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ABSTRACT
This study aimed to reveal the mechanism of miR-146b-5p in the differentiation of bone marrow 
mesenchymal stem cells (BMSCs) derived from children with aplastic anemia (AA). Here, we found 
that miR-146b-5p was highly expressed in BMSCs from children with AA, and the BMSCs surface 
markers expressions in BMSCs derived from children with AA and the healthy controls exerted no 
significant differences. Besides, the overexpression of miR-146b-5p in normal human-derived 
BMSCs promoted the adipogenic differentiation of BMSCs. Furthermore, miR-146b-5p negatively 
regulated SIAH2 luciferase activity, and the interference with miR-146b-5p reduced the stability of 
PPARγ protein and inhibited SIAH2-mediated ubiquitination of PPARγ protein. Besides, the inter-
ference with miR-146b-5p was beneficial for ameliorating AA in a mouse model of AA. Overall, our 
results found that miR-146b-5p was highly expressed in BMSCs from children with AA, and our 
further studies indicated that miR-146b-5p improved AA via promoting SIAH2-mediated ubiqui-
tination of PPARγ protein.
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Introduction

Aplastic anemia (AA) in children is a common bone 
marrow hematopoietic failure disease in children 
and mainly caused by the abnormal hematopoietic 
function of the bone marrow microenvironment 
[1,2]. Bone marrow mesenchymal stem cells 
(BMSCs) are important components of the bone 
marrow hematopoietic microenvironment and sti-
mulate the hematopoietic function of the bone mar-
row microenvironment, and can differentiate into 
adipocytes under certain conditions [3]. Previous 
researches have clarified that the adipogenic differ-
entiation of BMSCs can inhibit the hematopoietic 
function of the bone marrow microenvironment by 
increasing the formation of adipocytes [4,5]. 
Therefore, the inhibition of adipogenic differentia-
tion of BMSCs has the potential to improve AA in 
children by reducing the formation of adipocytes.

MicroRNAs (miRNAs) are a class of non-coding 
RNAs of approximately 22 nucleotides in length [6]. 
As reported, miRNAs can lead to the degradation of 
mRNAs via binding to the 3� untranslated region 

(UTR) of these mRNAs [7,8]. Emerging evidence 
suggests that miRNAs are important regulators in 
the adipogenic differentiation of BMSCs [9], and the 
dysregulation of miRNAs is involved in the evolve of 
several diseases including AA [10]. Adhikari S. et al 
found that miR-1202 is highly expressed in tissues 
from AA patients compared to healthy control [11]. 
According to another study, increasing the expression 
of miR-214-3p can promote BMSC adipogenic differ-
entiation, while the interference with miR-214-3p 
produces the opposite effect [12]. Furthermore, 
Zhao J. et al showed that miR-204 is a key regulator 
of the differentiation in BMSCs-derived from AA, and 
the knockdown of miR-204 can relieve AA through 
repressing the adipogenic differentiation of BMSCs 
[13]. Therefore, exploring more miRNAs that can 
alleviate AA by inhibiting the adipogenic differentia-
tion of BMSCs is significant.

Peroxisome proliferator-activated receptor gamma 
(PPARγ) is ligand-activating receptors in the nuclear 
hormone receptor family [14]. PPARγ is a key tran-
scription factor for adipocyte formation and plays 
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pivotal roles in BMSC adipogenic differentiation [15]. 
Xu X. et al found that the up-regulation of PPARγ 
expression can boost the adipogenic differentiation of 
BMSCs [16]. Also, other researches indicate that the 
expression of PPARγ is up-regulated in BMSCs, and 
this high expression of PPARγ boosts BMSC adipo-
genic differentiation [17,18]. Therefore, how to reduce 
the expression of PPARγ in BMSCs has become the 
focus of the next study. Emerging evidence suggests 
that the ubiquitin-proteasome system plays a critical 
role in regulating the expression of PPARγ in adipo-
cytes [19]. As reported, E3 ubiquitinase tripartite 
motif protein 23 (TRIM23) can down-regulate 
PPARγ by mediating the ubiquitination of PPARγ 
protein [20]. Interestingly, seven-in-absentia homolog 
2 (SIAH2) is one of the E3 ubiquitin enzymes and can 
down-regulate PPARγ protein by mediating PPARγ 
ubiquitination in adipocytes [21]. Thus, promoting 
SIAH2-mediated ubiquitination of PPARγ protein 
to down-regulate the level of PPARγ protein has the 
potential to improve AA.

