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Introduction
Chronic myelogenous leukemia (CML) is a disorder of 
bone marrow hematopoietic stem cells associated with 
increased and unregulated growth of myeloid cells in bone 
marrow and peripheral blood.1 The incidence of CML is 1 
or 2 cases per 100 000 people every year with a median age 
range of around 65 years.2 

Philadelphia chromosome or Philadelphia translocation 
between chromosomes 9 and 22 [t (9; 22) (q34; q11)] is the 
major cytogenetic abnormality in CML. This translocation 
results in the formation of a hybrid BCR-ABL oncogene 
on chromosome 22. Consequently, deregulated tyrosine 
kinase leads to uncontrolled cell proliferation and 
reduced apoptosis.3,4 Tyrosine-kinase inhibitors (TKIs) 
are the main approved chemotherapy drug groups for 
CML. Imatinib mesylate (IM) is a TKI as first line therapy 
of Ph-positive CML.5-7 Despite the many advantages 

of IM it confers several adverse effects. For example, 
heart failure related to chemotherapy is a major clinical 
challenge and cardiotoxicity of IM has been reported in 
patients.8 Furthermore, IM administration does not result 
in complete remission of the CML. It is noteworthy that 
due to Bcr-Abl translocation sophisticated molecular 
mechanisms occur, especially in blast crisis stage, which 
prevents the induction of apoptosis and interferes with IM 
effect.9,10 

Therefore, a new therapeutic strategy for eradication 
of CML has been considered for both basic and clinical 
scientists. miRNAs gene therapy could be a promising 
therapeutic approach to replace chemotherapy in future.

MicroRNAs (miRNAs) are 19–25 nucleotide noncoding 
RNAs that play key roles in regulation of the output of 
many protein-coding genes.11-14 The maturation process 
of miRNAs occurs inside the cells and matured miRNAs 
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Abstract
Introduction: Chronic myelogenous 
leukemia (CML) is a myeloproliferative 
disorder caused by the Philadelphia 
chromosome translocation, at (9; 22), 
which results in BCR-ABL fusion tyrosine 
kinase oncoprotein. This fusion induces 
down-regulation of miR-155. Upregulation 
of miR-155 can influence cell fate via the 
effect on p27kip1 and apoptosis. The aim 
of this study was to induce apoptosis in 
K562 CML cell line by overexpression of 
miR-155.
Methods: The K562 cell line was transfected with pLenti-III-pre mir155-GFP constructs through 
electroporation. Then, overexpression of miR-155 as well as the expression level of p27kip1 and 
c-Myc was analyzed by quantitative PCR (qPCR). The level of p27 (Kip1) protein expression was 
measured by Western blot and the Annexin V method was carried out to investigate apoptosis.
Results: Flow cytometric analysis results of K562 cells transfected with pLenti-III-pre mir155-
GFP construct showed a significant increase in cell apoptosis. Gene expression and protein level 
of p27kip1 were upregulated. However, there was no change in c-Myc expression profile.
Conclusion: miR-155 could be a promising approach to aid in the treatment of CML. However, 
further studies are required in this respect.
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manufacturer’s protocol. Then the quality of RNA was 
determined by electrophoresis. cDNA of total RNA 
was synthesized by Fermentaze cDNA Synthesis kit 
(Fermentaze, Massachusetts, USA).

qPCR for c-Myc and p27kip1 genes expression
c-Myc and p27kip1 were determined as direct and 
indirect targets of miR-155 respectively via miRNAs target 
prediction site (http://mirmap.ezlab.org) and according to 
the study of Palma et al.16 Then, primers of c-Myc genes 
and p27 gene were designed by Oligo7 and Gen Runner 
software and GAPDH was used as reference gene (Table 
1). Quantitative PCR (qPCR) was performed for genes 
using Takara SYBR green PCR kit (Takara Bio Inc., Shiga, 
Japan). Relative expression was calculated for target genes 
using the ∆∆CT method (n=3).

cDNA synthesis and stem-loop qPCR of miR-155
Stem-loop primer as well as forward and reverse primers 
were designed to synthesize cDNA of miR-155 according 
to Chen et al20 and for qPCR, respectively. Snord47 was 
selected as reference gene (Table 1). Relative expression 
was evaluated by the ∆∆CT method (n=3).

