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MicroRNA-107 promotes apoptosis of acute myelocytic 
leukemia cells by targeting RAD51

Fengxia Huang1, Wei Tang2, Yan Lei3,4,5

A b s t r a c t

Introduction: This study aimed to investigate the role of microRNA (miRNA) 
that affects acute myelocytic leukemia (AML) and its potential molecular 
mechanism by constructing a miRNA–mRNA interaction network using bio-
informatics methods.
Material and methods: MicroRNA expression data of  AML were retrieved 
from Gene Expression Omnibus (GEO) and analyzed by microarray analysis. 
Expression levels of  miR-107 and RAD51 mRNA were detected by quanti-
tative real time polymerase chain reaction (qRT-PCR). Protein expression 
of  RAD51, pro-apoptotic protein Bax, apoptosis related protein CytC and 
anti-apoptotic protein Bcl-2 were determined by Western blot. The  rate 
of cell apoptosis was detected by Annexin-V/PI. The predicted targeting re-
lationship between miR-107 and the 3′UTR of RAD51 was first predicted by 
the online application TargetScan and then verified by dual-luciferase assay.
Results: Acute myelocytic leukemia-associated genes (n = 197) and miRNAs  
(n  =  1701) were retrieved from the  database, the  interaction network of   
miRNA-mRNA was constructed and the core position was occupied by RAD51. 
miR-107 exhibited a  regulatory effect on RAD51 in which the  mRNA and 
protein expression of RAD51 were both significantly inhibited by miR-107 
mimics in vitro. Additionally, down-regulated expression of miR107 as well 
as up-regulated expression of RAD51 were detected not only in the plasma 
of AML patients compared to healthy volunteers, but also in AML cell lines 
compared to the normal bone marrow stromal cell line. Further study found 
that increased expression of miR-107 and the consequent down-regulation 
of RAD51 could aggravate the apoptosis of AML cells in vitro.
Conclusions: Our present results showed that the crucial role of RAD51 and 
miR-107 in the apoptosis of AML cells, i.e., miR-107 promotes the apoptosis 
of AML cells through down-regulating the expression of RAD51.

Key words: acute myelocytic leukemia, RAD51, MiR-107, apoptosis, 
interaction network.

Introduction

Acute myelocytic leukemia (AML) is a  kind of  myeloid malignancy 
that is often accompanied by the abnormal replication of bone marrow 
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(BM) or peripheral blood (PB) cells  [1]. Acute my-
elocytic leukemia is prevalent among children and 
adults with a higher proportion in adults. The inci-
dence also increases with the growth of age, and 
the  maximum age of  AML patients even reaches 
60 years old  [2]. In the clinical treatment of AML, 
it has been found that some AML patients in mid-
dle and old age achieved complete remission after 
treatment, while many more of these patients may 
face relatively high recurrence and a  low survival 
rate  [3]. As a  blood-related tumor, AML is closely 
linked with hematopoiesis, a process mainly regu-
lated by the effect of epigenetic modification [4, 5]. 
Methylation of DNA and histone are both common 
epigenetic modifications; interestingly, genes asso-
ciated with DNA or histone methylation are usually 
mutated in AML [6, 7]. For instance, HOX is often 
hypomethylated, whereas DNMT3A is often mutat-
ed in AML [8]. These dysfunctions in the processes 
of  epigenetic modifications are among the  pos-
sible causes of  the  development and recurrence 
of AML [9].