Generally, our results found that miR-146b-5p and 
PPARγ were abnormally overexpressed in BMSCs 
from children with AA, while SIAH2 was lowly 
expressed, and our further studies indicated that 
miR-146b-5p could ameliorate AA via promoting 
SIAH2-mediated ubiquitination of PPARγ protein. 
Moreover, animal experiments had also shown that 
the interference with miR-146b-5p could attenu-
ate AA.

Materials and methods

Isolation, culture, and identification of bone 
marrow mesenchymal stem cells

Bone marrow mesenchymal stem cells (BMSCs) 
were isolated from bone marrow samples from 
children (aged 4–17 years) with confirmed aplastic 
anemia (n = 9) and children (aged 4–17 years) 
with other diseases excluding blood (n = 9). The 
diagnostic criteria for patients with AA were pan-
cytopenia and hypocellular BM and does not 
include other underlying diseases. Briefly, bone 
marrow samples isolated from the above two 
groups were resuspended in DMEM medium 
with the addition of 10% fetal bovine serum 
(FBS, Gibco), penicillin (100 U/mL) and 

streptomycin (100 μg/mL), and then placed them 
in 37°C, 5% CO2 environment for cultivation. The 
fresh medium was replaced every 3 d. In this 
paper, we used BMSCs cultured to the third gen-
eration for the subsequent experiments. Besides, 
flow cytometry was performed to detect BMSCs 
surface markers expressions. Our research was 
approved by the Medical Ethics Committee of 
the First Affiliated Hospital of Zhengzhou 
University (2020-KY-150), and written informed 
consent was obtained from all the patients 
involved.

Flow cytometry

The surface markers of BMSCs isolated from chil-
dren with confirmed AA was assessed by flow 
cytometry. BMSC surface markers CD45, HLA- 
DR, CD34, CD29, CD105 and CD44 were selected 
according to these previous literatures [22–24]. 
Briefly, BMSCs were incubated with antibodies 
for 0.5 h at the environment of room temperature, 
and then the cells were added in 0.3 mL PBS 
supplemented with 1% BSA. Finally, the Accuri 
C6 flow cytometer was used to collect data, and 
then the data were analyzed by FlowJo software.

Oil red O staining

BMSCs were stained by Oil Red O (Sigma). Briefly, 
BMSCs were fixed with 10% formaldehyde for 
30 min. Subsequently, the BMSCs were stained 
with 0.3% oil red O (ORO), and lipid droplets of 
differentiated cells were obtained. Finally, we 
viewed these cells using an inverted optical micro-
scope and saved these figures.

Cell transfection

Human BMSCs (1 × 106) were seeded in 6-well plates. 
After the miR-146b-5p mimic or miR-146b-5p inhi-
bitor+si-SIAH2 was added into the DMEM medium, 
we added Lipofectamine 2000 into the medium, and 
the miRNAs and Lipofectamine 2000 were mixed fully 
at room temperature for 10 min and then added the 
mixtures into the above 6-well plate in equal amount. 
Fresh medium was added after 6 h of transfection. The 
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control cells were treated with the same volume of 
lipofectamine.

Adipogenic differentiation of BMSCs

To induce BMSC adipogenic differentiation, we 
seeded the BMSCs (1 × 104) in a 24 well plate 
supplemented with the adipogenic induction med-
ium containing 10% FBS and 10% adipogenic dif-
ferentiation medium additive and then placed in 
37°C, 5% CO2 environment to continue culturing 
for 12 h, and we changed the fresh adipogenic 
induction medium every 4 d. Next, oil red 
O staining was performed to observe the lipid 
droplets in the BMSCs.