Apoptosis assay 
K562 cells were transfected with pLentiIII-pre mir155-
GFP expression construct and mock vector and cultured 
for 72 hours in 12 well plates. Annexin V assay was 
performed by Annexin V-PE/7-AAD eBioscience kit 
(eBioscience, Inc., CA, USA). The cells were harvested 
and washed with PBS. Then, 2.5 μL Annexin V-PE was 
added to 100 μL of the cells suspended in binding buffer 
and incubated for 15 minutes in dark at room temperature. 
Next, the cells were washed in binding buffer and 2.5 μL 
of the 7-AAD solution was added to the cell suspension. 
Finally, the treated cells were analyzed versus untreated 
fresh cells by flow cytometry (Partec, Münster, Germany) 
and FlowMax software (Partec) (n=3).

recognize their target mRNAs by matching nucleotides 
2 and 8 of the miRNA to the 3′-untranslated region (3′-
UTR) of mRNAs.15 

It has been shown that BCR-ABL kinase activity induces 
the down-regulation of miR-31, miR-155, and miR-564 in 
CML and K562 cell line with BCR-ABL translocation.3 

Recently, several studies have focused on miR-155 as 
a new versatile molecule in cancers. The MIR155 gene 
is located at chromosome 21q21.3 and encodes for miR-
155. It stimulates cell apoptosis by c-Myc and p27 cell 
signaling in human FLT3-wildtype AML, demonstrating 
the anti-leukemic role of this microRNA.16 P27Kip1 is a 
member of the Cip/Kip family of cyclin-dependent kinase 
(CDK) inhibitors that can arrest the cell cycle in G1 stage. 
Overexpression of this protein in A549, HeLa, RKO, 
human melanoma SK-MEL 110, human lung fibroblast 
(IMR90) and in the rat fibroblast cells resulted in apoptotic 
cell death.16-18 In support of the p27kip1 function in 
apoptosis induction, depletion of PCTAIRE1, a cyclin-
dependent kinase family protein, stimulates apoptosis of 
melanoma cells via p27kip1 accumulation.19

In this work, we aimed to overexpress miR-155 in K562 
Philadelphia positive CML cell line as an alternative 
potential approach to aid in the treatment of CML through 
investigation of its role on the expression of c-MYC and 
p27 genes.

Materials and Methods
Cell lines and culture
The K562 BCR-ABL positive cell line (Pasteur Institute, 
Tehran, Iran) was cultured in RPMI-1640 (Gibco-BRL, 
Eggenstein, Germany) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 2 mM glutamine, 
1% penicillin and streptomycin and cultured at 37°C in a 
humidified incubator with 5% CO2. 

Plasmids construct and extraction
The pLenti-III-pre mir155-GFP expression vector 
construct and pLenti-III-blank-GFP (mock) were 
purchased from ABM Inc. (Applied Biological Materials, 
Richmond, BC, Canada). E. coli Stbl4 strain harboring 
the vectors was cultured in LB broth medium with 25 µg/
mL kanamycin. The plasmid was extracted with Qiagen 
plasmid extraction kit (Qiagen, Hilden, Germany). 

Transient transfection
Fresh K562 cells were maintained between 0.5–1.5 × 106 
cells/mL. The cells were subcultured and 2.0 × 106 cells 
were transfected with 4 µg pLentiIII-pre mir155-GFP 
and mock vector using electroporation by Amaxa® Cell 
Line Nucleofector® Kit V and Lonza Device II (Lonza/
Amaxa Biosystems, Walkersville, MD, USA) according to 
Amaxa™ Optimized Protocol. 

RNA extraction and cDNA synthesis
Twenty-four hours after transfection, total RNA 
was extracted from K562 cell lines by Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 

Table 1. The list of primers used in qPCR analyses 

Primers

miR-155 Stem-loop RT:  GTCGTATGCAGAGCAGGGTCCGAGGTATTC 
GCACTGCATACGACACCCCT
 Forward: 5´-CGGTTTAATGCTAATCGTGA-3´
 Reverse: 5´-GAGCAGGGTCCGAGGT-3´

P27kip1 Forward: 5´-GGAGAAGCACTGCAGAGACA-3´
Reverse: 5´-CTCTTGCCACTCGTACTTGC-3´

c-Myc Forward: 5´-CGTCTCCACACATCAGCACAA-3´  
Reverse: 5´-TCTTGGCAGCAGGATAGTCCTT-3´

