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It has been reported that kindlin-3 expression is closely associated with progression of many cancers and
microRNA (miRNA) processing. However, the effects and precise mechanisms of kindlin-3 in acute myeloid
leukemia (AML) have not been well clarified. Our study aimed to explore the interaction between kindlin-3
and miR-4792 in AML. In our study, we found that the expression of kindlin-3 was dramatically increased in
AML samples and cell lines, and the miR-4792 level was significantly downregulated. Interestingly, the low
miR-4792 level was closely associated with upregulated kindlin-3 expression in AML samples. Moreover,
introduction of miR-4792 dramatically suppressed proliferation and invasion and induced apoptosis of AML
cells. We demonstrated that miR-4792 could directly target kindlin-3 by using both bioinformatics analysis and
luciferase reporter assay. In addition, kindlin-3 silencing had similar effects with miR-4792 overexpression
on AML cells. Overexpression of kindlin-3 in AML cells partially reversed the inhibitory effects of miR-4792
mimic. miR-4792 inhibited cell proliferation and invasion and induced apoptosis of AML cells by directly
downregulating kindlin-3 expression, and miR-4792 targeting kindlin-3 was responsible for the regulation of
the proliferation, invasion, and apoptosis of AML cells.
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INTRODUCTION

Acute myeloid leukemia (AML) is characterized by
maturation arrest of myeloid progenitor cells at different
stages, malignant proliferation, and impaired apoptosis of
leukemic cells. It is a heterogeneous disease that causes
an overall decrease in the human hematopoietic system'.
China ranks third worldwide in the incidence of AML and
has the highest levels of mortality in young patients with
AML?*, Therefore, there is an urgent need to develop new
therapies for AML. However, the pathogenesis of AML is
still not fully understood and thus hampers the development
of new treatments. Hence, it is urgently needed to illustrate
the molecular pathogenesis mechanism responsible for leu-
kemogenesis in AML and find new therapeutic strategies.

Kindlin-3 is expressed in hematopoietic, endothelial
cells, leukocytes, and platelets™. In addition to leukocyte

migration, endothelial tube formation, and platelet aggre-
gation, kindlin-3 is involved in osteoclast-mediated bone
resorption’. Recently, kindlin-3 was found to be important
in cancer progression, although its role as a promoter or
suppresser of cancer metastasis remains controversial®’.
However, the expression of kindlin-3 and its functional
roles in AML are still unclear.

MicroRNAs (miRNAs) are a class of small, highly
conserved noncoding RNA molecules that regulate gene
expression at the posttranscriptional level'’. Aberrant
expression of miRNAs has been regarded as a new type of
“oncomiRs” or “tumor suppressors,” which play critical
roles in the progression of a number of cancers including
AML"™, Zhu et al. reported that miR-9 acted as a tumor
suppressor and inhibited cell proliferation, migration, and
invasion in AML by directly targeting CX chemokine
receptor 4. Chen et al. demonstrated that introduction
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of miR-628 restrained the proliferation of AML cells by
directly targeting insulin-like growth factor type 1 recep-
tor (IGF-1R)". Ding et al. showed that miR-130a was
aberrantly overexpressed in adult AML"". High miR-338
level was closely associated with poor prognosis in AML
patients undergoing chemotherapy'®.

In this study, we for the first time found that kindlin-3
expression was markedly upregulated in AML tissues
and cell lines. However, until now the functional roles of
kindlin-3 in AML have remained unclear. Furthermore, we
confirmed that kindlin-3 was one of the direct targets of
miR-4792 in AML. For further study, we also confirmed
significant downregulation of miR-4792 in AML tissues
and cells. Upregulation of miR-4792 suppressed the prolif-
eration and invasion and induced apoptosis of AML cells.
And overexpression of kindlin-3 blocked the effects of
miR-4792. Therefore, our outcomes showed critical roles
for miR-4792/indlin-3 axis in the pathogenesis of AML
and suggested its possible application in AML treatment.

