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Abstract: Chronic myeloid leukemia (CML) is a type of malignant tumor characterized by the accumulation of a 
large number of immature white blood cells in the blood and bone marrow. BAK1 was predicted to be the target 
gene of microRNA-451 (miR-125b). The present study was designed to illustrate the mechanism of miR-125b in 
regulating CML via targeting BAK1. In this study, we found that the expression of miR-125b increased strongly, 
whereas the expression of BAK1 decreased significantly in CML patients and CML cell lines compared with healthy 
controls. Moreover, the luciferase report assay confirmed the interaction between miR-125b and BAK1 mRNA. After 
transfection of the miR-125b mimic or miR-125b inhibitor into CML cells, we found that the inhibition of miR-125b 
decreased the proliferation rates and promoted apoptosis with cell cycle arrest at the G0/G1 phase in both K562 
and NB-4 cells, increased the expression of BAK1 and Caspase-3, and decreased the expression of Bcl-2 and c-myc; 
the miR-125b mimic yielded the opposite results. In addition, siBAK1 offset the suppression effect of the miR-125b 
inhibitor in K562 cells, indicating that miR-125b promotes these cellular processes by inhibiting the expression of 
BAK1. Further in vivo experiments supported these findings because miR-125b suppression reduced CML growth 
in mice. Taken together, our study suggests that the down-regulation of miR-125b affects the expression of BAK1, 
promotes cell apoptosis and inhibits cell proliferation, leading to up-regulated expression of pro-apoptosis factors, 
down–regulated expression of anti-apoptosis factors in the mitochondrial apoptotic pathway, and decreased tumor 
size and weight of CML in vivo. These results provide a potential therapeutic strategy for CML.
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Introduction

Chronic myeloid leukemia (CML) has long been 
a hot topic. The disease course of CML is tri-
phasic, beginning with a chronic phase, pro-
gressing to an accelerated phase and eventu-
ally ending in a terminal phase called the blast 
crisis (BC). CML is a myeloproliferative disease 
characterized by the Philadelphia chromosome 
(Ph), which is the result of a reciprocal translo-
cation between chromosomes 9 and 22 (t[9;22] 
[q34;q11]) [1]. Imatinib mesylate (STI-571 or 
Gleevec) was the first BCR-ABL tyrosine kinase 
inhibitor (TKI) used for the treatment of Ph+ 
CML [2] and is the current standard therapy. 
However, the failure of these kinase inhibitors 
to kill leukemia stem cells (LSCs) is related to 
disease relapse and makes them effective in 
controlling but not curing the disease [3].

MicroRNAs (miRNAs) are a group of non-coding 
regulatory RNAs, which regulate various cellu- 
lar processes, such as proliferation, apopto- 
sis, cell metabolism and angiogenesis [4, 5]. 
Specific miRNA expression signatures can be 
used to effectively classify human tumors [6]. 
This miRNA signatures related to specific cyto-
genetic changes and clinical outcomes have 
been reported for many diseases, including 
adult CLL [7], AML [8], and Hodgkin’s lympho- 
ma [9]. MicroRNA-125b is transcribed from two 
loci located on chromosomes 11q23 (hsa-miR-
125b-1) and 21q21 (hsa-miR-125b-2). Micro- 
RNA-125b-1 is involved in several chromosomal 
translocations, such as t(2;11)(p21;q23) and 
t(11;14)(q24;q32), which lead to myelodyspla-
sia and acute myeloid leukemia (AML) or B-cell 
acute lymphoid leukemia (B-ALL), respectively 
[10, 11]. In both cases, miR-125b overexpres-
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sion is the only consistent abnormality found  
in these patients, suggesting that it is a pri- 
mary oncogenic event. Moreover, miR-125b-2 
has been reported to co-regulate vincristine 
resistance in childhood acute lymphoblastic 
leukemia [12].

Blockage of the mitochondrial apoptosis path-
way has a close relationship with CML [13].  
Cell apoptosis is regulated by several protein 
families, including the upstream Bcl-2 family 
(e.g., antiapoptotic Bcl-2 and proapoptotic Bax) 
and the downstream Caspase family (e.g., Cas- 
pase-3) [14, 15]. Previous studies have report-
ed that miR-125b targets pro-apoptotic Bcl-2 
antagonist killer 1 (BAK1), leading to ovarian 
cancer cell resistance to cisplatin [16], and 
confers the resistance of breast cancer cells  
to paclitaxel through the suppression of BAK1 
expression [17]. Thus, miR-125b may affect the 
expression of BAK1 pathway proteins and pro-
mote the proliferation and metastasis of CML 
cells.

In this study, we identified the function of miR-
125b in the context of CML. We found that the 
expression of miR-125b is significantly incre- 
ased in CML cells and CML patients, leading to 
low expression of the target gene BAK1, which 
regulates the mitochondrial apoptosis pathway. 
Taken together, our results suggest that miR-
125b may function in CML metastasis by tar-
geting BAK1.

Methods

Patients

Thirty-three patients (16 males and 17 females) 
with CML and thirty healthy volunteers (14 
males and 16 females) were included in this 
study. Patients with CML were recruited from 
the Department of Hematology, Xiangyang Cen- 
tral Hospital. Healthy volunteers were recruited 
from students at Hubei University of Arts and 
Science. The study was approved by the Ethics 
Committee of our institution. Informed consent 
was signed by the participants.