The previous studies about the marker genes in 
AML have reported that miRNA was one of the most 
commonly used biomarkers in adult AML pa-
tients [10]. MiRNA is a small non-coding RNA, which 
is prevalent in humans, animals, plants and some 
viruses and is highly conserved. Various develop-
mental and physiological processes are adjusted by 
them, including cell division, immune response and 
cell apoptosis [11]. Through analyzing the expression 
of miRNA in tumor cells, it could be easily found 
that some miRNAs were abnormally expressed in 
a variety of cancer cells. Since miRNA was found, 
a large number of miRNAs were thought to be car-
cinogenic factors, while some miRNAs had the func-
tion of tumor suppressors. Studies about the func-
tion of miRNA in AML have gradually increased 
in recent decades. Researchers illustrated that 
miRNAs were crucial in the development of AML. 
For example, the absence of miR-145 and miR-146a 
could lead to long-term blood diseases in mice, and 
the introduction of these two miRNAs into AML cell 
lines could significantly induce cell death and slow 
the growth of cancer cells [12]. In addition, the ex-
pression of miR-29a, miR-224, miR-382 and miR-368  
in AML patients was all different from that in 
healthy people, among which the  first three  
miRNAs presented obviously higher expres-
sion in AML patients than in the healthy people  
[13, 14]. These results suggested that miRNA played 
a critical role in the migration and growth of AML 
cells. However, scarce research on the mechanism 
of miRNA in AML was found, so there is an emer-
gent need to study targets of miRNA as well as its 
mechanism.

The human RAD51 gene is located on chromo-
some 15q15.1. Its protein product was found to 

be crucial for repairing dsDNA breaks and main-
taining genomic diversity and stability, through 
the  activity of  eukaryotic homologous recombi-
nase  [15]. Studies suggested that slight changes 
in the RAD51 gene could cause DNA instability and 
lead to malignancies [16]. Cells lacking RAD51 are 
characterized by accumulation of  chromosomal 
breaks before cell death. RAD51 gene knock-out in 
mice is embryonically lethal [17]. 

In this study, a  lot of  miRNAs that might be 
associated with AML were identified through an-
alyzing the chip data in the GEO database. Then 
a key miRNA, miR-107, and its possible target gene 
RAD51 were determined using a  miRNA-mRNA 
interaction network and dual luciferase report-
er assay. Subsequent experiments proved that 
the  decreasing expression of  RAD51 induced by 
the up-regulated miR-107 can promote apoptosis 
in AML cell lines. In summary, the potential mech-
anisms of AML and the role of miRNA in the devel-
opment of AML have been investigated.

Material and methods

Acute myelocytic leukemia-related genes 
retrieval and miRNA prediction

Acute myelocytic leukemia-related genes were 
retrieved and obtained from the Online Mendelian 
Inheritance in Man (OMIM) database, Catalogue 
of  Somatic Mutations in Cancer (COSMIC), Ge-
netic Association Database (GAD) and literature 
in PubMed. The target genes of miRNA were pre-
dicted by DIANA, miRanda, mirBridge, PicTar2 and 
TargetScan. Then, AML-related genes and miRNAs 
were selected to construct an interaction network 
of miRNA and mRNA.

Analysis of acute myelocytic leukemia-
related miRNA expression data

One GSE was included for analysis. There were 
65 cases in the  GSE49665 database, which in-
cluded the miRNA expression data from 52 AML 
patients and 13 healthy volunteers. Among them,  
5 cases of PB, 5 cases of BM and 3 cases of CD34+ 
cells were used as healthy samples for miRNA 
microarray analysis. The  differentially expressed 
miRNAs were screened with a screening condition 
that fold change > 2 and p < 0.05.

Clinical sample collection

Clinical sample collection was authorized by 
the  ethic committee of  the  Affiliated Hospital 
of North Sichuan Medical College (Nanchong City, 
Sichuan, China); all of  the  participants provid-
ed a  signed informed consent. Peripheral blood 
samples from diagnostic AML patients (n  =  20) 
and healthy volunteers (n  =  20) were collected 
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at the  hematology department of  the  Affiliated 
Hospital of North Sichuan Medical College. Briefly, 
a  total of 2–3 ml of  venous blood was collected 
after overnight fasting (more than 8 h), heparin 
sodium was added for anticoagulation, the blood 
samples were centrifuged at 4°C for 10 min (2000 r/ 
min), the supernatant component were collected 
(i.e., plasma). Total RNAs were extracted by plas-
ma RNA Extraction Kit (Qiagen, Hilden, Germany) 
based on the manufacturer’s instructions.