Total RNA extraction and quantitative real-time 
PCR

Based on the instructions of the manufacturer, 
TRIzol reagent (Takara) was used to extract the 
total RNA. Subsequently, the above-extracted RNA 
was synthesized into cDNA by the Prime-Script RT 
kit (Takara). Next, the real-time PCR was performed 
using the miScript SYBR® Green PCR Kit (QIAGEN) 
and ABI 7300 Real-Time PCR System (Applied 
Biosystems). U6 was used as an endogenous control. 
The relative expressions were calculated by the 
2−ΔΔCT method. The primer sequences used in this 
research were listed: miR-146b-5p: forward 5′- 
CGCGTGAGAACTGAATTCCAT-3′, reverse 5′- 
AGTGCAGGGTCCGAGGTATT-3′. U6: forward 
5′-GCTTCGGCAGCACATATACTAA-3′, reverse 
5′-AAAATATGGAACGCTTCACGA-3′.

Western blot analysis

BMSCs were lysed by RIPA lysis buffer and then 
the concentrations of the total proteins were quan-
tified by a BCA kit (Thermo Fisher Scientific). 
Next, the above proteins were separated using 
SDS-PAGE gel and then transferred them into 
a polyvinylidene difluoride (PVDF) membrane 
(Millipore), and then blocked them with 5% 
milk. Subsequently, we incubated this membrane 
with primary antibodies overnight at 4°C and the 
membrane and the HRP-conjugated secondary 

antibody were then incubated together for 1 h. 
Finally, Fuji (Japan) SUPER RX-N-C films were 
performed to visualize the intensity of proteins. 
The details of the antibodies used in this study 
were listed: SIAH2 (Abcam, ab31234), PPARγ 
(CST, #2443); C/EBP-α (Abcam, ab40764), 
FABP4 (CST, #2120), GAPDH (Abcam, 
ab181602).

Dual-luciferase reporter experiment

The dual-luciferase reporter assay was conducted 
concerning the previous methods with several 
minor revisions [25]. Briefly, we constructed 
a luciferase reporter vector containing the SIAH2 
3ʹUTR and cloned the SIAH2 3ʹUTR with the 
binding site mutation (mut) of miR-146b-5p into 
the same reporter vector as control. The above 
recombinant vector was then transfected into 
human BMSCs. After 2 d, the luciferase activity 
was tested by a dual-luciferase reporter assay sys-
tem (Promega).

Cycloheximide-chase experiment

To assess the influence of miR-146b-5p on PPARγ 
stability, cycloheximide (CHX)-chase assay was 
performed by using the routine protein synthesis 
inhibitor CHX [26]. Briefly, after the miR-146b-5p 
inhibitor was transfected into human BMSCs, the 
cells were treated with 20 μg/mL CHX for 0, 2, and 
4 h, respectively. Finally, Western blot assays were 
conducted to quantify the protein levels.

Immunoprecipitation and Ubiquitination assays

Immunoprecipitation and Ubiquitination Assays 
were performed to explore the influence of miR- 
146b-5p on PPARγ Ubiquitination. Specifically, 
we transfected inhibitor negative control (NC) 
+si-NC (inhibitor NC was the negative control 
of miR-146b-5p inhibitor and si-NC was the 
negative control of si-SIAH2), miR-146b-5p inhi-
bitor+si-NC, miR-146b-5p inhibitor+si-SIAH2 
into human BMSCs, and then these cells were 
handled with 10 μM MG132 for 5 h. 
Subsequently, these cells were lysed with a lysis 
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buffer with the addition of MG132, which is 
a protease inhibitor [27]. The above cell lysate 
was incubated with the antibody for 2–3 h and 
then incubated with protein A/G agarose resin 
overnight. Next, this protein A/G agarose resin 
was repeatedly washed with a lysis buffer, and 
Western blot was performed to quantify the 
eluted proteins.

