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Abstract. T cell acute lymphoblastic leukemia (T-ALL), an
aggressive and heterogeneous malignancy originating from
T cell precursors (thymocytes), accounts for ~15% of all ALL
cases in children and for ~25% in adults. The present study
aimed to investigate the role of microRNA-221 (miR-221) in
the regulation of cell viability and apoptosis of human T-ALL
cells and its related regulatory mechanisms. To perform this
investigation, miR-221 was upregulated or knocked down in
human T-ALL cells (Jurkat cells) using miR-221 mimic or
inhibitor, respectively. Then, cell viability was determined
using a 3-(4,5-dimethylthiahiazol-2-y1)-2,5-diphenytetrazo-
lium bromide assay, cell invasion and migration were analyzed
via Transwell assays, and cell apoptosis was detected using
flow cytometry. It was found that transfection with a miR-221
inhibitor significantly inhibited Jurkat cell viability, migration
and invasion, and induced Jurkat cell apoptosis. Whereas,
transfection with the miR-221 mimic resulted in the opposite
effects. Besides, the results showed that phosphatase and
tensin homologue deleted on chromosome 10 (PTEN) was a
target of miR-221. Moreover, it was observed that the effects
of the miR-221 inhibitor on Jurkat cell viability, migration and
invasion, and cell apoptosis were significantly eliminated by
PTEN-small interfering RNA. In addition, it was shown that
the phosphatidylinositol 3-kinase/AKT pathway was involved
in the effect of miR-221 on Jurkat cells. In conclusion, the data
indicated that miR-221 existed as an oncogene in T-ALL, and
its downregulation could inhibit the development of ALL by
targeting PTEN. Therefore, miR-221 may be a novel potential
therapeutic target for ALL.
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Introduction

Acute lymphoblastic leukemia (ALL) is a hematological
malignant tumor characterized by a large number of immature
leukocytes caused by abnormal lymphoblastic proliferation
and abnormal differentiation, and it is a common type of
childhood leukemia (1,2). In recent years, despite clinical
advances in the diagnosis and treatment of ALL, patients
with ALL, especially those with refractory or relapsed ALL,
still have a poor prognosis, serious adverse events and low
survival rates (3-5). T cell ALL (T-ALL), an aggressive and
heterogeneous malignancy originating from T cell precursors
(thymocytes), accounts for ~15% of all ALL cases in children
and for ~25% in adults (6,7). Currently, the outcomes for
T-ALL are still lagging behind by 5-10% compared with B cell
ALL in most studies (8,9). Therefore, it is of great significance
to further study the pathogenesis of T-ALL and find novel
effective treatment strategies.

MicroRNAs (miRNAs/miRs) are a class of highly
conserved non-coding small RNAs of 19 to 25 nucleotide
in length that are ubiquitous in organisms and bind to the
3'-untranslated region (UTR) of target mRNAs, inhibit mRNA
translation and can regulate gene expression (10,11). miR-221
is one of the miRNAs discovered earlier in humans and is
located on the X chromosome pl1. 3 (12). In previous years,
studies on miR-221 have focused on tumors and inflamma-
tion, and studies have confirmed that miR-221 is upregulated
and plays a key role in a number of malignant tumors, such
as multiple myeloma, bladder cancer and oral squamous
cell carcinoma, and inflammatory-related diseases, such as
atherosclerosis, osteoarthritis, autoimmune and degenerative
diseases (12-16). However, to the best of our knowledge, the
role of miR-221 in ALL and its related mechanisms of action
have yet not been reported.

In the present study, the effect of miR-221 on human
T-ALL cells and its molecular mechanisms were studied.