Cell culture

Acute myelocytic leukemia cell lines HEL, 
NOMO-1, TF-1, THP-1 and normal human BMSC 
HS-5 were obtained from BeNa culture Collection 
(Beijing, China). The  HEL cell line was conven-
tionally cultured in RPMI-1640 medium contain-
ing 10% fetal bovine serum (FBS), 2.5 g/l glucose,  
1.5 g/l NaHCO3 and 0.11 g/l sodium pyruvate; 
NOMO-1, TF-1 and THP-1 cell lines were cultured 
in RPMI-1640 medium only containing 10% FBS. 
The  HS-5 cell line was cultured in high glucose 
Dulbecco’s Modified Eagle Medium (DMEM) with 
the supplementation of 10% FBS, 4 mM L-gluta-
mine and sodium pyruvate. Cells were incubated 
at 37°C with 5% CO2 and saturated humidity.

Cell transfection

All plasmids including pcDNA3.1-RAD51, pcDNA3.1 
plasmid vectors, RAD51 siRNA and siRNA negative 
control, miR-107 mimics/negative control mimic 
and miR-107 inhibitor/negative control inhibitor 
were bought from GenePharma (Shanghai, China). 
The  sequences of  siRNA were as follows: siRNA- 
RAD51: 5′-GGTTAGAGCAGTGTGGCAT-3′; siRNA-NC: 
5′-GGTAGCGGAGTGTGTACAT-3′. Cells were plated 

in 6-well plates at a density of 1 × 106 cells/well. 
When the concentration of cells arrived at 80–90% 
(about 24 h), plasmids were transfected into cells 
by Lipofectamine 2000 (Invitrogen, Carlsbad, USA) 
following the manufacturer’s instructions. After in-
cubation for a certain period (24–72 h), cells were 
centrifuged and collected for further detection.

RNA isolation and quantitative real-time 
PCR (qRT-PCR)

Total RNA was collected from the cultured cells 
or AML patients’ blood cells using TRIzol reagent 
(Invitrogen) complying with the  manufacturer’s 
instructions. Then a cDNA library was constructed 
using M-MLV Reverse Transcription Kit (Invitro-
gen) for the subsequent qRT-PCR reactions. QRT-
PCR was performed with a  SYBR Premix Ex Taq 
kit (Takara, Japan) and detected by the ABI7500 
Real-Time PCR system (Applied Biosystems, Fos-
ter City, CA, USA). GAPDH (for mRNAs) or U6 (for 
miRNAs) was used for normalization respectively. 
The quantification analysis was based on the 2–ΔΔCt 
method. All primers we used are shown in Table I.

Detection for cell apoptosis

Cell apoptosis was detected by Annexin 
V-FITC/PI double staining. Cells were cultured to 
5 × 105 – 1 × 106/ml, then 1 ml of cell suspension 
was harvested and the  medium was removed 
by low-speed centrifugation at 4°C (1000 r/min).  
After washing with PBS buffer twice, cells were re-
suspended into 200 μl of binding buffer contain-
ing 5 μl of PI and 10 μl of Annexin V-FITC and then 
incubated at room temperature for 15 min under 
a dark condition. Subsequently, after the addition 
of 300 μl of binding buffer, cells were detected by 
flow cytometry at 488 nm. After being excited, 
cells were determined with red or green fluores-
cence (FITC showed green fluorescence, and PI 
showed red fluorescence).

Dual-luciferase reporter assay

Possible mRNA targets of miRNA-107 were found 
by TargetScan (www.targetscan.org); the best tar-
get is the  3′UTR fragment of  RDA51. The 3′UTR 
of the RAD51 fragment (wild-type or mutant) was 
sub-cloned into the pMIR-Report Luciferase vector 
(pmirGLO) at loci XbaI and FseI (Youbio, Changsha, 
China). PmirGLO, pmirGLO-RAD51-wt1/wt2 or pmir-
GLO-RAD51-mut1/mut2 was co-transfected with 
miRNA-107 mimics or miR control into 293T cells 
using Lipofectamine 2000 (Invitrogen Inc., Carls-
bad, CA, USA). Renilla luciferase vector pRL-SV50 
(Promega, Madison, WI, USA) was co-transfected 
with above constructs and served as a spiked-in 
control. The  cells were cultured and tested for 
about 2 days. Quantitative analysis of  luciferase 

