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Background: Although long non-coding RNA (IncRNA) RAETIK has been observed to be
abnormally expressed in patients with various cancers, its role and molecular mechanism in
acute myeloid leukemia (AML) remain unclear.

Methods: The expression of RAET1K and miR-503-5p in bone marrow tissues and cell
lines was detected by qRT-PCR. Cell proliferation was evaluated by cell counting kit-8 and
5-ethynyl-20-deoxyuridine (EdU) staining assay. Cell invasion and migration were detected
by transwell assay. Cell apoptosis was evaluated by flow cytometry. The relationship
between RAET1K and miR-503-5p, as well as miR-503-5p and INPP4B, was determined
by luciferase reporter assay and RNA immunoprecipitation (RIP) assay. In addition, the
tumorigenesis of leukemia cells was evaluated by using a xenograft mouse model in vivo.
Results: RAET1K was significantly upregulated and miR-503-5p was markedly downregulated
in bone marrow tissues and cell lines (HL-60 and THP-1). Silencing of RAET1K (si-RAET1K)
and overexpression of miR-503-5p inhibited cell proliferation, migration, and invasion but
promoted apoptosis of HL-60 and THP-1 cells. RAET1K functioned as a sponge of miR-503-
5p, and miR-503-5p inhibitor obviously attenuated the effect of si-RAET1K on AML progres-
sion in vitro. INPP4B was identified as a target of miR-503-5p, and INPP4B overexpression
obviously reversed the effect of miR-503-5p mimics on cell proliferation, migration, invasion,
and apoptosis of HL-60 and THP-1 cells in vitro. Knockdown of RAET1K effectively inhibited
the tumorigenesis of leukemia cells in vivo.

Conclusion: Our results demonstrated that RAET1K/miR-503-5p/INPP4B axis contributed to
AML progression, suggesting that RAET1K might be a potential target for the treatment of AML.
Keywords: acute myeloid leukemia, RAET1K, miR-503-5p, INPP4B, tumorigenesis

Introduction
Acute myeloid leukemia (AML), similarly to most other human malignant tumors, is
a highly heterogeneous disease.! Approximately 40% of the younger and 10-20% of
the older adults with AML can be cured with current standard chemotherapy.” Despite
recent progresses in treating AML, the long-term survival of AML patients is still poor
due to the rapid development of resistance and the high rates of relapse after the
treatment.” Hence, the identification of specific and novel therapeutic targets against
AML is more and more urgent, which may improve the clinical outcomes of AML.
In recent years, a class of non-coding RNAs with more than 200 nucleotides in
length and lack protein-encoding functions, long non-coding RNAs (IncRNAs),
have been demonstrated to be dysregulated in a large number of human cancers.*”
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LncRNAs play crucial roles in many pathophysiological
and biological processes including protein translation,
RNA splicing, and epigenetic modification.® For example,
PANDAR is upregulated in cervical cancer tissues and
high expression of PANDAR promotes the proliferation
of cervical cancer cells.” The level of SNHG?7 is highly
overexpressed in gastric cancer tissues, and overexpres-
sion of SNHG7 enhances cell proliferation and inhibits
apoptosis of gastric cancer cells, and also promotes the
tumorigenesis of gastric cancer cells in vivo.® TUBA4B is
significantly downregulated in epithelial ovarian cancer
tissues and overexpression of TUBA4B effectively
reduces the proliferation of cancer cell line SKOV3.’
Retinoic acid early transcript 1K (RAET1K) is a recently
identified IncRNA, has only been revealed to be highly
elevated, and plays an essential role in hepatocellular
carcinoma and lung adenocarcinoma.'®'" However, the
function of RAET1K in most other human cancers remains
unclear and our study aims to explore its role in AML
progression.

