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Abstract: Objective: To explore the effects of miRNA-140-5p on all-trans retinoic acid (ATRA)-induced inhibition of 
the adipogenic differentiation of mesenchymal stem cells (MSCs) in rats with steroid-induced osteonecrosis of 
the femoral head (SONFH). Methods: A SONFH rat model was constructed. MSCs were isolated and induced to 
undergo adipogenic differentiation by inhibiting miRNA-140-5p expression and/or ATRA treatment. Samples were 
divided into six groups according to the following interventions: control group (N); miR-NC (A), negative control of 
miR-140-5p-inhibitor); siRNA-miR-140-5p (B); ATRA (C); ATRA + miR-NC (D); and ATRA + siRNA-miR-140-5p (E). After 
transfection with miR-NC and siRNA-miR-140-5p in MSCs, all trans-retinoic acid was added at a dose of 1 μmol/L. 
miRNA-140-5p expression levels were detected using qRT-PCR, and fat content was quantitatively determined us-
ing oil red O staining. Retinoic acid receptor (RARα, RARβ, and RARγ) and lipogenic differentiation marker (C/EBPβ 
and PPAR-γ protein) expression levels were detected using enzyme-linked immunosorbent assay. Osteopontin and 
osteocalcin expression levels were detected using Western blot. Results: Oil red O staining demonstrated that miR-
140-5p knockdown or ATRA treatment significantly reduced cell fat content (P < 0.05). ATRA treatment inhibited 
RARα and RARγ expressions and promoted RARβ expression, which was also promoted by miR-140-5p knockdown 
(P < 0.05). Compared with the use of all-trans retinoic acid alone, simultaneous inhibition of miR-140-5p expres-
sion promoted the expression of retinoic acid receptor RARβ (P < 0.05), enhanced the induction of osteogenic 
differentiation of bone marrow mesenchymal stem cells (P < 0.05) and further inhibited adipogenic differentiation 
(P < 0.05). Thus, miR-140-5p expression inhibition or ATRA treatment can promote osteogenic differentiation and 
inhibit adipogenic differentiation of MSCs (P < 0.05). Conclusions: miR-140-5p knockdown combined with ATRA 
leads to an increase in RARβ expression and a stronger inhibition of adipogenic differentiation of MSCs than ATRA 
treatment alone.
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Introduction

Steroid necrosis of the femoral head (SONFH), 
also known as avascular necrosis or aseptic 
necrosis of the femoral head, is a bone meta-
bolic disease that is caused by extensive treat-
ment with glucocorticoids. It manifests as isch-
emic necrosis in the local bone trabecula and 
bone marrow, with collapse and fracture of the 
femoral head, and impaired hip function, which 
are induced by the turbulent intra-osseous 
environmental and depleted local blood supply 
[1, 2].

Currently, the primary treatment for clinical 
immunity diseases, along with other diseases, 

is hormone therapy, which is known to increase 
the incidence of SONFH [3, 4]. Reportedly, the 
proportion of femoral head necrosis caused by 
hormone therapy exceeds that caused by trau-
ma and is the primary cause of non-traumatic 
femoral head necrosis [5]. SONFH is character-
ized by rapid onset and a high disability rate, 
which severely impair the quality of life of 
patients [6].

The pathogenesis of SONFH is not clearly 
understood. One of its known causes is the 
stimulation of bone marrow stromal stem cells 
(BMSSCs) by glucocorticoids to differentiate 
into fat cells. The differentiation results in a 
series of pathological changes such as fat 
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metabolism disorders and osteoporosis; caus-
ing femoral head necrosis [7, 8].

