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Background: Acute myeloid leukemia (AML) is the most common form of acute leukemia
in adults. Long non-coding RNA taurine-upregulated gene 1 (IncRNA TUGI1) has been
discovered to participate in multiple cancers including AML. However, the detailed mechan-
ism of TUG1 in AML remains obscure.

Materials and methods: AML cell lines HL-60 and Kasumi-1 were taken as cell models.
TUGI1 knockdown or overexpression cell lines were generated. Then, the biological influ-
ence of TUGI on cancer cells was studied using CCK-8 assay, transwell assay and Western
blot in vitro. Interaction between TUG1 and miR-370-3p was determined by bioinformatics
analysis, RT-PCR, and luciferase assay. Western blot, RT-PCR, and luciferase assay were
carried out to validate the interaction between miR-370-3p and its target gene Mitogen-
Activated Protein Kinase 1 (MAPK1).

Results: Knockdown of TUG1 markedly reduced viability and metastasis of AML cells,
while its overexpression had the opposite effect. MAPK1 was verified as a target gene of
miR-370-3p. TUG1 could reduce the level of functional miR-370-3p, facilitate MAPKI
expression, and in turn activate ERK1/2 signaling.

Conclusion: TUG1 could modulate malignant phenotypes of AML cells via miR-370-3p/
MAPKI/ERK signaling. Our study would help to clarify the mechanism of AML tumor-
igenesis and progression.
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Introduction
Acute myeloid leukemia (AML) is one of the most frequently diagnosed hemato-
logical malignancies among adults. AML patients are characterized by uncontrolled
proliferation of immature myeloid precursor cells, which ultimately leads to hema-
topoietic impairment and even failure of bone marrow.' > The overall survival rate
of patients under 60 years old (including 60 years old) was 30-40% and patients
over 60 years old were less than 10%.* Notwithstanding the tremendous achieve-
ments in radiotherapy and chemotherapy, these approaches only provide very
limited survival advantages.”™’ Obviously, there was an urgent need to further dig
out the mechanism of AML to explore novel treatment strategies.

Long non-coding RNA (IncRNA) is a class of endogenous non-protein coding
RNA with 200 nucleotides in length or larger.® Accumulating studies have pointed

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2019:12 10375-10388 10375

© 2019 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

e 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4251-2042
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Li et al

Dove

out that IncRNAs were involved in the tumorigenesis of
multiple cancers.”'” LncRNAs have been found to act as
oncogenes or tumor suppressors in a wide range of tumors;
thus, its aberrant expression can be used as an indicator to
evaluate the tumorigenesis, metastasis, and prognosis of
cancers.''"'* Recent studies have indicated that IncRNA
was a crucial regulator for genes or signaling pathways.
For instance, LINC01354 promoted colorectal cancer pro-
gression via activating Wnt/B-catenin signaling pathway.'?
LncRNA NKILA can impede the metastasis of breast
cancer and tongue cancer cells via inhibiting NF-kB sig-
naling pathway.'* In addition, the high expression of
IncRNA taurine upregulated gene 1 (TUGI1) could be
observed in bone marrow tissues and tumor cells of
AML patients, and the high expression level of TUG-1
has been validated to be closely tied to patients’ poor
prognosis.'>'® Unfortunately, its mechanism of facilitat-
ing AML progress has not been fully clarified.

MicroRNA (miRNA) is a kind of single-stranded non-
coding RNA with the function of post-transcriptional regula-
tion, which results in translation inhibition or degradation by
binding to the target gene 3'-untranslated region (3-UTR).'**°
A line of evidences validated that miRNA was involved in a
variety of biological processes, including cell cycle process,
apoptosis, differentiation, and hematopoiesis.”' >* Over 50%
miRNA was well acknowledged to be located in the cancer-
related gene region, which played a carcinogenic or anti-cancer
role.* In addition, miRNA is a key factor in hematogenesis,
and its abnormal expression would lead to leukemia.”> For
example, miR-125b enhanced AML tumorigenesis.*®
Differently, miR-370 played an inhibitory role in AML.?’
Mechanically in AML, miR-370 can target NF1 and FOXM1
to play an inhibitory role.”®*° As a member of miR-370 family,
miR-370-3p has been shown to inhibit mounting tumors, such
as glioma, ovarian cancer, and bladder cancer.***? The impact
of miR-370-3p on AML and its regulatory relationship remain
to be fully clarified.