Table I. qRT-PCR primer aequences

Primer Sequence (5′-3′)

RAD51:

Forward primer AACAGAAGACGGCAACTCGT

Reverse primer GGCAACAGCCTCCACAGTAT

miR-107:

Forward primer CGAGAGCTACACGTTCACGG

Reverse primer GTGTCGAGGGAAAAATAGGCTG

GAPDH:

Forward primer AGCCACATCGCTCAGACAC

Reverse primer GCCCAATACGACCAAATCC

U6:

Forward primer ATTGGAACGATACAGAGAAGATT

Reverse primer GGAACGCTTCACGAATTTG
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activity was performed using a  dual luciferase 
assay system (Promega). Relative luciferase ac-
tivities were calculated as the  ratios of firefly to 
Renilla luciferase activities.

Western blot assay

During the logarithmic growth phase, cells were 
collected and washed with PBS. Total protein was 
extracted with the addition of 1% SDS under ice-
bath conditions and then quantified using a com-
mercial protein assay kit (Thermo Fisher Scientif-
ic, Waltham, MA, USA). Subsequently, 50-100 μg 
of  protein was separated by 12% SDS-PAGE gel 
and transferred to PVDF membranes. Membranes 
were blocked with TBS solution containing 5% 
milk at normal temperature for 2 h, and then were 
incubated with primary antibody against RAD51 

(ab88572, 1 : 1000), Bax [E63] (ab32503, 1 : 1000) 
and cytochrome C [7H8.2C12] (ab13575, 1 : 2500) 
(Abcam, Cambridge, MA, USA) at 4°C overnight. 
The  membranes were washed with TBST three 
times, the secondary antibody of HRP-labeled goat 
anti-rabbit IgG (ab6721, Abcam) antibody was then 
added to the membranes and incubated at room 
temperature for 1.5 h. The antibody mixture was 
washed three times again with TBST buffer for  
10 min each time and an ECL luminescent substrate 
was applied for visualization. The  optical density 
values of the target strips were analyzed by Image J.  
β-actin was set as a control for normalization.

Statistical analysis

Statistical analysis was completed by Graph-
Pad Prism 6.1 (Intuitive Software for Science, 

Figure 1. Acute myelocytic leukemia (AML)-related miRNA–mRNA interaction network. A total of 197 AML-related 
genes (non-repetitive) and miRNAs were obtained from OMIM, COSMIC, GAD and DisGeNET databases. Gene-miRNA 
interaction network was constructed by Dijkstra algorithm
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San Diego, CA, USA). Mean ± standard deviation 
(SD) was used to express the measurement data. 
Two tailed Student’s t test was used to compare 
the difference between two groups and one-way 
ANOVA analysis was used when there were more 
than two groups. Each experiment needed to be 
performed more than three times. P  <  0.05 was 
considered as the level of statistical significance.

Results

Acute myelocytic leukemia-related genes 
and miRNAs retrieval

A total of  197 AML-related genes (non-repet-
itive) were obtained from Online Mendelian In-
heritance in Man (OMIM) database, Catalogue 
of Somatic Mutations in Cancer (COSMIC), Genetic 
Association Database (GAD) and Public Database 
(PDB). The names of these genes and the sources 
of these databases are shown in a supplementary 
document (Supplementary Table SI). MiRNAs inter-
acting with AML were detected by DIANA, miRanda, 
mirBridge, PicTar2, TargetScan and miRNA-Target. 
Finally, 1701 miRNAs were successfully identified 

and had a  targeted association with the  above 
AML-related genes. The AML-related miRNA-mRNA 
interaction network was constructed (Figure 1) and 
the core genes or miRNAs were analyzed. Accord-
ing to the core degree from high to low, miRNAs 
and genes with a higher degree were selected as 
candidates for the subsequent analysis, including 
76 core miRNAs and 60 core genes (Supplementary 
Table SII). The first 20 core miRNAs and genes are 
shown in Table II; it could be found that RAD51 is 
located at the center of the network of AML-relat-
ed genes and miRNAs, indicating that RAD51 might 
play an important role in the development of AML.