Cell culture

Normal hematopoietic stem cells (HSCs) were 
obtained from American Type Culture Collection 
(ATCC, Manassas, VA) and grown in modified 
Eagle’s medium (MEM; Invitrogen, Carlsbad, 
CA) supplemented with 20% fetal bovine serum 

(FBS; Invitrogen, Carlsbad, CA) and 1% antibiot-
ic-antimycotic (Invitrogen, Carlsbad, CA). The 
CML cell lines (K562, KG-1, NB-4, HuT-78, THP-
1) (ATCC, Manassas, VA) were grown in RPMI 
1640, supplemented with 10% FBS and 1% 
antibiotic-antimycotic. All cells were incubated 
at 37°C in a humidified 21% O2, 5% CO2 atmo- 
sphere.

Quantitative RT-PCR (qRT-PCR)

Total cellular RNA was isolated using the miR-
Neasy Mini Kit (Qiagen, Inc., Valencia, CA) and 
quantified using a 2100 Bioanalyzer (Agilent 
Technologies, Santa Clara, CA). Ten nanograms 
of total RNA were reverse-transcribed using  
a TaqMan MicroRNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA). The ob- 
tained cDNA was amplified using a TaqMan 
miR-125b MicroRNA assay (Applied Biosys- 
tems). For real-time PCR, the above primers 
and TaqMan probe [6-FAM]TTGCGACTAC ACA- 
CACACACACA [BHQ1a-6FAM] were mixed with 
TaqManH Universal PCR Master Mix (Applied 
Biosystems, Foster City, CA). The reaction mix-
tures were incubated at 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 15 s and 60°C 
for 1 min in a Stratagene qRT-PCR instrument. 
miR-125b expression was normalized to U6 
RNA. Gene mRNA expression was normalized 
to β-actin. Relative gene expression was quan-
tified using the 2-ΔΔCt method.

Western blot analyses

Cell lysates (30 mg of total protein) and pre- 
stained molecular weight markers were sepa-
rated by SDS-PAGE followed by transfer onto 
nitrocellulose membranes. The membranes 
were blocked in TBST (Tris-buffered saline with 
0.5% Triton X-100) containing 5% nonfat milk 
and probed with primary antibodies against 
BAK1, Bcl-2, Caspase-3, c-myc and β-actin 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). After incubation with the secondary anti-
body, membranes were extensively washed.  
A fluorescent Western blotting detection sys-
tem was used, and the band density of each 
gene was normalized to the corresponding den-
sity of β-actin.

Dual-luciferase reporter assay

The target gene was predicted by TargetScan 
(http://www.targetscan.org/). A 252 bp frag-
ment of BAK1 mRNA containing the target 
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sequence (CUCAGGG) of miR-125b was ampli-
fied by RT-PCR (BAK1, sense 5’-GCTCCCAAC- 
CCATTCACTAC-3’ and antisense 5’-TCCCTAC- 
TCCTTTTCCCTGA-3’) [17]. The fragment was 
designated as BAK1 3’-UTR and inserted into 
the pMIR-REPORTTM luciferase reporter vector 
(Not I and Xho I restriction enzyme sites; Am- 
bion). Another expression vector was also con-
structed by inserting a mutated BAK1 3’-UTR in 
which the target sequence of miR-125b was 
mutated to CUCCGGG using the QuikChangeH 
Site-Directed Mutagenesis Kit (Stratagene, 
Santa Clara, USA). The recombinant reporter 
vectors with normal and mutated BAK1 3’-UTR 
were co-transfected with miR-125b into K562 
cells separately using TransMessengerTM Tran- 
sfection Reagent (Qiagen, Germany). The lucif-
erase assay was performed according to the 
manufacturer’s instructions. The relative lucif-
erase activities were normalized to that of the 
control cells.

Transfection assay

The transfection assay was performed as 
described in a previous study [16]. Briefly, the 
BAK1 overexpression vector was constructed 
by PCR amplification using BAK1 cDNA as a 
template and inserting the resulting BAK1 
cDNA product into the pcDNA3.1 vector. Two 
milligrams of recombinant plasmid and 200 
pmoles of miR-125b mimic, miR-125b mimic 
control, miR-125b inhibitor, or inhibitor control 
(Ambion, Austin, Texas, USA) were transfected 
into 3×106 K562 cells for 48 h by electropora-
tion using a Nucleofector instrument. After 
transfection, the cells were allowed to recover 
by incubating for 4 h at 37°C. The experiment 
was repeated three times.

Cell proliferation assay

Cell viability was assessed by 3-(4,5-Dimethy- 
lthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. In brief, cells were seeded in 
96-well plates for the indicated times. There- 
after, the old medium was discarded, and fresh 
medium containing MTT (5 mg/ml MTT in PBS; 
Sangon, Shanghai, China) was added and incu-
bated for an additional 4 h. Dimethyl sulfoxide 
was used to dissolve the formazan, and the 
absorbance at 490 nm was measured once 
every 24 h by a Scepter™ 2.0 Handheld Auto- 
mated Cell Counter (Bio-tek, WinoCMLki, VT, 
USA).

Flow cytometric analysis

Cell cycle analysis was determined by flow 
cytometry (BD, UA). Briefly, K562 and NB-4 
cells at 1×106 cells per well were cultured in 
6-well plates and transfected with 50 nM miR-
125b mimic, miR-125b inhibitor, or their re- 
spective control RNAs for 48 h. The cells were 
then harvested, fixed in 70% ice-cold ethanol 
for 24 h, and stained with propidium iodide (PI). 
The different cell cycle phases were analyzed 
using a FACS Calibur instrument.