MicroRNAs (miRNAs) are emerged as a group of small
non-coding RNAs approximately containing 18-25 nucleo-
tides and commonly bind to the 3" untranslated region (3'-
UTR) of their target mRNAs.'? Increasing pieces of evidence
have demonstrated that those abnormally expressed miRNAs
are closely associated with the progression of AML. For
example, miR-34a promotes apoptosis of AML cells by
directly targeting the 3-UTR of HMGBI1."> MiR-130a is
significantly downregulated in AML patients and inhibition
of miR-130a significantly induces apoptosis of AML cells.'*
MiR-126 is overexpressed in all of the AML cell lines, and
knockdown of miR-126 significantly promoting cell death by
inducing apoptosis.'> MiR-503-5p, a mature miRNA derived
from 5’ ends of pre-miR-503, has been reported to regulate
cell proliferation, transformation, migration, and invasion in
different types of cancers such as hepatocellular carcinoma, '®
lung cancer,'” and ovarian cancer.'® These reports suggest
that miR-503-5p is involved in the development of various
human cancers including AML. However, the regulatory axis
of IncRNAs-miR-503-5p in AML has not been well studied.

It has been reported that inositol polyphosphate-
4-phosphatase type II (INPP4B) exhibits a potent carcino-
genesis in various human cancers including breast
cancer,'’ laryngeal cancer,”® and melanoma.?’ Recently,
INPP4B is found to be aberrantly overexpressed and
emerged as an independent indicator of poor prognosis in
AML patients.? In addition, one previous study found that
overexpression of INPP4B effectively enhanced the

potential of colony formation and promote proliferation
in AML cell lines, and also recapitulated the chemother-
apy resistance in patients with AML.>* However, the reg-
ulatory networks involved in INPP4B in AML are lack.
In the present study, we explored the function of
RAETIK in AML in detail. Specifically, we found that
RAETIK was significantly upregulated in bone marrow
of AML patients
Furthermore, by performing a series of function assays,

tissues and relevant cell lines.
we revealed that downregulation of RAET1K effectively
inhibited proliferation, the ability of cell invasion and
migration, and promoted apoptosis of AML cell lines
in vitro, and also suppressed the tumorigenesis of leukemia
cells in vivo by sponging miR-503-5p to elevate the level of
INPP4B. Taken together, our study suggested that RAET1K
might be potentially regarded as an effective target for

developing anti-cancer agents in AML.

Materials and Methods

The Collection of Clinical Samples

A total of 35 bone marrow tissues were obtained from 35
patients with AML by surgery at the First Affiliated Hospital
of Zhengzhou University between 2017 and 2019. In addi-
tion, 30 bone marrow tissues were obtained from healthy
volunteers and used as negative control. All participants
have provided written informed consents and this study
was approved by the human Ethics Committee of the First
Affiliated Hospital of Zhengzhou University and conducted
in accordance with the Declaration of Helsinki.

Cell Culture

Leukemia cell lines (HL-60 and THP1) and human stromal
cell line HS were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA). All
cells were cultured in RPMI 1640 medium (Gibco,
Carlsbad, CA, USA) supplementing with 10% fetal bovine
serum (FBS; Invitrogen, Carlsbad, CA, USA) at 37°C with
5% CO,.

Cell Transfection

The RAETIK smart silencer (si-RAET1K) and its negative
control si-NC were obtained from RiboBio (siBDM1999A,
Guangzhou, China). The sequence of si-RAETI1K: sense: 5'-
CCAAGUGGUGACUUCACCATT-3', antisense: 5'-UGG
GUAAGGGCCCACCUUGTT-3". The short hairpin sh-
RAETIK and negative control sh-NC plasmids were
constructed by Genewiz, Inc. The sequence of short hairpin
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sh-RAET1K was as follows: 5-ATTGGGAGCTGTGGT
CAATTA-3'. For manipulation of miR-503-5p levels, miR-
503-5p mimic (overexpression of miR-503-5p), miR-503-5p
inhibitor (knockdown of miR-503-5p), and corresponding
negative controls (miR-NC and inhibitor NC) were pur-
chased from RiboBio (Guangzhou, China). To overexpress
RAETIK and INPP4B, the cDNA sequences of RAET1K
and INPP4B were amplified and inserted into the Expression
Vector pcDNA3.1 to generate pc-RAETIK and pcDNA-
INPP4B, and the empty vector pcDNA3.1 was used as
negative control. Cell transfection was performed by using
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer’s instructions.

RNA [solation and qRT-PCR

Total RNA was extracted from bone marrow tissues and
cultured cells by using Trizol reagent (Thermo Fishier
Scientific). qRT-PCR experiments were performed by using
SYBR Green PCR Master Mix (Applied Biosystems) under
an ABI 7900 Real-Time PCR System (Applied Biosystems).
GAPDH acted as the endogenous control to normalize the
expression of INPP4B, and U6 snRNA for RAET1K, miR-
503-5p. The expression level of RAET1K, miR-503-5p, and
INPP4B was calculated based on the 2" method. The
primers used are shown in Table 1.