MicroRNA-107 was down-regulated  
in acute myelocytic leukemia patients

MiRNA expression data of  AML (GSE49665) 
were retrieved from the GEO database. Peripher-
al blood samples of AML patients were compared 
with healthy donor PB samples, BM samples and 
CD34+ cell samples, setting false discovery rates 
(FDRs)  <  0.05 for differential expression analy-
sis. In contrast with healthy controls, there were  
64 differential miRNAs in AML [18]. These 64 dif-

Table II. Acute myelocytic leukemia-related genes and core molecules in the network of miRNA (Top 20)

miRNA Kcore Dgree Gene Kcore Dgree

hsa-miR-193b-3p 6 60 RAD51 6 224

hsa-miR-155-5p 6 52 HOXA13 6 214

hsa-miR-335-5p 6 46 VEGFA 6 212

hsa-miR-26b-5p 6 44 TET3 6 208

hsa-miR-92a-3p 6 44 SRSF2 6 202

hsa-miR-17-5p 6 36 RRM2 6 200

hsa-miR-21-5p 6 36 PER1 6 192

hsa-let-7b-5p 6 34 ABL2 6 184

hsa-miR-98-5p 6 34 LPP 6 180

hsa-let-7a-5p 6 32 ARID5B 6 154

hsa-miR-124-3p 6 32 NSD1 6 154

hsa-miR-16-5p 6 32 SMC1A 6 152

hsa-miR-192-5p 6 32 BIRC5 6 148

hsa-miR-20a-5p 6 30 KDM5A 6 148

hsa-miR-93-5p 6 30 NRAS 6 146

hsa-miR-181a-5p 6 28 KRAS 6 138

hsa-miR-218-5p 6 28 NF2 6 128

hsa-miR-34a-5p 6 28 HOXA9 6 124

hsa-let-7e-5p 6 26 STAT3 6 124

hsa-miR-484 6 26 FNBP1 6 122
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Figure 2. MicroRNA-107 was down-regulated in acute myelocytic leukemia (AML) samples. A  – The  collection 
of  AML-related core miRNAs and differential expression miRNAs in GSE49665. B  – MiR-107-related core gene 
sub-network. C – Expression profile of miRNAs in 52 AML peripheral blood samples compared with 5 peripheral 
blood (PB) healthy samples. Differentially expressed genes were labeled in heatmap and the threshold value was 
set as p < 0.05, fold change value > 2. D – Expression of miR-107 was downregulated in PB samples of AML patients 
compared with healthy PB samples, but upregulated in PB samples of AML patients compared with healthy CD34+ 
cell samples and BM samples. E – Expression of miR-107 from AML PB patients and healthy volunteers was verified 
by qRT-PCR. **P < 0.01, compared with healthy (PB). F – The expression level of miR-107 was detected in AML PB cell 
lines HEL, NOMO-1, TF-1, THP-1 and bone marrow stromal cell line HS-5 by qRT-PCR. **P < 0.01, compared with HS-5
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Figure 3. Effect of miR-107 on apoptosis of acute myelocytic leukemia (AML) cells. A – HEL and TF-1 cells were trans-
fected with miR-107 mimics and miR-107 inhibitor and then divided into three groups including a miR-107 mimic 
group, miR-107 inhibitor group and negative control (NC) group. QRT-PCR detected miR-107 expression in HEL and 
TF-1 cells in different groups. B–D – Cell apoptosis was detected by flow cytometry, and the apoptosis rate was 
calculated in different transfected groups. E, F – expression levels of pro-apoptotic protein Bax, apoptosis related 
protein CytC and anti-apoptotic protein Bcl-2 in HEL (E) and TF-1 (F) cells was tested by Western blot. *P < 0.05, 
**p < 0.01, compared with NC group
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ferential miRNAs were further co-analyzed with  
76 core miRNAs from the prediction model of AML, 
and it was clear that there was a common miRNA 
of hsa-miR-107 (Figure 2 A). The  targeted asso-
ciation between miR-107 and AML-related genes 
was examined by miRNA-Target. It was found 
that the AML-related gene RAD51 at the core po-
sition of  the AML network had a  targeted asso-
ciation with miR-107 (Figure 2 B), indicating that 
the effect of miR-107 on AML might be achieved 
by affecting RAD51. By analyzing the GSE49665 
chip based on the TU Graz miRNA array platform, 
12 significantly down-regulated miRNAs including 
miR-107 were found in AML PB samples compared 
with PB healthy samples under the  condition 
of FDRs less than 0.05 and log2 (fold change) > 1 
(Figure 2 C). But the expression level of miR-107 
was higher in PB of  AML patients than healthy 
CD34+ cell and BM samples (Figure 2 D). These 
results showed that hsa-miR-107 was mainly dif-
ferentially expressed in PB of  AML patients. We 
further examined the miR-107 expression in AML 
patients and found that miR-107 was significantly 
downregulated in AML patients’ samples com-
pared with healthy patients’ PB samples (p < 0.01, 
Figure 2 E). Meanwhile, miR-107 expression level 
in different cells (AML cell lines HEL, NOMO-1, 
TF-1, THP-1 and normal human BMSC HS-5) was 
detected by qRT-PCR. It was demonstrated that 
the expression of miR-107 was significantly low-
ly expressed in cell lines HEL and TF-1 (p < 0.01) 
(Figure 2 F). Thus, HEL and TF-1 were selected as 
research objects in the subsequent experiments.

