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Objective(s): Chronic myelogenous leukemia (CML) is a chronic myeloproliferative disorder 
characterized by the accumulation of myeloid cells with a chromosomal translocation known as the 
Philadelphia chromosome. In this study, we investigated the roles of miR-570 in CML development. 
Materials and Methods: Expression of miR-570 in CML samples and cell lines was determined by qRT-
PCR. Glucose uptake and ATP concentration detection assays were used to analyze cell glucose 
metabolism. MTT and western blot assays were performed for cell proliferation and apoptosis, 
respectively. The targets of miR-570 were predicted by bioinformatics and confirmed using luciferase 
activity, qRT-PCR and western blot assays. 
Results: The expression levels of miR-570 were significantly reduced in CML clinical samples and 
cells. Overexpression of miR-570 inhibited cell proliferation, promoted apoptosis, and suppressed 
glucose metabolism in CML cells. Insulin receptor substrates (IRS) 1 and IRS2 were identified as 
direct targets of miR-570. IRS1 or IRS2 were knocked down in K562 cells. Loss of IRS1/2 expression 
led to suppressed cell proliferation, elevated apoptosis, and decreased glucose metabolism in CML 
cells, which is consistent with their roles as miR-570 targets. 
Conclusion: MiR-570 directly targeted IRS1 and IRS2 in CML, suppressing cell proliferation and 
glucose metabolism. MiR-570 may provide a strategy for CML therapy. 
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Introduction 
Chronic myelogenous leukemia (CML) is a 

chronic myeloproliferative disorder characterized    
by the accumulation of myeloid cells with a 
chromosomal translocation known as the Philadel-
phia chromosome (1). This disease affects about 1 in 
60,000 individuals, and is predicted to result in 6,000 
new diagnoses each year in the United States (2). The 
pathological mechanism of CML has been shown to 
involve a fusion event between the breakpoint 
cluster region protein (BCR) gene on chromosome 
22 and the abelson murine leukemia viral oncogene 
homolog 1 (ABL-1) gene on chromosome 9, leading 
to constitutive activation of ABL-1, which in                    
turn inhibits DNA repair and activates a number of 
signaling pathways to induce myeloid cell prolifera-
tion (3). 

 

MicroRNAs (miRNAs) are a class of 19-22 
nucleotide ribonucleic acids (RNAs), which have 
recently emerged as novel regulators of cellular 
activities. They regulate gene expression in a post-
transcriptional manner via binding to the 3’-
untranslated region (3’-UTR) of target mRNA, 
resulting in mRNA degradation or translational 
inhibition (4). Over the past decade, a body of 
literature points to a major role for miRNAs in cancer 
initiation, progression, and metastasis (5). It has 
been shown that miRNAs may function as oncogenes 
in gain-of-function, or alternatively, as tumor 
suppressors in loss-of-function models. These results 
have been substantiated in human cancers in which 
deregulation of miRNA expression has been 
repeatedly reported. Importantly, it has been 
demonstrated that the development of CML is also 
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regulated by microRNAs. Overexpression study of miR-
424 has shown that it inhibited gene expression of 
BCR/ABL by binding to the coding and 3’-UTR regions 
to sensitize CML to imatinib (6).  The downregulation of 
miR-362-5p has also been shown to decrease the 
growth by activating the function of (GADD45α)-
mediated JNK1/2 and P38 signaling (7).  

Previous studies by other groups have 
established that miR-570 participates in the 
regulation of multiple human cancer types, including 
gastric (80, liver (9), and lung (10) cancers.  

  
Materials and Methods 
Patients 

Fresh blood samples were collected from 15 
chronic myelogenous leukemia (CML) patients at the 
Second Affiliated Hospital of Harbin Medical 
University, Harbin, Heilongjiang China. The samples 
were immediately snap-frozen in liquid nitrogen, and 
stored at -80 °C until RNA extraction. The study was 
approved by ethical committee of the Second 
Affiliated Hospital of Harbin Medical University, and 
each participant provided written informed consent. 
The clinical characteristics of 15 CML were listed in 
Table 1. 