For the apoptosis assay, cells were transfect- 
ed with 100 nM miR-125b precursor (pre-miR-
125b), 100 nM pre-miR-125b in combination 
with 100 nM miR-125b inhibitor (anti-miR-
125b), or 4 g of BAK1-expressing vector. At  
24 h after transfection, the cells were treated 
with the indicated concentrations of Taxol for 
48 h and then subjected to an apoptosis assay. 
Apoptosis was determined by propidium iodide 
staining with the apoptosis detection kit (BD 
Pharmingen). Briefly, 1×105 treated cells were 
incubated with propidium iodide for 15 min at 
room temperature. The cells were then ana-
lyzed by flow cytometry using fluorescence-acti-
vated cell sorting analysis (BD LSR II).

Animal experiments

The protocols for animal experiments were 
approved by the Committee on the Use and 
Care of Animals in the animal experimental 
center of Hubei University of Arts and Science. 
To study the role of miR-125b in the tumorigen-
esis of glioma cell lines, two different mouse 
models were used. The details of the establish-
ment of glioma xenografts are available in pre-
vious papers [7]. Briefly, CML was established 
by injecting 5×106 cells into the flanks of 4- to 
5-week-old male BALB/c nude mice. Twelve 
mice were divided into two groups (n = 6). miR-
125b inhibitor (50 nM in 100 μl of PBS) or con-
trol molecules (50 nM in 100 μl of PBS) were 
directly injected into the tumors every other day 
for three injections. Tumor diameters were then 
periodically measured with calipers. Tumor vol-
ume (mm3) = maximal length (mm) × perpen-
dicular width (mm)2/2. Twenty mice were ran-
domly divided into two groups of the same size 
(n = 10). miR-125b inhibitor (50 nM in 100 μl of 
PBS) and parental K562 cells were directly 
injected into the formed tumors with the help of 
a guide screw every other day for three injec-
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tions. The death of mice was recorded to gener-
ate a survival curve using SPSS software.

Statistical analysis

All results were presented as the mean ± SD. 
The statistical significance of the studies was 
analyzed using Student’s t test. A difference 
was deemed statistically significant at P < 0.05.

Results

Inverse level of miR-125b and BAK1 in CML 
patients and CML cells

The expression level of miR-125b and BAK1 
was detected in CML patients by qPCR. The 
results indicated that the expression level of 
miR-125b was significantly higher in CML 
patients than in healthy individuals (P < 0.05) 
(Figure 1A). The BAK1 expression level was 

decreased in CML patients compared with nor-
mal controls (P < 0.5) (Figure 1B), and there 
was a strong negative correlation between the 
expression level of miR-125b and the mRNA 
expression level of BAK1 in CML patients 
(Figure 1C). The expression level of miR-125b 
and BAK1 was also detected in K562, KG-1, 
NB-4, HuT-78, THP-1 and HSC cell lines by 
qPCR. The results indicated that the level  
of miR-125b was significantly higher in CML 
(K562, KG-1, NB-4, HuT-78 and THP-1) cells 
compared with HSC cells (P < 0.01) (Figure 1D). 
In addition, the mRNA and protein expression 
levels of BAK1 were examined by qRT-PCR and 
Western blot analysis, respectively (Figure 1E 
and 1F). The results showed that both the 
mRNA and protein levels of BAK1 were signifi-
cantly elevated in CML patients and CML cells 
compared with normal control cells.

Figure 1. Inverse level of miR-125b and BAK1 in CML patients and normal controls. An inverse level was detected 
in CML cells (K562, KG-1, NB-4, HuT-78 and THP-1) and HSC cells. A. The expression levels of miR-125b in CML 
patients and normal patients were measured by quantitative real-time PCR (qRT-PCR). B. The mRNA expression of 
BAK1 in CML patients and normal controls was assessed by qRT-PCR assay. C. Correlation between the miR-125b 
expression level and BAK1 protein expression level in CML patients. D. The expression level of miR-125b in CML 
cells and HSC cells was measured by quantitative real-time PCR (qRT-PCR). E. The mRNA expression of BAK1 in CML 
cells and HSC cells was assessed by qRT-PCR assay. F. Western blotting assay was used to confirm the expression 
profile of BAK1 in the above cell lines. Relative protein expression was quantified using Image-Pro Plus 6.0 software 
and normalized to β-actin. Data are presented as the mean ± SD of 3 experiments. *P < 0.05 versus the control 
group.
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BAK1 is targeted by miR-125b

Given that the level of miR-125b was increased 
in CML cell lines (especially in K562 and NB-4 
cells), we investigated its role in CML cell biolo-
gy s. A miR-125b mimic was used to amplify the 
expression of miR-125b, whereas a synthetic 
inhibitor specific for miR-125b was employed to 
suppress the expression of endogenous miR-
125b in CML cell lines. The efficiency of this 
miR-125b mimic or inhibitor was confirmed by 
qPCR assay (Figure 2A and 2B). BAK1 targeting 
by miR-125b was predicted by the bioinformat-
ic software program TargetScan. According to 
the results, the potential binding target site  
of miR-125b was found in the 3’-UTR of the 
BAK1 gene (Figure 2C). To experimentally con-
firm that BAK1 is an authentic target of miR-
125b in K562 cells, the plasmid pMIR-REPORT- 
BAK1 wt or pMIR-REPORT-BAK1 mut was trans-
fected into CML cells together with miR-125b 
mimic or the mimic control. After 48 h of trans-
fection, the results showed that the luciferase 
activity in the BAK1-wt with miR-125b mimic 
group was significantly reduced compared with 

the other three groups (Figure 2D). Additional- 
ly, BAK1-wt and BAK1-mut luciferase reporter 
vectors were co-transfected with the miR-125b 
inhibitor or inhibitor controls into K562 cells. 
The results showed that the miR-125b inhibitor 
reversed the reduction in the expression level 
of luciferase with the wild-type BAK1 3’-UTR in 
K562 cells (Figure 2E). The above data demon-
strated that BAK1 is a genuine target of miR- 
125b.