Establishment a mouse model of aplastic anemia

Twenty-four C57BL/6 (aged 6–8 weeks, 18–20 g) 
male mice were stochastically grouped into these 
four groups: control (n = 6), AA group (n = 6), 
BMSC-inhibitor NC group (n = 6, the negative 
control of BMSC-miR-146b-5p inhibitor) and 
BMSC-miR-146b-5p inhibitor group (n = 6). 
Briefly, except for the control group, the other 
three groups of mice were injected subcutaneously 
in the dorsal region with 1500 mg/kg benzene in 
corn oil daily for 3 weeks [28]. Besides, we trans-
fected inhibitor NC, miR-146b-5p inhibitor into 
human BMSCs, and then injected BMSCs 
(2 × 109 cells) into the mice via tail vein [29], 
which were used as BMSCs-inhibitor NC and 
BMSCs-miR-146b-5p inhibitor group, respectively. 
We provided a timeline for each group in the 
model establishment (Supplementary Figure 1). 
All animal procedures were performed following 
the protocols approved by the Experimental 
Animal Ethics Committee of Zhengzhou 
University.

Hemoglobin counting experiment

Peripheral blood of the mice was taken on the 
14th day after the transplantation and then col-
lected in a test tube containing an anticoagulant 
ethylene diamine tetraacetic acid (EDTA). 
Subsequently, the hemoglobin number was quan-
tified using a BC5300 blood cell analyzer.

Hematoxylin-eosin staining

The bilateral femurs of the mice in the AA model 
were isolated and the pathological changes of the 
bone marrow tissues of each group were observed 

by HE staining. Specifically, the bilateral femurs were 
fastened with formalin and then embedded them in 
paraffin. Subsequently, the embedded wax block was 
fixed on a microtome and cut into 5 μm. The above 
sections were then immersed in xylene for dewaxing 
and then hydrated in gradient ethanol. Finally, the 
samples were stained with hematoxylin for 10 min 
and then stained with eosin for another 3 min.

Statistical analysis

All statistical analyzes in this study were con-
ducted by SPSS 23.0 software. All experimental 
data in this study were expressed as mean ± 
Standard Deviation (SD) unless otherwise stated. 
For the relevant data of animal experiments, we 
used a one-way analysis of variance post hock 
(Sidak) for statistical analysis. For the relevant 
data of human experiments, we used the 
Student’s t-test. The P-value <0.05 was considered 
to have a remarkable difference.

Results

Different expressions of miR-146b-5p, PPARγ and 
SIAH2 in bone marrow mesenchymal stem cells 
from children with aplastic anemia

To elucidate the expressions of miR-146b-5p, 
PPARγ, and SIAH2 in BMSCs from children 
with AA, we used routine protocols to separate 
BMSCs from bone marrow samples from the 
children with AA [30]. Based on flow cytometry 
analysis, it was found that the expressions of 
BMSC surface markers CD45, HLA-DR, CD34, 
CD29, CD105, CD44 in the Normal group 
(n = 9), and AA group (n = 9) exerted no 
significant differences (Figure 1(a)). Moreover, 
oil red O staining results displayed that the 
accumulation of lipid droplets was increased in 
the AA group, prompting that BMSCs derived 
from children with AA had a better adipogenic 
differentiation ability (Figure 1(b)). qRT-PCR 
results displayed that the expression of miR- 
146b-5p was dramatically up-regulated in the 
AA group (Figure 1(c)). Western blot analysis 
indicated that the protein level of SIAH2 was 
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down-regulated in the AA group, while PPARγ 
was up-regulated (Figure 1(d-f)).

miR-146b-5p promotes BMSC adipogenic 
differentiation

To clarify the influence of miR-146b-5p on BMSC 
adipogenic differentiation, we transfected miR- 

146b-5p mimic into normal human BMSCs and 
then induced BMSC adipogenic differentiation. 
From the analysis of qRT-PCR, it was found that 
compared with the Normal group, miR-146b-5p was 
up-regulated in the Induced group, and the transfec-
tion of miR-146b-5p mimic significantly up- 
regulated the expression of miR-146b-5p (Figure 2 
(a)). From the analysis of Western blot, it was found 