Therefore, regulating the adipogenic differenti-
ation of BMSSCs is important for the treatment 
of SONFH. Recently, all-trans retinoic acid (AT- 
RA) has been shown to efficiently inhibit the dif-
ferentiation of MSCs into adipocytes. Liu et al. 
[9] reported that ATRA stimulates the osteogen-
ic differentiation of preadipocytes induced by a 
bone morphogenetic protein-9, BMP/Smad, 
and Wnt/β-catenin signaling and inhibits adipo-
genic differentiation. The knockdown of β-ca- 
tenin blocks the stimulation of BMP-9-induced 
alkaline phosphatase activity by ATRA and 
decreases the ability of ATRA to inhibit fat for-
mation in MSCs via BMP-9 expression. Zhang 
et al. [10] reported that ATRA inhibited the  
adipogenic differentiation of MSCs through the 
RARγ-c-fos-PPARγ2 signaling pathway. How- 
ever, the complete mechanism by which ATRA 
inhibits the adipogenic differentiation of MSCs 
remains unclear. In previous studies, the regu-
lation of cell differentiation by ATRA was affect-
ed by single-stranded non-coding microRNA 
levels. Yang et al. [11] reported that inhibiting 
the expression of miRNA-146a can restore 
transforming growth factor-beta1 (TGF-β1) sig-
naling by upregulating the expression of its tar-
get gene Smad4, which plays an important role 
in the differentiation of ATRA-induced acute 
promyelocytic leukemia cells. Therefore, the 
effects of ATRA are regulated by microRNAs. 
miR-140-5p is reported to be associated with 
adipogenic differentiation. Wang et al. [12] 
reported that miR-140-5p was significantly 
downregulated during adipogenic differentia-
tion in human MSCs. Zhang et al. [13] also 
showed that miR-140-5p regulated adipocyte 
differentiation via C/EBP/miR-140-5p/TGF-βR 
receptor I (TGF-βR1) regulatory feedback. TGF-
βR1 is known to be a direct target of miR-140-
5p [13]. The knockout of miR-140-5p increa- 
sed TGF-βR1 expression and inhibited the  
adipocyte differentiation of preadipocytes, th- 
us promoting their osteogenic differentiation. 
How-ever, it is still unclear whether miR-140-5p 
has an effect on ATRA-induced inhibition of the 
adipogenic differentiation of MSCs.

In this study, a rat model of SONFH was estab-
lished to explore the effects of miRNA-140-5p 
on ATRA-induced inhibition of the adipogenic 
differentiation of MSCs.

Materials and methods

Research subjects

Six healthy, male Sprague-Dawley rats were 
purchased from the Beijing Weitonglihua 
Experimental Animal Technology Co., Ltd [strain 
code, 101; production license number, SCXK 
(Beijing) 2012-0001]. They were fed the com-
mon nutritive feed (Beijing Zhecheng technolo-
gy co., LTD.), and drinking water was acidified to 
a pH of 2.5-3 after sterilization by autoclave. 
The mean age of the rats was 57.4 ± 1.8 days, 
and their average body weight was 312 ± 9.7 g. 
The feed temperature was maintained at 
18°C-22°C, and the relative humidity of the 
housing was 40%-70%. All rats were separately 
housed in the terrarium, and litter was cleaned 
every morning and evening. The ambient noise 
was maintained at ≤ 80 dB; the ammonia con-
centration was maintained at ≤ 20 ppm, and 
the air was ventilated 8-10 times per hour. Their 
housing was cleaned and disinfected, and 
replaced once or twice a week. The noise did 
not exceed 55 dB, and the ammonia concentra-
tion did not exceed 13 ppm. Moreover, fluores-
cent lamps were used for lighting at a 12-h 
light/dark cycle.

Establishing SONFH rat model 

The rats were injected with endotoxin in the tail 
vein on the first day at a dose of 10 μg/kg. After 
24 h, prednisolone acetate was subcutaneous-
ly injected at a dose of 21 mg/kg, and 80,000 
U of penicillin was administered to prevent 
infection. The injection was administered once 
every 24 h for three consecutive days. X-ray 
visualization was used to evaluate the rat 
models. 

MSC extraction and culture 

Forty-eight hours after successful modeling, 
rats were subjected to ether inhalation for 3 
min and were then sacrificed by intraperitone-
ally injecting pentobarbital (50 mg/kg). The rat 
tibia and femur were collected and washed 
under aseptic conditions before opening the 
epiphysis region. The bone marrow was washed 
out with cell growth media. After centrifugation 
at 1,000 rpm for 10 min, the supernatant was 
collected and resuspended to form a single-cell 
suspension, which was inoculated into com-
plete medium. The inoculation density was 5 × 
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analyzer, and A260/A280 ratios 
were considered satisfactory if 
they were between 1.8 and 2.1. 
After RNA extraction, reverse tran-
scription reactions were perfor- 
med; first strand cDNA was synthe-

104/mL, and the cells were cultured in an incu-
bator at 5% CO2 and 37°C to obtain third gen-
eration MSCs for subsequent use. Flow cytom-
etry was used to identify bone marrow derived 
MSCs by detecting the markers CD29, CD44, 
CD45, CD90, CD34, and CD11b on the surface 
of MSCs.