miR-125b promotes the progression and pro-
liferation of CML cells

To further explore the role of miR-125b in CML 
cells, we examined whether the overexpres- 
sion or inhibition of miR-125b was capable of 
affecting cell apoptosis. K562 cells were trans-
fected with the miR-125b mimic, mimic control, 
miR-125b inhibitor, or inhibitor control sepa-
rately. Cell apoptosis was evaluated by propi- 
dium iodide staining. The miR-125b inhibitor 
increased the number of apoptotic cells com-
pared with the inhibitor control, and less apop-
totic cells were detected in the miR-125b mim-

Figure 2. The targeting relationship between miR-125b and BAK1. The target gene was predicted by TargetScan 
database and identified by the luciferase activity. A. The expression level of miR-125b in K562 and NB-4 cells co-
transfected with the miR-125b mimic or mimic control was measured by qPCR. B. The expression level of miR-125b 
in K562 and NB-4 cells co-transfected with the miR-125b inhibitor or inhibitor control was measured by qPCR. C. 
The wild-type and mutant BAK1 3’-UTR contained the target sequence of miR-125b. D. K562 cells were co-trans-
fected with the miR-125b mimic or mimic control luciferase reporter vectors containing the wild-type (wt) or mutant 
(mut) BAK1 3’-UTR. E. A similar luciferase assay was performed in K562 cells treated with the miR-125b inhibitor 
or control. Luciferase activity was presented as firefly luciferase normalized to renilla luciferase. Data represent the 
mean ± SD of 3 experiments. *P < 0.05 versus the control group.
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Figure 3. Effect of miR-125b on the progression and proliferation of K562 and NB-4 cells. K562 and NB-4 cells were transfected with the miR-125b mimic, mimic 
control, miR-125b inhibitor or inhibitor control. (A) Apoptotic analysis of K562 cells in each group. (B) Number of apoptotic K562 cells. (C) Apoptotic analysis of NB-4 
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ic-transfected K562 cells compared with the 
mimic control cells (Figure 3A). Apoptotic cells 
in each group were quantified in Figure 3B. 
Similar behavior was detected in NB-4 cells; 
the miR-125b inhibitor promoted cell apopto-
sis, while the miR-125b mimic suppressed cell 
apoptosis (Figure 3C). NB-4 apoptotic cells in 
each group were quantified in Figure 3D. A cell 
cycle analysis indicated that miR-125b reduc-
tion induced an accumulation of K562 and 
NB-4 cells in the G0/G1 phase, while the miR-
125b mimic shortened the G0/G1 phase com-

pared with the mimic control (Figure 3E and 
3F), implying that cell cycle arrest occurred in 
K562 and NB-4 cells with the change in miR-
125b levels. A cell proliferation assay was con-
ducted in K562 cells. The miR-125b inhibitor 
strongly suppressed the growth of K562 cells 
compared with the inhibitor control group, and 
the miR-125b mimic increased the proliferation 
rate of K562 cells compared with the mimic 
control group (Figure 3G). Similar MTT results 
were obtained for NB-4 cells. The NB-4 cell pro-
liferation rate was decreased after treatment 

cells in each group. (D) Number of apoptotic NB-4 cells. (E) Cell cycle analysis of K562 cells with overexpression 
and inhibition of miR-125b. (F) Cell cycle analysis of NB-4 cells with overexpression and inhibition of miR-125b. 
The proliferation of K562 (G) and NB-4 (H) cells was determined at the indicated time points by the MTT assay. All 
experiments were repeated three times with three replicates. (*P < 0.05 versus mimic control; #P < 0.05 versus 
inhibitor control).

Figure 4. miR-125b regulates the mitochondrial apoptotic pathway by targeting BAK1. K562 and NB-4 cells were 
transfected with the miR-125b mimic, mimic control, miR-125b inhibitor or inhibitor control. A. The protein expres-
sion levels of mitochondrial apoptotic pathway members in K562 cells were measured by Western blotting. B. A sim-
ilar Western blotting assay was performed in NB-4 cells. C. Relative protein expression in K562 cells was quantified 
using Image-Pro Plus 6.0 software and normalized to β-actin. D. Relative protein expression in NB-4 cells. Data are 
presented as the mean ± SD of 3 experiments. *P < 0.05 versus mimic control; #P < 0.05 versus inhibitor control.
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with the miR-125b inhibitor, while cell growth 
was enhanced by overexpression of miR-125b 
(Figure 3H). These findings suggested that miR-
125b facilitates cell survival by accelerating 
the G0/G1 phase and promotes cell prolifera-
tion in CML cells.