MATERIALS AND METHODS
Patients and Samples

Bone marrow specimens were obtained from 30 patients
with AML and 30 healthy controls from Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology, between March 2017 and September
2018. None of the patients had received chemotherapy,
radiotherapy, targeted therapy, or hematopoietic stem cell
transplantation before bone marrow aspiration. This study
was approved by the Ethics Committee Hospital of Tongji
Hospital (ethic number: 20170220) and was performed in
accordance with the Declaration of Helsinki and the guide-
lines of the Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology. All patients signed the informed consent form.

Cell Culture

TF-1a, HL-60, THP-1, NB4, and Kgla AML cell lines
and the human normal stromal cells HS-5 were obtained
from the American Type Culture Collection (ATCC;
Manassas, VA, USA). All cells were cultured in Roswell
Park Memorial Institute (RPMI)-1640 medium (Gibco,
Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco), 2 mM L-glutamine, and 100
U/ml streptomycin plus 100 U/ml penicillin (Gibco) at
37°C with 5% CO,.

Transient Transfection

The miR-4792 mimics, miR-negative control (miR-NC),
siRNA for kindlin-3 (si-kindlin-3), and siRNA-negative
control (si-NC) were synthesized and purified by Gene-
Pharma (Shanghai, China). The kindlin-3 overexpression
plasmid was generated by inserting kindlin-3 complemen-
tary DNA (cDNA) into a pcDNA3.1 vector. This plasmid
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was sequenced confirmed by Gene-Pharma. miR-4792
mimics, miR-NC, si-NC, and si-kindlin-3 were trans-
fected by using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s pro-
tocols. Total RNA and protein were collected 48 h after
transfection.

RNA Extraction and Real-Time Quantitative Polymerase
Chain Reaction (PCR)

Total RNA was extracted from cell lines and clinical
samples by using TRIzol reagent (Invitrogen) accord-
ing to the operating instructions. RNA was quantified by
using ultraviolet (UV) absorbencies at 260 and 280 nm
(A260/280). Subsequently, the RNA was reverse tran-
scribed into cDNA using the reverse transcription system
(Thermo Scientific, Waltham, MA, USA). The level of
miR-4792 was detected by the ABIPRISM 7500 Sequence
Detection System (ABI) using the TagMan MicroRNA
assay kits (Applied Biosystems, Foster City, CA, USA).
U6 small nuclear RNA (snRNA) was used as the control.
The mRNA expressions of kindlin-1, kindlin-2, kindlin-3,
proliferating cell nuclear antigen (PCNA), CDK4, cyclin
El, p27, matrix metalloproteinase-2 (MMP-2), MMP-9,
and tissue inhibitor of metalloproteinases 1 (TIMP-1)
were also analyzed by SYBR Green and normalized to

Table 1. Sequences of Primers for gRT-PCR

Gene Primer Sequence

Kindlin-1 F: 5-GCGTTGACCATCCCAATGAAG-3’
R: 5"-ACCAAAGAGCAAAGTCTGACC-3’
F: 5-TCTGACCATGCTCTCTGGTG-3’

R: 5-AGTTCTTCGGGGTGTCTGATA-3’
F: 5-GGACTACATCGACTCGTCATGG-3’
R: 5-CTCCACAATCTTCAGGAGCAC-3’
F: 5-CCTGCTGGGATATTAGCTCCA-3’
R: 5-CAGCGGTAGGTGTCGAAGC-3’

F: 5-GGGGACCTAGAGCAACTTACT-3’
R: 5-CAGCGCAGTCCTTCCAAAT-3’

F: 5-AAGGAGCGGGACACCATGA-3’

R: 5-ACGGTCACGTTTGCCTTCC-3’

p27 F: 5-AACGTGCGAGTGTCTAACGG-3’
R
F
R
F
R
F
R
F
F
F
F

Kindlin-2
Kindlin-3
PCNA
CDK4

Cyclin El

: 5-CCCTCTAGGGGTTTGTGATTCT-3’