CCK-8 Assay

Cell viability was evaluated by using the cell counting kit-
8 (Solarbio) as previously reported.”* In brief, approxi-
mately 2 x 10°/well cells were seeded into 96-well plates.
After transfection for 24, 48, 72, and 96 h, 10 puL of CCKS8
solution was added and incubated for another 2 h. The
absorbance at 450 nm was detected by a microplate reader.

5-Ethynyl-20-Deoxyuridine (EdU) Staining
Assay

Cell proliferation was detected by using the EdAU Staining
Proliferation Kit (Abcam). Briefly, cells were seeded into
96-well plates and 100 pL of fresh medium containing

Table | The Primers Used in the Study

50 uM EdU was added and incubated for 3 h. Then, cells
were washed with PBS and re-stained by 10 pg/mL Hoechst
33,342 solution for 20 min. Finally, proliferative cells were
observed under the Olympus fluorescence microscope.

Apoptosis Analysis

Cell apoptosis was analyzed by using the Annexin V-FITC
Apoptosis Kit (BD Biosciences) according to the manufac-
turer’s instructions. Approximately 5 x 10° cells were seeded
into 6-well plates and cultured to logarithmic growth phase.
Cells were re-suspended in 195 pL of Annexin V-FITC
binding solution, subsequently, 5 pL. of Annexin V-FITC
and 10 pL of PI staining solution were added and incubated
for 12 min in the dark. Finally, cell apoptosis was analyzed
using flow cytometry (BD Biosciences, USA).

Cell Invasion and Migration

Cell invasion and migration were evaluated by using the
transwell assay as previously described.”> For migration
assay, 1x10° cells were seeded into the upper chamber of
a transwell insert (pore size, 8 um) in RPMI-1640 medium
supplemented with 1% FBS, and the medium containing
10% FBS was added into the lower chamber. For invasion
assay, the matrix gel was covered on the lower surface of
the chamber and the other steps were the same as the
migration assay. After incubation for 24 h, the migrated
or invaded cells were fixed with crystal violet, then cap-
tured and counted under a microscope.

Luciferase Reporter Assay
The putative binding sites between RAET1K and miR-
503-5p, miR-503-5p and INPP4B were predicted by

searching StarBase (http://starbase.sysu.edu.cn) and

TargetScan (http://www.targetscan.org/vert 72/), respec-
tively. The sequences of wild type RAETIK (WT-
RAETIK), mutant type RAETIK (MUT-RAET1K), wild
type 3'-UTR of INPP4B (WT-INPP4B), and mutant type
3'-UTR of INPP4B (MUT-INPP4B) containing the puta-
tive binding site with miR-503-5p were amplified and

Name Forward Primer Reverse Primer

RAETIK 5'- CCTTAATACCTGCCCGGGA-3’ 5'- CCGTTAAGATTTCCAAG-3'
miR-503-5p CCTGATTGTGAGAAGATGT-3’ 5'-GTTCCTCGACCATTTCGCCG-3’
INPP4B 5'-CCAACAGGATTCCCGAACT-3’ 5'-GGAGGTCTTACCAGGTTGCC-3’
GAPDH 5'-CGAGAGAATCCGCGGACAT-3’ 5'-TTGTGCAATACAGCGTGGAC-3’
ué 5'-GACAGATTCGGTCTGTGGCAC-3' 5'-GATTACCCGTCGGCCATCGATC-3'
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cloned into the pmirGLO vector (Promega). Then, lucifer-
ase reporter vectors were co-transfected with miR-503-5p
mimics or miR-NC into HL-60 and THP-1 cells by using
Lipofectamine 2000 (Invitrogen). Forty-eight hours after
transfection, the luciferase activity was detected under
a dual-luciferase reporter assay system (Promega).

RNA Immunoprecipitation (RIP) Assay
RIP assay was carried out by using the Magna RIP RNA-
Binding Protein IP Kit (Millipore, USA) as previously
reported. Briefly, HL-60 and THP-1 cells were lysed with
RIPA lysis buffer, and the supernatant was mixed with RIP
buffer containing a magnetic bead conjugated with human
anti-Ago2 antibody (Cell Signaling, Danvers, MA, USA) or
negative control mouse immunoglobulin G (IgG, Millipore,
USA). The enriched RNA was submitted to qRT-PCR ana-
lysis to determine the expression levels of targets.