Figure 1. The expressions of miR-146b-5p, PPARγ, and SIAH2 in bone marrow mesenchymal stem cells from children with aplastic 
anemia. Bone marrow mesenchymal stem cells (BMSCs) were isolated from bone marrow samples of children (aged 4–17 years) with 
aplastic anemia (AA, n = 9) and children (aged 4–17 years) with other diseases excluding blood (Normal, n = 9), respectively. (a) The 
expressions of BMSC surface markers CD45, HLA-DR, CD34, CD29, CD105, CD44 in the Normal group and AA group were detected by 
flow cytometry. (b) The adipogenic differentiation ability of BMSCs was analyzed by oil red O staining (Under (×200) magnification). 
(c) The expression of miR-146b-5p was detected by qRT-PCR. **P < 0.01 vs Normal group. (d-f) The protein levels of SIAH2 and 
PPARγ were analyzed by Western blot. *P < 0.05, **P < 0.01 vs Normal group. ORO: Oil red O.
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that compared with the Normal group, the expres-
sions of adipogenic differentiation-related proteins 
PPARγ, C/EBP-α, and FABP4 were markedly up- 

regulated in the Induced group, and the transfection 
of miR-146b-5p mimic enhanced these trends 
(Figure 2(b)). Besides, oil red O staining results 

Figure 2. miR-146b-5p is involved in the adipogenic differentiation of BMSCs. miR-146b-5p mimic was transfected into normal 
human BMSCs and induced the adipogenic differentiation of BMSCs. (a) The expression of miR-146b-5p was detected by qRT-PCR. 
***P < 0.001 vs Normal group, ###P < 0.001 vs mimic Negative Control (NC) group. (b) The expressions of the adipogenic 
differentiation-related proteins PPARγ, C/EBP-α, and FABP4 were measured by Western blot. n = 3. ***P < 0.001 vs Normal group, 
##P < 0.01, ###P < 0.001 vs mimic NC group. (c) The ability of BMSCs adipogenic differentiation was analyzed by oil red O staining 
(Under (×200) magnification). ***P < 0.001 vs Normal group, ###P < 0.001 vs mimic NC group. The miR-146b-5p inhibitor was 
transfected into normal human BMSCs and induced the adipogenic differentiation of BMSCs. (d) Detection of miR-146b-5p 
expression. ***P < 0.001 vs Normal group, ###P < 0.001 vs inhibitor NC group. (e) Detection of PPARγ, C/EBP-α, and FABP4 protein 
levels. n = 3. ***P < 0.001 vs Normal group, ###P < 0.001 vs inhibitor NC group. (f) The ability of BMSCs adipogenic differentiation was 
analyzed by oil red O staining (Under (×200) magnification). ***P < 0.001 vs Normal group, ##P < 0.01 vs inhibitor NC group. ORO: Oil 
red O.
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displayed that compared with the Normal group, the 
accumulation of lipid droplets was raised in the 
Induced group, indicating that the ability of BMSC 
adipogenic differentiation was enhanced, and the 
transfection of miR-146b-5p mimic enhanced this 
trend (Figure 2(c)). Also, we transfected miR-146b- 
5p inhibitor into normal human BMSCs and then 
induced the adipogenic differentiation of BMSCs. 
From the analysis of qRT-PCR, it was found that 
compared with the Normal group, miR-146b-5p was 
raised in the Induced group, while the transfection of 

miR-146b-5p inhibitor reversed this raise (Figure 2 
(d)). Western blot assay showed that compared with 
the Normal group, PPARγ, C/EBP-α, and FABP4 
were up-regulated in the Induced group, while the 
transfection of miR-146b-5p inhibitor reversed these 
effects (Figure 2(e)). Also, oil red O staining results 
displayed that compared with the Normal group, the 
accumulation of lipid droplets was raised in the 
Induced group, while the transfection of miR-146b- 
5p inhibitor reversed this trend (Figure 2(f)). These 
above experimental results revealed that the 