miR-125b inhibits the mitochondrial apoptotic 
pathway by downregulating BAK1

The mitochondrial apoptotic pathway is highly 
correlated with the metastatic progression and 
survival of CML [18]. BAK1 opposes the func-
tion of Bcl-2 [19]. Thus, we detected the effect 
of miR-125b overexpression and suppression 
on the expression of BAK1 and the mitochon-
drial apoptotic pathway, including BAK1, Bcl- 
2, Caspase-3 and c-myc genes. The protein 
expression of these factors was detected by 
Western blotting. The results revealed that the 
miR-125b inhibitor effectively increased the 
expression of pro-apoptosis factors (BAK1, 
Caspase-3) and decreased the expression of 
anti-apoptosis factors (Bcl-2, c-myc) in K562 
cells compared with the inhibitor control cells. 
Meanwhile, the miR-125b mimic suppressed 
the expression of pro-apoptosis factors and 
promoted the expression of anti-apoptosis  
factors compared with cells transfected with 
the mimic control (Figure 4A) (P < 0.05). The 
Western blotting assay was also performed in 
NB-4 cells; the miR-125b inhibitor strongly pro-
moted the expression of BAK1 and Caspase-3 
and inhibited the expression of Bcl-2 and c- 
myc compared to the inhibitor control cells.  
Low expression of BAK1 and Caspase-3 was 
detected in miR-125b mimic-treated cells com-
pared to mimic control cells (Figure 4B). Re- 
lative quantification of the protein expression 
of mitochondrial apoptotic pathway members 
in K562 and NB-4 cells is summarized in Figure 
4C and 4D. The above data suggested that miR-
125b suppressed the mitochondrial apoptotic 
pathway in CML cells by down-regulating pro-
apoptosis factors and up-regulating anti-apop-
tosis factors.

miR-125b suppression of BAK1 is required for 
its effect on the mitochondrial apoptotic path-
way and CML cells

Given that BAK1 is a target of miR-125b, we 
investigated whether BAK1 mediates the effect 
of miR-125b on the mitochondrial apoptotic 
pathway and CML cells. A synthetic siRNA tar-

geting BAK1 was employed to silence the 
expression level of BAK1 in K562 cells (Figure 
5A). Western blotting was used to measure  
the expression of BAK1, Bcl-2, Caspase-3 and 
c-myc (Figure 5B). The bands were quantified 
and are shown in Figure 5C. In the miR-125b 
inhibitor plus siBAK1 group, the protein expres-
sion of BAK1 and Caspase-3 was effectively 
increased compared with the siBAK1 group  
(P < 0.01) and decreased compared with the 
miR-125b inhibitor group (P < 0.05). The pro-
tein expression of Bcl-2 and c-myc were de- 
creased compared with the siBAK1 group (P < 
0.05), and the expression of these proteins was 
increased compared with the miR-125b inhibi-
tor group (P < 0.01). These results illustrated 
that the suppression of BAK1 abrogated the 
effect of miR-125b silencing on pro-apoptosis 
factors (BAK1, Caspase-3) and the effect of 
miR-125b activating anti-apoptosis factors 
(Bcl-2, c-myc). As shown by MTT assay, a de- 
creased BAK1 level restored the proliferation 
rates of CML cells treated with miR-125b inhibi-
tors (Figure 5D).

To further confirm whether BAK1 overexpres-
sion counteracts the effect of miR-125b in 
K562 cells, we co-transfected the miR-125b 
inhibitor or inhibitor control with or without the 
siBAK1 vector into K562 cells. A cell apoptosis 
analysis indicated that the siBAK1 group exhib-
ited the lowest apoptotic cell numbers. Com- 
pared to the inhibitor control, miR-125b inhibi-
tor transfection effectively increased the apop-
totic cell numbers. The apoptotic cell numbers 
in K562 cells transfected with the miR-125b 
inhibitor plus siBAK1 were effectively decreased 
compared with the miR-125b inhibitor trans- 
fection group (Figure 5E). Apoptotic K562 cells 
were quantified and are shown in Figure 5F. 
Flow cytometric analysis of cell cycle progres-
sion demonstrated that G0/G1 arrest was pre-
vented in miR-125b-downregulated CML cells 
by BAK1-targeting siRNA (Figure 5G).

miR-125b inhibitor suppresses the growth of 
xenografts in vivo

Given that miR-125b plays an important role in 
the proliferation of CML cells, we investigated 
whether this miRNA also contributes to CML 
growth in vivo. Thus, the sizes of CML tumors 
established in mice were determined with a 
caliper after miR-125b was suppressed. The 
results revealed that the tumor volumes were 
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significantly smaller in the group treated with 
the miR-125b inhibitor than the controls (Figure 
6A and 6B). To further confirm the role of miR-
125b in the growth of CML, we performed a 
survival curve analysis. The data indicated  
that miR-125b downregulation suppressed the 
growth of xenografts and prolonged the surviv-
al time of CML-bearing mice (Figure 6C).

Discussion

CML remains incurable possibly due to the 
treatment resistance of leukemic stem cells, 
resulting in rapid disease relapse after the dis-
continuation of therapy. Many studies aim to 
recognize molecular signals in CML stem cells. 
miRNAs are noncoding RNAs that can suppress 
the expression of protein-coding genes by bind-
ing to the target sequence at the 3’-UTR of the 
target gene [20]. miR-125b has been reported 
to cause leukemia [21].