Materials and methods

Cell culture. Human T-ALL cell line Jurkat was purchased
from The Cell Bank of Type Culture Collection of The
Chinese Academy of Sciences. Cells were cultured in 75-cm?
flasks with DMEM (Gibco; Thermo Fisher Scientific, Inc.)
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supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin (Nanjing
Sunshine Biotech Co., Ltd.) and 100 pxg/ml streptomycin
(Nanjing Sunshine Biotech Co., Ltd.). Cells were incubated in
a 5% CO, incubator at 37°C.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the human T-ALL
cell line using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The concentration of RNA was detected
using a NanoDrop™ 2000 spectrophotometer (Thermo Fisher
Scientific, Inc.). The RNA samples were stored at -80°C for
future use. Then, cDNA was synthesized with a miScript
Reverse Transcription kit (Qiagen GmbH) according to the
manufacturer's protocol. The QuantiFast SYBR Green PCR
Kit (Qiagen GmbH) was used to perform RT-qPCR using a
CFX Connect Real-Time System (Bio-Rad Laboratories, Inc.).
GAPDH or U6 was used as the internal control. Thermocycling
conditions for qPCR were as follows: Initial denaturation
at 95°C for 10 min; 37 cycles of 95°C for 15 sec and 55°C for
40 sec. The 222 method (17) was applied for the quantification
of relative gene expression. Primer sequences were obtained
from GenScript and were as follows: U6 forward, 5'-CTCGCT
TCGGCAGCACA-3' and reverse, 5'-"AACGCTTCACGAATT
TGCGT-3'; GAPDH forward, 5"TCAACGACCACTTTGTCA
AGCTCA-3' and reverse, 5-GCTGGTGGTCCAGGGGTC
TTACT-3"; miR-221 forward, 5-GCCGAGAGCTACATT
GTCTGC-3' and reverse, 5-CTCAACTGGTGTCGTGGA-3";
PTEN forward, 5-ATACCAGGACCAGAGGAAACC-3' and
reverse, S"-TTGTCATTATCTGCACGCTC-3'.

Dual-luciferase reporter assay. Next, the mechanism by
which miR-221 acted on human T-ALL cell lines was inves-
tigated. The target genes of miR-221 were searched using
miRanda (microRNA.org), and PTEN was found to be a
potential target of miR-221. To confirm the binding sites
between miR-221 and the 3'-UTR of PTEN, a dual-luciferase
reporter assay was performed. The wild-type (WT-PTEN) and
mutant (MUT-PTEN) 3'-UTRs of PTEN were cloned into a
pmiR-RB-Report™ dual-luciferase reporter gene plasmid
vector (Guangzhou RiboBio Co., Ltd.). The MUT 3'-UTR of
PTEN was constructed using a QuikChange Site-Directed
Mutagenesis kit (Stratagene; Agilent Technologies, Inc.)
according to the manufacturer's instructions. Jurkat cells
(5x10* cells/well) were transfected with the reporter constructs
and miR-221 mimic (5-AGCUACAUUGUCUGCUGGGUU
UC-3'; Guangzhou Ribobio Co.,Ltd.) or mimic control (5'-CGG
UACGAUCGCGGCGGGAUAUC-3"; Guangzhou Ribobio
Co., Ltd.) using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). Luminescence was assayed 48 h later
using the Dual-Luciferase Reporter Assay System (Promega
Corporation) according to the manufacturer's instructions.
Results were normalized to the Renilla luminescence from
the same vector and shown as the ratio between the various
treatments and cells transfected with control vector.

Western blotting. Jurkat cells were washed with ice-cold
PBS, and then lysed with radioimmunoprecipitation lysate
buffer (Beyotime Institute of Biotechnology), including 1%
PMSF at 4°C for 1 h. A BCA assay (Thermo Fisher Scientific,

Inc.) was used to measure the protein concentrations. Protein
samples were collected by centrifugation for 5 min at 4°C and
10,000 x g. Proteins (40 ug per lane) were resolved via 10% SDS
Page, electroblotted to PVDF membranes and then blocked
in 5% non-fat milk at room temperature for 2 h. Membranes
were then incubated overnight at 4°C with primary anti-
bodies against: PTEN (1:1,000; cat. no. 9188; Cell Signaling
Technology, Inc.), Bel-2 (1:1,000; cat. no. 4223; Cell Signaling
Technology, Inc.), Bax (1:1,000; cat. no. 5023; Cell
Signaling Technology, Inc.), AKT (1:1,000; cat. no. 4691;
Cell Signaling Technology, Inc.), phosphorylated (p)-AKT
(1:1,000; cat. no. 4060; Cell Signaling Technology, Inc.) and
B-actin (1:1,000; cat. no. 4970; Cell Signaling Technology,
Inc.). Subsequently, the membranes were washed with PBS
with 0.1% Tween-20 (PBST) four times. Membranes were
then incubated with horseradish peroxidase-conjugated
anti-rabbit IgG secondary antibody (1:2,000; cat. no. 7074;
Cell Signaling Technology, Inc.) for 2 h at room temperature
and washed with PBST four times. Finally, ECL reagent
(EMD Millipore) was used to visualize protein bands using
FluorChem FC3 (ProteinSimple), and AlphaView 3.4.0 soft-
ware (ProteinSimple) was used for semi-quantification.