 
Cell lines, cell culture and cell transfection 

Human CML cell lines K562 and LAMA-84 were 
cultured in DMEM with 10% fetal bovine serum 
(FBS, Gibco, Grand Island, NY, USA), 100 U/ml 
penicillin and 100 mg/ml streptomycin. All cells 
maintained in 37 °C, saturated humidity incubator of 
5% CO2. 

Human miRNA and siRNA transfection to CML 
cells was performed using Lipofectamine® RNAiMAX 
Transfection Reagent according to manufacturer’s 
instructions. Briefly, CML cells (1×105/well) were 
seeded into 24-well plate. 10 pmol miRNA or siRNA 
was added into each well with 3 µl Lipofectamine® 
RNAiMAX Reagent in 50 µl Opti-MEM® Medium. The 
cells were subjected to further analysis after 
incubation for two days. 

  
Quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) analysis 

qRT-PCR was performed to detect the relative 
levels of miRNA and mRNA expression levels.                
Total RNA was extracted using RNA extraction Kit 
(Qiagen, Santa Clarita, CA, USA) according to the 
manufacturer’s instructions. Reverse transcription 
was performed with use of a PrimeScriptTM RT 
reagent Kit (TaKaRa, Dalian, China) according to the 
manufacturer's instructions. qRT-PCR was carried 
out using the SYBR Premix ExTaq real-time PCR Kit 
(Takara, Dalian, China). PCR was carried out in 
triplicate and analyzed using the ABI Prism 7500HT 
fast realtime PCR system (Applied Biosystems, 
Foster City, CA, USA). The relative quantification  

Table 1. Characteristics of 15 CML patients 
 

Feature N (%) 

Gender  

   Male 9 (60.0) 

   Female 6 (40.0) 

Sokal score  

   Low 8 (53.3) 

   Intermediate 4 (26.7) 

   High 3 (20.0) 

Subclassification  

   Chronic 14 (93.3) 

   Accelerated 1 (6.7) 

   Blastic 0 (0.0) 

BCR-ABL1 mutation  

   Yes 6 (40.0) 

   No 9 (60.0) 

Splenomegaly  

   Yes 11 (73.3) 

   No 4 (26.7) 

 
values for each gene were calculated by the 2-Ct 
method using U6 or β-ACTIN as an internal control. 
The primers for peroxisome proliferator-activated 
receptor gamma co-activator 1-alpha (PGC1α), phos-
phoenolpyruvate carboxykinase 1 (PCK1) and ATP-
binding cassette transporter A1 (ABCA1) were used as 
previous described (11). The IRS1 and IRS1 primers 
were used as followed: IRS1 forward 5’-TATGCCAGC-
ATCAGTTTCCA-3’ reverse 5’-TTGCTGAGGTCATTTAGG- 
TCTT-3’; IRS2 forward 5’-TTCTTGTCCCACCACTTGAA-
3’ reverse 5’-CTGACATGTGACATCCTGGTG-3’. 

 
3-(4,  5-dimethylthiazol-2-yl)-2,  5-diphenyl 
tetra zolium bromide (MTT) assay  

K562 cells were transfected with either miRNA 
(human miR-570, control miRNA or their inhibitors) 
or siRNA (human IRS1, IRS2 or control siRNA). After 
24 hr transfection, cells were seeded into 96-well 
plate and continue cultured for 0, 24, 48 and 72 hr, 
respectively. At each time point, 20 µl MTT reagent 
(5 mg/ml, Sigma, St Louis, MO, USA) was added into 
each culture well and incubated for 4 hr at 37°C. 
Afterwards, the supernatant was removed and 150 µl 
dimethyl sulfoxide (DMSO, Sigma) was added to each 
well. After shaking for 10 min, absorbance at the 
wavelength of 570 nm was measured on a 
microplate reader. 
 