: 5-CTGCGGTTTTCTCGAATCCA-3’

: 5-GGGTATCCATCGCCATGCT-3’

: 5-CCCTGGAGACCTGAGAACCA-3’

:5’- CCACCCGAGTGTAACCATAGC-3’

: 5-CTTCTGCAATTCCGACCTCGT-3’

: 5-ACGCTGGTATAAGGTGGTCTG-3’

: 5-CGGTGAGCGCTCGCTGG-3’

: 5-GAACATGTCTGCGTATCTC-3’

: 5-CTCGCTTCGGCAGCACA-3’

: 5-AACGCTTCACGAATTTGCGT-3’
F:5-GAGTCAACGGATTTGGTCGTATTG-3’
R: 5-CCTGGAAGATGGTGATGGGATT-3’

MMP-2

MMP-9

TIMP-1

miR-4792

[8[)

GAPDH
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glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
The judgment of primer sequences’ specificity was based
on dissociation curve; 27*“" (cycle threshold) was used
to calculate the relative gene expression levels. Prime
sequences are shown in Table 1.

Cell Proliferation Assay

To study the effect of miR-4792 on proliferation of
AML cells, HL-60 and Kg1la cells (10*/well) were seeded
in a 96-well plate and incubated overnight in complete
medium. After removing the medium, cells were trans-
fected with miR-4792 mimic or miR-NC for 48 h. The
BrdU (colorimetric) Kit (Millipore, Boston, MA, USA)
was used to assess the cell proliferation according to the
manufacturer’s protocols.

Annexin V-Fluorescein Isothiocyanate (FITC)/
Propidium Ilodide (PI) Analysis

Cell apoptosis was detected by Annexin-V-FITC/
PI Kit (Beijing Biosea Biotechnology, Beijing, China)
according to the manuals. Briefly, the cells (100,000
cells/well) were seeded in a six-well plate. Treated cells
were washed twice with cold phosphate-buffered saline
(PBS; Gibco) and resuspended in buffer. The adherent
and floating cells were combined and treated according to
the manufacturer’s instruction and measured with a flow
cytometer (Beckman Coulter, Brea, CA, USA) to differ-
entiate apoptotic cells (annexin V positive and PI nega-
tive) from necrotic cells (annexin V and PI positive).

Apoptosis Detection

Cell apoptosis was also determined using a Cell Death
Detection ELISA™VS Kit (Cat. No. 11774425001; Roche
Diagnostics, Basel, Switzerland) that measures cytoplas-
mic DNA-histone complexes generated during apop-
totic DNA fragmentation. Cell apoptosis detection was
performed according to the manufacturer’s protocol and
monitored at 405 nm.

Caspase 3 Activity Assay

A caspase 3 fluorescent assay kit (Nanjing KeyGen
Biotech. Co. Ltd., Nanjing, China) was used to detect
caspase activity. Briefly, cells were lysed using the lysis
buffer provided by the kit and centrifuged at 10,000 x
g for 1 min at 4°C. Supernatants were collected; equal
amounts (30 pg) of protein were reacted with the syn-
thetic fluorescent substrates, which were provided by the
kit, at 37°C for 90 min, and fluorescence was measured at
405 nm using a microplate reader.

In Vitro Invasion Assay

After treatment, the cells were plated onto the 24-well
upper chamber with a membrane that was pretreated
with Matrigel (100 ug per well; BD Biosciences, San
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Jose, CA, USA). In the lower portion of the chamber, we
added fresh medium with 10% FBS. After the cells were
incubated for 24 h at 37°C, we carefully removed the
cells in the upper chamber. Invaded cells were fixed with
4% formaldehyde, stained with 0.5% crystal violet, and
counted under a microscope (Nikon, Tokyo, Japan). To
quantify the number of invasive cells, the washing solu-
tion was examined at 540 nm. All assays were indepen-
dently repeated three times.