GAPDH Forward: 5´-TCCACCACCCTGTTGCTGTAG-3´ 
Reverse: 5´-ACACCCACTCCTCCACCTTTG-3´

Snord47 Stem-loop RT: GTCGTATGCAGAGCAGGGTCCGAGGTAT
TCGCACTGCATACGACAACCTC
Forward: 5´-ATCACTGTAAAACCGTTCCA-3´
Reverse: 5´-GAGCAGGGTCCGAGGT-3´

http://mirmap.ezlab.org
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Western blotting analysis
After 48 hours, K562 cells transfected by pLentiIII-pre 
mir155-GFP expression vector and mock vector were 
harvested and washed three times with PBS. Then, cellular 
proteins were extracted by cell lysis buffer containing 
40 mM Tris-HCl (pH 7.4), 7M Urea, 2M Thiourea, 4% 
CHAPS, 0.2% Biolyte, 50 mM dithiothreitol (DTT), 200 
µM PMSF and 1 × protease inhibitor cocktail (Roche, 
Mannheim, Germany). The cell extracts were run on 
12% SDS–polyacrylamide gel and transferred to PVDF 
membrane (Life Science, Amersham, Braunschweig, 
Germany). The membrane was blocked overnight in 
Blocking Buffer at 4°C (2.5% skim milk, 2.5% glycerol 
and 0.05% tween 20 in TBS buffer). Next, the membrane 
was incubated overnight with 1:1000 dilution of p27kip1 
rabbit primary antibody (Abcam, Inc., Cambridge, MA, 
USA) at 4°C. 1:3000 dilution of goat secondary antibody 
(Abcam) was added to membrane and incubated for 1h 
at room temperature. The p27kip1 protein band was 
visualized by ECL (Kodak Image Station; New Haven, 
CT, USA). Densitometry of bands was analysed by ImageJ 
software (http://rsb.info.nih.gov/ij) (n=3).

Statistical analysis
Statistical data analysis was done using student t test 
by GraphPad Prism software version 6.01 (La Jolla, 
California, USA). P < 0.05 was considered statistically 
significant. All the experiments of this study were carried 
out in triplicate (n = 3).

Results
Overexpression of miR-155 in K562 cells 
To investigate the effects of miR-155 on regulation of 
c-Myc, p27kip1 and finally on apoptosis in K562 cells, the 
cells were first transfected with pLenti-III-premiR155-
GFP expression vector construct and mock vector by 
electroporation followed by detection of apoptosis. 
Fluorescent microscopy confirmed transfection 

efficacy after 24 hours. Approximately 50% of cells were 
transfected (data not shown). qPCR shows significantly 
increased expression of miR-155 in the cells after 24 hours 
of transfection as shown in Fig. 1. The expression of miR-
155 was approximately 20-fold higher relative to mock 
vector transfected cells (P < 0.001).

miR-155 induces apoptosis in K562 cells
Next, programmed cell death in the K562 cells was 
evaluated by Annexin V-PE / 7-AAD kit 72 hours post-
transfection. As shown in Fig. 2A-2C, the number 
of apoptotic cells in K562 cell line transfected with 
pLentiIII-pre mir155-GFP construct was higher than 
mock transfected cells. The number of apoptotic cells 
transfected with pLentiIII-pre mir155-GFP construct was 
about 17% higher than those transfected with mock vector 
(Fig. 2D).

miR-155 upregulates p27kip1 but does not alter c-Myc 
expression 
Twenty-four hours after transfection, the expression level 
of p27kip1 and c-Myc genes expression were assessed 
by qPCR. The results indicated that the expression of 
p27kip1 in K562 cells transfected with pLentiIII-pre 
mir155-GFP construct was about 1.7-fold higher than the 
cells transfected with mock vector (P  < 0.001) while the 
expression level of c-Myc was not altered (Fig. 3).

Next, the expression of p27kip1 was evaluated by 
western blot analysis at protein level 48h post transfection. 
As shown in Fig. 4A and 4B the expression of p27kip1was 
upregulated in K562 cells transfected with pLentiIII-
premir155-GFP expression vector construct. 

Discussion
High proliferation and reduced apoptosis are well-known 
features of CML cells. The apoptotic defect is a major 
challenge, and limits the efficacy of cancer chemotherapy.3,9 
On the other hand, side effects of chemotherapeutic 
agents are other concerns.21 The mi-RNAs like miR-155 
play a crucial role in cell fate as small potent molecules 
with different targets. Rokah et al demonstrated that 
Philadelphia chromosome in CML cells can downregulate 
the expression of miR-155. In another study, Palma et 
al showed that the upregulation of this microRNA in 
AML cells results in apoptosis through interfering in the 
regulation of c-Myc and p27kip1profiles.3,16 In this study, 
we evaluated the potential anti-cancer effect of miR-155 
as a promising approach to aid in the treatment of CML.

Electroporation technique, which is a versatile method 
in terms of efficiency of transfection, was used to transfect 
K562 cells.22 Our results revealed that about 50% of the 
transfected cells express GFP and thereby dramatically 
induce miR-155.

