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MicroRNA-21 promotes proliferation in acute myeloid
leukemia by targeting Kriippel-like factor 5

CHAN LI', HUA YAN?, JIE YIN?, JIAN MAZ, ANG LIAO?, SHENGYOU YANG?, LIJUAN WANG?,
YONGXIANG HUANG?, CHON LIN?, ZHIQIANG DONG?, BO YANG?, TING CAO?, GUO LIU? and LV WANG?

1Department of Hematology and Oncology, Changzhi Medical College Affiliated Heji Hospital, Changzhi, Shanxi 046000;
2Department of Nuclear Medicine, Guizhou Provincial People's Hospital, Guiyang, Guizhou 550000, P.R. China

Received October 19, 2018; Accepted June 24,2019

DOI: 10.3892/01.2019.10667

Abstract. Abnormal expression of microRNA (miR)-21 has
been reported in various types of cancers. However, the role
and mechanism of miR-21 remain to be elucidated in acute
myeloid leukemia (AML). In the present study, it was observed
that miR-21 was upregulated and Kriippel-like factor 5 (KLF5)
was downregulated in AML cells compared with normal bone
marrow cells. Dual luciferase reporter assays revealed that
KLF5 was a direct target of miR-21. Indeed, miR-21 overex-
pression resulted in a downregulation of KLF5 expression,
while miR-21 inhibition had the opposite effect in AML cells.
In addition, miR-21 overexpression promoted the prolifera-
tion of AML cells in vitro. Notably, using a mouse xenograft
model, miR-21 overexpression was demonstrated to result in
enhanced tumor growth and suppressed KLF5 expression in
the xenograft tumors in vivo. In conclusion, the present results
indicated that miR-21 promoted proliferation through directly
regulating KLF5 expression in AML cells. miR-21 may thus
serve as an oncogene in AML, providing a potential target for
AML therapy.

Introduction

Acute myeloid leukemia (AML) is the most prevalent malig-
nant myeloid tumor, primarily occurring in elderly patients
and characterized by the accumulation of blast cells and
the blockage of myeloid differentiation in bone marrow (1).
Molecular, genetic and cytogenetic abnormalities cause clonal
expansion of early hematopoietic progenitor cells and obstruct
hematopoiesis of normal bone marrow (2). Although several
patients with AML respond to the induction chemotherapy, the
perseverance of residuary blast cells causes an unusual relapse
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rate in the bone marrow (3,4). Consequently, it is required
to elucidate the pathogenesis and discover novel therapeutic
targets for AML.

MicroRNAs (miRNAs or miR) are small endogenous
non-coding RNA molecules consisting of 21-25 nucleotides (5).
miRNAs bind to the 3'-untranslated region (UTR) of their target
genes, resulting in decreased mRNA expression or transcrip-
tional inhibition of protein synthesis (6). miRNAs have been
used as diagnostic and prognosis biomarkers due to their role
as oncogenes (7) or tumor suppressors (8) in cancer. Evidence
has demonstrated that various miRNAs are closely associated
with AML, including miR-143, miR-34a and miR-126 (9-11).
miR-21 has been demonstrated to serve an essential role
in various types of cancer. For instance, miR-21 acts as a
predictor and prognostic factor for trastuzumab therapy in
human epidermal growth factor receptor 2-positive metastatic
breast cancer (12). In addition, a previous study demonstrated
that miR-21 is overexpressed in nucleophosmin 1-mutant acute
myeloid leukemias (13). However, the regulatory mechanism of
miR-21 in AML progression remains unknown.

Kriippel-like factor 5 (KLF5), a zinc-finger transcription
factor, functions as a tumor suppressor or an oncogene (14,15).
It serves an important role in cell proliferation and metastasis
by regulating expression of several downstream target genes,
such as tumor necrosis factor a-induced protein 2, hypoxia
inducible factor-1a,, FYN proto-oncogene (16-18). A previous
study suggested that KLLF5 functions as a tumor suppressor in
AML (19). However, the role of KLF5 in AML progression is
not fully understood.

