology of ITP. Moreover, T cells-mediated 
immune disturbance and cytotoxicity have been thought to 
be involved in its pathogenesis and disease progression [2-
6]. However, the cellular immune abnormalities and their 
mechanism in ITP patients remain unclear.

T helper (Th) cells involve in the development and 
progression of inflammatory and autoimmune diseases 
and tumors. Th17 and Th22 cells are two novel Th subsets 
important for peripheral immune responses. Th17 is a 
unique CD4+ Th subset characterized by production of 

interleukin-17 (IL-17). Th17 may have evolved for host 
protection against microbes that Th1 or Th2 immunity 
is not well suited for. Recent data in humans and mice 
suggest that Th17 cells involve in the pathogenesis of a 
diverse group of immune-mediated diseases as well as 
tumors. Recently, a novel subset of CD4+ Th cells, IL-
22-producing Th cells (Th22), have been identified and 
showed to challenge the classical Th1/Th2 paradigm [7, 
8]. Th22 cells are inflammatory CD4+ T cells that secrete 
IL-22 but do not express IL-17 or interferon-gamma 
(IFN-γ). Th22 cells have been shown to be important 
in the pathogenesis of many autoimmunity diseases. 
The discovery of Th17 and Th22 cells has opened up a 
new avenue for research into the etiology and treatment 
of a broad spectrum of diseases. Emerging evidence 
suggests that the imbalance of Th subsets contributes 
to the development of immune-related diseases, such 
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as myelodysplastic syndrome (MDS) [9], ankylosing 
spondylitis (AS) and rheumatoid arthritis (RA) [10]. We 
and others have previously demonstrated that Th1, Th17 
and Th22 cells were elevated, while the frequencies and/
or function of Treg cells were suppressed in the peripheral 
blood of ITP patients[7, 8, 11], indicating a vital role of 
Th imbalance in the pathogenesis of ITP. However, the 
molecular mechanisms that underline Th imbalances in 
ITP remain unknown.

 MicroRNAs(miRNAs) are a novel class of 
short (21-25 nucleotides), non-coding, evolutionary 
conserved RNAs that widely exist in plant, animal and 
other eukaryotes. MiRNAs regulate post-transcriptional 
gene expression through incomplete base pairing with 
the 3’-untranslated region (3’-UTR) of target mRNAs to 
degrade the target mRNAs or inhibit translation[12-14]. 
Recently, some studies indicated that miRNAs may 
involve in innate immunity and adaptive immunity 
by regulating immune cell differentiation and signal 
transduction[12]. It was demonstrated that miR-181a 
is a key molecule in modulating signal strength of T 
cell receptor (TCR) [15]. The expression of miR-150 is 
increased during the process of T cell maturation, while 
decreased rapidly in Th1 and Th2 cells [16]. Our and other 
studies found that miRNA were aberrantly expressed in 
ITP patients [17, 18], indicating they could be involved 
in the pathogenesis of ITP. Therefore, the imbalance of 
Th subsets may be related to the aberrant expression of 
miRNAs in ITP. However, to date, there is no data about 
the roles and relationship between miRNAs and Th cells 
in ITP patients.

 In this study, we measured the expression of seven 
immune-related miRNAs (miR-155, miR-146a, miR-
326, miR-142-3p, miR-17-5p, miR-21and miR-181a) 
and the frequencies of Th subsets (Th1, Th17, Th22 and 
Tregs) to investigate their profile and relationship in the 
pathogenesis of ITP. Moreover, their clinical relevance 
including response to treatment was also evaluated.

RESULTS

MiRNAs were aberrantly expressed in ITP 
patients

We studied the expression of seven immune-related 
miRNAs (miR-155, miR-146a, miR-326, miR-142-3p, 
miR-17-5p, miR-21 and miR-181a) in PBMCs of ITP 
patients and healthy controls.The expression of miR-146a, 
miR-326 or miR-142-3p in ITP patients was decreased 
significantly compared to that in healthy controls (P < 
0.05). Though miR-155 was elevated in ITP patients, 
it was not reach significant difference (P = 0.117). As 
for miR-17-5p, miR-21 and miR-181a, no statistical 
significance was found (Figure 1a-1g and Table 1). We 
also analyzed the expression of seven miRNAs in newly-
diagnosed and recurrent ITP patients, and no statistical 
significance was found.

Positive correlations were found among the seven 
miRNAs in ITP patients

In PBMCs of ITP patients, the expression of miR-
326 showed a significantly positive correlation with the 
expression of miR-146a or miR-181a (r = 0.605, P < 
0.001 or r = 0.421, P = 0.029, respectively) (Figure 2). No 
significant correlation was found between other miRNAs.

Clinical relevance of miRNAs in ITP patients

We next analyzed the association between miRNAs 
and platelet counts in ITP patients. A significantly positive 
correlation was found between the expression of miR-146a 
and platelet counts (r = 0.658, P = 0.0096) in ITP patients 
(Figure 3). No significant difference was found between 
the expression of miRNAs and clinical characteristics, 
including age and gender.