Protein Extraction and Western Blot Analysis

Transfected cells were solubilized with radioimmu-
noprecipitation assay (RIPA) lysis buffer (Beyotime
Biotechnology, Shanghai, China) containing protease
inhibitors (Millipore). The concentration of protein was
measured by using a BCA protein assay kit (Beyotime
Biotechnology). Equal amounts (50 pg) of protein were
separated with 10% SDS-PAGE and transferred to poly-
vinylidene difluoride (PVDF) membranes (Millipore,
Bedford, MA, USA). The membranes were then blocked
with 5% nonfat milk in TBST for 1 h at room temperature,
followed by incubation with primary antibodies of kind-
lin-3 (ab68040), MMP-2 (ab97779), MMP-9 (ab58803),
TIMP-1 (ab211926) (Abcam, Cambridge, UK), PCNA
(#2586), CDK4 (#12790), cyclin D1 (#2922), and p27
(#3688) (Cell Signaling Technology Inc., Danvers, MA,
USA) overnight at4°C. Subsequently, the membranes were
washed with TBST three times and probed with the corre-
sponding horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (Cell Signaling Technology Inc.) for 2
h at room temperature. ECL reagent (Pierce, Rockford, IL,
USA) was used to detect the signals on the membranes.

Luciferase Reporter Assay

The luciferase reporter vectors [pGL3-kindlin-3-
3’-UTR wild type (WT) and pGL3-kindlin-3-3"-UTR
mutant (MUT)] were synthesized by Gene-Pharma. Cells
were seeded into 24-well plates and transfected with
pGL3-kindlin-3-3’-UTR WT or pGL3-kindlin-3-3’-UTR
MUT, along with miR-4792 mimics or niR-NC using
Lipofectamine 3000 (Invitrogen), following the manufac-
turer’s instructions. After transfection for 48 h, luciferase
reporter assays were performed with Dual-Luciferase
Reporter Assay System (Promega, Madison, WI, USA).
The relative firefly luciferase activities were measured by
normalizing to Renilla luciferase activities.

Statistical Analysis

The data are expressed as the mean + standard error
of the mean (SEM). The number of independent experi-
ments is represented by n. Correlations between miR-
4792 and kindlin-3 mRNA levels were analyzed using
Pearson’s correlation coefficient. Multiple comparisons
were performed using one-way analysis of variance
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(ANOVA) followed by Tukey’s multiple comparison
test. Other comparisons were analyzed using two-tailed
Student’s 7-test. A value of p < 0.05 was considered sta-
tistically significant.

RESULTS

High Expression of Kindlin-3 Correlates With Low Level
of miR-4792 in AML Samples and Cells

It has been reported that kindlins, including kindlin-1,
kindlin-2, and kindlin-3, are closely associated with can-
cers. However, which one plays critical roles in AML s still
unknown. In this study, kindlin-1, kindlin-2, and kindlin-3
expressions were detected by quantitative reverse tran-
scription PCR (qRT-PCR) assays in bone marrow speci-
mens derived from six patients with AML and six healthy
controls. The data indicated that the mRNA expression of
kindlin-3 was higher than that in kindlin-1 and kindlin-2 in
AML samples compared with the adjacent samples (Fig.
1A). To further confirm the expression of kindlin-3, we
detected kindlin-3 expression in bone marrow specimens
derived from 30 patients with AML and 30 healthy con-
trols. As had been expected, kindlin-3 mRNA expression
was significantly increased in AML samples compared
with the adjacent samples (Fig. 1B). Furthermore, we also
determined the mRNA level of kindlin-3 in five AML cell
lines such as TF-1a, HL-60, Kgla, NB4, and THP-1, and
the human normal stromal cells HS-5. Compared with
HS-5, the mRNA expression of kindlin-3 in HL-60 cells
was higher than that in the other four AML cell lines (Fig.
1C). For further study, the online database TargetScan 7.2
predicted that miR-4792 might directly target kindlin-3.
Furthermore, our data confirmed that the miR-4792 level
in the AML samples was markedly lower than that in the
adjacent samples (Fig. 1D). To support this result, we also
demonstrated that the miR-4792 level was lower in HL-60
cells compared with that in the other four AML cell lines,
as shown in Figure 1E. Therefore, HL-60 cells were used
in the following experiments. To study whether kindlin-3
expression was closely associated with miR-4792 in
AML, Pearson’s correlation analysis revealed a signifi-
cant inverse correlation between kindlin-3 and miR-4792
in AML tissues (Fig. 1F).