Luciferase reporter assay 

The 3’-UTR sequences of the IRS1 and IRS2 genes 
were amplified by PCR using complementary DNA 
(cDNA) reverse transcribed from K562 cell mRNA as 
the template, and were subcloned into the pMIR-
REPORT luciferase vector to generate the IRS1 and 
IRS2 3’-UTR luciferase reporter plasmids. Plasmids 
and miRNA were co-transfected into HEK293T cells.  
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Figure 1. MiR-570 is downregulated in chronic myelogenous leukemia (CML) clinical samples and cell lines 
(A) Expression levels of miR-570 in blood samples of 15 CML patient and 8 healthy volunteer as determined by qRT-PCR (P<0.001). U6 was 
used as an internal control. (B) Expression levels of miR-570 in bone marrow cells (CD34+) from five CML patients compared with those in 
periphery blood cells (CD34+) from five healthy participants as determined by analysis of Gene Expression Omnibus (GEO) DataSets 
GSE64011 (P<0.05). (C) Expression levels of miR-570 in K562 and LAMA-84 CML cells compared with those in healthy blood cells as 
determined by qRT-PCR (P<0.05) 

 
After 48 hr of transfection, cells were lysed with 
extraction buffer. Luciferase activity assays were 
performed using the Dual Luciferase Reporter Assay 
System (Promega, Madison, WI, USA) following the 
manufacturer’s instructions. 
 
Western blot analysis 

Total K562 cell proteins were extracted using 
radioimmunoprecipitation assay (RIPA) buffer (200 
µl, 50 mM Tris pH 8.0, 150 mM NaCl, 1% Nonidet P40 
and 0.1% SDS) after treatment. The concentrations 
of the proteins were detected by using BCA protein 
assay Kit (Beyotime Biotech, Beijing, China). Lysates 
with equal protein were isolated by 10 % SDS-PAGE 
and transferred onto nitrocellulose membranes (Bio-
Rad, Hercules, CA, USA). Membranes were blocked 
for 1 hour in 5% non-fat milk in Tris-buffered saline 
with Tween 20 (TBST) and incubated with primary 
antibodies against cleaved Caspase 3, anti-Caspase 3, 
IRS1, IRS2 and β-ACTIN (Santa Cruz, Santa Cruz, CA, 
USA) overnight at 4 °C, followed by the incubation 
with appropriate horseradish peroxidase (HRP)-
conjugated secondary antibody at optimized 
concentration. Signal was detected with an enhanced 
chemiluminescence (ECL) system (Beyotime 
Biotech). 
 
Glucose uptake assay 

Glucose uptake in K562 cells was measured using 
a fluorescent D-glucose derivative 2-[N-(7-nitrobenz-
2-oxa-1,3-diaxol-4-yl)amino]-2-deoxyglucose (2-
NBDG, Sigma). Briefly, after 30 min of glucose 
starvation, K562 cells were incubated for 20 min in 
the presence of 2-NBDG. Cells were then washed and 
the fluorescence was analyzed using a fluorescence 
microplate reader. 
 
ATP concentration detection 

ATP concentration was measured by luciferase 
activity assay using a luciferase kit from Sigma 
following the manufacturer’s protocol. 

 
Statistical analysis 

The data were presented as mean±standard 
deviation (SD). Experimental data were analyzed by 
Student’s t-test or one-way analysis of variance 
(ANOVA), and statistical analysis was performed 
with SPSS 16.0 software. Data were considered to be 
statistically significant when P<0.05. 

 

Results  
MiR-570 is downregulated in CML clinical samples 
and cell lines 

In order to investigate the involvement of miR-570 in 
CML development, we first analyzed the expression level 
of miR-570 in blood samples from 15 CML patients and 8 
healthy participants. The expression levels of miR-570 
were significantly reduced in the blood samples from 
CML patients, compared to those in the blood samples 
from healthy participants (Figure 1A). Furthermore, 
gene expression data from Gene Expression Omnibus 
(GEO) DataSets GSE64011 was analyzed (12). The 
author compared miRNA expression between CML bone 
marrow cells and peripheral blood samples of healthy 
control participants. MiR-570 expression was decreased 
in bone marrow cells from CML patients, compared to 
those from healthy control participants (Figure 1B). In 
addition, we examined miR-570 expression in two CML 
cell lines, K562 and LAMA-84 cells. The expression levels 
of miR-570 were found significantly lower in both of the 
two CML cell lines compared to those in healthy blood 
pool sample (Figure 1C). Taken together, these results 
indicated that miR-570 was downregulated in both CML 
clinical samples and in CML cells, suggesting that miR-
570 could be involved in the regulation of CML 
development. 
 