In the present study, it was suggested that KLF5 may
be a potential direct target of miR-21 in AML cells, with a
binding site at the 3'-UTR. The study aimed to investigate the
role of miR-21 on AML cells and its underlying molecular
mechanisms.

Materials and methods

Cell culture. The human AML cell lines HL-60 and SKM-1
and the bone marrow stromal cell line HS-5 were obtained
from the Cell Bank of Type Culture Collection of the
Chinese Academy of Sciences. Each cell line was cultured in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
with 10% fetal bovine serum (HyClone; GE Healthcare Life
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Figure 1. Expression of miR-21 and KLF5 in AML cell lines. (A) Reverse transcription-quantitative PCR analysis was conducted to determine the expression
levels of miR-21 and (B) KLF5 in the AML cell lines HL-60 and SKM-1 and the normal bone marrow stromal cell line HS-5. (C) Western blot analysis was
performed to detect the protein expression levels of KLF5 in HL-60, SKM-1 and HS-5 cells. “P<0.01, with comparisons indicated by lines. AML, acute

myeloid leukemia.

Sciences) and 1% penicillin/streptomycin (Gibco; Thermo
Fisher Scientific, Inc.). Cells were maintained in a humidified
incubator at 37°C with 5% CO,.

Reverse transcription-quantitative PCR (RT-gPCR). TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to isolate the total RNA from the harvested HL-60, SKM-1
and HS-5 cells. cDNA was generated using a PrimeScript™
RT-gPCR (Takara Biotechnology Co, Ltd.). The reverse tran-
scription reaction conditions are as follows: 37°C for 15 min,
85°C for 5 sec and finally at 4°C. An Applied Biosystems
7500 real-time PCR system (Thermo Fisher Scientific, Inc.)
was used to perform the qPCR using a SYBR premix ex
Taq™ kit (Takara Bio, Inc.) according to the manufacturer's
protocol. The PCR thermocycling conditions were as follows:
95°C for 30 sec, followed by 40 cycles of 95°C for 5 sec and
60°C for 34 sec. The relative expression levels of miR-21 and
KLF5 mRNA were analyzed with GAPDH and U6 as internal
references, respectively, using a TagMan microRNA assay
(Ambion; Thermo Fisher Scientific, Inc). Analysis of relative
gene expression data was performed using the real-time quanti-
tative PCR and the 2244 method. A total of three repeats were
performed. The primer sequences were: U6 forward, 5'-CTC
GCTTCGGCAGCACATATACT-3"; U6 reverse, 5'-ACGCTT
CACGAATTTGCGTGTC-3"; GAPDH forward, 5“-TCAACG
ACCACTTTGTCAAGCTCA-3"; GAPDH reverse, 5-GCT
GGTGGTCCAGGGGTCTTACT-3'; miR-21 forward, 5-TGC
GCTAGCTTATCAGACTGAT-3"; miR-21 reverse, 5'-CCA
GTGCAGGGTCCGAGGTATT-3"; KLF5 forward, 5'-AGC
TACAATACGCTTGGCCT-3"; and KLF5 reverse, 5'-ATG
TGTGTTACGCACGGTCT-3".

Western blot analysis. Protein was extracted from the cells and
tissues using RIPA lysis buffer [1% NP40,0.1% sodium dodecyl
sulfate (SDS), 100 xg/ml phenylmethylsulfonyl fluoride and
0.5% sodium deoxycholate in PBS] on ice. The supernatants
were collected following centrifugation at 12,000 x g at 4°C
for 20 min.