Mitogen-activated protein kinase (MAPK) pathway
serves as a crucial signal transduction component, which
converts extracellular stimulation into intracellular signal
by connecting cell surface receptors with transcription
factors.>> MAPK has been proved to control the differen-
tiation, proliferation, survival, and migration of multiple
cancer cells.**** It was pointed out that MAPK signaling
pathway was of increasing importance in tumorigenesis
and progression of AML. MAPK signaling pathway
imposed a significant effect on AML.****° Nonetheless,

the role of MAPK in AML and its regulatory mechanism
remain far from being thoroughly elucidated.

Bioinformatics suggested that there were potential
binding sites between TUGI and miR-370-3p. The roles
of TUGI, miR-370-3p, and MAPK 1 in AML and their
regulatory relationships need further clarification. This
study aimed to explore the function of TUG1/miR-370-
3p/MAPKI1/ERK in AML and provide theoretical basis to
elucidate the molecular mechanism of AML, thus render-
ing potential therapeutic schemes for AML patients.

Materials And Methods
Clinical Data

Bone marrow tissue samples from 23 newly diagnosed
AML patients were selected. All the patients had complete
clinical and pathological data. All patients knew the pur-
pose of the study and signed a written informed consent.
Our study was consistent with the Declaration of Helsinki.
This research was conducted under the guidance of the
Ethics Committee of Henan Provincial People’s Hospital.

Cell Culture

Human AML cell lines (HL-60 and Kasumi-1) were pur-
chased from Shanghai Cell Library of the Chinese Academy
of Sciences. All cells were cultured in RPMI-1640 (Gibco,
Grand Island, NY, USA) medium containing 10% FBS
(Gibco, Grand Island, NY, USA) and 1% double antibody
(penicillin/streptomycin Gibco, Thermo Fisher Scientific,
USA). The culture environment was 5% CO, at 37°C.
Cells in the logarithmic growth phase were prepared for
subsequent experiments. Overexpressed TUGI plasmid
(pcDNA-TUGTI), TUG1 shRNA, no-load plasmid (pcDNA-
NC), and no-load shRNA were constructed by GENECHEM
(Shanghai, China). miRNA mimics and miRNA inhibitors
were purchased from RiboBio (Guangzhou, China).

qRT-PCR Assay

The total RNA in tissues and cells was extracted by TRIzol
(Invitrogen, Carlsbad, CA, USA). Complementary DNA was
then synthesized from RNA using prime Script RT kit (Takara,
Bio, Inc., Otsu, Japan). After that, we adopted ABI 7500 Real-
Time PCR system (Applied Biosystems, USA) to detect
expressions of miR-370-3p, TUG1, and MAPK1 with U6 or
[B-actin as an internal reference. PCR primers were synthesized
by Thermo Fisher Scientific Co., Ltd. (Shanghai, China). The
primer sequences are listed in Table 1. The relative expressions

were calculated using the 2—~“" method.

submit your manuscript

10376

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

Table | Primers For qRT-PCR

Primer Sequence (5'-3")

Name

TUGI-F TAGGAGTGGATGTGTTCTGTAGCA

TUGI-R TGGTCGTGGAATATGGTCAATGAG

miR-370-3p-F ACACTCCAGCTGGGGCCTGCTGGGGTGG
AACCT

miR-370-3p-R CTCAACTG GTGTCGTGGA

TUGI-F CTGAAGAAAGGCAACATC

TUGI-R GTAGGCTACTACAGGATTTG

MAPK-F GGTGCCTCCTCTTGACTTCC

MAPKI-R AACCTGAACCTGACTGTCCATT

Ué-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT

B-actin ATCACCATTGGCAATGAGCG

B-actin TTGAAGGTAGTTTCGTGGAT

Cell Transfection

Overexpressed TUG1 plasmid (pcDNA-TUGI1), TUGI
shRNA, control plasmid (pcDNA-NC), and control shRNA
were constructed by GeneChem (Shanghai, China). miR-
370-3p mimics, miRNA 370-3p inhibitors, and miRNA
mimics control were purchased from RiboBio (Guangzhou,
China). By applying Lipofectamine™ 2000 (Invitrogen,
Carlsbad, CA, US) according to the instructions, we trans-
fected plasmid, shRNA or microRNA mimics into cells.