Western Blot

Total protein was extracted from bone marrow tissues and
cultured cells using the RIPA lysis buffer (Beyotime, China).
Approximately 25 pg proteins were separated by 12% SDS-
PAGE and then transferred into PVDF membranes. After
blocking with 5% lipid-free milk solution, the membranes
were incubated with primary antibodies anti-INPP4B
(1:1000; #ab14768, Abcam) and anti-GAPDH (1:2000;
Boster, Wuhan, China) overnight at 4°C. Subsequently, the
membranes were exposed to horseradish peroxidase (HRP)-
conjugated secondary antibodies at room temperature for 2
h. Finally, the protein signals of targets were detected by
using the ECL Kit (Millipore), and relative protein levels
were quantified by using ImageJ software.

Xenograft Tumor Model

The NOD/SCID nude mice (5-week old) were maintained
under the specific pathogen-free conditions. HL-60 cells
stably transfected with sh-RAET1K, miR-503-5p inhibitor,
and co-transfected with sh-RAET1K and miR-503-5p inhi-
bitor were injected subcutaneously into the right flank of
nude mice (n = 8). Tumor volume of each mouse from
different groups was evaluated every 1 week for 5 weeks
according to the following formula: length x width?/2
(length: tumor length; width: tumor width). On day 35,
mice were sacrificed by cervical dislocation and xenograft
tumors were weighted and then photographed with
a digital camera. All animal experiments were performed
according to the National Institutes of Health guide for the
care and use of laboratory animals, following the protocols

approved by the Institutional Animal Ethics Committee of
the First Affiliated Hospital of Zhengzhou University.

Immunohistochemistry (IHC) Assay

The xenograft tumors were embedded in paraffin and cut
into 4-um thickness sections. The sections were incubated
with the antibody against Ki67 (1:200, Abcam) and
detected by the Leica TCS SP8X confocal microscope as
previously described.*®

Statistical Analysis

Data were presented as mean + standard deviation (SD)
method by the SPSS19.0 statistical software. The overall
survival of patients with AML was evaluated by using the
Kaplan-Meier curve, and the difference in overall survival
was determined by log-rank method. The difference
between the two groups was determined by the Student’s
t-test and that among multiple groups by one-way analysis
of variance (ANOVA). Statistical significance was set at
P < 0.05.

Results

The Correlation Between RAETIK and
miR-503-5p in AML

To study the involvement of RAET1K and miR-503-5p
during AML progression, a total of 35 bone marrow tissues
and 30 control tissues were collected from AML patients
and healthy volunteers. The results of qRT-PCR assay
showed that the expression levels of RAET1K in the bone
marrow tissues from AML patients were significantly
higher than those from healthy volunteers (p = 0.0082,
Figure 1A). Meanwhile, an obvious decrease in the levels
of miR-503-5p in the bone marrow tissues from AML
patients was observed compared with that from healthy
volunteers (p = 0.0075, Figure 1B). By performing
Pearson correlation analysis, we found that there was
a significantly negative correlation between the expression
of RAET1K and miR-503-5p in 35 bone marrow tissues of
AML patients (p = 0.0066, Figure 1C). In addition, we also
found that the expression levels of RAET1K were signifi-
cantly upregulated and miR-503-5p was downregulated in
AML cell lines (HL-60 and THP-1) compared with that in
human stromal cell line HS (p = 0.0081, Figure 1D and E).
Moreover, all 35 AML patients were divided into two
groups based on the median expression value of RAET1K
and Kaplan-Meier curve indicated that patients with high
expression of RAET1K had a poor prognosis compared
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Figure | The correlation between RAETIK and miR-503-5p in AML. (A and B) The expression levels of RAETIK (A) and miR-503-5p (B) in bone marrows of AML
patients (n = 35) and healthy controls (n = 30) were detected by qRT-PCR. (C) The correlation between the expression of RAETIK and miR-503-5p in AML patients was
analyzed by Pearson correlation analysis (n = 35). (D and E) The expression levels of RAET IK (D) and miR-503-5p (E) in leukemia cell lines (HL-60 and THP-1) and normal
HS cells were detected by qRT-PCR. (F) The overall survival of AMI patients with high or low levels of RAETIK was evaluated by Kaplan-Meier survival curve. Each

experiment was repeated three times. **P < 0.01.

with that with low RAET1K levels (p = 0.0059, Figure 1F).
These results suggested that RAETIK and miR-503-5p
might play important roles in AML.