miR-4792 Inhibited Cell Proliferation and Induced Cell
Apoptosis in AML Cells

The qRT-PCR analysis confirmed that the miR-4792
level was significantly increased in miR-4792 mimic
compared to the miR-NC group (Fig. 2A). To investi-
gate the effect of miR-4792 on AML cell proliferation,
the BrdU-enzyme-linked immunosorbent assay (ELISA)
assay showed that introduction of miR-4792 markedly
suppressed the proliferation of both HL-60 and Kgla
cells (Fig. 2B). To further confirm the above results, we
explored the effects of miR-4792 on several genes involved
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in cell proliferation and cell cycle. Overexpression of
miR-4792 reduced the mRNA expressions of PCNA,
CDK4, and cyclin D1 and enhanced the mRNA expres-
sions of p27 in HL-60 and Kgla cells (Fig. 2C). Next,
FCM and ELISA assays revealed that overexpression of
miR-4792 dramatically induced apoptosis of HL-60 and
Kgla cells (Fig. 2D and E). Finally, to confirm the above
apoptosis results, we detected the activity of caspase 3.
The activity of caspase 3 was significantly increased by
miR-4792 mimic (Fig. 2F).

The Effects of miR-4792 on the Invasion in AML Cells

To study the effects of miR-4792 on invasion of AML
cells, we assessed the invasive ability of AML cells by using
Transwell assay after transfection with miR-4792 mimic or
miR-NC. The miR-4792 mimic group exhibited that the
number of invading AML cells was significantly reduced
compared to the miR-NC group (Fig. 3A). Next, the expres-
sions of MMP-2, MMP-9, and TIMP-1 were determined.
Our gqRT-PCR and Western blot assays demonstrated
that both mRNA and protein expressions of MMP-2 and
MMP-9 were markedly decreased, and TIMP-1 expression
was significantly increased by overexpression of miR-4792
in HL-60 and Kgla cells (Fig. 3B and C).

miR-4792 Directly Targeted Kindlin-3 3”-Untranslated
Region (3-UTR)

According to the online database microRNA.org, we
identified an miR-4792 binding site in the 3’-UTR of
kindlin-3 (Fig. 4A). To validate whether kindlin-3 is a
direct target of miR-4792, luciferase plasmids containing
the potential kindlin-3 miR-4792 binding sites (WT) or
a mutated kindlin-3 3’-UTR were constructed (Fig. 4A).
Overexpression of miR-4792 inhibited WT kindlin-3
reporter activity but not the activity of the mutated reporter
construct in HL-60 and Kgla cells, demonstrating that
miR-4792 could specifically target the kindlin-3 3’-UTR
by binding to the seed sequence (Fig. 4B). Downregulation
of miR-4792 enhanced WT kindlin-3 reporter activity but
not the activity of the mutated reporter construct in HL-60
and Kgla cells (Fig. 4B). Next, we confirmed the results
at protein level. Introduction of miR-4792 could signifi-
cantly decrease the expression of kindlin-3 in HL-60 and
Kgla cells (Fig. 4C), whereas knockdown of miR-4792
increased kindlin-3 expression (Fig. 4C). These data indi-
cated that miR-4792 directly regulated kindlin-3 expres-
sion in AML cells through 3’-UTR sequence binding.