Effect of miR-107 on apoptosis of acute 
myelocytic leukemia cells

MiR-107 mimics, miR-107 inhibitor and nega-
tive control (NC) were constructed and transfected 
into cell lines HEL and TF-1. When compared with 
the NC group, the miR-107 expression level was sig-
nificantly increased in the miR-107 mimic group but 
decreased in the miR-107 inhibitor group (p < 0.01) 
(Figure 3 A). The apoptosis rates of miR-107-trans-
fected cells are shown in Figures 3 B–D; the apop-
tosis rate of HEL or TF-1 cells transfected in miR-107 
mimics were significantly increased compared to 
the NC group (p < 0.01), but the apoptosis rate in 
the miR-107 inhibitor group was lower than that in 
the NC group (p < 0.05). In the meantime, the ex-
pression levels of  protein Bax, CytC and Bcl-2 in 
the  transfected cells were analyzed by Western 
blot (Figures 3 E, F). Compared with the NC group, 
the expression level of CytC and Bax was signifi-
cantly increase after up-regulating the expression 
of miR-107, while the expression level of Bcl-2 was 
obviously decreased. These results showed that 
miR-107 could significantly promote the apoptosis 
of cell lines HEL and TF-1.

RAD51 could directly target miR-107

The results of  online miRNA-target analysis 
(http://www.targetscan.org) showed that sites 90-
96 and 919-925 of the 3′UTR of RAD51 were both 
of the binding sites of hsa-miR-107 (Figure 4 A). Sub-
sequently, 3′UTR-RAD51-wt or 3′UTR-RAD51-mut  
and miR-107 mimics or miR-control were co-trans-
fected into 293T cells. The activity of Firefly lucif-
erase in the  groups of  3′UTR-RAD51-wt1, 3′UTR-
RAD51-mut1 (90-96 sites) or 3′UTR-RAD51-mut2 
(919-925 sites) co-transfected with miR-107 mim-
ics were almost unchanged (Figures 4 B, C), but 
in the group of 3′UTR-RAD51-wt2 (919-925 sites) 
co-transfected with miR-107 mimics it was signifi-
cantly decreased (Figure 4 C). The results suggested 
that miRNA-107 could act on the 919-925 sites of 3’-
UTR of RAD51, thereby down-regulating the expres-
sion of RAD51. QRT-PCR and Western blot showed 
that both RAD51 mRNA (Figure 4 D) and protein 
(Figure 4 E) were significantly up-regulated in AML 
patients’ samples compared with PB healthy pa-
tients’ samples. Linear correlation analysis showed 
that the expression of miR-107 has a negative re-
lationship with RAD51 (R2 = 0.4555 and p < 0.01) 
in AML patients (Figure 4 F). Western blot showed 
that miR-107 mimics significantly inhibited the ex-
pression of  RAD51 protein level in both HEL and 
TF-1 cell lines, whereas miR-107 inhibitor obviously 
promoted the expression of RAD51 protein (Figure 
4 G).