Silencing of RAET IK Inhibited
Proliferation, Invasion, Migration and
Promoted Apoptosis of Leukemia Cells
in vitro

To determine the function of RAET1K in AML, si-RAET1K
was transfected into HL-60 and THP-1 cells to silence the
expression of RAET1K. The transfection efficiency was
evaluated by qRT-PCR and the result showed that the
mRNA levels of RAETIK in the si-RAET1K group were
significantly lower than that in the si-NC group in two cells
(p = 0.00059, Figure 2A). By performing CCK-8 assay
(Figure 2B) and EdU staining assay (Figure 2C), we found
that silencing of RAET1K markedly inhibited cell prolifera-
tion of two cells compared with si-NC. The apoptosis of two
cells in the si-RAET1K group was significantly higher than
the si-NC group (p = 0.0081, Figure 2D). In addition, silen-
cing of RAETI1K effectively decreased the ability of cell
migration and invasion of two cells compared with si-NC

(p = 0.0087, Figure 2E and F). These results revealed that
silencing of RAETIK inhibited proliferation, invasion,
migration and promoted apoptosis of leukemia cells in vitro.

Overexpression of miR-503-5p Inhibited
Proliferation, Invasion and Migration of

Leukemia Cells in vitro

To determine the function of miR-503-5p in AML, HL-60,
and THP-1 cells were transfected with miR-503-5p mimics
or the negative control (miR-NC). qRT-PCR assay revealed
that miR-503-5p mimics significantly increased the expres-
sion of miR-503-5p compared with miR-NC in two cells
(p=0.00085, Figure 3A). The results of CCK-8 (Figure 3B)
and EdU staining assay (Figure 3C) showed that overex-
pression of miR-503-5p effectively inhibited the prolifera-
tion of two cells compared with miR-NC. Compared with
miR-NC, miR-503-5p mimics significantly enhanced cell
apoptosis of two cells (p = 0.0085, Figure 3D). Meanwhile,
transwell assay revealed that miR-503-5p mimics markedly
decreased the migration and invasion capacities of two cells
compared with miR-NC (p = 0.0075, Figure 3E and F).
These results demonstrated overexpression of miR-503-5p
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inhibited proliferation, invasion, migration and promoted

apoptosis of leukemia cells in vitro.

RAETIK Was a Sponge of miR-503-5p

To explore the relationship between RAET1K and miR-
503-5p, Starbase online database was used and we found
that there was a putative binding site between RAET1K
and miR-503-5p (Figure 4A). To confirm the prediction,
luciferase reporter assay was carried out and the results
showed that miR-503-5p mimics significantly decreased
the relative luciferase activity of WT-RAETI1K, while
exhibited no obvious change in MUT RAETIK in two
cells (p = 0.0069, Figure 4B). In addition, RIP assay was
also performed and the results showed that RAET1K and
miR-503-5p were both enriched preferentially in miRNPs
containing anti-Ago2 antibody compared with immune-
precipitates containing anti-IgG antibody in two cells (p
= 0.0053, Figure 4C). Moreover, silencing of RAETIK

significantly increased the expression of miR-503-5p (p =
0.0069, Figure 4D), and overexpression of RAETIK
obviously decreased the expression of miR-503-5p in
two cells (p = 0.0083, Figure 4E). These data suggested
that RAET1K was a sponge of miR-503-5p.

