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Purpose: This study investigated the function and molecular mechanisms of miR-744-5p in
multiple myeloma (MM).

Methods: miR-744-5p and SRY-related high-mobility-group box 12 (SOX12) expression in
clinical tissues and MM cells was monitored by quantitative real-time polymerase chain reac-
tions and Western blot. miR-744-5p expression in MM cells was regulated by transfection. Cell
proliferation was researched by cell counting kit-8 assay and plate clone formation experiment.
Transwell experiment was utilized for migration and invasion detection. Glycolysis test was
conducted for the detection of glucose uptake and lactate production of MM cells. The relation-
ship between miR-744-5p and SOX12 was determined by dual-luciferase reporter gene assay
and RNA pull-down experiment. In vivo experiment was conducted using nude mice.
Results: miR-744-5p expression was reduced in MM patients (P<0.01). Low miR-744-5p
expression was associated with lower 60-month survival in MM patients (P=0.0402). miR-
744-5p overexpression inhibited MM cells proliferation, invasion, migration, glucose uptake,
lactate production, and epithelial mesenchymal transformation (EMT) (P<0.01). miR-744-5p
directly inhibited SOX12 expression. miR-744-5p silencing promoted MM cells prolifera-
tion, invasion, migration, glucose uptake, lactate production, and EMT by elevating SOX12
(P<0.01). miR-744-5p inhibited the growth of MM xenograft tumors in vivo (P<0.001).
Conclusion: miR-744-5p inhibits MM cells proliferation, invasion, migration, EMT, and
glycolysis by targeting SOX12/Wnt/B-catenin.
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Introduction

Multiple myeloma (MM) is a fatal hematologic malignancy, accounting for
approximately 10% of hematological tumor diseases.' MM occurs in the bone
marrow and about 80,000 patients are newly diagnosed with MM annually.® In
spite of advances in MM diagnosis and treatment, such as chemotherapy and
monoclonal antibodies therapy, a majority of MM cases suffered a poor prognosis
due to the seriousrecurrence rate.>> Furthermore, the uncontrolled MM cells growth
makes the disease still incurable.* Abnormal changes of cell genetics are important
causes of MM. However, the pathogenesis and detailed underlying mechanism of
MM has not been clearly clarified. Therefore, it is of urgent need to explore the
occurrence and development mechanism of MM at the molecular level.
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microRNAs are considered as important markers and
targets for tumor diagnosis and treatment. They have
gained great attention by lots of scientific researchers.
miRNAs are highly conserved endogenous small non-
coding RNAs with a length of approximately 22
nucleotides.” They playa pivotal role in tumorigenesis
and development of human tumors. The carcinogenic or
anti-cancer effects of miRNAs have been reported in the
pathogenesis of various malignant tumors.®” Among
numerous miRNAs, miR-744-5p has been found to be
abnormally expressed in some solid tumors. Kleemann
et al® revealed that the expression of miR-744-5p was
declined in ovarian cancer. Patients with high miR-744-
5p expression exhibited a longer median disease-free sur-
vival. Simultaneously, miR-744-5p up-regulation activated
the intrinsic apoptotic pathway, thereby resulting in the
death of ovarian cancer cells. Besides, researchers demon-
strated that miR-744-5p could attenuate non-small cell
lung cancer cells proliferation and invasion via targeting
paired box 2.° In addition, Sui et al'® revealed that miR-
744-5p was participated in regulating lung adenocarci-
noma progression via being sponged by long noncoding
RNA MAFG-AS1. However, the molecular mechanism of
miR-744-5p in regulating MM has not yet been elucidated
in detail. SRY-related high-mobility-group box 12
(SOX12) was previously reported to be up-regulated in
MM. The elevated SOX12 expression exacerbated the
growth of MM cells both in vitro and in vivo. The
mechanism was by enhancing the Wnt/B-catenin signaling
pathway. However, whether SOX12 was regulated by
miRNAs in MM was rarely studied.* Thus, this study
evaluated the expression and function of miR-744-5p in
MM. The interaction between miR-744-5p and SOX12/
Wnt/B-catenin signaling pathway was further researched.
The findings of this research will provide a novel target
and more reliable theoretical basis for the treatment
of MM.

Methods

Patients and Tissue Samples

Bone marrow tissues were collected from 73 patients with
MM using bone marrow aspiration method. The 73 MM
cases were first diagnosed with MM from June 2011 to
November 2014 in Chongqing University Cancer Hospital.
In addition, bone marrow tissues from 73 healthy partici-
pants were obtained as control. The 73 healthy participants
underwent bone marrow aspiration in our hospital during

the same period, and were finally diagnosed with normal
bone marrow function. All of the bone marrow tissues
were not selected for MM positive cells. Therefore,
a total of 146 bone marrow tissue samples were collected
in this research (healthy 73 and MM 73). The expression
of miR-744-5p in these clinical tissues was determined by
quantitative real-time polymerase chain reactions (qRT-
PCR). A 60-month follow-up was performed in 73 patients
with MM. Patients 60-month survival was analyzed by
Kaplan-Meier Survival Curve. This study has been
approved by the ethics committee of Chongqing
University Cancer Hospital in compliance with the
Declaration of Helsinki. Written informed consent has

been signed by all participants.