However, one of the disadvantages of electroporation 
method could be cytotoxic effects.23

c-Myc is one of the direct targets of miR-155 (http://
mirmap.ezlab.org) and upregulation of miR-155 in CML 
cells leads to downregulation of c-Myc and it is followed 

Fig. 1. Confirmation of miR-155 in K562 cells after transfection 
by qPCR. K562 cells were transfected with plentiIII-pre mir155-
GFP expression vector construct or mock. The expression of the 
miR-155 in the K562 cells transfected with the recombinant vector 
was considerably higher than mock after 24 hours (Mean ± SD, 
*** P < 0.001).

http://rsb.info.nih.gov/ij
http://mirmap.ezlab.org
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by upregulation of p27kip1 and apoptosis.16

Our finidings revealed that apoptosis was significantly 
induced in K562 cells following overexpression of miR-
155. However, the number of apoptotic cells in the K562 
cell line transfected with mock vector was also high, which 
may be due to electroporation method.

Our results also showed that overexpression of miR-155 
resulted in upregulation of p27kip1. 

Palma et al assessed the miR-155 expression pattern in 
AML cells. They reported that, the patients with Fms-like 

(D)

(A) (B) (C)

Fig. 2. Effect of miR-155 overexpression on programmed cell death in k562 cells 72 hours post -transfection. The transfected K562 cells 
were treated with Annexin V-PE/7-AAD and followed by flow cytometry analysis. (A) K562 cells were used as a control. (B) In the K562 
cells transfected with plentiIII-pre mir155-GFP construct, approximately 48.6 % of cells became Annexin V-PE / 7-AAD positive. (C) About 
34.5 % of K562 transfected cells with pLentiIII-blank-GFP (mock) showed Annexin V-PE/7-AAD positive. (D) Overexpression of miR-155 
in K562 cells significantly increased the apoptotic cell death compared to mock (Mean ±SD, ** P < 0.01).

Fig. 3. Expression of p27kip1 and c-Myc genes by qPCR. K562 
cells transfected either with the plentiIII-premir155-GFP construct 
or mock vector followed by expression evaluation of p27kip1 and 
c-Myc genes 24 hours after transfection. Overexpressed miR-155 
resulted in upregulation of p27kip1 expression but caused no 
alteration in c-Myc expression. (Mean ± SD, *** P < 0.001)

Fig. 4. (A) Western blot analysis of p27kip1 protein expression in 
K562 cells transfected by either plentiIII-premir155-GFP construct 
or mock vector 48 hours post-transfection. miR-155 upregulated 
p27kip1 protein. (B) Densitometry analysis of bands by ImageJ 
software indicated upregulation of nearly 2.4-fold. β-actin was 
used as loading control ( Mean ±SD, **P < 0.01).

(A)

(B)

tyrosine kinase 3 (FLT3)-wild type AML had miR-155 
expression levels like normal bone marrow. Administration 
of cytarabine arabinoside and 1, 23-dihydroxy vitamin 
D3 in FLT3-wild type AML cells induced apoptosis and 
myelomonocytic differentiation, respectively. Both drugs 
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led to increased miR-155 expression level. A growing body 
of evidence suggests the anti-leukaemic role for miR-155 
in AML cells. Palma et al also reported that overexpression 
of miR-155 led to downregulation of c-Myc and MEIS1/
GFI1 and finally to phosphorylation of JNK or the 
activation of p27/kip1.16 Interestingly, consistent with the 
findings reported by Palma et al, our results indicated 
that the apoptotic role of miR-155 is in contrast with its 
oncogenic effects.24,25 In our study, contradicting Palma et 
al’s findings (Fig. 5), the overexpression of miR-155 did 
not alter the expression level of c-Myc. 

Rokah et al identified miRNAs expression profile of 
CML cell lines by using miRNA microarrays and miRNA 
qPCR. Their results revealed that miR-31, miR-155 and 
miR-564 were downregulated in CML cells.3 

Li et al reported that the upregulation of cell cycle-
dependent kinase inhibitors (CDKIs) p21 and p27 in K562 
cell line through overexpression of miR-29b suppressed 
cell growth and colony formation ability and induced 
apoptosis. They had previously shown that the expression 
of miR-29b in CML patient samples was considerably 
low.26

Lu et al investigated the miRNAs expression in human 
monocytes, mature dendritic cells, and immature dendritic 
cells. They showed that the downregulation of miR-221 
and the overexpression of miR-155 could lead to the 
upregulation of p27kip1 and resulted in DCs apoptosis.27 

Conclusion
In this study, we propose a new potential anticancer 
agent in CML cell line, i.e. miR -155. We showed that 
overexpression of miR-155 can induce apoptosis in k562 
cell line via upregulation of p27Kip1. Although signaling 
for apoptosis occurs through multiple independent 
pathways, our focus was on c-Myc/p27 kip1 signaling 
pathway. However, further and complementary studies 

are required to address some other aspects, including in 
vivo studies and safety issues. 
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