The strikingly increased expression level of 
miR-125b has been reported in many cancers, 
including breast cancer [22], skin tumors [23], 
prostate cancer [24] and leukemogenesis [25]. 
Marina et al. suggested that miR-125b plays  
an important role in early hematopoiesis by 
transforming cells and inducing leukemia that 
affects both the myeloid and lymphoid lineag-

es. Their report also indicated that miR-125b  
is involved in leukemia as a second event to 
accelerate the tumorigenicity of the BCR-ABL 
fusion protein [21]. Accumulating evidence has 
indicated that BAK1 is a susceptible gene in 
CML [16, 17, 26]. Thus, we identified BAK1 as  
a miR-125b-targeted protein. In our study, the 
results showed that miR-125b was increased 
significantly in CML cells and CML patients 
compared with healthy controls, which was 
consistent with a former study [21]. Further- 
more, we detected a strong negative correla-
tion between the expression level of miR-125b 
and the mRNA expression level of BAK1 in CML 
patients. To verify the targeting reaction bet- 
ween miR-125b and BAK1, luciferase reporter 
vectors of wild-type and mutant BAK1 were 
constructed. The results showed that the over-
expression of miR-125b inhibited luciferase 
expression when cells were transfected with 
the wt-BAK1 luciferase reporter system, but 
these results were not observed in the mut-
BAK1 groups. Moreover, the inhibition of miR-
125b increased luciferase activity in the wt-
BAK1 transfection group compared with the 
mut-BAK1 group. These results demonstrated 
that BAK1 is a target gene for miR-125b.

BCL-2 was previously shown to cooperate with 
PML-RARα to block neutrophil differentiation 

Figure 5. BAK1 restoration is required for the effect of miR-125b suppression on CML cells. Cells were treated with 
the miR-125b mimic or mimic control with or without the siBAK1 vector. A. The relative mRNA expression of BAK1 
treated with siRNA or negative control in K562 cells was measured by qPCR. B. Relative BAK1, Bcl-2, Caspase-3 
and c-myc expression was detected by Western blotting. C. Relative protein expression in CML cells was quantified 
using Image-Pro Plus 6.0 software and normalized to β-actin. D. The MTT assay was employed to examine the pro-
liferation rates of K562 cells treated with the miR-125b mimic or mimic control with or without the siBAK1 vector. 
E. Apoptotic K562 cells in each group were measured by flow cytometry. F. Cell cycle progression was measured by 
flow cytometric analysis. The data represent the means ± SD of three independent experiments.

Figure 6. miR-125b accelerates the growth of CML in mice. CML cells were transfected with the miR-125b inhibitor 
and subcutaneously injected into the flanks of nude mice. The diameter of the CML tumor was periodically mea-
sured. A. Tumor volume was calculated and is shown as the mean ± SD (n = 6). B. Tumor weights. C. The survival of 
mice was detected when the miR-125b inhibitor was used (n = 10).
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and initiate APL [27]. As a BCL-2 antagonist or 
killer, BAK1 is associated with apoptosis and 
autophagy in CML, according to the expression 
profile reported by Wang et al. [26]. This result 
implies that BAK1 represses apoptotic cell 
death in CML. From the above finding, targeting 
BAK1 with certain small RNAs provides a novel 
strategy to prevent the growth of CML cells. 
Thus, to investigate the role of miR-125b in 
CML cell growth and apoptosis via targeting 
BAK1, we detected the effect of a miR-125b 
inhibitor and miR-125b mimic on the expres-
sion of BAK1 and the proliferation and apopto-
sis of K562 and NB-4 cells. The results showed 
that miR-125b inhibition led to a significant 
increase in BAK1, induction of cell apoptosis 
with cell cycle arrest at the G0/G1 phase, and 
prohibition of cell growth in K562 and NB-4 
cells. Furthermore, the miR-125b mimic pro-
moted the expression of BAK1, which is similar 
to the physiological feature in CML. The overex-
pression of miR-125b resulted in a decrease in 
the number of apoptotic cells with a shortened 
G0/G1 phase and an increase in cell prolifer- 
ation.

The Bax and BAK proteins play critical roles in 
the mitochondrial apoptosis pathway and in 
determining cell fate [28]. Defects in cell death 
regulation represent an essential characteristic 
of acute myeloid leukemia (AML), promoting the 
accumulation of leukemia cells by conferring 
tolerance to oncogene activation, cell cycle 
checkpoint defects, and genetic instability. 
Bcl-2 family proteins are central regulators of 
cell life and death, affecting both apoptotic  
and non-apoptotic cell death. The Bcl-2 family 
includes both cell survival- and death-promot-
ing members, with the relative levels and activi-
ties of these proteins becoming imbalanced  
in favor of cell survival in AML and most other 
malignancies [29]. Our study was consistent 
with previous studies. The overexpression of 
pro-apoptosis factors (BAK1, Caspase-3) and 
down regulation of anti-apoptosis factors (Bcl-
2, c-myc) were detected in K562 and NB-4 cells 
after addition of the miR-125b inhibitor, while 
the miR-125b mimic led to the opposite results. 
These results suggested that the inhibition  
of miR-125b promoted the expression of pro-
apoptosis factors of the mitochondrial apopto-
sis pathway by increasing BAK1 expression, 
which may promote CML cell apoptosis.

To further confirm the regulatory effect of miR-
125b on the expression of mitochondrial apop-
tosis pathway proteins and on the apoptosis 

and proliferation of CML cells via targeting 
BAK1, BAK1 was interfered in K562 cells. The 
results showed that siBAK1 restored the miR-
125b inhibition of the protein expression of  
the mitochondrial apoptosis pathway. The miR-
125b inhibitor plus siBAK1 group exhibited a 
faster growth rate and less apoptotic cells  
with a shorter G0/G1 phase compared to the 
miR-125b inhibitor group. This result agreed 
with the report of Zhang Lei et al.; simulta- 
neous knockdown of BAX and BAK significant- 
ly rescued BI 6727/VCR-induced apoptosis in 
Ewing’s sarcoma [30]. Finally, the in vivo experi-
ment indicated that miR-125b downregulation 
suppressed the growth of CML and prolonged 
the survival of CML-bearing mice.