Cell Lines

Normal plasma cells (nPCs) and MM cells (NCI-H929,
KM3, H929, U1996, and U266) were obtained commer-
cially from the Institute of Biochemistry and Cell Biology
of the Chinese Academy of Sciences (Shanghai, China).
RPMI 1640 medium containing 10% fetal bovine serum
(FBS) (Solarbio, Beijing, China) and 1% penicillin/strep-
tomycin (Solarbio, Beijing, China) was used for cells
culture. Cells were kept in a sterile incubator with 95%
humidity at 37°C, 5% CO,. The RPMI 1640 medium was
changed every 3 days.

Transfection

miR-744-5p mimic, miR-744-5p mimic negative control
(NC), miR-744-5p inhibitor, miR-744-5p inhibitor NC and
SOX12 small interfering RNA (siRNA) were designed and
synthesized by Genepharma (Shanghai, China). U1996
and NCI-H929 cells were cultured in 6-well plates with
serum-free RPMI 1640 medium. Then these cells were
transfected by miR-744-5p mimic (miR-744-5p mimic
group) or miR-744-5p mimic NC (miR-NC group). miR-
744-5p inhibitor (miR-744-5p inhibitor group) or miR-
744-5p inhibitor NC (NC-inh group) was utilized for the
transfection of U1996 cells. Co-transfection was per-
formed on U1996 cells using both miR-744-5p inhibitor
and SOX12 siRNA (miR-744-5p inhibitor + siSOX12
group). Lipofectamine 2000 reagent (Thermo Fisher
Scientific, Waltham, MA, USA) was responsible for the
transfection strictly according to the manual. Cells were
transfected for 8 hours at 37°C, 5% CO,. After the residual
liquid was discarded, RPMI 1640 medium with 10% FBS
was added into each well. Cells were continuously kept in
the incubator with 95% humidity at 37°C, 5% CO,.
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Cell Counting Kit-8 (CCK-8) Assay

U1996 and NCI-H929 cells were collected and plated in 96-
well plates with 1*10* cells per well. RPMI 1640 medium
with 10% FBS was added into each well with a volume of
100 pL. After 24, 48, and 72 hours culture at 37°C, 5% CO,,
10 uL of CCK-8 reagent (Solarbio, Beijing, China) was
added into each well to incubate cells for 2 hours at 37°C.
Using a microplate reader (Bio-Rad, Hercules, CA, USA),
the optical density (OD) value at 450 wavelength was mea-
sured. The experiment was repeated three times.

Plate Clone Formation Experiment

U1996 and NCI-H929 cells were inoculated in 6-well plates
with 1 mL of RPMI 1640 medium (10% FBS). In total, 1,000
cells were plated in each well. Cells were kept in the incu-
bator at 37°C, 5% CO, for 14 days. The medium in each well
was changed every 3 days. On the 14th day, 4% paraformal-
dehyde was utilized for the fixation of cells. Then 0.1%
crystal violet was applied for the staining of cells. Cells in
each well were observed under an inverted microscope
(Olympus, Tokyo, Japan). The colony number was counted.
A colony with more than 50 cells was considered as one
colony formation. The experiment was repeated three times.

Transwell Experiment

A total of 1*10° U1996 or NCI-H929 cells were suspended
in 500 pL of serum-free RPMI 1640 medium. Cells were
then added into 6-well Transwell insert (pore size of § pm).
Matrigel (100 pL) was pre-spread onto the upper chamber.
All the Transwell inserts were inserted into 6-well plates
containing 600 uL. of RPMI 1640 medium (with 10% FBS).
Cells were maintained at 37°C, 5% CO, for 24 hours. The
non-invading cells that attached on the upper chamber were
removed using cotton swab. The invading cells were
attached on the lower chamber. These cells were experi-
enced with fixation by 4% paraformaldehyde and staining
by 0.1% crystal violet. The number of invading cells was
counted under a microscope in five random non-
overlapping fields. Cells migration was detected as above,
except that the upper chamber was not coating with
Matrigel. The experiment was repeated three times.

Glucose Uptake and Lactate Production
Detection

After 48 hours post-transfection, U1996 and NCI-H929
cells were collected and were lysed using lysis buffer.
After 10 minutes centrifugation at 3,000 rmp/min, the

supernatant was obtained. The glucose uptake and lactate
production of U1996 and NCI-H929 cells was measured
by detecting the level of glucose and lactate in the super-
natant. The glucose uptake was detected using glucose
assay kit (BioVision, Mountain View, USA) and lactate
production was measured using lactate assay kit
(BioVision, Mountain View, USA), strictly according to
the manuals. The glucose uptake and lactate production
was normalized to the protein concentration. The experi-

ment was repeated three times.