Effect of RAD51 on acute myelocytic 
leukemia cell lines

Si-RAD51 and pcDNA3.1-RAD51 were construct-
ed and transfected into cell lines HEL and TF-1, 
respectively. The expression of RAD51 mRNA was 
markedly up-regulated in pcDNA-RAD51 group 
while it was down-regulated in the  si-RAD51 
group compared with the NC group in both HEL 
and TF-1 cell lines (p  <  0.01, Figure 5 A). West-
ern blot assay showed that the  RAD51 protein 
expression level was highly expressed in the   
pcDNA-RAD51 group while it was lowly expressed 
in the si-RAD51 group compared with NC group in 
both HEL and TF-1 cell lines (Figure 5 B). It was 
found that the apoptosis rate of AML in both HEL 
and TF-1 cell lines was significantly increased after 
silencing RAD51, whereas it was observably re-
duced after overexpression of RAD51 and this ef-
fect can be eliminated by the addition of miR-107 
mimics (Figures 5 C, D). The expression of CytC, 
Bax and Bcl-2 was detected by Western blot in 
HEL (Figure 5 E) and TF-1 (Figure 5 F) cell lines. 
Compared with the NC group, the expression lev-
el of  CytC and Bax was obviously increased by 
suppressing the  expression of  RAD51 and was 
decreased by promoting the expression of RAD51, 
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Figure 4. Effect of miR-107 on apoptosis of acute myelocytic leukemia (AML) cells. A – Prediction of binding sites 
of miR-107 and RAD51 by bioinformatics (TargetScan 7.1). B, C – Luciferase activity analysis, transfection of miR-107 
mimics could significantly inhibit the RAD51 wild-type (wt1 and wt2) luciferase gene carrier fluorescence activity. 
**P < 0.01, compared with NC group. D – Expression of RAD51 mRNA was verified by qRT-PCR in AML PB patients 
compared with healthy PB volunteers. **P < 0.01, compared with healthy (PB). E – Expression protein level of RAD51 
in 10 AML PB patients and healthy PB volunteers was detected by Western blot. F – Linear analysis revealed a nega-
tive correlation between RAD51 and miR-107 expression in AML PB patients’ samples (n = 20). G – Protein expression 
level of RAD51 in HEL and TF-1 cells was tested by Western blot. **P < 0.01, compared with NC group
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Figure 5. Effect of RAD51 on apoptosis of acute myelocytic leukemia (AML) cells. A – HEL and TF-1 cells were trans-
fected with pcDNA3.1-RAD51 and si-RAD51 and then divided into four groups including negative control (NC) group, 
pcDNA-RAD51 group, si-RAD51 group and pcDNA-RAD51 + miR-107 mimic group. QRT-PCR detected RAD51 mRNA 
expression in HEL and TF-1 cells in different transfected groups. B – Western blot detected RAD51 protein expres-
sion level in HEL and TF-1 cells in different transfected groups. C, D – Cell apoptosis was detected by flow cytom-
etry, and the apoptosis rate was calculated in different transfected groups. E, F – Expression level of pro-apoptotic 
protein Bax, apoptosis related protein CytC and anti-apoptotic protein Bcl-2 in HEL (E) and TF-1 (F) cells was tested 
by Western blot. *P < 0.05, **P < 0.01, compared with NC group
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while the expression level of Bcl-2 was obviously 
reduced by suppressing the expression of RAD51 
and was increased by promoting the  expression 
of RAD51.