Intervention methods

Briefly, siRNA-miR-140-5p and miR blank vec-
tor (miR-NC) were designed and synthesized by 
Thermo Fisher Scientific. MSCs were trypsin-
ized for 24 h before transfection, and the 
expression vector was transfected according to 
the manufacturer’s instructions when the cells 
were fused to approximately 80% (20 pmpl of 
the expression vector and 1 μl of Lipofectamine 
2000). The medium was cultured for 48 h in a 
5% CO2 incubator at 37°C, and the medium was 
changed every 6 h. Untreated MSCs were used 
as negative controls (control group, N). 

After transfection, media was replaced with 
adipogenic differentiation medium (Jiangsu 
Punuosheng Biotechnology Co., Ltd., lot No. 
C-28011) for inducing adipogenic differentia-
tion, and ATRA, miR-NC, or siRNA-miR-140-5p 
were simultaneously added. Samples were 
divided into six groups: control group, miR-NC, 
siRNA-miR-140-5p, ATRA alone, ATRA + miR-
NC, and ATRA + siRNA-miR-140-5p. The forma-
tion of fat droplets indicated the end of fat 
induction. The dose of ATRA (Shanghai Beinuo 
Biotechnology Co., Ltd.; lot number, R2625-
100MG) was 1 μmol/L [14]. After transfection, 
the medium was changed to adipogenic differ-
entiation medium for adipogenic differentia-
tion, and all-trans retinoic acid was added for 
intervention.

qRT-PCR

MSC suspension was adjusted to 1 × 107 cells/
mL, and TRIzol™ reagent was added at a ratio 
of 3:1 for total RNA extraction. After extraction, 
RNA integrity was analyzed using 1.5% agarose 
gel electrophoresis. The purity of extracted 
RNA was assessed with a micronucleic acid 

sized and then amplified using PCR. The PCR 
amplification reaction included 2 μL of cDNA 
template, 1 μL of diluted cDNA, 5 μL of 2*SYBR 
Green mixture, 1 μL each of the upstream and 
downstream primers, and double distilled water 
added to 10 μL. This was followed by 40 cycles 
of pre-denaturation at 94°C for 30 s, denatur-
ation at 94°C for 5 s, and annealing at 60°C for 
30 s. Dissolution curve analysis was performed 
at the end of the experiment. U6 was used as 
an internal reference. The results were ana-
lyzed using the 2-ΔΔCt method. TRIzol™ Reagent 
was purchased from Chengdu Dongsheng 
Kechuang Technology Co., Ltd. (lot number, 
15596026). The SYBR GREEN real-time fluo-
rescent quantitative PCR kit was purchased 
from Nanjing Kebai Biotechnology Co., Ltd.,  
(lot number, 4310251). The primer sequence  
was designed and synthesized by Herzen 
Biotechnology Co., Ltd. (Shanghai) (Table 1).

Enzyme-linked immunosorbent assay (ELISA)

ELISA was used to detect MSC surface expres-
sion of retinoic acid receptors (RARα, RARβ, 
and RARγ), C/EBPβ, and PPAR-γ as adipogenic 
differentiation markers on bone marrow as  
per the manufacturer’s protocol. RARα, RARβ, 
and RARγ detection kits were purchased  
from Shanghai Jingkang Biological Engineer- 
ing Co., Ltd. (lot numbers, JK-(a)-E03755, 
JK-(a)-E03754, and JK-(a)-E03753, respective-
ly). C/EBPβ and PPAR-γ detection kits were pur-
chased from Changsha Dalfeng Biotechnology 
Co., Ltd. (lot numbers, EBRK1320H1/H2 and 
BRK_0368R1, respectively).