Cell transfection. Jurkat cells were seeded into 6-well plates
(1x10° cells/well) and cultured at 37°C for 24 h. Then, cells
were transfected with 100 nM inhibitor control (the negative
control of miR-221 inhibitor; 5'-CAGUACUUUUGUGUA
GUACAA-3'; Guangzhou Ribobio Co., Ltd.), 100 nM miR-221
inhibitor (miR-221 antagonist' 5'-GAAACCCAGCAGACA
AUGUAGCU-3"; Guangzhou Ribobio Co., Ltd.), 50 nM mimic
control (the negative control of miR-221 mimic; 5'-CGGUAC
GAUCGCGGCGGGAUAUC-3"; Guangzhou Ribobio Co.,
Ltd.), 50 nM miR-221 mimic (miR-221 agonist; 5-AGCUAC
AUUGUCUGCUGGGUUUC-3"; Guangzhou Ribobio Co.,
Ltd.), 100 nM miR-221 inhibitor + 0.2 uM control-small inter-
fering (si)RNA (cat. no. sc-36869; Santa Cruz Biotechnology,
Inc.) or 100 nM miR-221 inhibitor + 0.2 M PTEN-siRNA
(cat. no. sc-29459; Santa Cruz Biotechnology, Inc.) using
Lipofectamine 3000 reagent, according to the manufacturer's
instructions. The transfection efficiency was detected 48 h
later using RT-qPCR.

3-(4,5-dimethylthiahiazol-2-yl)-2,5-diphenytetrazolium
bromide (MTT) assay. The MTT method was performed to
detect cell viability. Jurkat cells were collected after transfec-
tion for 48 h, and then cells were seeded into plates (96-well) at
adensity of 2x10* cells/ml. MTT (10 ul/well) reagent (Beyotime
Institute of Biotechnology) was added to each well. Then, the
wells were incubated at 37°C for another 4 h. DMSO (100 pul;
Nanjing KeyGen Biotech Co., Ltd.) was used to dissolve
the formazan crystals. The absorbance at a wavelength of
490 nm was measured by Thermo Scientific™ Multiskan™
FC Microplate Photometer (Thermo Fisher Scientific, Inc.).
The experiment was repeated three times.

Transwell migration and invasion assays. For the invasion
assay, Transwell chambers (pore size, 8 ym; Costar; Corning
Inc.) were pre-coated with 30 ml Matrigel (R&D Systems,
Inc.) at 37°C for 30 min and loaded into 24-well flat-bottomed
culture plates. The chambers were loaded into 24-well
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Figure 1. Effect of miR-221 mimic on Jurkat cells. (A) 48 h after Jurkat cells were transfected with mimic control or miR-221 mimic, the expression of miR-221
in Jurkat cells was detected via reverse transcription-quantitative PCR. (B) Cell viability was determined via 3-(4,5-dimethylthiahiazol-2-y1)-2,5-diphe-
nytetrazolium bromide assay. (C and D) Cell migration and invasion were determined via Transwell assays. (E and F) Cell apoptosis was measured by flow
cytometry, and the cell apoptosis rate was calculated and presented. (G) The protein expression levels of Bax and Bcl-2 were detected via western blotting.
Data are presented as the mean + SD. "P<0.05, “P<0.01 vs. control. miR, microRNA.