Downregulation of miR-503-5p Reversed
Si-RAET IK Induced Protective Role in

AMI Progression in vitro

To explore whether the oncogenic role of RAET1K in AML
was mediated by miR-503-5p, HL-60, and THP-1 cells
were transfected with si-NC, si-RAETIK, miR-503-5p
inhibitor or co-transfected with si-RAET1K and miR-503-
5p inhibitor. Cell proliferation was evaluated by CCK-8
assay (Figure 5A) and EdU staining assay (Figure 5B),
and the results showed that si-RAETIK decreased the
growth of two cells compared with si-NC (p = 0.0075),
and miR-503-5p elevated cell

inhibitor obviously
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Figure 3 Overexpression of miR-503-5p inhibited proliferation, invasion, migration and promoted apoptosis of leukemia cells in vitro. HL-60 and THP-1 cells were
transfected with miR-503-5p mimics or miR-NC. (A) The transfection efficiency was evaluated by qRT-PCR. (B and C) Cell proliferation was measured by CCK-8 assay (B)
and EdU staining assay (C). (D) Cell apoptosis was detected by flow cytometry. (E and F) Cell migration (E) and invasion (F) were evaluated by transwell assay. Each
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proliferation in two cells (p = 0.0048), while co-transfection
of si-RAET1K and miR-503-5p inhibitor partly eliminated
the inhibitory effect of si-RAET1K on cell proliferation in
two cells (p = 0.038). Flow cytometry assay revealed that si-
RAETIK promoted the apoptosis of two cells (p = 0.0058),
and miR-503-5p inhibitor significantly decreased the apop-
tosis (p = 0.028), while co-transfection of si-RAET1K and
miR-503-5p inhibitor obviously reversed the effect of si-
RAETIK on cell apoptosis in two cells (p = 0.039)
(Figure 5C). Cell migration and invasion were evaluated
by transwell assay (Figure 5D and E), and the results indi-
cated that si-RAET1K significantly inhibited the migration
and invasion abilities of two cells (p = 0.0084), and miR-
503-5p inhibitor obviously enhanced migration and inva-
sion abilities of two cells (p = 0.046), while co-transfection
of si-RAET1K and miR-503-5p inhibitor partly eliminated
the inhibitory effect of si-RAET1K on invasion and migra-
tion in two cells. These results suggested that the effect of
RAETIK in AML was partly mediated by miR-503-5p.

INPP4B Was a Target of miR-503-5p

Then, Targetscan was applied to predict the potential tar-
gets of miR-503-5p, and the results suggested that INPP4B
might be a target of miR-503-5p (Figure 6A). Meanwhile,
luciferase reporter assay revealed that miR-503-5p mimics
significantly decreased the relative luciferase activity of
WT-INPP4B, while exhibited no obvious change in MUT-
INPP4B in two cells (p = 0.0058, Figure 6B). In addition,
miR-503-5p mimics decreased the expression of INPP4B
both at mRNA level and protein level in two cells (p =
0.0038), and miR-503-5p inhibitor increased the expres-
sion of INPP4B in two cells compared with inhibitor NC
(p = 0.0068, Figure 6C and D). Moreover, silencing of
RAETIK markedly decreased the expression of INPP4B
in two cells (p = 0.0068, Figure 6E). A significant upre-
gulation of INPP4B in the bone marrow tissues of AML
patients was observed compared with that of healthy con-
trols (p = 0.0051, Figure 6F). There was also an obviously
negative correlation between the expression levels of miR-
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503-5p and INPP4B in 35 bone marrow tissues of AML
patients (p = 0.00075, Figure 6G). These results demon-
strated that INPP4B was a target of miR-503-5p.

Overexpression of INPP4B Reversed
miR-503-5p Mimics Induced Protective

Role in AMI Progression in vitro

To explore whether miR-503-5p affected AML progression
through INPP4B, HL-60 and THP-1 cells were transfected
with miR-503-5p mimics, miR-NC, or co-transfected with
miR-503-5p mimics and pcDNA-INPP4B (overexpression
of INPP4B). The results of qRT-PCR assay demonstrated
that overexpression of INPP4B significantly elevated the
expression of INPP4B compared with negative control
pcDNA-NC in two cells (p =0.0069, Figure 7A). By perform-
ing CCK-8 assay (Figure 7B) and EdU staining assay (Figure
7C), we found that miR-503-5p mimics significantly inhibited
cell proliferation (p = 0.0068), while co-transfection of miR-
503-5p mimics and pcDNA-INPP4B attenuated the inhibitory
effect of miR-503-5p mimics on proliferation. For cell apop-
tosis, the apoptotic rate in miR-503-5p mimics group was
higher than that in the miR-NC group (p = 0.0065), while co-
transfection of miR-503-5p mimics and pcDNA-INPP4B

obviously reversed the effect of miR-503-5p mimics on apop-
tosis in two cells (p = 0.0058, Figure 7D). In addition, miR-
503-5p mimics decreased the abilities of migration and inva-
sion in two cells (p = 0.0059), while co-transfection of miR-
503-5p mimics and pcDNA-INPP4B significantly attenuated
miR-503-5p mimics induced inhibition on cell migration and
invasion (p = 0.041, Figure 7E and F). These results revealed
that the effect of miR-5-3-5p in AML development was partly
through INPP4B.