Dual-Luciferase Reporter Gene Assay

Two online databases (Targetscan and Starbase) indicated
that SOX12 possessed the binding sites for miR-744-5p in
the 3'-UTR area. According to this result, the wild type
(WT) and mutant type (Mut) sequences of SOX12-3'-UTR
were designed and synthesized by Genepharma (Shanghai,
China). The sequences were amplified by PCR and then
were loaded onto the psi-CHECK-2 luciferase reporter
vector (Promega, Wisconsin, WI, USA). U1996 cells of
miR-744-5p mimic group, miR-NC group, miR-744-5p
inhibitor group, and NC-inh group were cultured in
6-well plates with serum-free RPMI 1640 medium. psi-
CHECK-2 luciferase reporter vector loaded with SOX12-
3'-UTR-WT sequence or SOX12-3'-UTR-Mut sequence
was used to cotransfect U1996 cells of the four groups.
Lipofectamine 2000 reagent was applied for transfection.
At 48 hours
Reporter Assay (Promega, Madison, WI, USA) was per-

post-transfection, the Dual-Luciferase
formed to detect the luciferase activity of cells in each
group. The experiment was repeated three times.

RNA Pull-Down Experiment

RNA pull-down experiment was performed using U1996
cells. Briefly, the biotinylated-SOX12-sense, -SOX12-
antisense and -SOX12-NC were designed and synthesized
by Genepharma (Shanghai, China). U1996 cells were
transfected by these probes for 48 hours. After that, cells
were lysed for 30 minutes with cell lysis buffer at 4 °C
(Boster, Wuhan, China). The supernatant of cell lysates
was obtained by 10 minutes centrifugation at 4 °C,
12,000 xg. A total of 50 pL of the samples were aliquoted
for input. Then Dynabeads M-280 Streptavidin (Invitrogen
Life Technologies, Carlsbad, CA, USA) was used to incu-
bate with the remaining lysates in accordance with the
manuals. After being treated with RNase-free solutions,
the beads (Invitrogen Life Technologies, Carlsbad, CA,
USA) were subjected to 10 minutes incubation with

OncoTargets and Therapy 2021:14

submit your manuscript

1163

Dove


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

Guo et al

Dove

equal volume of biotinylated SOX12 at room temperature
on a rotator. Thereafter, ethylene diamine tetraacetic acid
(EDTA) and 95% formamide was used to incubate the
beads for 5 minutes. Finally, the eluted miR-744-5p was
quantified through qRT-PCR. The experiment was

repeated three times.

qRT-PCR

Tissues and cells were treated with Trizol reagent to obtain
total RNA. The concentration of total RNA was determined
by NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). A total of 1 pg RNA
sample was subjected to reverse transcription reaction
using PrimeScript™ RT reagent kit (Takara, Shiga,
Japan). The reverse transcription reaction of miR-744-5p
was performed using a Transcriptor First Strand cDNA
Synthesis kit (Roche Diagnostics, Basel, Switzerland) for
the synthesis of miR-744-5p cDNA. qPCR was then per-
formed using the synthesized cDNA by an SYBR Premix
Ex Taq Kit (Takara, Shiga, Japan) according to the follow-
ing temperature protocol: 95°C for 10 minutes, followed by
40 cycles of 95°C for 15 seconds, 60°C for 30 seconds and
72°C for 60 seconds. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as the internal control for
SOX12 and U6 was responsible for the internal control of
miR-744-5p. The primers used were as follows: miR-744-
Sp, forward, 5'-AATGCGGGGCTAGGGCTA-3', reverse,

5'-GTGCAGGGTCCGAGGT-3'. U6, forward-5-CTC
GCTTCGGCAGCACA-3", reverse, 5-AACGCTTCA
CGAATTTGCGT-3'. SOX12, forward, 5-AGCACC

CGTGTGACTCTTTCC-3', reverse, 5'-AGCAGAACCA
AGCCCTGTCTC-3'. GAPDH,
CACCCACTCCTCCACCTTTG-3', reverse, 5'-
CCACCACCCTGTTGCTGTAG-3'. The relative expres-

sion of miR-744-5p and SOX12 mRNA was calculated by
7~AACT

forward, 5'-

method. The experiment was repeated three times.