Dual-Luciferase Reporter Gene Assay

StarBase (http://starbase.sysu.edu.cn) and TargetScan (http://
www.targetscan.org/vert 72/) were used to predict the binding
sequence between TUGI and miR-370-3p, miR-370-3p and
MAPKI1 3'-UTR, respectively. The sequences of wild-type
TUGI (TUGI-WT), mutant TUG1 (TUG1-Mut), wild-type
MAPK1 3-UTR (MAPK1-WT), and mutant MAPK1 3'-UTR
(MAPK1-Mut) containing the presumed binding sites were,

respectively, amplified and cloned into pGL3 Basic vector
Madison, WI, USA). Lipofectamine 2000
(Invitrogen) was used to co-transfect the reporter vectors of
miR-370-3p or miR-NC into HL-60 and Kasumi-1 cells. After
48 hrs of culture, the cells were lysed and the luciferase

(Promega,

activity was detected by double luciferase reporter gene detec-
tion system (Promega, Madison, WI, USA).

CCK-8 Assay

HL-60 and Kasumi-1 cells in logarithmic phase were
selected and inoculated into 96-well plates with 1x10°
cells per well. A total of 10 pL. CCK 8 solution (Hubei
Biossci Biotechnology Co., Ltd.) was added into the plate.

Afterwards, the absorbance was measured at a wavelength
of 450 nm to indicate the proliferation ability of cells.
After that, the absorbance of cells was measured at 24
hrs, 48 hrs, 72 hrs, and 96 hrs, respectively.

Apoptosis Assay

HL-60 and Kasumi-1 cells were collected, washed twice
with PBS, and then suspended in buffer. FITC Annexin V
cell apoptosis detection kit (Ruibo, Guangzhou, China)
was applied to stain for 30 mins in the dark at room
temperature. Moreover, cell apoptosis was detected by
flow cytometry (Becton Dickinson, Mountain View, USA).

Transwell Assay

The migration assay was carried out in the culture cham-
ber using polycarbonate filter membrane with a specifica-
tion of 8 um. Each group of cells was a cell suspension
with a density of 1x10°/mL. A total of 200 pL cell suspen-
sion was inoculated into Transwell upper chamber and the
medium containing 10% fetal bovine serum was added
into lower chamber. Each group was equipped with 3
compound wells. After 24 hrs of culture, the migrated
cells were counted under a microscope. In invasion assays,
the matrix gel was covered on the lower surface of the
chamber, and the other steps were the same as the migra-
tion experiment.

Western Blot

Cells are washed with PBS and then lysed by RIPA lysis
buffer (Thermo Science, Rockford, IL, USA) containing
protease inhibitor. After high-speed centrifugation, the
supernatant was collected and then heated in a water bath
to denature the protein. Following that, the protein quanti-
fied by BCA method was separated by SDS-PAGE gel
electrophoresis and transferred to nitrocellulose membrane
(Millipore, MA, USA). Then, under the conditions of 37°C
and 5% CO,, the mixture was sealed with skim milk for 30
mins. The cells were incubated overnight at 4°C with the
primary antibody (1:500). After rinsed with TBST, the
PVDF membrane was incubated with the secondary anti-
body (Goat Anti-Rabbit IgG, 1:2000) at room temperature
for 1 hr. Ultimately, the chemiluminescence and develop-
ment were performed using hypersensitive ECL (Hubei
Biossci Biotechnology Co., Ltd.). The primary antibodies
used were Anti-Bax antibody (ab53154), Anti-Bcl-2 anti-
body (ab196495), Anti-N-Cadherin antibody (ab18203),
Anti-E-Cadherin antibody (ab15148), Anti-Vimentin anti-
body (ab137321), Anti-MAPK1 antibody (ab102930), and
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Anti-ERK antibody (ab131438). The Second antibody:
Goat Anti-Rabbit [gG H&L (HRP) (ab205718).

Statistical Analysis

All statistical analysis was carried out using Graphpad
prism 7 software and Service Solutions (SPSS) 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). All data were
expressed as mean + standard deviation. The differences
between two or more groups were analyzed by Student’s
test or One-way ANOVA. Differences with p<0.05 were
considered to be statistically significant.