Thirty-one hospitalized patients received 
systematically corticosteroid therapy. Twenty-three 
patients were in response (R) while the other eight patients 

Table 1: Relative expression of miRNA in the two groups
miRNA ITP (n = 46) Healthy controls (n = 39)

median range median median
miR-155 2.93×10-2 (0.53-11.74)×10-2 2.37×10-2 (0.47-9.09)×10-2

miR-146a 7.27×10-2 (0.75-18.30)×10-2 8.84×10-2 (3.54-69.74)×10-2

miR-326 2.51×10-4 (0.24-37.99)×10-4 4.37×10-4 (0.31-139.85)×10-4

miR-142-3p 0.71 0.02-2.77 0.89 0.19-5.46
miR-17-5p 0.86×10-2 (0.12-11.03)×10-2 0.90×10-2 (0.13-10.81)×10-2

miR-21 0.19 0.03-1.44 0.20 0.01-3.41
miR-181a 0.93×10-2 (0.073-13.97)×10-2 1.51×10-2 (0.09-37.63)×10-2

Data were shown as median and range
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Figure 1: The expression of seven microRNAs in ITP patients and controls. b., c., d. The expression of miR-146a, miR-326 
or miR-142-3p in the PBMCs of ITP patients was decreased significantly compared to that in healthy controls (P < 0.05). a., e., f., g. No 
significant change was found for miR-155, miR-17-5p, miR-21 or miR-181a. h. The expression of miR-146a was increased in the presence 
of dexamethasone.
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were in no response (NR), and the response rate for 
therapy was up to 74.19%. The expression level of seven 
miRNAs was of no significant difference between the R 
group and NR group (P > 0.05,data not shown).

MiR-146a was increased in the presence of 
dexamethasone (DEX) in PBMCs of ITP patients 
in vitro

To determine the influence of DEX on the expression 
of miR-146a, we measured the change of miR-146a from 

PBMCs of ITP patients in the presence of DEX in vitro. 
As shown in Figure 1h, the expression of miR-146a was 
increased after treatment with 0.5μM DEX compared with 
negative control (P = 0.043).

The frequencies of Th17, Th22 and Treg cells were 
imbalanced in ITP patients

The typical dot plots of Th cells in representative 
ITP patients and healthy controls were shown in Figure 4. 
Compared with healthy controls (median, 4.06%; range, 

Figure 2: Correlation of the expression among seven microRNAs in ITP group. a. The expression level of miR-326 was 
positively correlated with miR-146a. b. The expression level of miR-326 was positively correlated with miR-181a.

Figure 3: Correlation of miR-146a expression with peripheral platelet count in ITP patients.
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1.6-5.86%), the frequencies of Treg cells (median, 2.9%; 
range, 0.59-5.52%; P = 0.004) were decreased in ITP 
patients (Figure 5d). Whereas, the frequencies of Th17 
(median, 2.9%; range, 1.25-6.55%; P = 0.049) and Th22 
cells (median, 0.93%; range, 0.27-3.75%; P = 0.042) 
in ITP patients were increased significantly compared 
to those in healthy controls (Figure 5b, 5c). As for Th1 
cells, no statistical change was found (Figure 5a). We also 
analyzed the frequencies of Th subsets in newly-diagnosed 
and recurrent ITP patients, and no statistical significance 
was found.

MiRNAs were correlated with Th subsets in ITP 
patients

To analyze whether the miRNAs correlated with 
T cell subsets in ITP patients, we performed Spearman’s 
test. The expression levels of miR-142-3p (r = -0.624, 
P = 0.01, Fig.6a) and miR-146a (r = -0.505, P = 0.039, 
Figure 6b) were negatively correlated with Th17 cells, 

respectively. The expression of miR-146a was positively 
correlated with the frequencies of Treg cells (r = 0.388, 
P = 0.045) in ITP patients (Figure 6c). The expression of 
miR-142-3p was marginally inversely correlated with the 
frequencies of Th22 cells (r = -0.371, P = 0.057).

The profile of miRNAs or Th subsets between 
autoantibody-positive and autoantibody-negative 
ITP patients

Twenty-six ITP patients were detected the 
antiplatelet autoantibodies, including 13 patients for 
positive autoantibodies, 5 patients for only one positive 
autoantibody and 8 patients for negative autoantibodies. 
The expression levels of seven miRNAs and the 
frequencies of T cell subsets were of no significant 
difference between the different autoantibody groups (P 
> 0.05,data not shown).

Figure 4: The representative plots of Th1, Th17 Th22 and Treg cells in ITP patients and controls. c. The percentage of Th1 
cells. d. The percentage of Th17 cells. e. The percentage of Th22 cells.g. CD4+ T lymphocytes.h. The percentage of Treg cells.
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frequencies of Th17 and Tregs. Our result showd that miR-
146a was increased in the presence of DEX in PBMCs of 
ITP patients in vitro. In our previously demonstrated that 
the percentage of Tc17 and Th17 cells decreased with the 
increase in the concentration of DEX[8].It was proven that 
miR-146a was highly expressed in Treg cells, and the latter 
can inhibit the differentiation of Th17 cells. Inhibition 
of RORγt activity or induction of Foxp3 restrains the 
differentiation of inflammatory Th17 cells in response to 

TGF-β[22]. Rudensky et al have demonstrated that miR-
146a was critical for the suppression function of Treg cells, 
and contributed to Treg-mediated control of Th1 responses 
in mice[34].These findings suggest that miR-146a may 
be involved in the pathophysiologic procedures of ITP. 
Joanna et al. demonstrated miR-146a was remarkably 
up-regulated in mouse and human megakaryopoiesis. 
They also found that overexpression of miR-146a in 
lympho-myeloid cells does not inhibit megakaryopoiesis 

Figure 7: The effects of miR-146a on Th cells of ITP patients. a., b. The frequency of Th17 was decreased after up-regulating 
miR-146a with agomir. c., d. The expression of FOXP3 was increased while the RORγt expression and the ratio of RORγt/FOXP3 were 
decreased after up-regulating miR-146a with agomir.

Figure 6: Correlation between Th1, Th17, Th22, Treg cells and the expression of seven miRNAs in ITP patients. a., b. 
The expression level of miR-142-3p or miR-146a was negatively correlated with Th17 cells, respectively (P < 0.05). c. The expression level 
of miR-146a was positively correlated with Treg cells (P < 0.05).