Western Blot

Cells were harvested and incubated with lysis buffer for 15
minutes on ice. Total proteins in the supernatant were
obtained through 10 minute centrifugation at 12,000 rpm,
4°C. The concentration of total proteins was determined
by BCA Protein Assay kit (Pierce Biotechnology,
Rockford, IL, USA). The separation of proteins was per-
formed via sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). Thereafter, proteins were
transferred onto a polyvinylidene fluoride (PVDF) mem-
brane and then incubated with 5% skimmed milk for 1

hour at room temperature. In a 4°C refrigerator, the PVDF
membrane was incubated with primary antibodies over-
night. Primary antibodies used in this research were as
follows: rabbit anti-SOX12, -E-cadherin, -N-cadherin,
and -Slug (1:1,000, Abcam, Cambridge, UK), mouse anti-
MMP-2 and -MMP-9 (1:1,000, Santa-Cruz Biotechnology,
Santa Cruz, CA, USA), rabbit anti-active B-catenin, and
mouse anti-GAPDH (1:1,000, Cell Signaling Technology,
Danvers, MA, USA). After three times washing with Tris-
buffered saline/0.1% Tween (TBST), horseradish peroxi-
dase (HRP) conjugated secondary antibodies (1:5,000,
Boster, Wuhan, China) were used to incubate the PVDF
membrane for 1 hour at room temperature. Enhanced
chemiluminescence (ECL) reagent was added onto the
PVDF membrane to visualize protein bands. The gray
density value of protein bands was determined by Image-
Pro Plus 6.0. The experiment was repeated three times.

Animal in vivo Experiment

Xenograft tumor experiment was conducted with nude
mice (5 weeks old, n=6). All nude mice were commer-
cially provided by Shanghai Experimental Animal Center,
Chinese Academy of Sciences (Shanghai, China). Animal
experiments have been approved by the Animal Ethics
Committee of Chongqing University Cancer Hospital,
and were performed in accordance with relevant guide-
lines and regulations of the Animal Ethics Committee of
Chongqing University Cancer Hospital.

U1996 cells of the miR-NC group and miR-744-5p
group were collected. Phosphate buffer solution (PBS) was
used to disperse cells to a density of 1*107 cells/mL. The six
nude mice were kept for 2 weeks with free access to food
and water. Then three nude mice were randomly selected
and subcutaneously injected with cell suspension (100 pL)
of miR-NC group. The injection site was located in the
center of the back. At the same site, the other three nude
mice were subcutaneously injected with cell suspension
(100 pL) of the miR-744-5p group. All nude mice were
kept individually in cages with free access to water and
food. Notably, after injection of the transfected cells, nude
mice were subcutaneously injected with 30 pg of
Lipofectamine 2000-encapsulated miR-744-5p mimic or
miR-744-5p mimic NC (30 pg) every 3 days.'' The xeno-
graft tumor size was measured every 7 days with a vernier
caliper. The volume of xenograft tumor was calculated with
the following formula: tumor volume=width®*length*0.5.
On the 28th day post-inoculation, all mice were sacrificed
by rapid neck dislocation. Xenograft tumors were stripped
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and weighed. The expression of miR-744-5p and SOX12 in
xenograft tumors was investigated by qRT-PCR.

Statistical Analysis

All results were obtained from at least three independent
repeated trials. Data were presented in the form of mean
+standard deviation. Data were analyzed by SPSS 19 soft-
ware (SPSS Inc., Chicago, IL, USA) and GraphPad Prism
(version 6, La Jolla, CA, USA). Student’s ¢-test and one-way
analysis of variance were responsible for the comparison
between two groups and at least three groups. Pearson’s
correlation analysis was applied for the correlation analysis
between miR-744-5p and SOX12 expression. The threshold
for statistically significant differences was set as P<0.05.

Results
The Expression of miR-744-5p Was
Reduced in MM Patients and Cells

In this research, a total of 146 bone marrow tissue samples
were collected (healthy 73 and MM 73). Results from gRT-
PCR revealed that, in comparison with normal bone marrow
tissues, the expression of miR-744-5p was distinctly reduced
in bone marrow tissues of MM patients (P<0.01) (Figure 1A).
These MM patients were followed up for 60 months. With the
average value (0.669) of miR-744-5p expression level as the
cut-off value, patients were divided into two groups (High
miR-744-5p expression group and Low miR-744-5p expres-
sion group). Obviously, MM patients with low miR-744-5p
expression had much lower 60-month survival than those with
high miR-744-5p expression (P=0.0402) (Figure 1B). In vitro
studies showed that miR-744-5p was seriously down-
regulated in MM cells (NCI-H929, KM3, H929, U1996, and

U266) than that in normal plasma cells (nPCs) (P<0.01 or
P<0.001) (Figure 1C). Notably, U1996 and NCI-H929 cells
exhibited lower miR-744-5p expression than the other three
MM cell lines. Thus, U1996 and NCI-H929 cells were used in
the following experiments.