flat-bottomed plates without Matrigel for the migration assay. ~ was added to the lower chamber. After incubation at 37°C with
Jurkat cells (2x10*) were seeded into the upper chamber with 5% CO, for 24 h, cells on the upper surfaces of the Transwell
serum-free DMEM and 600 1 DMEM containing 20% FBS  chambers were scraped with cotton swabs. Then, the membrane
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Figure 2. Effect of miR-221 inhibitor on Jurkat cells. (A) At 48 h after Jurkat cells were transfected with inhibitor control or miR-221 inhibitor, the expression of
miR-221 in Jurkat cells was detected via reverse transcription-quantitative PCR. (B) Cell viability was determined via 3-(4,5-dimethylthiahiazol-2-y1)-2,5-di-
phenytetrazolium bromide assay. (C and D) Cell migration and invasion were determined via Transwell assays. (E and F) Cell apoptosis was measured by flow
cytometry, and the cell apoptosis rate was calculated and presented. (G) The protein expression levels of Bax and Bcl-2 were detected via western blotting.
Data are presented as the mean + SD. "P<0.05, “P<0.01 vs. control. miR, microRNA.
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was fixed with 4% paraformaldehyde at room temperature
for 30 min, and then stained with 0.1% crystal violet at room
temperature for 30 min. The stained cells were imaged and
counted under a light microscope (magnification, x100) in five
randomly selected fields.

Flow cytometry. The apoptosis of Jurkat cells was detected
using the Annexin V-FITC/PI kit [cat. no. 70-AP101-100;
Hangzhou Multi Sciences (Lianke) Biotech Co., Ltd.],
according to the manufacturer's instructions. Briefly, Jurkat
cells were digested using 0.2% trypsin, followed by washing
with PBS three times. Then, the cells were incubated with
5 pl Annexin V-FITC and propidium iodide at 4°C in the
dark for 15 min. Finally, the cell apoptosis rate (early +
late apoptosis) was measured using a FACSCalibur™ flow
cytometer (BD Biosciences) with Cell Quest software
version 5.1 (BD Biosciences). The assay was performed in
triplicate.

Statistical analysis. Experiments were repeated at least
three times. Statistical analyses were performed using
GraphPad Prism 5 (GraphPad Software, Inc.). Data are
presented as the mean + standard deviation. An unpaired
Student's t-test or one-way analysis of variance (ANOVA)
followed by Tukey's test was performed for comparisons
between groups. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

miR-221 upregulation promotes Jurkat cell viability, migra-
tion and invasion, and inhibits cell apoptosis. In order to
investigate the role of miR-221 in T-ALL, the effect of miR-221
on T-ALL cells was studied. Jurkat cells were transfected with
miR-221 mimic or mimic control for 48 h, and it was found
that the miR-221 mimic significantly enhanced the expression
of miR-221 in Jurkat cells (Fig. 1A). The MTT assay results
suggested that compared with the control group, the miR-221
mimic significantly promoted Jurkat cell viability (Fig. 1B).
The Transwell assay showed that miR-221 mimic signifi-
cantly promoted Jurkat cell migration (Fig. 1C) and invasion
(Fig. 1D). In addition, it was found that miR-221 mimic signifi-
cantly inhibited Jurkat cell apoptosis (Fig. 1E and F), and the
protein level of Bax in Jurkat cells was notably decreased by
miR-221 mimic transfection, whereas Bcl-2 protein expression
was increased (Fig. 1G).

miR-221 knockdown inhibits Jurkat cell viability, migration
and invasion, and promotes cell apoptosis. Then, the effect of
miR-221 knockdown on T-ALL cells was investigated. Jurkat
cells were transfected with miR-221 inhibitor or inhibitor
control for 48 h, and it was found that the miR-221 inhibitor
significantly reduced the expression of miR-221 in Jurkat cells
(Fig. 2A). Compared with the control group, miR-221 inhibitor
significantly inhibited Jurkat cell viability (Fig. 2B), migra-
tion (Fig. 2C) and invasion (Fig. 2D). Besides, as expected,
it was found that the miR-221 inhibitor significantly induced
Jurkat cell apoptosis (Fig. 2E and F), and enhanced the protein
expression level of Bax in Jurkat cells, whereas Bcl-2 protein
expression was reduced (Fig. 2G).
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PTEN is a direct target of miR-221. To explore the molecular
mechanism underlying the effect of miR-221 on human
T-ALL cells, potential targets of miR-221 were predicted
using the bioinformatics tool microRNA.org (Fig. 3A), and a
dual-luciferase reporter assay (Fig. 3B) was performed to show
the binding sites between miR-221 and PTEN. Compared with
the control group, the miR-221 mimic significantly decreased
the mRNA and protein expression of PTEN in Jurkat cells
(Fig. 3C and D), whereas the miR-221 inhibitor enhanced
the mRNA and protein expression of PTEN in Jurkat cells
(Fig. 3E and F). These results demonstrated that PTEN was a
direct target of miR-221.