Discussion

Acute myelocytic leukemia is a complex hete-
rogeneous disease that is often accompanied by 
large numbers of  gene mutations  [19]. Through 
the  search and identification of  AML-related 
genes, we can better understand the pathogene-
sis of AML, which could help us to find AML-asso-
ciated biomarkers and therapeutic targets against 
this disease. Fortunately, at present, a  growing 
number of public databases has facilitated the ex-
ploration of  disease-related genes  [20]. In this 
study, 197 non-repetitive AML-related genes were 
obtained from GAD, OMIM and COSMIC databas-
es. Among them, genes such as VEGF, HOX and 
RAD51 showed a  closer correlation with the  de-
velopment of AML. Furthermore, the RAD51 gene 
was found to be located at the  central position 
of the constructed network of these AML-associ-
ated genes. RAD51 is a RecA-like DNA chain trans-
ferase protein that catalyzes the central reaction 
of homologous pairing and DNA chain exchange 
during homologous recombination  [21]. Because 
of  the  key role of  homologous recombination in 
the  stability of  cell genomes, most researchers 
agreed that there was a  link between homolo-
gous recombination and cancer phenotype  [22]. 
As a  core protein in the  process of  homologous 
recombination, the expression of RAD51 was sig-
nificantly increased in a variety of human tumor 
cells, which might cause drug resistance in tumor 
cells  [23]. For example, in triple-negative breast 
cancer, the knockout of RAD51 could significantly 
inhibit the migration of tumor cells in vitro as well 
as the primary growth of tumors in vivo [24]; on 
the other hand, abated expression of RAD51 was 
also found in some other disease such as prostate 
cancer and colorectal cancers [25, 26]. Remarkably, 
it was found that inhibition of RAD51 resulted in 
apoptosis of AML cells [27]. These results suggest-
ed that RAD51 played a key role in the growth and 
apoptosis of tumors, but unfortunately the regula-
tory mechanism of RAD51 in the apoptosis of AML 
cells remains unclear.

To predict the  possible key miRNAs in AML, 
the miRNAs possibly targeting AML-related genes 
were retrieved by TargetScan. The  miRNA-mRNA 
interaction network was constructed, and core 
miRNAs with the highest likelihood (n = 76) were 
selected to compare with the reported AML-related 
miRNAs (n = 64). Finally, only miRNA-107 exists in 
both of our data and the reported data. MiR-107 is 
a miRNA located on chromosome 10. Previous stud-
ies found that miRNA was abnormally expressed 

in a  variety of  tumor cells  [28–30]. Increased ex-
pression of  miR-107 could significantly inhibit 
the growth, migration and invasion of various can-
cer cells, by targeting the different genes [31–33]. 
For example, miR107 directly inhibited the growth 
of gastric tumors by suppressing the expression of 
NF1 [31], and in non-small cell lung cancer, miR-107 
could act on EGFR and thereby inhibit the prolifera-
tion and migration of tumor cells as well as promot-
ing the apoptosis of tumor cells [34]. Here, database 
searches of the miRNA target showed that RAD51, 
the core network factor of AML, has binding sites 
of miR-107 and its expression is possibly regulated 
by the latter. Huang et al. found that miR-107 could 
directly combine with RAD51, and overexpression 
of miR-107 could significantly suppress the protein 
expression of RAD51 in various cancer cell lines [35]. 
Furthermore, previous studies have shown that in 
AML cells, multiple miRNAs including miR-107 were 
related to the apoptosis of AML tumor cells [36, 37]. 
In this study, we found that miR-107 could directly 
target RAD51 and inhibit its expression, but unlike 
with RAD51, the expression of apoptosis-associat-
ed genes was up-regulated. Subsequently, apopto-
sis of AML cells was triggered and then the growth 
of AML cells was significantly inhibited.

In conclusion, it was found that RAD51 was 
the direct target gene of miR-107 in AML by bioin-
formatics methods. Then, Western blot and cyto-
logical experiments demonstrated that in the AML 
cell lines, overexpression of miR-107 could signifi-
cantly inhibit the  expression of  RAD51 and pro-
mote the death of AML cells. Subsequent experi-
ments revealed that miR-107 was able to directly 
interact with the  3′UTR of  RAD51. These results 
confirmed that miR-107 could promote the death 
of AML cells by inhibiting expression of RAD51.

In this study we firstly constructed an  interac-
tion network of AML-associated miRNA and mRNA 
by bioinformatics methods and revealed the poten-
tial roles of RAD51 and miR-107 in the apoptosis 
of AML cells. Further studies suggested that miR-
107 precisely promoted the apoptosis of AML cells 
through down-regulating the expression of RAD51.
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