Western blot analysis

Cell proteins were extracted suing the repeated 
freeze-thaw method and separated using poly-
acrylamide gel electrophoresis. Initially, voltage 
was set to 90 V and was then increased to 120 
V to move the sample to an appropriate posi-
tion on the separation gel. After electrophore-
sis, the film was subjected to 100 V for 100 
min, and the gel was sealed for 60 min at 37°C. 
The transfer membrane was then blocked in 

Table 1. Primer sequence
Upstream primer Downstream primer

U6 CTCGCTTCGGCACA AACGCTTCACGAATTTGCGT
miR-140-5p GAGTGTCAGTGGTTTTACCCT GCAGGGTCCGAGGTATTC
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Figure 1. Quantitative determination of fat content. * 
indicates P < 0.05 compared with the control group; 
# indicates P < 0.05 compared with the A group; & 
indicates P < 0.05 compared with the B group; $ in-
dicates P < 0.05 compared with the C group; @ indi-
cates P < 0.05 compared with the D group; N: control 
group; A: miR-NC group; B: siRNA-miR-140-5p group; 
C: All-trans retinoic acid + control group; D: All-trans 
retinoic acid + miR-NC group; E: All-trans retinoic acid 
+ siRNA-miR-140-5p group.

5% skim milk and incubated with primary  
antibody (1:1000) [anti-osteopontin (OPN)  
antibody from R&D Systems Inc, Minneapolis, 
USA; lot number, MAB14331; anti-osteocalcin  
(OC) antibody from Thermo Fisher Scientific, 
Massachusetts, USA; lot number, MA1-20788] 
at 4°C for 16 h. Cells were then washed three 
times with PBS for 5 min and incubated  
with Goat anti-mouse IgG secondary antibody 
(1:1000; Santa Cruz Biotechnology, CA, USA) 
for 1 h at room temperature using β-actin as an 
internal control. Blots were visualized using ECL 
luminescent reagent, and the images were sta-
tistically analyzed using Quantity One software. 
The relative expression levels of protein were 
equal to the band gray value/internal para- 
meter gray value. The western blot test kit  
used was purchased from Shanghai Youyu 
Biotechnology Co., Ltd. (lot number, JC-445). 

Oil red O staining

After 2 weeks of culture in adipogenic differen-
tiation medium, the cells were washed with 
PBS, fixed with 4% neutral formaldehyde at RT 
for 30 min, and washed twice with PBS for 5 
min to remove residual formaldehyde. Then, 3 
mL of oil red O dye solution (0.5 g, 50% ethanol 
100 mL) was added, and cells were incubated 
at RT for 30 min. This was followed by washing 
three times with PBS to remove excess oil red 
O. Subsequently, 200 μL of isopropanol was 
added and allowed to stand at RT for 5 min to 

dissolve the stain in the fat droplets. Fat con-
tent was then quantitatively determined by 
measuring the absorbance at 570 nm using a 
CLARIO star full-featured multi-function micro-
plate reader (Boqi Technology Co., Ltd., Hong 
Kong). 

Statistical methods

The statistical processing of data was per-
formed using SPSS 19.0 (Asia Analytics, for-
merly SPSS China). Count data were expressed 
as means ± standard deviation (mean ± SD). 
One-way ANOVA was used for comparison 
among groups; the LSD test was used as the 
post hoc test. Moreover, the Pearson’s correla-
tion coefficient was used to measure the cor-
relation between miRNA-140-5p and PARβ pro-
tein. P < 0.05 indicated a statistically significant 
difference.

Results

Quantitative determination of fat content

Significant differences were noted among the 
six groups with regard to fat content in the cells 
(all P < 0.001). Fat content in the B, C, D, and E 
groups were significantly lower than those in 
the control (N) and A groups (all P < 0.05). Fat 
content in the C, D, and E groups was signifi-
cantly lower than that in the B group (all P < 
0.05) and that in the E group was significantly 
lower than that in the C and D groups (all P < 
0.05) (Figure 1).

RARα, RARβ, and RARγ expression level

Significant differences were noted among the 
six groups regarding RARα, RARβ, and RARγ 
expression levels (all P < 0.001). RARα and 
RARγ expression levels in the C, D, and E groups 
were significantly lower than those in the con-
trol (N), A, and B groups (all P < 0.05). RARβ 
expression level in the B, C, D, and E groups 
was significantly higher than that in the N and A 
groups (all P < 0.05); that in the C, D, and E 
group was significantly higher than that in the B 
group (all P < 0.05); and that in the E group was 
significantly higher than that in the C and D 
groups (all P < 0.05) (Table 2).

miR-140-5p expression levels

miR-140-5p expression levels among the six 
groups were significantly different (all P < 
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0.001) with those in the B and E groups being 
significantly lower than those in the control (N), 
A, C, and D groups (P < 0.05) (Figure 2).