Downregulation of RAET I K Suppressed the
Tumorigenesis of Leukemia Cells Through

Regulating miR-503-5p/INPP4B Axis in vivo
To determine the oncogenic role of RAETIK in vivo,
a xenograft mouse model was applied through subcuta-
neously injection with HL-60 cells which were stably trans-
fected with sh-RAETIK, sh-NC (negative control), miR-
503-5p inhibitor, or co-transfected with sh-RAET1K and
miR-503-5p inhibitor. After 5 weeks, mice were sacrificed
and the representative images of subcutaneous tumor from
four groups were observed (Figure 8A). Meanwhile, both
tumor weight and tumor volume were significantly
decreased in the sh-RAETIK group (p = 0.0068), and
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Figure 5 Downregulation of miR-503-5p reversed si-RAET IK induced protective role in AMI progression in vitro. HL-60 and THP-1 cells were transfected with si-NC, si-
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repeated three times. *P < 0.05, **P < 0.01 vs si-NC group; *P < 0.05 vs si-RAETIK group.

increased in the miR-503-5p inhibitor group (p = 0.0054),
while co-transfection of sh-RAET1K and miR-503-5p inhi-
bitor efficiently reversed the inhibitory effect of sh-
RAETIK on tumor weight and volume (p = 0.031, Figure
8B and C). Meanwhile, compared with the sh-NC group,
the average survival days were longer in the sh-RAET1K
group (p = 0.0042), and decreased in the miR-503-5p
inhibitor group (p = 0.039), while co-transfection of sh-
RAETIK and miR-503-5p inhibitor efficiently reversed
the effect of sh-RAETI1K on average survival time (p =
0.038, Figure 8D). In addition, the results of Ki-67 staining
assay in tumor tissues showed that sh-RAET1K obviously
decreased cell proliferation, and miR-503-5p inhibitor
enhanced cell proliferation, while co-transfection of sh-
RAETIK and miR-503-5p inhibitor efficiently reversed
the inhibitory effect of sh-RAETIK on proliferation
in vivo (Figure 8E). Moreover, the expression of
RAETIK in vivo was decreased (p = 0.0045, Figure 8F),
and the expression of miR-503-5p was increased in the sh-
RAETIK group (p = 0.0049, Figure 8G). In addition, the
expression of INPP4B in tumor tissues was also assessed by
Western blot and the results indicated that sh-RAETIK
significantly reduced the expression of INPP4B compared

with sh-NC (p = 0.0053), and miR-503-5p inhibitor ele-
vated the expression of INPP4B compared with sh-NC (p =
0.034), while co-transfection of sh-RAET1K and miR-503-
5p inhibitor obviously attenuated the inhibitory effect of sh-
RAETIK on INPP4B expression (p = 0.041, Figure 8H).
These results revealed that downregulation of RAETIK
could effectively inhibit the tumorigenesis of leukemia
cells through regulating miR-503-5p/INPP4B axis in vivo.

Discussion

In this study, we found for the first time that the expression
levels of RAET1K were highly overexpressed during AML.
Knockdown of RAETIK significantly decreased cell viability
and proliferative capacity, inhibited invasion and migration
abilities, while enhanced apoptotic rate of AML cell lines,
and even suppressed the tumorigenesis of leukemia cells in
a xenograft mouse model. Taken together, RAET 1K promoted
the progression of AML through directly sponging miR-503-
5p and then upregulate INPP4B both in vitro and in vivo.