Result

TUGI Expression Has A Close Connection
With The Expressions Of miR-370-3p And

ERK In Bone Marrow Tissues

Previous researches have confirmed that TUG1 expression
was markedly upregulated in bone marrow tissues of patients
with AML.">'® In addition, by analyzing the TCGA data, we
found that TUG1 expression in AML tissues was significantly
upregulated compared with that in normal bone marrow tis-
sues (Supplementary Figure 1). Furthermore, by gRT-PCR, we

also found that compared with normal bone marrow cells, the
expression of TUG1 and MAPK1 in AML cells was signifi-
cantly upregulated, while the expression of miR-370-3p was
significantly downregulated (Supplementary Figure 2). To

figure out the relations among TUGI, miR-370-3p, and
MAPK-1, we firstly detected their expressions in 23 cases
with AML by gqRT-PCR. Then, the correlation analysis
informed us that there was a negative correlation between
TUG1 and miR-370-3p (Figure 1A, R=—-0.5715, p<0.01).

>
W

Furthermore, miR-370-3p expression was negatively corre-
lated with MAPK 1 (Figure 1B, R=—0.5236, p<0.05), while
there was a positive correlation between TUG1 and MAPK 1
(Figure 1C, R=0.6695, p<0.001). These data above demon-
strated that there was a potential regulatory relationship
between TUG1, miR-370-3p, and MAPK 1.

TUGI Sponged miR-370-3p

Subsequently, we resorted to Starbase (http://starbase.sysu.

edu.cn) to discover miR-370-3p as one of the candidate
targets of TUGI, and their binding sites are shown in
Figure 2A. gqRT-PCR indicated that overexpressed TUGI
notably decreased miR-370-3p expression in HL-60 cells,
whereas TUG1 knockdown promoted miR-370-3p expres-
sion in Kasumi-1 cells (Figure 2B). On top of that, lucifer-
ase reporter gene analysis verified that there was a binding
site between TUGI sequence and miR-370-3p, which
could play a role as a “sponge” (Figure 2C).

TUGI Promoted The Proliferation Of

AML Cells Via miR-370-3p

In order to further clarify effects of TUG1 and miR-370-3p
on AML cells, we transfected TUG-1 plasmid into HL-60
cells and successfully established the overexpression model
of TUG-1. Meanwhile, the low-expression model of TUG1
was successfully set up by transfecting sShRNA into Kasumi-
1 cells (Figure 3A). On this basis, the proliferation of HL-60
and Kasumi-1 cells was monitored by CCK 8 method. We
observed that HL-60 cells with overexpressed TUG1 prolif-
erated at a quicker rate when compared with the control
group. Besides, its proliferation ability was blocked after
the transfection of miR-370-3p mimics (Figure 3B). The
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Figure | The correlation between the expression levels of TUGI, miR-370-3p, and MAPKI. (A) The expression level of TUGI was negatively correlated with that of miR-
370-3p in bone marrow tissues of 23 cases with AML. (B) The expression level of MAPK| was negatively correlated with that of miR-370-3p in bone marrow tissues of 23
cases with AML. (C) The expression level of MAPK| was positively correlated with that of TUGI in bone marrow tissues of 23 cases with AML.
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proliferation rate of Kasumi-1 cells with low expression of
TUGI was significantly lower than that of the control group.
After transfection with miR-370-3p inhibitor, the prolifera-
tion of Kasumi-1 cells with low expression of TUG1 was
significantly enhanced (Figure 3B).

TUGI Inhibited AML Cell Apoptosis Via
miR-370-3p

After confirming that TUGI could facilitate the proliferation
of AML, we measured the apoptosis rate of AML cells by flow
cytometry. In line with our expectation, the apoptosis rate of

HL-60 cells with overexpressed TUG1 was markedly lower
than the control group. After miR-370-3p mimics transfection,
the apoptosis rate was markedly increased. On the other side,
the apoptosis rate of Kasumi with TUG1 knockdown was
significantly higher than the control group (p < 0 05). The
activity of cells transfected with miR-370-3p inhibitor
decreased (Figure 4A and B). Afterwards, we further analyzed
the expression level of apoptosis-related proteins in AML cells
by Western blot. We then found that the expression level of
Bcl-2 in HL-60 with overexpressed TUG1 was higher than the

control group, while Bax expression was lower (Figure 4C).
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Figure 3 TUGI can promote the proliferation of AML cells via modulating miR-370-3p. (A) TUG| overexpression plasmid and TUG| shRNAs were transfected into HL-60
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0.001, respectively.

What’s more, the increase of Bcl-2 expression as well as the
decrease of Bax expression could be reversed by miR-370-3p
mimics. Additionally, Kasumi with TUG1 knock-down or
transfected with miR-370-3p inhibitor showed opposite effects
(Figure 4C). The data above suggested that TUG-1 could
arrest the apoptosis of AML cells.