In conclusion, our results demonstrated that 
the down-regulation of miR-125b affects the 
expression of BAK1, leading to the overex- 
pression of pro-apoptosis factors with sup-
pressed expression of anti-apoptosis factors  
in the mitochondrial apoptosis pathway. These 
effects lead to an increase in apoptotic cells 
with cell cycle arrest at the G0/G1 phase and  
a decreased proliferation rate in CML. This 
study provides an important clue to help eluci-
date the pathogenesis of CML and suggests 
that miR-125b is a potential therapeutic target 
for CML.

Address correspondence to: Shanshan Fang, De- 
partment of Oncology, Xiangyang Central Hospital, 
Hubei University of Arts and Science, Jinzhou Road 
136#, Xiangyang 441053, China. E-mail: 25036256 
@qq.com; Weiming Li, Department of Hematology, 
Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, 1277 Jiefang 
Avenue, Wuhan 430022, China. E-mail: liweiming- 
hw@sina.com

References

[1]	 Jiang X, Zhao Y, Smith C, Gasparetto M, Turhan 
A, Eaves A and Eaves C. Chronic myeloid leuke-
mia stem cells possess multiple unique fea-
tures of resistance to BCR-ABL targeted thera-
pies. Leukemia 2007; 21: 926-935.

[2]	 Deininger MW, Goldman JM and Melo JV. The 
molecular biology of chronic myeloid leukemia. 
Blood 2000; 96: 3343-3356.

[3]	 Shukla S, Kouanda A, Silverton L, Talele TT  
and Ambudkar SV. Pharmacophore Modeling 
of Nilotinib as an Inhibitor of ATP-Binding 
Cassette Drug Transporters and BCR-ABL 
Kinase Using a Three-Dimensional Quantita- 
tive Structure-Activity Relationship Approach. 

mailto:25036256@qq.com
mailto:25036256@qq.com
mailto:liweiminghw@sina.com
mailto:liweiminghw@sina.com


Mir-125b targets BAK1 in CML

458	 Am J Transl Res 2016;8(2):447-459

Molecular pharmaceutics 2014; 11: 2313-
2322.

[4]	 Paw I, Carpenter RC, Watabe K, Debinski W 
and Lo HW. Mechanisms regulating glioma in-
vasion. Cancer Lett 2015; 362: 1-7.

[5]	 Sinha M, Ghatak S, Roy S and Sen CK. micro- 
RNA-200b as a switch for inducible adult an-
giogenesis. Antioxid Redox Signal 2015; 22: 
1257-1272.

[6]	 Hayes J, Peruzzi PP and Lawler S. MicroRNAs  
in cancer: biomarkers, functions and therapy. 
Trends Mol Med 2014; 20: 460-469.

[7]	 Negrini M, Cutrona G, Bassi C, Fabris S, Za- 
gatti B, Colombo M, Ferracin M, D’Abundo L, 
Saccenti E and Matis S. microRNAome expres-
sion in chronic lymphocytic leukemia: compari-
son with normal B-cell subsets and correla-
tions with prognostic and clinical parameters. 
Clin Cancer Res 2014; 20: 4141-4153.

[8]	 Cattaneo M, Pelosi E, Castelli G, Cerio A, Por- 
retti L, Rebulla P, Pavesi L, Russo G, Giordano 
A and Turri J. A miRNA Signature in Human 
Cord Blood Stem and Progenitor Cells as 
Potential Biomarker of Specific Acute Myeloid 
Leukemia Subtypes. J Cell Physiol 2015; 230: 
1770-1780.

[9]	 Navarro A, Díaz T, Cordeiro A, Beyá MD, Ferrer 
G, Fuster D, Martinez A and Monzó M. Epi- 
genetic regulation of microRNA expression in 
Hodgkin lymphoma. Leuk Lymphoma 2015; 
56: 2683-9.

[10]	 Chapiro E, Russell L, Struski S, Cave H, 
Radford-Weiss I, Valle V, Lachenaud J, Brous- 
set P, Bernard O and Harrison C. A new recur-
rent translocation t(11;14)(q24;q32) involv- 
ing IGH@ and miR-125b-1 in B-cell progeni- 
tor acute lymphoblastic leukemia. Leukemia 
2010; 24: 1362-1364.

[11]	 Bousquet M, Quelen C, Rosati R, Mansat-De 
Mas V, La Starza R, Bastard C, Lippert E, 
Talmant P, Lafage-Pochitaloff M and Leroux  
D. Myeloid cell differentiation arrest by miR-
125b-1 in myelodysplasic syndrome and acute 
myeloid leukemia with the t(2;11)(p21;q23) 
translocation. J Exp Med 2008; 205: 2499-
2506.

[12]	 Kandi R, Gutti U, Saladi RG, Gutti RK. MiR-
125b and miR-99a encoded on chromosome 
21 co-regulate vincristine resistance in child-
hood acute megakaryoblastic leukemia. He- 
matol Oncol Stem Cell Ther 2015; 8: 95-7.