Knockdown of Kindlin-3 Inhibited the Proliferation,
Invasion, and Induced Apoptosis of AML Cells

To study the effects of kindlin-3 on AML cells, cell pro-
liferation, invasion, and apoptosis were estimated in HL-60

and Kgla cells after transfection with si-NC or si-kindlin-3
for 48 h. Western blot analysis showed that kindlin-3
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Figure 2. Effects of miR-4792 on the proliferation and apoptosis in AML cells. HL-60 and Kgla cells were transfected with miR-4792
mimic or miR-NC for 48 h. (A) The level of miR-4792 was determined by qRT-PCR assay. (B) Cell proliferation was assessed by BrdU-
enzyme-linked immunosorbent assay (ELISA) assay. (C) The mRNA expressions of proliferating cell nuclear antigen (PCNA), CDK4,
cyclin D1, and p27 were determined by qRT-PCR assay. (D, E) Cell apoptosis was measured by flow cytometric analysis of cells labeled with
annexin V/propidium iodide (PI) double staining and nucleosomal degradation, respectively. (F) The activities of caspase 3 were determined
by caspase 3 activity detection assay. All data are presented as mean + SEM, n = 6. #p < 0.05, ##p < 0.01, ###Hp < 0.001 versus miR-NC.
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Figure 3. The effects of miR-4792 on invasion and related molecules in AML cells. HL-60 and Kgla cells were transfected with miR-
4792 mimic or miR-NC for 48 h. (A) The invasion was assessed by Transwell assay. (B, C) Both mRNA and protein expressions of
matrix metalloproteinase-2 (MMP-2), MMP-9, and tissue inhibitor of metalloproteinases 1 (TIMP-1) were determined by qRT-PCR

and Western blot, respectively. All data are presented as mean + SEM, n = 6. #p < 0.05, ##p < 0.01, ##p < 0.001 versus miR-NC.
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expression was significantly decreased in HL-60 and Kgla
transfected with si-kindlin-3 for 48 h compared to the
si-NC group (Fig. 5A). The BrdU-ELISA assay indicated
that knockdown of kindlin-3 could significantly suppress
the proliferation of AML cells (Fig. 5B), and qRT-PCR
assay showed that downregulation of kindlin-3 decreased
the mRNA levels of PCNA, CDK4, and cyclin D1 and
increased the mRNA levels of p27 (Fig. 5C). Furthermore,
both Transwell and Western blot assays suggested that
decreased kindlin-3 expression inhibited invasive ability of
HL-60 and Kgla cells (Fig. 5D), dramatically downregu-
lated the expressions of MMP-2 and MMP-9 (Fig. SE), and
upregulated TIMP-1 expression (Fig. 5E). Finally, knock-
down of kindlin-3 resulted in inducing apoptosis (Fig. 5F) in
HL-60 and Kgla cells and increasing the activity of caspase
3 (Fig. 5G). Consequently, kindlin-3 silencing had similar
effects with miR-4792 overexpression on AML cells.

Overexpression of Kindlin-3 Markedly Reversed the
Effects of miR-4792 Upregulation on the Proliferation,
Invasion, and Apoptosis of AML Cells

To determine whether miR-4792 targeting kindlin-3
was responsible for regulation of the proliferation, inva-
sion, and apoptosis of AML cells, we constructed an
expression vector that encoded the entire kindlin-3 coding
sequence but lacked the 3’-UTR. Then we cotransfected
miR-NC or miR-4792 mimic with pcDNA3.1 or pcDNA-
kindlin-3 into HL-60 cells (Fig. 6A). Cell proliferation
assay data showed that concomitant overexpression of
miR-4792 and kindlin-3 abrogated the inhibitory effect of
miR-4792 mimic (Fig. 6B). The mRNA levels of PCNA,
CDK4, and cyclin D1 were increased and the mRNA lev-
els of p27 were decreased in miR-4792-overexpressing
AML cells after exogenous upregulation of kindlin-3
(Fig. 6C). Next we found that enhanced kindlin-3 expres-
sion partially reversed the inhibitory effect of miR-4792
upregulation on invasion of AML cells (Fig. 6D), upregu-
lated the expressions of MMP-2 and MMP-9 (Fig. 6E),
and downregulated TIMP-1 expression compared with
the miR-4792 mimic group (Fig. 6E). Furthermore, over-
expression of kindlin-3 inhibited cell apoptosis (Fig.
6F) and the activity of caspase 3 in HL-60 cells trans-
fected with miR-4792 mimic (Fig. 6G). Therefore, the
inhibitory effects of miR-4792 were partially reversed by
kindlin-3 overexpression. Altogether, our findings dem-
onstrated that miR-4792 suppressed cell proliferation,
invasion, and induced apoptosis of AML cells by directly
decreasing kindlin-3 expression, and miR-4792 targeting
kindlin-3 was responsible for regulation of the prolifera-
tion, invasion, and apoptosis of AML cells.