miR-744-5p Inhibited MM Cells
Proliferation, Invasion, Migration, and
Glycolysis

qRT-PCR was performed to research the transfection effi-
ciency of U1996 and NCI-H929 cells. As shown in Figure
2A, relative to miR-NC group, significantly higher miR-
744-5p expression was occurred in U1996 and NCI-H929
cells of the miR-744-5p mimic group (P<0.01). This result
illustrated that U1996 and NCI-H929 cells were success-
fully transfected. Next, CCK-8 assay and plate clone for-
mation experiment were conduced to detect the effect of
miR-744-5p on U1996 and NCI-H929 cells proliferation.
Compared to the miR-NC group, prominently lower
OD450 value and colony number was found in U1996
and NCI-H929 cells of miR-744-5p mimic group
(P<0.01) (Figure 2B and C). Transwell experiment indi-
cated that the invasion and migration cell number were
both remarkably decreased in miR-744-5p mimic group
when compared with the miR-NC group (P<0.01)
(Figure 2D). In addition, U1996 and NCI-H929 cells of
the miR-744-5p mimic group exhibited markedly lower
glucose uptake and lactate production than that of miR-
NC group (P<0.01) (Figure 2E). According to Western
blot, seriously up-regulation of E-cadherin protein and
down-regulation of N-cadherin, Slug, MMP-2, MMP-9,
and active B-catenin proteins was observed in U1996 and

A B C

- n=73, P<0.01 o 25
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s g 2515 o
o g 1.51 g 1S Q ** T
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o @ 101 A - Low (n=41) 2305 e sx
%805 P=0.0402 o =
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Normal Tumor Time (month) <

Figure | The expression of miR-744-5p was reduced in MM patients and cells. (A) qRT-PCR revealed that miR-744-5p expression was distinctly down-regulated in bone
marrow tissues of MM patients than that in normal bone marrow tissues. A total of 146 bone marrow tissue samples were collected (healthy 73 and MM 73). miR-744-5p
expression was normalized to U6. (B) MM patients with low miR-744-5p expression had much lower 60-month survival than those with high miR-744-5p expression. The
average value (0.669) of miR-744-5p expression level was as the cut-off value. (C) miR-744-5p was seriously down-regulated in MM cells (NCI-H929, KM3, H929, U1996,
and U266) than in normal plasma cells (nPCs). miR-744-5p expression was normalized to U6. **P<0.01 or ***P<0.001 when compared with miR-744-5p expression in nPCs.
Abbreviations: MM, multiple myeloma; qRT-PCR, quantitative real-time polymerase chain reactions.
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Figure 2 miR-744-5p inhibited MM cells proliferation, invasion, migration, and glycolysis. (A) qRT-PCR revealed that miR-744-5p expression was successfully up-regulated by
transfection. miR-744-5p expression was normalized to U6. (B) CCK-8 assay showed prominently lower OD450 value of U1996 and NCI-H929 cells in miR-744-5p mimic
group than that in the miR-NC group. (C) Plate clone formation experiment exhibited obviously declined colony number of U1996 and NCI-H929 cells in the miR-744-5p
mimic group than that in the miR-NC group. (D) Transwell experiment revealed remarkably decreased invasion and migration cell number of miR-744-5p mimic group when
compared with miR-NC group. (E) U1996 and NCI-H929 cells of miR-744-5p mimic group exhibited markedly lower glucose uptake and lactate production than that of the
miR-NC group. (F) Western blot showed that, significantly higher E-cadherin protein expression and lower N-cadherin, Slug, MMP-2, MMP-9, and active B-catenin proteins
expression was observed in U1996 and NCI-H929 cells of the miR-744-5p mimic group when compared with the miR-NC group. miR-744-5p increased E-cadherin protein
expression and decreased the expression of N-cadherin, Slug, MMP-2, MMP-9, and active f-catenin proteins. Each protein expression was normalized to GAPDH. *P<0.01
when compared with the miR-NC group.

Abbreviations: MM, multiple myeloma; qRT-PCR, quantitative real-time polymerase chain reactions; CCK-8, cell counting kit-8, E-cad, E-cadherin; N-cad, N-cadherin.

NCI-H929 cells of the miR-744-5p mimic group when
compared with the miR-NC group (P<0.01) (Figure 2F).

relative luciferase activity of SOX12-WT luciferase reporter
was found in U1996 cells of miR-744-5p inhibitor group when
relative to NC-inh group (P<0.01). However, these effects
were revived when SOX12-Mut luciferase reporter was co-
transfected into U1996 cells (Figure 3B). These data supported
that miR-744-5p directly regulated SOX12 via binding to the
3'-UTR area of SOX12. The analyses of RNA pull-down
experiment exhibited that only the bio-SOX12-Sense remark-
ably pulled down the miR-744-5p (P<0.01) (Figure 3C). In

miR-744-5p Directly Inhibited SOX12

Expression in MM

Two online databases, including Targetscan and Starbase,
indicated that miR-744-5p was a potential miRNA that targets
SOX12. The binding sites were located in the 3'-UTR area of