[13]	 Ren J, Xu Y, Huang Q, Yang J, Yang M, Hu K and 
Wei K. Chabamide induces cell cycle arrest 
and apoptosis by the Akt/MAPK pathway and 
inhibition of P-glycoprotein in K562/ADR cells. 
Anticancer Drugs 2015; 26: 498-507.

[14]	 Siddiqui WA, Ahad A and Ahsan H. The mystery 
of BCL2 family: Bcl-2 proteins and apoptosis: 
an update. Arch Toxicol 2015; 89: 289-317.

[15]	 Troadec S, Blairvacq M, Oumata N, Galons H, 
Meijer L and Berthou C. Antitumoral effects of 
cyclin-dependent kinases inhibitors CR8 and 
MR4 on chronic myeloid leukemia cell lines. J 
Biomed Sci 2015; 22: 1-16.

[16]	 Kong F, Sun C, Wang Z, Han L, Weng D, Lu  
Y and Chen G. miR-125b confers resistance  
of ovarian cancer cells to cisplatin by target- 
ing pro-apoptotic Bcl-2 antagonist killer 1. J 
Huazhong Univ Sci Technolog Med Sci 2011; 
31: 543-549.

[17]	 Zhou M, Liu Z, Zhao Y, Ding Y, Liu H, Xi Y, Xiong 
W, Li G, Lu J, Fodstad O, Riker AI, Tan  
M. MicroRNA-125b confers the resistance of 
breast cancer cells to paclitaxel through sup-
pression of pro-apoptotic Bcl-2 antagonist kill-
er 1 (Bak1) expression. J Biol Chem 2010; 
285: 21496-21507.

[18]	 Kim C, Lee JH, Kim SH, Sethi G and Ahn KS. 
Artesunate suppresses tumor growth and in-
duces apoptosis through the modulation of 
multiple oncogenic cascades in a chronic my-
eloid leukemia xenograft mouse model. Onco- 
target 2015; 6: 4020.

[19]	 Capaccioli S. Proceedings of the discoveries 
on post-transcriptional Bcl-2 deregulation in 
human leukemias/lymphomas. RNA & Disease 
2015; 2: 10-14800/rd. 14694.

[20]	 Ambros V, Lee RC, Lavanway A, Williams PT 
and Jewell D. MicroRNAs and other tiny endog-
enous RNAs in C. elegans. Curr Biol 2003; 13: 
807-818.

[21]	 Bousquet M, Harris MH, Zhou B and Lodish HF. 
MicroRNA miR-125b causes leukemia. Proc 
Natl Acad Sci U S A 2010; 107: 21558-21563.

[22]	 Wang H, Tan G, Dong L, Cheng L, Li K, Wang Z 
and Luo H. Circulating MiR-125b as a marker 
predicting chemoresistance in breast cancer. 
PLoS One 2012; 7: e34210.

[23]	 Nakanishi H, Taccioli C, Palatini J, Fernandez-
Cymering C, Cui R, Kim T, Volinia S and Croce 
C. Loss of miR-125b-1 contributes to head and 
neck cancer development by dysregulating 
TACSTD2 and MAPK pathway. Oncogene 2014; 
33: 702-712.

[24]	 Sun D, Layer R, Mueller AC, Cichewicz MA, 
Negishi M, Paschal BM and Dutta A. Regulation 
of several androgen-induced genes through 
the repression of the miR-99a/let-7c/miR-
125b-2 miRNA cluster in prostate cancer cells. 
Oncogene 2014; 33: 1448-1457.

[25]	 Zhang H, Luo XQ, Feng DD, Zhang XJ, Wu J, 
Zheng YS, Chen X, Xu L and Chen YQ. Upregu- 
lation of microRNA-125b contributes to leuke-
mogenesis and increases drug resistance in 
pediatric acute promyelocytic leukemia. Mol 
Cancer 2011; 10: 293.

[26]	 Wang F, Cho W, Chan LW, Wong S, Tsui NB,  
Siu PM, Yip S and Yung BY. Gene Network 



Mir-125b targets BAK1 in CML

459	 Am J Transl Res 2016;8(2):447-459

Exploration of Crosstalk between Apoptosis 
and Autophagy in Chronic Myelogenous Leu- 
kemia. Biomed Res Int 2015; 2015: 459840.

[27]	 Kogan SC, Brown DE, Shultz DB, Truong BT, 
Lallemand-Breitenbach V, Guillemin MC, La- 
gasse E, Weissman IL and Bishop JM. BCL-2 
cooperates with promyelocytic leukemia reti-
noic acid receptor alpha chimeric protein 
(PMLRARalpha) to block neutrophil differentia-
tion and initiate acute leukemia. J Exp Med 
2001; 193: 531-544.

[28]	 Xiang Z, Qu F, Wang F, Xiao S, Jun L, Zhang Y 
and Yu Z. ChBax/Bak as key regulators of the 
mitochondrial apoptotic pathway: Cloned and 
characterized in Crassostrea hongkongensis. 
Fish Shellfish Immunol 2015; 42: 225-232.

[29]	 Reed JC. Roles of Apoptosis-Regulating Bcl-2 
Family Genes in AML. In: editors. Targeted 
Therapy of Acute Myeloid Leukemia. Springer; 
2015. pp. 47-65.

[30]	 Weiß L, Hugle M, Romero S and Fulda S. 
Synergistic induction of apoptosis by polo-like 
kinase 1 inhibitor and microtubule-interfering 
drugs in Ewing sarcoma cells. Int J Cancer 
2016; 138: 497-506.