Inhibitory effects of miR-221 inhibitor on Jurkat cells are
abolished by PTEN gene silencing. As PTEN was identified
as a target of miR-221, it was hypothesized that miR-221 may
play a role in the regulation of T-ALL cells by regulating
the expression of PTEN. Jurkat cells were transfected with
the inhibitor control, miR-221 inhibitor, miR-221 inhibitor
+ control-siRNA, or miR-221 inhibitor + PTEN-siRNA for
48 h, then cell viability, migration, invasion and cell apoptosis
were analyzed. It was first confirmed that compared with the
control-siRNA group, PTEN-siRNA significantly reduced
PTEN mRNA expression in Jurkat cells (Fig. S1). The find-
ings suggested that the inhibited cell viability (Fig. 4A),
migration (Fig. 4B), invasion (Fig. 4C), increased cell apop-
tosis (Fig. 4D and E), increased Bax protein expression and
decreased Bcl-2 protein expression (Fig. 4F) in Jurkat cells
induced by transfection with the miR-221 inhibitor were
significantly reversed by PTEN silencing.

Phosphatidylinositol 3-kinase (PI3K)/AKT pathway is
involved in the effects of miR-221 on Jurkat cells. The results
of western blotting showed that compared with the inhibitor
control group, miR-221 inhibitor significantly reduced the
protein expression of p-AKT in Jurkat cells. Furthermore,
the reduced p-AKT protein expression in Jurkat cells induced
by the miR-221 inhibitor was reversed by PTEN-siRNA
(Fig. 5A and B). The protein expression of AKT did not change
notably in each group.

Discussion

ALL is a common and life-threatening hematological malig-
nancy. Relapsed/refractory ALL has poor prognosis rates. For
relapsed ALL, the median survival ranges from 4 to 8 months,
with a 5-year overall survival of <10% (18-20).

miRNAs are a type of non-coding small RNA with
19-25 nucleotides, which have roles in post-transcriptional
regulation and have been found to silence a broad range of
target genes (10,11). The abnormal expression of miRNA plays
an essential role in cancer occurrence and progression. For
instance, miR-221, an oncogenic miRNA, which belongs to the
miR-221/222 family, is involved in cancer invasion and migration
in multiple types of cancer, including colorectal cancer, renal cell
carcinoma and luminal breast cancer (21-23). The high expres-
sion of miR-221 has been found to directly inhibit target genes,
such as PTEN (24). PTEN, an important tumor suppressor, is
mutated in the majority of advanced tumors and plays an impor-
tant role in modulating the PI3K/AKT pathway (25).
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Figure 3. PTEN is a direct target of miR-221. (A) Binding sites between miR-221 and 3'UTR of PTEN was predicted using microRNA target site predic-
tion software. (B) Dual-luciferase reporter assay of a reporter containing WT-PTEN or a MUT-PTEN 3'UTR is presented. All data are presented as the
mean = SD of three independent experiments. “P<0.01 vs. mimic control. (C and D) 48 h after Jurkat cells were transfected with mimic control or miR-221
mimic, the mRNA and protein expression of PTEN was detected via RT-qPCR and western blotting. (E and F) 48 h after Jurkat cells were transfected with
inhibitor control or miR-221 inhibitor, the mRNA and protein expression of PTEN was measured via RT-qPCR and western blotting. Data are presented as
the mean + SD. “P<0.01 vs. control. miR, microRNA; UTR, untranslated region; PTEN, phosphatase and tensin homologue deleted on chromosome 10; WT,
wild-type; MUT, mutant; RT-qPCR, reverse transcription-quantitative PCR.