DISCUSSION

Kindlins are a small family of 4.1-ezrin-radixin-moesin
(FERM)-containing cytoplasmic proteins". Kindlin-3
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expression has been reported in endothelial cells, plate-
lets, and hematopoietic cells*. Kindlin-3 promotes inte-
grin activation, clustering, and outside-in signaling®. The
high expression of kindlin-3 was found in glioblastoma,
whereas the low expression of kindlin-3 was reported in
melanoma®”. Intriguingly, kindlin-3 has been demon-
strated to act as tumor suppressor or oncogene to regulate
cancer cell metastasis*"**. In this study, kindlin-3 expres-
sion was highest among the kindlins in AML samples,
suggesting that kindlin-3 played a critical role in AML.
To test the biological function of kindlin-3 in AML, we
found that silencing kindlin-3 expression significantly
inhibited the proliferation of AML cells. For further
study, we demonstrated that knockdown of kindlin-3
decreased the mRNA levels of PCNA, CDK4, and cyclin
D1 and increased the mRNA levels of p27 in AML cells.
Invasion is one process of metastasis. In this study, our
results demonstrated that knockdown of kindlin-3 signifi-
cantly inhibited the invasive ability of HL-60 cells com-
pared with the miR-NC group. Moreover, degradation of
extracellular matrix (ECM) components by proteolytic
enzymes is very important for invasion of cancer cells®,
and the MMPs degrading the ECM process is closely asso-
ciated with invasion, metastasis, and angiogenesis of can-
cer cells* ™, Particularly, both MMP-2 and MMP-9 are
responsible for the invasion and epithelial-mesenchymal
transition (EMT) of malignant tumors, by degrading
components of the basement membrane®?’®, Next,
TIMPs bind and inhibit enzymatically active MMPs, and
the imbalance between MMPs and TIMPs is of critical
importance in early events of tumor progression”. Here
we found that expressions of MMP-2 and MMP-9 were
significantly decreased in HL-60 cells after transfection
with si-kindlin-3, whereas TIMP-1 expression was dra-
matically increased by silencing kindlin-3.