TUG-1 Facilitated The Migration And
Invasion Of AML Cells Via miR-370-3p

Then, we studied the role of TUGI on regulating the
migration and invasion of AML cells by transwell assay.

In HL-60 cells, the number of cells migrated and invaded
with overexpressed TUGI was notably higher than that in
the control group. MiR-370-3p mimics transfection could
partially neutralize the function of TUG1, which was sig-
nificantly different from that in the control group. The
metastatic ability of Kasumi-1 cells with knockdown
TUG1 was blocked, while Kasumi-1 metastasis was
enhanced after transfected with miR-370-3p inhibitor
(Figure SA and B). Following that, we detected the expres-
sions of EMT marker molecules by Western blot. The
results indicated that the expression levels of N-cadherin
and vimentin increased, while E-cadherin expression

submit your manuscript

10380

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al
A . )2 %
o q Y ) 5
HL-60 = - Y
T |t e o #
! <j"o T 102 103 104 = e e e s
0 1 2 3 4 oY 10' 10¢ 10° 10
ToY 10" 104 10° 10 T0¥ 10' 10< 10° 10 pCDNA-TUGA
pcDNA-NC pcDNA-TUG1 -miR-370-3p
mimics
S s )
) % )
. No & No " No &
Kasumi-1 - = -
B I e ol "
> > )
700 107 102 108 104 700 101 10% 108 104 700 10" 102 108 104
sh2-TUG1
B sh-NC sh2-TUG1 -miR-370-3p
inhibitors
HL-60 Kasumi-1
51 . . 1T
. | [
=4 2
2 2
O 34 I o
= o
- it
S 21 9
o o
g g
< 17 <
0' T T
pcDNA-TUG1 sh2-TUG1
pcDNA-NC pcDNA-TUG1 -miR-370-3p sh-NC sh2-TUG1 -miR-370-3p
mimics inhibitors
C HL-60 Kasumi-1

pcDNA-TUGH1 sh2-TUG1
pcDNA-NC pcDNA-TUG1 -miR-370-3p sh2-NC  sh2-TUG1 -miR-370-3p
mimics inhibitors

Figure 4 TUGI can inhibit the apoptosis of AML cells via mediating miR-370-3p. (A) The role of overexpression and knockdown of TUG | in AML apoptosis was determined by
flow cytometry. (B) Overexpressed TUGI impeded the apoptosis of HL-60 cells, while miR-370-3p mimics transfected into HL-60 induced the apoptosis (left). Knockdown of
TUGIH facilitated the apoptosis of Kasumi- | cells, whereas miR-370-3p inhibitor was transfected into Kasumi- | to arrest the apoptosis (right). (C) Western blotting was performed
to detect the expression levels of Bcl-2 and Bax in HL-60 and Kasumi-1 cells.* * and *** represent p<0.05, p<0.01, and p<0.001, respectively.

OncoTargets and Therapy 2019:12

submit your manuscript

10381


http://www.dovepress.com
http://www.dovepress.com

Li et al Dove

A

HL-60 Kasumi-1
2007 . " 150+ — :
= -
@ 11 @
2 2
€ 150 | I E
< c
5 L s I
= =
g 5 '
2 k=
E 3
E —
O 3
' pcDNA-TUGT sh2-TUG1
PCDNA-NC pcDNA-TUG1  miR-370-3p sh-NC  sh2-TUG1 miR-370-3p
B mimics inhibitors
HL-60 Kasumi-1
150+ 11 150+
3 [ @
Ke] -g *
£
2 100+ T 3 100- I
c c
o i) o
; -
Z 50- 2 50-
3 3
0- T T 0- T T
pcDNA-TUGT sh2-TUG1
pcDNA-NC pcDNA-TUG1 miR-370-3p sh-NC  sh2-TUG1  miR-370-3p

C mimics inhibitors

cDNA-NC
pc-DNA-TUG1
pcDNA-TUG1
-miR-370-3p
mimics
sh-NC
sh2-TUG1
sh2-TUG1
-miR-370-3p
inhibitors