SOX12 (Figure 3A). Dual-luciferase reporter gene assay was
conducted with U1996 cells to confirm SOX12 as a direct
target of miR-744-5p. As a result, compared with the miR-NC
group, U1996 cells of the miR-744-5p mimic group exhibited
prominently lower relative luciferase activity of SOX12-WT
luciferase reporter (P<0.01). Meanwhile, markedly higher

vitro studies indicated that U1996 and NCI-H929 cells of the
miR-744-5p mimic group had seriously lower SOX12 mRNA
than that of the miR-NC group (P<0.01) (Figure 3D).
Simultaneously, compared with the miR-NC group, U1996
and NCI-H929 cells of the miR-744-5p mimic group showed
much lower SOX12 and active B-catenin proteins expression
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Figure 3 miR-744-5p directly inhibited SOXI2 expression in MM. (A) The binding sites between miR-744-5p and SOX12 were located in the 3’-UTR area of SOXI2. (B)
Dual-luciferase reporter gene assay revealed that miR-744-5p directly regulated SOX|12 via binding to the 3'-UTR area of SOXI2. *¥P<0.01 when compared with the miR-
NC group or miR-inh group. (C) RNA pull-down experiment exhibited that miR-744-5p was remarkably pulled down by bio-SOX12-Sense. **P<0.0| when compared with
Beads group and Antisense group. (D) U1996 and NCI-H929 cells of the miR-744-5p mimic group had seriously lower SOXI12 mRNA than that of miR-NC group. SOX12
mRNA expression was normalized to GAPDH. (E) U1996 and NCI-H929 cells of the miR-744-5p mimic group had much lower SOXI2 and active B-catenin proteins
expression than that of the miR-NC group. SOX12 and active B-catenin proteins expression was normalized to GAPDH. **P<0.01 or ***P<0.00| when compared with the
miR-NC group. (F) Distinctly higher SOX12 mRNA expression was shown in bone marrow tissues of MM patients than that in normal bone marrow tissues. SOXI2
expression was normalized to GAPDH. (G) The expression of miR-744-5p and SOX12 mRNA was negatively correlated in bone marrow tissues of MM patients. miR-744-5p
expression was normalized to U6 and SOX12 expression was normalized to GAPDH.

Abbreviation: MM, multiple myeloma.

(P<0.001) (Figure 3E). In addition, distinctly higher SOX12
mRNA expression was shown in bone marrow tissues of MM
patients than in normal bone marrow tissues (P<0.01) (Figure
3F). The expression of miR-744-5p and SOX12 mRNA was
negatively correlated in bone marrow tissues of MM patients
(P<0.01) (Figure 3G). All of these results illustrated that miR-
744-5p directly inhibited the expression of SOX12 in MM.

Down-Regulation of miR-744-5p
Exacerbated Malignant Phenotype of MM
Cells in vitro by Elevating SOX12

In vitro rescue experiments were conducted using U1996
cells to verify the mechanism of miR-744-5p and SOX12

in the development of MM. As exhibited in Figure 4A,
distinctly higher SOX12 mRNA expression was observed
in U1996 cells of the miR-744-5p inhibitor group when
relative to the NC-inh group (P<0.01). However, relative
to the miR-744-5p inhibitor group, the expression of
SOX12 mRNA in U1996 cells of miR-744-5p inhibitor +
siSOX12 group was significantly reduced (P<0.01).
Therefore, SOX12 expression was elevated by inhibition
of miR-744-5p. Subsequently, the malignant phenotype of
U1996 cells was studied. CCK-8 assay and plate clone
formation experiment showed dramatically higher OD450
value and colony number in miR-744-5p inhibitor group
when compared with NC-inh group (P<0.01). Conversely,
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miR-744-5p inhibitor + siSOX12 group exhibited ser-
iously lower OD450 value and colony number than that
of the miR-744-5p inhibitor group (P<0.01) (Figure 4B
and C). Based on data from Transwell experiment, U1996
cells of the miR-744-5p inhibitor group had obviously
more invasion and migration cells than the NC-inh group
(P<0.01), whereas U1996 cells of miR-744-5p inhibitor +
siSOX12 group exhibited much less invasion and migra-
tion cells than the miR-744-5p inhibitor group (P<0.01)
(Figure 4D). Furthermore, much higher relative glucose
uptake and lactate production was found in the U1996
cells of the miR-744-5p inhibitor group relative to the NC-
inh group (P<0.01). However, in comparison with the