Correlation between miRNA-140-5p and PAR β 
expressions

According to the Pearson’s correlation coeffi-
cient, miRNA-140-5p and PARβ expressions 
were negatively correlated (P < 0.05) (Figure 
3).

C/EBPβ and PPAR-γ expression levels

C/EBPβ and PPAR-γ expression levels signifi-
cantly differed among the six groups (P < 
0.001). These levels in the B, C, D, and E groups 
were lower than those in the control (N) and A 
groups (P < 0.05). These levels in the C, D, and 
E groups were lower than those in the B group 
(P < 0.05) and those in the E group were lower 
than those in the C and D groups (P < 0.05) 
(Table 3).

OPN and OC expression levels

Significant differences were noted in OPN and 
OC expression levels among the six groups (P < 
0.001). These levels in the B, C, D, and E groups 
were higher than those in the control (N) and A 
groups (P < 0.05), while those in the C, D and E 
groups were higher than those in the B group (P 
< 0.05). This value in the E group was higher 
than that in the C and D groups (P < 0.05) 
(Table 4; Figure 4).

Discussion

SONFH is primarily caused by excessive hor-
mone therapy, which causes an imbalance in 
the adipogenic differentiation and osteogenic 
differentiation of BMSSCs. This can lead to a 
series of pathological changes, including bone 
necrosis, which is caused by the excessive 
accumulation of lipids. Recently, the incidence 
of SONFH in clinical settings has increased [15, 
16]. ATRA is a metabolite of vitamin A, and 
recent studies have found that ATRA has a sig-
nificant effect in regulating lipid metabolism 
[17, 18]. Moreover, miR-140-5p has been 
reported to be involved in adipogenic differen-
tiation [19, 20]. However, no studies have 
reported the effect of miR-140-5p on ATRA-

Figure 3. Correlation between miRNA-140-5p and 
PARβ expressions. r = -0.493, P = 0.002.

Table 2. RARα, RARβ, and RARγ expression levels (μmol/L)
N A B C D E F P

RARα 0.042 ± 0.003 0.041 ± 0.003 0.042 ± 0.002 0.035 ± 0.002*,#,& 0.034 ± 0.003*,#,& 0.035 ± 0.003*,#,& 12.246 <0.001

RARβ 0.031 ± 0.002 0.032 ± 0.002 0.042 ± 0.003*,# 0.052 ± 0.003*,#,& 0.053 ± 0.002*,#,& 0.063 ± 0.003*,#,&,$,@ 149.446 <0.001

RARγ 0.069 ± 0.004 0.067 ± 0.004 0.068 ± 0.005 0.024 ± 0.002*,*,#,& 0.022 ± 0.003*,#,& 0.023 ± 0.002*,#,& 44.620 <0.001
Note: * indicates P < 0.05 compared with the control group; # indicates P < 0.05 compared with the A group; & indicates P < 0.05 compared with the B group; $ indicates P 
< 0.05 compared with the C group; @ indicates P < 0.05 compared with the D group; A: miR-NC group; B: siRNA-miR-140-5p group; C: all-trans retinoic acid (ATRA) + GC; D: 
ATRA + miR-NC; and E: ATRA + siRNA-miR-140-5p.

Figure 2. miR-140-5p expression levels. * indicates P 
< 0.05 compared with the control group; # indicates 
P < 0.05 compared with the A group; & indicates P 
< 0.05 compared with the B group; $ indicates P < 
0.05 compared with the C group; @ indicates P < 
0.05 compared with the D group; N: control group; 
A: miR-NC group; B: siRNA-miR-140-5p group; C: All-
trans retinoic acid + control group; D: All-trans reti-
noic acid + miR-NC group; E: All-trans retinoic acid + 
siRNA-miR-140-5p group.
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induced inhibition of the adipogenic differentia-
tion of MSCs. The present study aimed to 
address this issue.