MiR-570 regulates the proliferation, apoptosis and 
glucose metabolism of CML cells 

In order to investigate the roles of miR-570 in 
regulating the biological functions of CML cells, the 
miR-570 was overexpressed and knocked down in  
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Figure 2. MiR-570 regulates proliferation and apoptosis of chronic myelogenous leukemia (CML) cells 
(A) Expression levels of miR-570 as determined by qRT-PCR in K562 cells transfected with control plasmid, miR-570 expressing plasmid, 
control inhibitor, or miR-570 inhibitor. (B) MTT assay performed in K562 cells transfected with control plasmid, miR-570 expressing 
plasmid, control inhibitor, or miR-570 inhibitor at 0, 24, 48, and 72 hr after transfection. (C) Protein levels of cleaved Caspase 3 and full 
length Caspase 3 as determined by western blot analysis in K562 cells transfected with control plasmid, miR-570 expressing plasmid, 
control inhibitor, or miR-570 inhibitor. Cells were cultured in medium without serum. (D) Percentage of cell death in K562 cells transfected 
with control plasmid, miR-570 expressing plasmid, control inhibitor, or miR-570 inhibitor. Cells were cultured in medium without serum. 
All experiments were repeated in triplicate, mean±SEM, *P<0.05, **P<0.01 and ***P<0.001 

 
 

K562 cells by transfection of miR-570 plasmid and 
miR-570 inhibitor, respectively. The overexpression 
and the knockdown efficacies were confirmed by 
qPCR analysis (Figure 2A). MTT cell proliferation 
assay was then performed on these K562 cells. It was  
found that overexpression of miR-570 significantly 
inhibited the proliferation of K562 cells, whereas 
knockdown of miR-570 promoted K562 cell 
proliferation (Figure 2B). Furthermore, the apoptosis 
of K562 cells induced by serum free culture was 
examined. Overexpression of miR-570 led to both 
increased cleavage of Caspase-3 (Figure 2C) and 
increased cell death (Figure 2D). In contrast, 
knockdown of miR-570 resulted in reduced Caspase-
3 cleavage (Figure 2C) and decreased cell death 
(Figure 2D). Since substantial changes in glucose 
metabolism have been demonstrated in the 
development of CML (13), we also sought to examine 
whether miR-570 affected glucose metabolism in 
CML cells. The 2-NBDG glucose uptake assay showed 
that miR-570 overexpression significantly reduced 
glucose uptake in K562 cells, whereas miR-570 
knockdown stimulated glucose uptake (Figure 3A). 
Importantly, the catabolism of glucose in K562 cells 
was also affected by miR-570. Overexpression of 
miR-570 reduced ATP generation, while knockdown 

of miR-570 increased ATP generation in K562 cells 
(Figure 3B). In addition, the expression of genes 
associated with glucose metabolism, PGC1α, PCK1 
and ABCA1 was examined (11). It was found that the 
expression levels of these genes were suppressed by 
miR-570 overexpression, and were induced by miR-
570 knockdown (Figure 3C). Collectively, these 
results indicated that miR-570 inhibited cell 
proliferation, stimulated cell apoptosis, and 
suppressed glucose metabolism in CML cells.  
 
IRS1 and IRS2 are targets of miR-570 

The molecular targets of miR-570 in CML cells 
were then identified. Using bioinformatics tools 
TargetScan (http://www.targetscan.org), IRS1 and 
IRS2 could be putative targets of miR-570 based on 
multiple complementary binding sites (Figure 4A). 
To confirm this prediction, the 3’-UTR sequence of 
human IRS1 and IRS2 were subcloned into pMIR-
REPORT plasmids, then co-transfected these 
plasmids into HEK293T cells with either miR-570 
plasmid or miR-570 inhibitor. Co-transfection with 
miR-570 plasmid significantly reduced the luciferase 
activity coupled to the 3’-UTR of both IRS1 and IRS2, 
whereas co-transfection with miR-570 inhibitor 
enhanced the luciferase activity coupled to the 3’-
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Figure 3. MiR-570 regulates glucose metabolism in chronic myelogenous leukemia (CML) cells 
(A) Levels of glucose uptake and (B) ATP concentrations in K562 cells transfected with control plasmid, miR-570 expressing plasmid, 
control inhibitor, or miR-570 inhibitor. (C) Expression levels of peroxisome proliferator-activated receptor gamma co-activator 1-alpha 
(PGC1α), phosphoenolpyruvate carboxykinase 1 (PCK1) and ATP-binding cassette transporter A1 (ABCA1) as determined by qRT-PCR in 
K562 cells transfected with control plasmid, miR-570 expressing plasmid, control inhibitor, or miR-570 inhibitor. All assays were 
performed in three independent experiments, mean±SEM, *P<0.05 
 