miR-744-5p inhibitor group, the relative glucose uptake
and lactate production of U1996 cells in the miR-744-5p
inhibitor + siSOX12 group was prominently declined
(P<0.01) (Figure 4E). Analysis of Western blot exhibited
that U1996 cells of the miR-744-5p inhibitor group had
markedly lower E-cadherin protein expression and higher
N-cadherin, Slug, MMP-2, MMP-9, and active B-catenin
proteins expression that NC-inh group (P<0.01). On the
opposite, relative to the miR-744-5p inhibitor group, ser-
iously higher E-cadherin protein expression and lower
N-cadherin, Slug, MMP-2, MMP-9, and active B-catenin
proteins expression was observed in the miR-744-5p inhi-
bitor + siSOX12 group (P<0.01) (Figure 4F).
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Figure 4 Down-regulation of miR-744-5p exacerbated malignant phenotype of MM cells in vitro by elevating SOX12. (A) SOX12 expression in U996 cells was successfully
regulated by transfection. **P<0.01 when compared with the NC-inh group. SOX12 expression was normalized to GAPDH. #P<0.01 when compared with the miR-744-5p
inhibitor group. (B) CCK-8 assay indicated that down-regulation of miR-744-5p enhanced U1996 cells proliferation by elevating SOX12. **P<0.01 when compared with the
NC-inh group. ™P<0.01 when compared with the miR-744-5p inhibitor group. (C) Plate clone formation experiment revealed that down-regulation of miR-744-5p enhanced
U1996 cells malignant proliferation by elevating SOX12. *¥P<0.01. (D) Transwell experiment illustrated that down-regulation of miR-744-5p intensified U1996 cells invasion
and migration via elevating SOX12. **P<0.01. (E) Down-regulation of miR-744-5p increased glucose uptake and lactate production of U1996 cells through elevating SOX12.
#P<0.01 when compared with the NC-inh group. *P<0.01 when compared with the miR-744-5p inhibitor group. (F) Western blot exhibited that, relative to the miR-744-
5p inhibitor group, much higher E-cadherin protein expression and lower N-cadherin, Slug, MMP-2, MMP-9, and active B-catenin proteins expression was observed in the
miR-744-5p inhibitor + siSOX12 group. Down-regulation of miR-744-5p reduced E-cadherin protein expression and increased the expression of N-cadherin, Slug, MMP-2,
MMP-9, and active B-catenin proteins in U1996 cells through elevating SOX12. Each protein expression was normalized to GAPDH. **P<0.01.

Abbreviations: MM, multiple myeloma; CCK-8, cell counting kit-8.
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miR-744-5p Inhibited the Growth of MM

Xenograft Tumors in vivo

The expression of miR-744-5p and SOX12 mRNA in MM
xenograft tumors were detected by qRT-PCR. As a result,
markedly higher miR-744-5p expression and lower
SOX12 mRNA expression were noticed in MM xenograft
tumors of the miR-744-5p mimic group when relative to
the miR-NC group (P<0.001) (Figure 5A). Moreover, dra-
matically lower xenograft tumor volume was observed in
the miR-744-5p mimic group in comparison with the miR-
NC group (P<0.001) (Figure 5B). All xenograft tumors
were stripped after nude mice were sacrificed (Figure 5C).
The weight of all xenograft tumors was measured.
Obviously, compared with the miR-NC group, the weight
of xenograft tumors in the miR-744-5p mimic group was
prominently reduced (P<0.001) (Figure 5D).

Discussion

The molecular mechanism exploration of MM progression is
conducive to find new strategies for the target treatment of
this annoying disease. miRNAs have been extensively
explored in many types of human tumors, but relatively
few studies have reported the impact of miRNAs on the
development of MM. Currently, it has been discovered that

A B
H miR-NC
miR-744-5p mimic

S 4 *kk

® T

$,3

o =

X O

o >

022

=

: |

[} *kk

x 0 . -
miR-744-5p SOX12

C

miR-744-5p mimic . ' .
miR-NC = ‘ @

miR-144-3p expression was reduced in MM cell lines. MM
cells proliferation and colony formation was suppressed by
transfecting miR-144-3p mimic into MM cells.'* Besides,
miR-29b, miR-125a, miR-320c, miR-342, and miR-363
were identified as potential tumor suppressors in MM.">'
By contrast, miR-181, miR-340-5p, miR-9, miR-19b, and
miR-20a were aberrantly up-regulated in MM. They pro-
moted the malignant development of MM and thus acted as
oncogenes in MM.'*"® Kubiczkova et al*® reported that
miR-744 expression was down-regulated in the peripheral
blood of MM patients and miR-744 level could be used as
a marker for MM patients survival. Furthermore, Xu et al*'
also researched that miR-744 was down-regulated in MM
patients. The decreased miR-744 expression was associated
with poor prognosis of MM patients. But unfortunately, the
above two studies only reported that the down-regulation of
miR-744 predicted the poor prognosis of MM. They did not
conduct in-depth studies to explore the molecular mechan-
isms of miR-744 in regulating MM development. In addition,
more data on miR-744 in regulating MM development are
not yet available at present. In this research, we proved that
the down-regulated miR-744-5p in MM was associated with
the low survival rate of MM patients. More importantly,
through in vitro and in vivo experiments, this research fully
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Figure 5 miR-744-5p inhibited the growth of MM xenograft tumors in vivo. (A) Markedly higher miR-744-5p expression and lower SOX12 mRNA expression was noticed in
MM xenograft tumors of the miR-744-5p mimic group when relative to the miR-NC group. miR-744-5p expression was normalized to U6 and SOXI2 expression was
normalized to GAPDH. (B) Dramatically lower xenograft tumor volume was observed in the miR-744-5p mimic group in comparison with the miR-NC group. (C) All
xenograft tumors were stripped after nude mice were sacrificed. (D) Compared with the miR-NC group, the weight of xenograft tumors in the miR-744-5p mimic group
was prominently reduced. **P<0.001 when compared with the miR-NC group.