Figure 3. miR-146b-5p participates in the adipogenic differentiation of BMSCs via SIAH2. (a) Online prediction software and dual- 
luciferase reporter assay were used to analyze miR-146b-5p could target regulated SIAH2 protein. n = 3. **P < 0.01 vs mimic 
Negative Control (NC) group. (b) After transfecting miR-146b-5p mimic or miR-146b-5p inhibitor into normal human BMSCs, the 
expression of SIAH2 was measured by Western blot. ***P < 0.001 vs mimic NC group, ###P < 0.001 vs inhibitor NC group. si-NC, si- 
SIAH2, miR-146b-5p inhibitor, miR-146b-5p inhibitor+si-NC, and miR-146b-5p inhibitor+si-SIAH2 was transfected into normal human 
BMSCs and induced the adipogenic differentiation of the cells. (c) The expressions of SIAH2, PPARγ, C/EBP-α, and FABP4 were 
detected by Western blot. ***P < 0.001 vs si-NC group. #P < 0.05, ##P < 0.01, ###P < 0.001 vs Control group. &&& P < 0.001 vs miR- 
146b-5p inhibitor+si-NC group. (d) Oil red O staining was used to analyze the ability of BMSC adipogenic differentiation (Under 
(×200) magnification). ***P < 0.001 vs si-NC group. ##P < 0. 01 vs Control group. && P < 0. 01 vs miR-146b-5p inhibitor+si-NC group.
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overexpression of miR-146b-5p boosted BMSC adi-
pogenic differentiation, while the interference with 
miR-146b-5p could produce the opposite influence.

miR-146b-5p influences BMSC adipogenic 
differentiation via targeting SIAH2

Subsequently, we explored how miR-146b-5p  
affected BMSC adipogenic differentiation. 
According to the results predicted by the oline soft-
ware, it was found that the miR-146b-5p contained 
the binding sites of the SIAH2 3ʹUTR, and the dual- 
luciferase reporter gene experiments displayed that 
miR-146b-5p negatively regulated the luciferase 
activity of SIAH2 (Figure 3(a)). After transfecting 
miR-146b-5p mimic or miR-146b-5p inhibitor into 
normal human BMSCs, Western blot assay demon-
strated that the overexpression of miR-146b-5p 
could down-regulate SIAH2 protein level, while the 
knockdown of miR-146b-5p produced the opposite 
effect (Figure 3(b)). si-NC, si-SIAH2, miR-146b-5p 
inhibitor, miR-146b-5p inhibitor+si-NC, and miR- 
146b-5p inhibitor+si-SIAH2 was transfected into 
normal human BMSCs and induced the adipogenic 
differentiation of the cells. From the analysis of 
Western blot, we found that SIAH2 was down- 
regulated and PPARγ, C/EBP-α and FABP4 were 
up-regulated after the transfection of si-SIAH2, and 
compared with the Control group, SIAH2 was up- 
regulated and PPARγ, C/EBP-α, and FABP4 were 
down-regulated in the miR-146b-5p inhibitor group, 

and compared with the miR-146b-5p inhibitor+si- 
NC group, SIAH2 was down-regulated and PPARγ, 
C/EBP-α, and FABP4 were up-regulated after the 
transfection of si-SIAH2 (Figure 3(c)). Besides, oil 
red O staining results demonstrated that the accu-
mulation of lipid droplets was raised in the si-SIAH2 
group, indicating that the ability of BMSCadipogenic 
differentiation was enhanced after the transfection of 
si-SIAH2, and compared with the Control group, the 
accumulation of lipid droplets was reduced in the 
miR-146b-5p inhibitor group, and compared with 
the miR-146b-5p inhibitor+si-NC group, the accu-
mulation of lipid droplets was increased in the miR- 
146b-5p inhibitor+si-SIAH2 group (Figure 3(d)). In 
summary, the above experimental results indicated 
that miR-146b-5p regulated the adipogenic differen-
tiation of BMSCs by targeting SIAH2.