In the last decades, more and more IncRNAs have been
observed to be abnormally expressed during AML progres-
sion and many of them have been elucidated clearly. For
example, HI19 has been demonstrated to promote cell
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proliferation of AML cells through regulating Wnt/B-catenin
signaling pathway.?” LINP1 is significantly overexpressed in
AML patients at diagnosis, and knockdown of LINPI
obviously suppresses glucose uptake and the survival of
AML cells by modulating HNF4o/AMPK/WNTS5A signaling
pathway.?® ANRIL is upregulated in the bone marrow samples
of AML patients, and ANRIL knockdown effectively inhibits
cell proliferation, migration, and invasion while enhances the
apoptosis of AML cells.”” KCNQIOT1 contributes to the
development and chemoresistance in AML by modulating
Tspan3 level.*° High levels of SNHG3 predict a poor outcome
for AML, and downregulation of SNHG3 has been identified
to effectively suppress cell growth of AML cells.' RAETIK
has been only studied in hepatocellular carcinoma,' and lung
adenocarcinoma,'' so we explored the potential role of
RAETIK in AML. Interestingly, our study revealed
a function of RAET1K in AML and provided that RAET1K

might be a novel diagnostic and therapeutic target for AML,
which even might contribute to identify and develop new anti-
cancer agents.

LncRNAs have been found to function their roles by
directly sponging miRNAs to silence the expression of target
miRNAs in eukaryotic cells.*> Previous studies explained
different biological functions of RAETIK in cancers by
sponging their target miRNAs. For example, downregulation
of RAETIK blocks the cell cycle arrest of lung adenocarci-
noma cells through sponging miR-133a-5p to downregulate
its level, and overexpression and miR-135a-5p exhibits an
opposite effect of RAET1K knockdown.'' In our study, we
found that miR-503-5p was downregulated in bone marrow
samples of AML patients and two cell lines, and an obviously
negative correlation between RAETIK and miR-503-5p
level in bone marrow tissues of AML patients was observed.
Hence, we speculated miR-503-5p might be a target of
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RAETIK and the function of RAET1K in AML might be
mediated by miR-503-5p. Then, Starbase database was used
to predict their interaction, and the prediction suggested that
there was putative binding site between RAET1K and miR-
503-5p. MiR-503-5p has been revealed to play essential

such as cervical cancer,>?

roles in human diseases
neuroblastoma,®* gastric cancer,® and so on. These studies
above suggested that miR-503-5p might also play important
roles in AML. Here, we found that overexpression of miR-
503-5p exhibited a similar effect to si-RAETIK in AML
progression in vitro, which was, miR-503-5p mimics inhib-
ited cell growth, invasion, migration, and promoted apoptosis
of AML cells. In addition, miR-503-5p inhibitor significantly
reversed the protective role of si-RAET1K in AML progres-
sion both in vitro and in vivo.

To further investigate the mechanism of RAETIK in
AML, Targetscan was applied and the prediction suggested
that INPP4B might be a direct target of miR-503-5p.

Moreover, INPP4B was upregulated in AML patients and

cell lines as expected. Previous studies found that INPP4B
levels were increased during AML progression and might be
potentially considered as a new player in the chemo-
resistance of AML.%® Increasing pieces of evidence demon-
strated that INPP4B could function as direct targets of
miRNAs to participate in the development of different
types of cancers, such as miR-937 in lung cancer,’ miR-
1290 in colorectal cancer,*® and miR-181 in breast cancer.>”
To determine whether INPP4B acted as a target of miR-503-
5p to affect the progression of AML, rescue experiments
were performed and the results revealed that overexpression
of INPP4B could effectively attenuate the inhibitory effect of
miR-503-5p mimics on cell proliferation, invasion, migra-
tion, and apoptosis of AML cells in vitro. These data sug-
gested that the effect of miR-503-5p in AML was partly
mediated by INPP4B. In addition, previous studies have
reported that miR-503-5p played essential roles in human
diseases through regulating a series of targeted mRNAs such

as WEEI in hepatocellular carcinoma,'® VEGF-A in colon
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cancer,’® CDCAA4 in osteosarcoma,*' and so on. These well-
known targeted genes whether mediated the function of miR-

503-5p in AML should be explored in the future.

Conclusion

In summary, our study revealed a novel regulatory network
of IncRNA-miRNA-mRNA in AML progression: RAET1K
promoted cell proliferation, invasion, migration and inhib-
ited apoptosis of leukemia cells during AML development
by targeting miR-503-5p/INPP4B axis, suggesting that
RARTI1K might be a potential therapeutic target for AML.
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