The present study verified that miR-221 upregulation miR-221 downregulation significantly inhibited human
significantly promoted human T-ALL cell viability, migra- T-ALL cell viability, migration and invasion, and induced cell
tion and invasion, and inhibited cell apoptosis. Whereas, apoptosis. Then, bioinformatics analysis using miRanda and
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Figure 4. Effect of PTEN silencing on miR-221 inhibitor-transfected Jurkat cells. (A) 48 h after Jurkat cells were transfected with inhibitor control, miR-221
inhibitor, miR-221 inhibitor + control-siRNA or miR-221 inhibitor + PTEN-siRNA, cell viability was determined via 3-(4,5-dimethylthiahiazol-2-y1)-2,5-di-
phenytetrazolium bromide assay. (B and C) Cell migration and invasion were determined via Transwell assays. (D and E) Cell apoptosis was measured by flow
cytometry, and the cell apoptosis rate was calculated and presented. (F) The protein expression levels of Bax and Bcl-2 were detected via western blotting. Data
are presented as the mean + SD. "P<0.05, ““P<0.01 vs. inhibitor control group; “P<0.05, #P<0.01 vs. inhibitor + control-siRNA group. PTEN, phosphatase and

tensin homologue deleted on chromosome 10; miR, microRNA; siRNA, small interfering RNA.

the dual-luciferase reporter assay revealed that PTEN was a
direct target of miR-221. Moreover, it is worth noting that the
effects of miR-221 knockdown on T-ALL cells, such as cell
viability, migration, invasion and apoptosis, were reversed by
PTEN silencing.

Abnormal activation of the PI3K/AKT signaling pathway
plays an important role in tumor signaling during important
pathological processes of tumor cell growth, proliferation
and apoptosis. Studies have shown that the inhibition of PI3K
protein activation can make drug-resistant tumor cells sensitive
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Figure 5. Effect of miR-221 inhibitor on the PI3K/AKT pathway in Jurkat cells. (A) 48 h after Jurkat cells were transfected with inhibitor control, miR-221
inhibitor, miR-221 inhibitor + control-siRNA or miR-221 inhibitor + PTEN-siRNA, the protein expression of p-AKT and AKT was detected via western
blotting. (B) The ratio of p-AKT/AKT was calculated and presented. Data are presented as the mean = SD. “P<0.01 vs. inhibitor control group; “P<0.01 vs.
inhibitor + control-siRNA group. PTEN, phosphatase and tensin homologue deleted on chromosome 10; miR, microRNA; siRNA, small interfering RNA;

PI3K, phosphatidylinositol 3-kinase; p-, phosphorylated.

to chemotherapeutic drugs (26,27). AKT plays a pivotal role
in PI3K signaling, in which phosphorylation of AKT can
activate or block multiple signaling pathways, including
Bcl-2/Bax, mTOR and Caspase-9 (28,29). Among them, the
Bcl-2/Bax pathway protein plays a key role in the process of
apoptosis and is also an important downstream target of AKT
signaling (30). Apoptosis is the process of cell death under
physiological or pathological conditions under the control of
multiple genes. The Bcl-2 gene family are important regula-
tors of apoptosis (31). The Bcl-2 protein family can be divided
into proapoptotic proteins and anti-apoptotic proteins, among
which Bax is one of pro-apoptotic proteins and Bcl-2 is one
of the anti-apoptotic proteins (32). In the present study, flow
cytometry was performed to detect apoptosis, and the protein
expression levels of Bcl-2, Bax and p-AKT were measured via
western blotting. The results showed that transfection with a
miR-221 mimic significantly inhibited the apoptosis of Jurkat
cells, enhanced Bcl-2 and decreased Bax expression. Whereas,
miR-221 inhibitor could significantly induce apoptosis of
Jurkat cells, reduce Bcl-2 and p-AKT protein expression, and
increase Bax expression, and all these changes were reversed
by PTEN silencing.

In conclusion, the current study showed that miR-221
downregulation significantly reduced the viability, migration
and invasion of Jurkat cells and induced apoptosis by targeting
PTEN. miR-221 downregulation inhibited human T-ALL cell
growth by regulating the PTEN/PI3K-AKT signaling pathway.
Therefore, miR-221 may be a novel potential therapeutic target
for T-ALL treatment. However, this is only a preliminary study
of the role of miR-221 in T-ALL. In order to fully elucidate the
role of miR-221 in T-ALL, further experimental research is
required. For example, the expression of miR-221 in patients
with T-ALL and cell lines should be detected. The role of
miR-221 in other T-ALL cell lines should be also investigated.
Besides, the relationship between the expression of miR-221
and the clinical features of T-ALL patients requires further

research. Moreover, the role of miR-221 in T-ALL should be
investigated in vivo. In future research, we will further study
these topics.
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