Q.
E-cadherin I. e # [— “

N-cadherin | " S— S

B-actin | s wm— b-|

HL-60 Kasumi-1

Figure 5 TUGI enhanced the migration and invasion of AML cells via regulating miR-370-3p. (A) Transwell assay indicated that TUGI overexpression promoted HL-60 cells
migration, and such an effect can be partially neutralized by miR-370-3p mimics. TUGI gene knockdown can arrest the migration of Kasumi-1 cells, and miR-370-3p inhibitor can
partially weaken its function (right). (B) Transwell assay demonstrated that TUG| overexpression enhanced HL-60 cells invasion, and miR-370-3p mimics transfected into HL-60
reversed its function (left). TUG I gene knock-down can suppress Kasumi-| cells invasion, and miR-370-3p inhibitor can partially weaken this inhibition (right). (C) Western blot was
carried out to detect EMT marker molecules, such as E-cadherin, N-cadherin, and vimentin.® ** and *** represent p<0.05, p<0.01, and p<0.001, respectively.

10382 submit your manuscripe OncoTargets and Therapy 2019:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

appeared to decrease in HL-60 cells with overexpressed
TUGI1. Moreover, the expression changes of these EMT
marker proteins can be weakened by miR-370-3p. As
levels of N-cadherin and

expected, the expression

Vimentin were downregulated. On the contrary,
E-cadherin expression was upregulated in Kasumi-1 cells
with TUGI knockdown, and these changes could be offset

by miR-370-3p inhibitors (Figure 5C).

MiR-370-3p Directly Bound To 3'-UTR Of

MAPK |

Next we predicted the target gene of miR-370-3p by
TargetScan. MAPK1 was a candidate target gene of miR-
370-3p, and the binding site is shown in Figure 6A.
Subsequently, luciferase reporter gene assay showed that
miR-370-3p could bind specifically to 3'-UTR of MAPK1
(Figure 6B). Furthermore, qRT-PCR demonstrated that
MAPK 1 and ERK mRNA decreased significantly after
transfection of miR-370-3p mimics into HL-60 and
Kasumi-1 cells, while increased after transfection of
miR-370-3p inhibitors (Figure 6C). Nevertheless, the
expression of MKK3 and MKK4 did not change signifi-
cantly (Figure 6D).

In AML Cells, TUGI Was Considered As
A Promoting Factor Of MAPKI/ERK
Signaling Pathway, While miR-370-3p Was
An Inhibitor

Then, we did Western blot to detect the expressions of
MAPKI1, ERK, MAPKI1, and ERK in transfected HL-60
and Kasumi-1 cells. The substantial increase in expres-
sions of the above proteins was observed in AML cells
transfected with pcDNA-TUGI and miR-370-3p inhibi-
tors. Nevertheless, sh-TUG-1 and miR-370-3p mimics
transfected can inhibit the expression of these proteins
(Figure 7A and B). In the next step, we detect the expres-
sions of MKK3 and MKK4 in AML cells treated with the
same manner by Western blot, but the expression levels of
MKK3 and MKK4 did not change markedly, implying that
the change of p-MAPK1 was due to the change of baseline
expression level of MAPK1, but not phosphorylation acti-
vation (Figure 7C and D).

Discussion
At present, AML features a low rate of early diagnosis,

quick development, and poor therapeutic effect, which

1,2,4,36,37

contributes to poor prognosis of patients.

Correspondingly, it is imperative to probe into the biolo-
gical mechanism of AML. In this study, we found that
TUG-1 promoted biological behaviors of AML cells via
miR-370-3p/MAPKI1/ERK signaling pathway, which is
expected to provide a potential treatment for AML
patients.

Mounting studies supported that TUG1 expression was
upregulated in multiple cancers.>® *° For instance, TUGI
promoted the development of renal clear cells, and its high
expression level was correlated with the shorter overall
survival time of patients.*'*? The high expression level of
TUG1 was related to the tumor volume, clinical stage,
differentiation, and lymph node metastasis in cervical
carcinoma.®® It is also reported that TUG1 was highly
expressed in small cell lung cancer (SCLC) tissues, and
its expression level is associated with clinical stage and
short survival time.** However, a recent study discovered
that TUG1 was generally downregulated in non-small cell
lung cancer tissues, and the low expression of TUG1 was
related to TNM stage, tumor size, and overall survival
time.** This indicated that the function of TUG1 in tumor-
igenesis was correlated to the specificity of cells and
tissues. Some scholars demonstrated that TUG1 was
highly expressed in tissues and cell lines of AML patients,
and the high expression of TUG1 was also closely related
to poor prognosis of AML.'® TUGI induced cell prolifera-
tion and represses cell apoptosis via targeting AURKA in
AML." In this study, we successfully constructed the
overexpressed and low-expressed TUG1 cell models,
respectively. Through CCK-8 and transwell assay, we
tested the effect of TUGI on the biological behavior of
AML cells. Overexpressed TUGI significantly enhanced
cell proliferation, migration, and invasion, while cells with
knockdown TUGI showed the opposite effect. The data
demonstrated that TUG1 was a tumor-promoting IncRNA
for AML, which is consistent with the conclusions of
previous studies.'>'®