miR-146b-5p regulates the ubiquitination 
degradation of PPARγ through SIAH2

To examine the function of miR-146b-5p in PPARγ 
ubiquitination, we transfected miR-146b-5p inhibi-
tor into normal human BMSCs and then processed 
these cells with 20 μg/mL cycloheximide (CHX) for 
0, 2, 4 h. Western blot analysis displayed that after 
the interference with miR-146b-5p, the level of 
PPARγ protein was significantly down-regulated 
(Figure 4(a)). Besides, after MG132 treatment of 
human BMSCs transfected with inhibitor NC+si- 
NC, miR-146b-5p inhibitor+si-NC, miR-146b-5p 

Figure 4. miR-146b-5p is involved in the regulation of the ubiquitination of PPARγ protein through SIAH2. (a) The miR-146b-5p 
inhibitor was transfected into human BMSCs and then the cells were treated with 20 μg/mL cycloheximide (CHX). The protein level of 
PPARγ was analyzed by Western blot. **P < 0.01 vs inhibitor NC group. (b) miR-146b-5p inhibitor and miR-146b-5p inhibitor+si- 
SIAH2 were transfected into human BMSCs and then the cells were treated with 10 μM MG132. The ubiquitination of PPARγ was 
assessed by immunoprecipitation (IP) and ubiquitination assays. in-NC: inhibitor Negative Control, miR-146b-5p in: miR-146b-5p 
inhibitor.
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inhibitor+si-SIAH2, the interference with miR- 
146b-5p promoted the ubiquitination degradation 
of PPARγ, while this promotion was reversed after 
the interference with SIAH2 (Figure 4(b)). The 
above data indicated that miR-146b-5p could regu-
late the ubiquitination of PPARγ protein by SIAH2.

Interference with miR-146b-5p alleviates AA

To further research the function of miR-146b-5p 
in AA mice, we established a mouse model of AA. 
Peripheral blood was taken on the 14th day after 
the transplantation, and hemoglobin counts were 
performed. The results displayed that the count of 
hemoglobin in the AA group was significantly 
reduced compared with the control group, while 
the count of hemoglobin in the BMSC-miR-146b- 
5p inhibitor group was significantly increased 
compared with the BMSC-inhibitor NC group 
(Figure 5(a)). HE staining of bone marrow tissues 
announced that the bone marrow hyperplasia was 
reduced, and the hematopoietic cells were rare, 
and the mouse bone marrow was filled with fat 
cells with large cavities in the AA group. Also, 
compared with the BMSC-inhibitor NC group, 
bone marrow hematopoietic failure was improved 
in the BMSC-miR-146b-5p inhibitor group (Figure 
5(b)). Based on qRT-PCR, it was found that miR- 
146b-5p was dramatically increased in the AA 
group, and compared with the BMSC-inhibitor 
NC group, miR-146b-5p was decreased in the 
BMSC-miR-146b-5p inhibitor group (Figure 5 
(c)). Western blot analysis indicated that SIAH2 
was down-regulated and adipogenic differentia-
tion-related proteins PPARγ, C/EBP-α, and 
FABP4 were increased in the AA group and com-
pared with the BMSC-inhibitor NC group, SIAH2 
was up-regulated and PPARγ, C/EBP-α, and 
FABP4 were down-regulated in the BMSC-miR 
-146b-5p inhibitor group (Figure 5(d)). In sum-
mary, the interference with miR-146b-5p could 
significantly ameliorate AA.

Discussion

More and more studies have shown that 
microRNAs (miRNAs) are closely related to 

the occurrence of various human diseases. 
However, the role of miRNAs in children with 
AA has not been fully elucidated. Here, we 
found that miR-146b-5p was extraordinarily 
highly expressed in BMSCs derived from chil-
dren with AA and the overexpression of miR- 
146b-5p boosted BMSC adipogenic differentia-
tion, and our intensive researches had shown 
that the interference with miR-146b-5p could 
attenuate AA by promoting SIAH2-mediated 
ubiquitination of PPARγ protein to down- 
regulate the PPARγ expression.