The bicinchoninic acid method (Thermo Fisher scientific,
Inc.) was used to determine the protein concentrations in
extracts from cultured cells or resected tumors. Subsequently,
10 pg of protein samples were separated by 10% SDS-PAGE and
transferred to PVDF membranes (EMD Millipore). Following
blocking with 5% skimmed milk at room temperature for

2 h, the membranes were incubated with primary antibodies
against KLF5 (1:1,000; cat. no. ab137676; Abcam), the
proliferation marker protein Ki67 (1:1,000; cat. no. ab15580;
Abcam) and GAPDH (1:3,000; cat. no. ab9485; Abcam)
overnight at 4°C. The membranes were then incubated with
secondary antibody, goat anti-rabbit IgG H&L (horseradish
peroxidase-conjugated; 1:5,000; cat. no. ab205718; Abcam).
Antibodies bound to the target proteins were visualized using
the Enhanced Chemiluminescence Western Blotting Detection
reagent (Santa Cruz Biotechnology, Inc.). The protein bands
were quantified using the LAS3000 imaging system (Fujifilm
Corporation).

Cell transfection. miR-21 mimics (mimic), miR-21 inhibitor
(inhibitor) and scramble negative control (s-MiR) were
synthesized by GE Healthcare Dharmacon, Inc. To overex-
press or knockdown miR-21, SKM-1 and HL-60 cells were
transfected with miR-21 mimics, inhibitor or negative control
(all 50 nM) using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). Their sequences were as follows:
miR-21 mimic sense, 5'-UAGCUUAUCAGACUGAUGUUG
A-3'; miR-21 mimic antisense, 5-~AACAUCAGUCUGAUA
AGCUAUU-3"; s-MiR sense, 5-UUCUCCGAACGUGUC
ACGUTT-3"; s-MiR antisense, 5-ACGUGACACGUUCGG
AGAATT-3'"; and miR-21 inhibitor, 5'-UCAACAUCAGUC
UGAUAAGCUA-3'. Subsequent experiments were conducted
following 24 h post-transfection.

Cell proliferation assays. HL-60 and SKM-1 cells trans-
fected with miR-21 mimic, inhibitor and negative control
were added to 96-well plates (5x10° cells/ml) at 0-5 days
post-transfection and incubated with the CCK-8 reagent for
4 h at 37°C. Cell proliferation was determined using the Cell
Counting Kit-8 assay (Beyotime Institute of Biotechnology)
according to the manufacturer's instructions. The absorbance
was recorded at 450 nm using an ELISA plate reader (BioTek
Instruments, Inc.).

Luciferase reporter assay. The potential targets of miR-21
were predicted using TargetScan 7.2 (http://www.targetscan.
org/vert_72/) and miRBase (http://www.Microrna.
org/microrna/home.do). Using the QuikChange light-
ning site-directed mutagenesis kit (Stratagene; Agilent
Technologies, Inc.), the present study constructed a version of
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Figure 2. KLFS5 is a direct target of miR-21 in acute myeloid leukemia cells. (A) The putative WT and MT miR-21 binding sequences in the 3'-UTR of KLF5.
(B) Luciferase reporter assay in HL-60 and SKM-1 cells co-transfected with WT or MT KLF5 3'-UTR vector and miR-21 mimic or s-MiR. (C) RT-qPCR
analysis of miR-21 levels in HL-60 and SKM-1 cells transfected with miR-21 mimic, inhibitor or s-MiR. (D) RT-qPCR analysis of KLF5 mRNA expression
levels in HL-60 and SKM-1 cells transfected with miR-21 mimic, inhibitor or s-MiR. Untransfected cells were used as control. "P<0.05 and “P<0.01 vs.
s-MiR. KLF5, Kriippel-like factor 5; miR, microRNA; WT, wild-type; MT, mutant; UTR, untranslated region; s-MiR, scramble/negative control microRNA;

RT-qPCR, reverse transcription-quantitative PCR.

the 3'-UTR sequence of the KLF5 gene that had the potential
miR-21 binding sites mutated (MT). The wild-type (WT) or
MT KLF5 3-UTR fragments were then inserted downstream
of the firefly luciferase gene in the pGL3 vector (Promega
Corporation). The reporter plasmids were co-transfected with
miR-21 mimic into AML cells for 36 h in 96-well plates using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Dual luciferase
assays (Promega Corporation) were performed to analyze
luciferase activity, normalized to Renilla luciferase activity,
using a GloMax fluorescence reader (Promega Corporation).