Currently, it has been proved that miR-370 family played
an anti-cancer role in a variety of tumors.**** MiR-370
repressed cell proliferation and migration by reducing the
expression of Epidermal growth factor receptor.*” MiR-370
induced apoptosis of hepatoma cells by activating Akt/
FoxO3a signal transduction pathway.*’ In addition,
miRNA-370 played an anti-cancer role in leukemia.?” From
the perspective of mechanism, miR-370 arrested AML pro-
gress by targeting FoxM1.%* MiR-370-3p belongs to miR-
370 family, which has also been confirmed as a tumor
suppressor.”’ Overexpression of miR-370-3p can not only
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Figure 6 MAPK is the target gene of miR-370-3p. (A) The binding sequence of MAPK | 3’-UTR and miR-370-3p was shown in the figure. (B) MiR-370-3p can markedly
hold back the luciferase activity of wild-type MAPKI 3'-UTR but has no significant effect on the luciferase activity of HL-60 cells after MAPK | 3’-UTR mutation. (C and D)
qRT-PCR showed that the transfection of miR-370-3p mimics can notably reduce the mRNA expression of MAPK| and ERK. On the contrary, the transfection of miR-370-
3p inhibitor can increase the expression of these mMRNA. However, the changes of MKK3 mRNA and MKK4 mRNA after the transfection of miR-370-3p mimics and
inhibitor were not significant. * ** and *** represent p<0.05, p<0.01, and p<0.001, respectively.

block GO0/G1 phase of cell cycle but also directly bind to f-  mechanism of ceRNA. For example, LNC00707 sponged
catenin mRNA 3'-UTR, thus impeding expressions of cyclin ~ miR-370-3p to promote bone marrow mesenchymal
D1 and c-Myc, and in turn suppressed the proliferation of  osteogenesis.”! In this study, we learned from Starbase data-
glioma cells.”® MiR-370-3p is reported to be regulated by the  base (http:/starbase.sysu.edu.cn/) that TUG1 was a potential
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Figure 7 The expressions of related proteins were detected after transfection of HL-60 and Kasumi-| cells. (A) Western blot was used to detect the expression levels of
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sponge of miR-370-3p. By dual-luciferase reporter gene
assays, we confirmed the direct binding site of miR-370-3p
and TUGI sequence. What’s more, after miR-370-3p mimics
was transfected into AML cells, the cancer-promoting effect
of TUGI was reversed. Our data suggested that TUGI
sponged miR-370-3p, thus affecting the ability of miR-370-
3p to bind to downstream targets.

What’s more, the significance of MAPK signaling
pathway in tumors was increasingly prominent.”*>* For
example, miR-508 accelerated the progression of ovarian
cancer by activating MAPK 1/ERK signaling pathway.>* In
AML patients, abnormally activated MAPK signaling
pathway was associated with worse prognosis.”” In this
study, the dual-luciferase assay indicated that MAPK1 was
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a target gene of miR-370-3p, and the expression levels of
MAPKI1, p-MAPK1, ERK, and p-ERK were significantly
reduced after AML cells transfected with miR-370-3p
mimics. However, cells transfected with miR-370-3p inhi-
bitors turned out to have the opposite effect. We also
demonstrated that TUG1 could modulate the expression
level of MAPK1, p-MAPK1, ERK, and p-ERK, indicating
the crucial role of TUG1/miR-370-3p/MAPK1 in AML
progression.

To sum up, this study confirmed that TUG-1 facilitated
AML cells via miR-370-3p/MAPK1/ERK signal transduc-
tion pathway. During this process, MAPK1/ERK inactiva-
tion signaling pathway suppressed EMT, thus holding back
migration and invasion of AML cells. The results from this
study not only expand our understanding of AML mechan-
isms but may also contribute to the development of drugs
targeting TUG1/miR-370-3p/MAPK/ERK axis.
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