MiRNAs are endogenous non-coding RNAs 
with approximately 22 nucleotides in length and 
have important regulatory roles in multiple dis-
eases [31,32]. Recent studies have shown that sev-
eral miRNAs play a crucial role in the regulation 
of BMSC adipogenic differentiation [9,33]. As 
reported, miR-149-3p is significantly decreased 
during BMSC adipogenic differentiation and the 
overexpression of miR-149-3p can repress BMSC 
adipogenic differentiation [34]. Similarly, Zhu 
E et al found that the overexpression of miR-20a- 
5p enhances the formation of fat and boosts BMSC 
adipogenic differentiation [35]. Notably, BMSC 
adipogenic differentiation is one of the major 
pathological features of AA [36]. Therefore, inhi-
biting BMSC adipogenic differentiation via regu-
lating miRNAs has the potential to alleviate AA. 
As expected, our results illustrated that miR-146b- 
5p was dramatically increased in BMSCs from 
children with AA and the high expression of 
miR-146b-5p promoted the adipogenic differentia-
tion of BMSCs. Besides, our further studies indi-
cated that the interference with miR-146b-5p 
could improve AA by restraining BMSC adipo-
genic differentiation.

PPARγ is a major transcription factor that 
influences adipocyte differentiation, and PPARγ 
promotes the adipogenic differentiation of 
BMSCs [37,38]. PPARγ has been reported to be 
extraordinarily highly expressed in BMSCs from 
patients with AA and the inhibition of PPARγ 
expression can alleviate AA by inhibiting the adi-
pogenic differentiation of BMSCs [39]. Therefore, 
how to inhibit BMSC adipogenic differentiation 
by reducing PPARγ expression has become the 
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focus of the following study. Emerging evidence 
suggests that E3 ubiquitin ligase SIAH2 is involved 
in the regulation of many diseases progression via 
mediating proteins ubiquitination [40,41]. As 
reported, SIAH2-mediated HDAC3 protein ubi-
quitination is regulated by miR-335 [42]. Besides, 

another study has shown that SIAH2 can mediate 
the ubiquitination of Smad7 protein and this pro-
cess is regulated by miR-146b [43]. Furthermore, 
it is worth noting that SIAH2 can down-regulate 
PPARγ expression by promoting PPARγ ubiquiti-
nation [44]. Therefore, discovering the miRNAs 

Figure 5. Effect of the interference with miR-146b-5p on the mouse with AA. Twenty-four male C57BL/6 mice were randomly divided 
into the following four groups for the experiments: control group (n = 6), AA group (n = 6), BMSC-inhibitor NC group (n = 6), BMSC- 
miR-146b-5p inhibitor group (n = 6). (a) Hemoglobin counts were performed on each of the above groups. ***P < 0.001 vs control 
group, ##P < 0.01 vs BMSC-inhibitor NC group. (b) Hematoxylin-eosin (HE) staining was used to evaluate the changes in bone marrow 
histopathology in each group (Scale bar, 5.0 μm). (c) qRT-PCR was used to detect the expression of miR-146b-5p. ***P < 0.001 vs 
control group. ##P < 0.01 vs BMSC-inhibitor NC group. (d) Western blot was performed to detect the expressions of SIAH2 and 
adipogenic differentiation-related proteins PPARγ, C/EBP-α, and FABP4. ***P < 0.001 vs control group. #P < 0.05, ###P < 0.001 vs 
BMSC-inhibitor NC group.
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that can regulate SIAH2-mediated PPARγ ubiqui-
tination is of great significance to improve AA. In 
this study, we found that SIAH2 bound to miR- 
146b-5p and SIAH2-mediated PPARγ ubiquitina-
tion was also regulated by miR-146b-5p. Besides, 
our further studies had shown that miR-146b-5p 
could attenuate AA by promoting SIAH2- 
mediated PPARγ ubiquitination, which was con-
sistent with the above findings.

In general, our experimental data clarified that 
miR-146b-5p was overexpressed in BMSCs from 
children with AA, and our further studies indicated 
that miR-146b-5p improved AA via promoting 
SIAH2-mediated PPARγ protein ubiquitination. 
Besides, the animal experiments also indicated 
that the down-regulation of miR-146b-5p could 
improve AA. This research might provide new 
insights for improving AA, which was of great 
significance.
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