Tumour formation in nude mice. Male athymic nude mice
(n=20; weights, 12-15 g; age, 4 weeks) were purchased from
the Animal Center of the Chinese Academy of Science and
housed in sterile laminar flow cabinets, maintained with
temperatures between 18 and 28°C, and ventilated air flow.
The mice were exposed to a light/dark cycle of 12/12 h and
were given continuous supplies of food, as well as disinfected
and filtered drinking water. Mice (at the age of 6 weeks
old) were randomly divided into two groups and inoculated
subcutaneously with 1x10® HL-60 cells (in 100 ul PBS)

transfected with s-MiR or miR-21 mimic. A slide calliper was
used to measure the tumour width and length every 5 days,
in order to calculate the tumour volume. After 35 days, the
animals were sacrificed, the tumours were removed and the
tumour volume was calculated using the following formula:
Volume=1/2 x length x width. Western blot and RT-qPCR
analyses were performed to evaluate the KLF5 expression
levels in the resected tumours. All animal care and procedures
were approved by the Guizhou Provincial People's Hospital for
Animal Experiments committee.

Statistical analysis. Statistical analysis was performed using SPSS
v18.0 (SPSS Inc.). Student's t-test or one-way analysis of variance,
followed by Tukey's post hoc test, was used to compare the differ-
ence between two or more groups. Results were presented as
mean = SEM. Experiments were performed in triplicate. P<0.05
was considered to indicate a statistically significant difference.

Results

Expression of miR-21 and KLF5 in AML cells. To explore
the relative expression levels of miR-21 and KLF5 in SKM-1,
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Figure 3. miR-21 promotes proliferation in acute myeloid leukemia cells. HL-60 and SKM-1 cells were transfected with either miR-21 mimic, inhibitor
or s-MiR. (A) Cell proliferation was detected at 0-5 days via Cell Counting Kit-8 assays. (B) Western blot analysis of the protein expression levels of the
proliferation marker Ki67 at 48 h post-transfection. Untransfected cells were used as control. "P<0.05 and “P<0.01 vs. s-MiR. miR, microRNA; s-MiR,
scramble/negative control microRNA.
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Figure 4. miR-21 overexpression enhances acute myeloid leukemia tumor growth in vivo. A xenograft model was constructed by subcutaneous injection of
HL-60 cells transfected with miR-21 mimic or s-MiR scramble control. (A) Tumor size was measured with a caliper every 5 days. (B) Tumors were isolated
and weights were assessed at day 35. (C) The mRNA and (D) protein expression levels of KLF5 in the xenograft tumors. "P<0.05 and “P<0.01 vs. s-MiR.
miR, microRNA; s-MiR, scramble/negative control microRNA; KLF5, Kriippel-like factor 5.

HL-60 and HS-5 cells, RT-qPCR analysis was performed. that in the normal bone marrow stromal HS-5 cells (Fig. 1A).
The results demonstrated that miR-21 expression levels were ~ KLF5 mRNA (Fig. 1B) and protein (Fig. 1C) expression levels
increased in the AML SKM-1 and HL-60 cells compared with ~ were decreased in HL-60 and SKM-1 cells compared with that
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in HS-5 cells. These data suggested that KLF5 and miR-21
may be associated with the development of AML.