 

 

 

 

 

 

 

 

 

 

Figure 4. IRS1 and IRS2 are targets of miR-570 
(A) Putative miR-570 binding sites in the 3’- untranslated region (UTR) of IRS1 and IRS2 mRNA. (B) Normalized luciferase activity in 
HEK293T cells co-transfected with IRS1 or IRS2 luciferase reporter plasmids, and control plasmid, miR-570 expressing plasmid, control 
inhibitor, or miR-570 inhibitor. (C) IRS1 and IRS2 mRNA levels as determined by qRT-PCR analysis and (D) IRS1 and IRS2 protein levels as 
determined by western blot in K562 cells transfected with control plasmid, miR-570 expressing plasmid, control inhibitor, or miR-570 
inhibitor. All experiments were repeated in triplicate, mean±SEM, *P<0.05 
 

UTR of both IRS1 and IRS2 (Figure 4B). Furthermore, 
the expression levels of IRS1 and IRS2 in K562 cells 
transfected with either miR-570 plasmid or miR-570 
inhibitor were examined. Consistent with the 
luciferase reporter assay results, the mRNA levels, as 
determined by qRT-PCR analysis (Figure 4C), and the 
protein levels, as determined by Western blot 

analysis (Figure 4D), of both IRS1 and IRS2 were 
suppressed by the transfection of miR-570 plasmid, 
and were promoted by the transfection of miR-570 
inhibitor. In addition, from clinical samples,  negative 
correlation between the expression levels of miR-
570 and IRS1, and between those of miR-570 and 
IRS2 (Figure 5). Taken together, these results were
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Figure 5. Negative correlation between miR-570 and IRS1/2 expression 
(A) Correlation analysis performed between miR-570 expression levels and IRS1 mRNA expression levels in chronic myelogenous 
leukemia (CML) (n = 15, r = -0.542). (B) Correlation analysis performed between miR-570 expression levels and IRS2 mRNA expression 
levels in CML (n = 15, r = -0.747)

 

 

 
Figure 6. Knockdown of IRS1/2 suppresses chronic myelogenous leukemia (CML) cell proliferation and glucose metabolism  
(A) Protein levels of IRS1 and IRS2 as determined by western blot in K562 cells transfected with siRNAs targeting IRS1 and IRS2, 
respectively. (B) MTT assay performed in K562 cells transfected with siRNAs targeting IRS1 or IRS2 at 0, 24, 48, and 72 hr after 
transfection. (C) Percentage of cell death in K562 cells transfected with siRNAs targeting IRS1 or IRS2. Cells were cultured in medium 
without serum. (D) Levels of glucose uptake in K562 cells transfected with siRNAs targeting IRS1 or IRS2. All assays were performed in 
three independent experiments, mean ± SEM, *P<0.05 

 
 

all consistent with the hypothesis that both IRS1 and 
IRS2 were inhibitory targets of miR-570. 
 
IRS1 and IRS2 regulate CML cell proliferation, 
apoptosis and glucose metabolism 

IRS1 and IRS2 have been reported to function as 
oncogenes to promote cancer development (14-16). 
In this context, since IRS1 and IRS2 were demons-
trated in this study to be target genes of miR-570, we 
decided to investigate whether IRS1 and IRS2 
regulate the development of CML. To this end, the 
expressions of IRS1 or IRS2 in K562 cells were 
knocked down by siRNA transfection, and the 
efficacy of knockdown was confirmed by western 
blot analysis (Figure 6A). MTT cell proliferation 
assay was then performed on these cells. Knockdown 
of either IRS1 or IRS2 significantly decreased the 
proliferation of K562 cells (Figure 6B). It was also 
found that both IRS1 and IRS2 knockdown led to 
higher levels of cell apoptosis induced by no serum 

culture conditions (Figure 6C). In addition, K562 
cells with either IRS1 or IRS2 knockdown exhibited 
significantly lower levels of glucose uptake (Figure 
6D). These results suggested that knockdown of IRS1 
and IRS2 could inhibit the growth and expansion of 
CML cells, and therefore supported the stimulatory 
roles for IRS1 and IRS2 in CML development. These 
results were consistent with the inhibitory function 
of miR-570 in regulating the development of CML. 