Abbreviation: MM, multiple myeloma.

submit your manuscript

OncoTargets and Therapy 2021:14 1169

Dove


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

Guo et al

Dove

confirmed that the down-regulated miR-744-5p promoted the
malignant development of MM. Simultaneously, this paper
initially discovered that miR-744-5p weakened MM malig-
nant development via targeting SOX12/Wnt/B-catenin.
These findings provided a more precise theoretical basis for
the treatment of MM with miR-744-5p as the target.

The function of miRNAs in regulating multiple physiolo-
gical and pathological processes is mainly achieved by target
genes.”” Thus, the identification of target genes of miRNAs is
one of the primary issues for researching the mechanism.
A previous report indicated that SOX12 exacerbated the devel-
opment of MM via promoting the Wnt/p-catenin signaling.*
Importantly, Zhang et al** discovered that SOX12 is a target of
miR-744. Based on this finding, this research explored the
interaction of miR-744-5p and SOXI12 in regulating MM.
Through dual-luciferase reporter gene assay and RNA pull-
down experiment, we further confirmed that SOX12 expres-
sion was directly suppressed by miR-744-5p.

SOX12
promoting gene in humans. It has been reported that

In general, is considered as a cancer-
SOX12 could promote the metastasis of gastric cancer,
hepatocellular carcinoma, and also enhance the prolifera-
tion and metastasis of colorectal cancer.”*2° Moreover,
high SOX12 expression was associated with poor overall
survival of clear cell renal cell carcinoma cases and lung
adenocarcinoma cases.”’*® Meanwhile, the proliferation,
migration, and invasion of breast cancer cells was signifi-
cantly weakened after silencing of SOX12.%° In hemato-
logic malignancy, knockdown of SOX12 decreased the
colony number of acute myeloid leukemia cells. By
knockdown of SOX12, B-catenin expression was dis-
tinctly diminished. Therefore, research suggested that
SOX12 might facilitate the progression of acute myeloid
leukemia via enhancing B-catenin expression.*” Currently,
a study indicated that SOX12 was an oncogene in MM. It
aggravated MM progression via down-regulating [-
catenin expression.* Similar results were found in this
research. B-catenin is a critical downstream effector of
the Wnt signaling pathway. It is responsible for cells
proliferation and differentiation. Lots of articles have
demonstrated that the enhancement of Wnt/B-catenin
pathway participates in the deterioration of various malig-
nant tumors.’'*? In MM, the silencing of B-catenin ele-
vated the apoptosis ratio and reduced proliferation of MM
cells.*>* Overall, in this paper, miR-744-5p inhibited
MM development via inhibiting the SOX12/Wnt/B-

catenin pathway.

In this study, miR-744-5p up-regulation elevated
E-cadherin protein expression, but also reduced
N-cadherin, Slug, MMP-2, and MMP-9 proteins expres-
sion in MM cells. The opposite results were found by
down-regulating miR-744-5p expression. Interestingly,
rescue experiments indicated that SOXI12 silencing
reversed the inhibition effect of miR-744-5p on EMT in
MM cells. It is well known that E-cadherin protein is an
inhibitor of EMT. N-cadherin, Slug, MMP-2, and MMP-9
proteins are responsible for the enhancement of EMT.
Hence, miR-744-5p inhibited MM cells migration and
invasion by weakening EMT via reducing SOXI12.
Moreover, miR-744-5p reduced the glycolysis in MM
cells by reducing glucose uptake and lactate production
through targeting SOX12. The Warburg effect is consid-
ered to be a hallmark of tumors, which is an important
feature of glucose metabolism in malignant tumor cells. In
the process of the Warburg effect, tumor cells provide
energy for themselves through using aerobic glycolysis,
and then provide material raw materials for cell synthesis
and metabolism by using intermediate products of glyco-
lysis. This process exacerbates the progression of cells.*
At last but not the least, animal in vivo experiments were
performed in this study. Clearly, miR-744-5p up-regulation
distinctly reduced MM cells growth in vivo. This discov-
ery provided a more reliable theoretical basis for MM
therapy with miR-744-5p as the target.

Collectively, this article reported the expression and
function of miR-744-5p in MM. Results indicated that
miR-744-5p expression was declined in MM patients and
cells. miR-744-5p up-regulation prominently inhibited MM
cells malignant development in vitro and in vivo. The
mechanism might be that miR-744-5p suppressed the
SOX12/Wnt/B-catenin pathway in MM cells. Hence, miR-
744-5p was suggested as a potential therapeutic target
for MM.

Highlights

(1) The expression of miR-744-5p was reduced in MM
patients and cells.

(2) miR-744-5p inhibited MM cells proliferation, inva-
sion, migration, and glycolysis.

(3) miR-744-5p directly inhibited SOX12 expression in
MM.

(4) miR-744-5p silencing promoted MM cells malig-
nant phenotype by elevating SOX12.

(5) miR-744-5p inhibited the growth of MM xenograft
tumors in vivo.
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