A variety of miRNAs have been known to exhibit
aberrant expression in AML*?’. These dysregulated
miRNAs perform crucial roles in tumorigenesis and
tumor progression of AML and may regulate the major
cancer-associated biological traits®>>°. Therefore, the
comprehensive investigation of the regulatory mecha-
nism underlying miRNA functions in AML occurrence
and development is of significant importance for the
development of therapeutic strategies to treat patients
with AML. To the best of our knowledge, this is the first
study to detect the expression level of miR-4792 in AML.
In addition, we explored the detailed roles and molecu-
lar mechanisms responsible for the action of miR-4792
on AML progression. Circulating miRNAs derived from
the tumors can be stably detected in many kinds of bio-
fluids such as plasma, serum, urine, and saliva, which
contributes to early detection and diagnosis of multiple
types of cancers™. A previous study reported that over-
expressed miR-4792 significantly inhibited EMT and
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Figure 5. The effects of kindlin-3 silencing on cell proliferation, invasion, and epithelial-mesenchymal transition (EMT) in AML
cells. HL-60 and Kgla cells were transfected with si-kindlin-3 or si-NC for 48 h. (A) The protein expressions of kindlin-3 were deter-
mined by Western blot assay. (B) Cell proliferation was assessed by BrdU-ELISA assay. (C) The mRNA expressions of PCNA, CDK4,
cyclin D1, and p27 were determined by qRT-PCR. (D) The invasion was assessed by Transwell assay. (E) The protein expressions of
MMP-2, MMP-9, and TIMP-1 were detected by Western blot assay. (F) Cell apoptosis was measured by nucleosomal degradation by
using Roche’s cell death ELISA detection kit. (G) The activities of caspase 3 were determined by caspase 3 activity detection assay.
All data are presented as mean = SEM, n = 6. #p < 0.05, ##p < 0.01 versus si-NC.
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Figure 6. Overexpression of kindlin-3 partially promoted cell proliferation, invasion, and EMT in miR-4792-overexpressing AML cells.
HL-60 cells were cotransfected with miR-NC or miR-4792 mimic with pcDNA3.1 or pcDNA-kindlin-3 vector. (A) The protein expression of
kindlin-3 was determined by Western blot assay. (B) Cell proliferation was assessed by BrdU-ELISA assay. (C) The mRNA expressions of
PCNA, CDK4, cyclin D1, and p27 were determined by gqRT-PCR. (D) The invasion was assessed by Transwell assay. (E) The expressions
of MMP-2, MMP-9, and TIMP-1 were detected by Western blot assay. (F) Cell apoptosis was measured by nucleosomal degradation by
using Roche’s cell death ELISA detection kit. (G) The activities of caspase 3 were determined by caspase 3 activity detection assay. All data
are presented as mean = SEM, n = 6. *p < 0.05, **p < 0.01 versus miR-NC; #p < 0.05, ##p < 0.01 versus miR-4792 mimic + pcDNA3.1.
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invasion of nasopharyngeal carcinoma by directly target-
ing FOXC1?. However, the function of miR-4792 dur-
ing cancer progression and development is still largely
unknown. In this study, we evaluated the effect of miR-
4792 in the proliferation and apoptosis of AML cell lines
HL-60 and Kgla and the possible molecular mechanism
involved in this process. We found that miR-4792 mim-
ics significantly inhibited the proliferation of HL-60
and Kgla cells, and simultaneously promoted both cell
lines’ apoptosis compared with miR-NC. As we expected,
invasion of AML cells was suppressed in the miR-4792
mimic group. Moreover, cell apoptosis results showed
that miR-4792 but not miR-NC induced AML cell apop-
tosis. Altogether, miR-4792 acted as a tumor suppressor
to inhibit the proliferation and invasion of AML cells, and
induce AML cell apoptosis.

However, no studies have demonstrated the relation-
ship between miR-4792 and kindlin-3 in AML. Based on
our findings, we demonstrated that the overexpression of
miR-4792 reduced the expression of kindlin-3 and inhib-
ited cancerous signals such as proliferation and invasion
and induced apoptosis of AML cells. Such an effect was
replicated by the knockdown of kindlin-3 in HL-60 cells.
Furthermore, restoration of kindlin-3 reversed the inhibi-
tory effects of miR-4792, indicating that miR-4792 inhib-
ited the proliferation, invasion, and induced apoptosis of
AML cells through regulation of kindlin-3, and kindlin-3
might play critical roles in the progression and metastasis
of AML.

In conclusion, our results have shown that the expres-
sion of kindlin-3 was highest among kindlin-1-3, and the
miR-4792 level was dramatically downregulated in AML
samples. Overexpression of miR-4792 inhibited prolif-
eration, invasion, and induced apoptosis of AML cells
through directly downregulating kindlin-3 expression.
Therefore, our study provided functional evidence that
fully supported that the miR-4792/kindlin-3 axis was the
prognostic factor for AML.
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