 
 

Discussion 
In this study, we explored the function of miR-

570 in the regulation of CML development. High 
expression of B7-H1 indicated increased risk of 
death in malignant tumor patients. It was also found 
that miR-570 is bound to 3’UTR of B7-H1mRNA in 
gastric cancer (8) and inhibited liver cancer cells by 
targeting B7-H1 (9). However, miR-570 functions as 
an oncogene in lung cancer through inhibiting KLF9 
(10). Although a number of studies have revealed the 
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functional association between miR-570 and various 
types of cancers, our study represents the first effort 
to establish the involvement of miR-570 in 
hematopoietic malignancy.  

In this study, the function of miR-570 on cell 
proliferation, cell apoptosis, and cellular glucose 
metabolism was examined. The expression levels of 
miR-570 were significantly reduced in both CML 
clinical samples and CML cells. Overexpression of 
miR-570 resulted in suppressed cell proliferation, 
elevated levels of apoptosis, and reduced glucose 
metabolism. Inhibition of miR-570, on the other 
hand, led to opposite cell behaviors. These aspects of 
cell behavior are among the key steps in the 
progression of cancer malignancy. Therefore, these 
results were consistent with our discovery that miR-
570 were downregulated in CML.  

IRS1/2 were identified as inhibitory targets                
of miR-570 by bioinformatics prediction, as confirm-
ed the prediction with different approaches. First, a 
luciferase assay was established to monitor the 
activities of the 3’-UTR of IRS1 and IRS2. It turned 
out that in co-transfection assays, the presence of 
miR-570 significantly reduced 3’-UTR activities to 
drive luciferase expression. This observation was 
further substantiated by the discovery that 
endogenous IRS1 and IRS2, in both mRNA and 
protein levels, were suppressed by the overexpression 
of miR-570, and were stimulated by miR-570 
inhibition. In a third approach, an inverse correlation 
was found between the miR-570 and IRS1/2 
expression levels in clinical human samples. 
Combination of these evidences indicated that IRS1 
and IRS2 are bona fide direct targets of miR-570.  

IRS1 and IRS2 have been extensively studied for 
their involvement in cancer malignancy. Upon 
activation by insulin/insulin-like growth factor I 
receptors, IRSs can recruit intracellular proteins 
containing Src homology-2 domains and lead to the 
transduction of intracellular signaling pathways (17). 
Recent studies showed that constitutive activation            
of IRS1/2 was found in a variety of solid tumors,            
and that overexpression of IRS1/2 promoted 
tumorigenesis and metastasis (18-24). The activation 
of IRS1/2 in cancer development is consistent with 
our findings that knockdown of IRS1 and IRS2 
inhibits the growth and expansion of CML cells, and 
is compatible with our hypothesis that miR-570 
suppresses CML progression by inhibiting IRS1/2. It 
is important to note that, since our study is only 
focused on CML, the possibility that miR-570 
regulates other cancer types by inhibiting other 
targets than IRS1/2 cannot be excluded. 

Recent discovery of miRNAs as important 
regulators of gene expression and the common 
deregulation of miRNA expression in cancer 
malignancies shed  a light on our understanding of 
CML. Future studies will be needed to determine 

whether miR-570 can   be used to aid in diagnosis, 
prognosis, and determination of the optimal 
treatment options in CML. Furthermore, future 
studies need also address whether pharmacological 
activators for miR-570 can be used to improve the 
outcomes of CML patients.  
 

Conclusion  
In this study, miR-570 was found to function as 

an anti-cancer miRNA in CML, through inhibition of 
IRS1 and IRS2 expression; in addition, it regulated 
several processes of CML cell development including 
promotion of apoptosis, inhibition of cell prolifera-
tion and glucose metabolism. The effect of IRS1/2 
was further investigated on CML. Consistent with 
their roles as miR-570 targets, knockdown of IRS1/2 
led to inhibition of cell malignance. 
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