In this study, we established a SONFH rat model 
using prednisolone acetate. The effects of miR-
140-5p expression inhibition and/or ATRA 
treatment on the adipogenic differentiation of 
MSCs were then observed. We demonstrated 
that miR-140-5p expression inhibition or ATRA 
treatment resulted in a significant decrease in 
fat content in cells compared with that in 
untreated cells. Simultaneously applying both 
the treatments had a greater effect than either 
intervention alone. Measuring the expression 
levels of the adipogenic differentiation markers 
C/EBPβ and PPAR-γ [21, 22] revealed that their 
expression levels were significantly inhibited 
after treatments. This suggests that the adipo-
genic differentiation of MSCs was inhibited. 
Inhibition was further increased with the simul-
taneous use of the two treatments. Measuring 
the expression levels of osteogenic differentia-
tion markers OPN and OC [23, 24] showed that 
the osteogenic differentiation of MSCs was 
enhanced after the treatments. These results 
[25, 26] suggest that miR-140-5p increased 
ATRA-induced inhibition of the adipogenic dif-
ferentiation of MSCs. To explore the underlying 
mechanism, retinoic acid receptor (RARα, 
RARβ, and RARγ) expression levels were fur-
ther examined. The results showed that miR-
140-5p expression inhibition reduced RARβ 
expression and that miRNA-140-5p expression 
was negatively correlated with PARβ expression 
(according to Pearson’s correlation coefficient). 
This was similar to the effects of ATRA treat-
ment observed in this study: RARβ expression 

increased and RARα and RARγ expressions 
decreased. This may be one of the mechanisms 
by which miR-140-5p enhances ATRA-induced 
inhibition of the adipogenic differentiation of 
MSCs. Promoting the expression levels of reti-
noic acid receptor RARβ can enhance the effect 
of ATRA treatment on the inhibition of the adip-
ogenic differentiation of MSCs. However, no 
studies have reported functional interaction 
between miR-140-5p and ATRA. Therefore, 
more experiments are warranted to corrobo-
rate the results of this study, and we hope that 
additional scholars are drawn to participate in 
this research.

This study has some limitations. For example, 
there are differences between our SONFH rat 
model and human SONFH. One important dif-
ference is that the rats used in this study were 
not mechanically loaded, and mechanical 
weight-bearing is an important cause of SONFH 
[27]. In future studies, the model can be 
improved by including forced fatigue exercises, 
such as running. Considering the overall differ-
ences between humans and rats, further verifi-
cation is required to determine the generaliz-
ability of our findings to humans. 

In conclusion, miR-140-5p expression inhibi-
tion to an increase in the expression of the reti-
noic acid receptor RARβ; moreover, ATRA-
induced adipogenic differentiation of MSCs 
was strongly inhibited in a SONFH rat model. 

Disclosure of conflict of interest
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Table 3. C/EBPβ and PPAR-γ expression levels (μmol/L)
Control A B C D E F P

C/EBPβ 4.132 ± 0.811 4.034 ± 0.832 3.103 ± 0.712*# 2.086 ± 0.543*,#,& 2.104 ± 0.585*,#,& 1.458 ± 0.327*,#,&,$,@ 19.994 < 0.001

PPAR-γ 2.853 ± 0.303 2.651 ± 0.304 1.742 ± 0.259*,# 1.033 ± 0.217*,#,& 1.042 ± 0.224*,#,& 0.583 ± 0.116*,#,&,$,@ 86.444 < 0.001
Note: * indicates P < 0.05 compared with the control group; # indicates P < 0.05 compared with the A group; & indicates P < 0.05 compared with the B group; $ indicates 
P < 0.05 compared with the C group; @ indicates P < 0.05 compared with group D; A: miR-NC group; B: siRNA-miR-140-5p group; C: ATRA + GC; D: ATRA + miR-NC; and E: 
ATRA + siRNA-miR-140-5p. 

Table 4. OPN and OC expression level
Control A B C D E F P

OPN 0.103 ± 0.012 0.108 ± 0.013 0.211 ± 0.015*,# 0.328 ± 0.021*,#,& 0.332 ± 0.025*,#,& 0.426 ± 0.028*,#,&,$,@ 262.515 < 0.001

OC 0.085 ± 0.009 0.082 ± 0.011 0.147 ± 0.012*,# 0.285 ± 0.022*,#,& 0.279 ± 0.021*,#,& 0.353 ± 0.025*,#,&,$,@ 253.188 < 0.001
Note: * indicates P < 0.05 compared with the control group; # indicates P < 0.05 compared with the A group; & indicates P < 0.05 compared with the B group; $ indicates 
P < 0.05 compared with the C group; @ indicates P < 0.05 compared with the D group; A: miR-NC group; B: siRNA-miR-140-5p group; C: ATRA + GC: D: ATRA + miR-NC; and 
E: ATRA + siRNA-miR-140-5p.
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