KLF5 is a direct target of miR-21 in AML cells. To further
elucidate the function of miR-21 in AML, TargetScan 7.2
and miRBase database analysis was performed. The results
demonstrated that the 3'-UTR of KLF5 contained a puta-
tive binding sequence for miR-21 (Fig. 2A). Using a dual
luciferase activity assay, it was demonstrated that miR-21
overexpression by mimic transfection significantly suppressed
luciferase activity in SKM-1 and HL-60 cells transfected
with the KLF5-3'-UTR-WT construct (Fig. 2B); by contrast,
the KLF5-3'-UTR-MT construct had no effect (Fig. 2B). The
efficiency of the miR-21 mimic and a miR-21 inhibitor was
confirmed by RT-qPCR (Fig. 2C). Notably, the KLF5 mRNA
expression levels in SKM-1 and HL-60 cells were significantly
decreased following miR-21 overexpression, while they were
significantly enhanced following miR-21 inhibition (Fig. 2D).
These results suggested that miR-21 could downregulate
KLFS5 expression by directly targeting its 3'-UTR.

miR-21 promotes proliferationin AML cells. CCK-8 assays were
performed to examine the effect of miR-21 on the proliferation
of SKM-1 and HL-60 cells. As presented in Fig. 3A, transfec-
tion with miR-21 mimic significantly increased the total cell
numbers of HL-60 and SKM-1 cells compared with that in
the s-MiR group. By contrast, the total cell numbers were
significantly reduced following transfection with the miR-21
inhibitor. In addition, western blot analysis demonstrated
that the protein expression levels of the proliferation marker
Ki67 were increased following transfection of the HL-60 and
SKM-1 cells with miR-21 mimic (Fig. 3B). By contract, Ki67
protein expression levels were significantly reduced following
transfection with the miR-21 inhibitor (Fig. 3B). These results
indicated that high levels of endogenous miR-21 may promote
AML cell proliferation by inhibiting KLF5.

miR-21 promotes AML tumor growth in vivo. To validate the
biological role of miR-21, an AML mouse model was estab-
lished by subcutaneously injecting HL-60 cells transfected
with miR-21 mimic or scramble s-MiR control into nude
mice. The tumor volume was determined every 5 days. At
35 days, mice were sacrificed and the final tumor weights
were evaluated. A significant increase was detected in the
xenograft tumors overexpressing miR-21 compared with those
in the s-MiR group (Fig. 4A). In addition, the weights of the
tumors from animals injected with miR-21-overexpressing
cells were significantly increased compared with those in the
s-MiR group (Fig. 4B). Furthermore, miR-21 overexpression
resulted in a decrease in KLF5 protein and mRNA expression
levels in the xenograft tumors (Fig. 4C and D). Consequently,
overexpression of miR-21 downregulated KLF4 expression
and promoted AML tumorigenesis in vivo.

Discussion

Differential expression of miRNAs has been reported in
various studies on patients with AML, including of miR-143,
miR-34a, miR-126, miR-21 and miR-425 (9-11,13,20). The
potential mechanisms underlying the effects of miRNAs

3371

in AML progression require further elucidation. Previous
reports demonstrated that miR-21 is significantly upregulated
in AML (13), which may identify this miRNA as a potential
novel biomarker in the early diagnosis of AML.

It is well established that miRNAs are involved in tumori-
genesis by modulating the expression of their target genes (7).
Preceding studies revealed that miR-21 functions as a tumor
suppressor or an oncogene in gastric carcinoma (21), colorectal
carcinoma (22), hepatocellular carcinoma (23) and acute
myeloid leukemias (13). In the present study, it was demon-
strated that miR-21 was significantly upregulated and KLF5
was significantly downregulated in AML cells, compared
with normal bone marrow cells. TargetScan 7.2 and miRBase
databases predicted that KLF5 may be a target of miR-21.
Subsequent dual luciferase reporter analysis confirmed that
KLF5 was a direct target of miR-21. Furthermore, miR-21
overexpression resulted in KLF5 downregulation, while
miR-21 inhibition resulted in KLF5 upregulation in AML cells
in vitro. Finally, miR-21 overexpression promoted AML cell
proliferation in vitro and enhanced AML tumor growth in vivo.

In conclusion, the present results provided experimental
evidence that miR-21 promoted AML tumorigenesis by
promoting cell proliferation and by directly regulating KLF5
expression in vitro and in vivo. Thus, miR-21 may serve as
a potential diagnostic marker and therapeutic target in AML.
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