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Abstract: LncRNA is gradually considered as a vital regulator in various physiological and pathological processes.
Recently, the role of LINCO1234 in several cancers has been reported. However, the function and underlying regula-
tory mechanism of LINCO1234 in multiple myeloma (MM) remain unclear. Our results indicated that LINCO1234
was over-expressed in tumor tissues of MM patients, and LINCO1234 down-regulation remarkably inhibited cell pro-
liferation, cycle progression and promoted cell apoptosis in MM cells. Mechanistic studies revealed that LINCO1234
could sponge miR-124-3p and decreased its expression, thereby up-regulated the protein level of miR-124-3p’s
targets growth factor receptor-bound protein 2 (GRB2). Additionally, in vivo experiments revealed that LINCO1234
shRNA could serve as a tumor suppressor through down-regulating GRB2 in MM. In this study, a novel established
regulatory manner of LINCO1234/miR-124-3p/GRB2 axis was systematically studied, which may hold promise as a

promising target for MM treatment.
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Introduction

As the second most prevalent hematologic
malignancy, multiple myeloma (MM) is mainly
caused by the disorder of tumorous plasma
cells, which infiltrates into the bone marrow [1].
The survival time of MM patients ranges from
several months to more than 10 years, with a
5-year survival rate of 40% [2]. The etiology and
underlying molecular manner of MM are largely
unknown, leading to the complexity of treat-
ment [3]. Despite progress in diagnosis and
treatment, the prognosis of MM patients is still
poor [4]. Therefore, to supplement or replace
existing therapeutic strategies, finding new
molecular targets is very important.

Long non-coding RNA, whose length is greater
than 200 nt, exerts key functions in cell prolif-
eration, differentiation, apoptosis and other
biological processes [5]. Some IncRNAs, such
as MEG3, PDIA3P, IncRUNX2-AS1 and OIP5-
AS1 have been implicated in MM [6-9]. Micro-

RNAs are key non coding RNA (ncRNAs) (18-22
nt), which mainly bind to gene’s 3’'UTR and regu-
late their expression, serving as oncogenic miR-
NAs or tumour suppressor [10]. Studies have
showed that IncRNAs could target and regu-
late miRNA, therefore affect target gene ex-
pressions [11]. For example, LncRNA OIP5-AS1
could negatively regulate miR-410, modulate
KLF10/PTEN/AKT axis and influence cell prolif-
eration in MM [7]. Long non-coding RNA CCAT1
accelerates MM development by targeting miR-
181a-5p and regulating HOXA1l expression
[12]. Both IncRNAs and miRNAs play key func-
tions in MM, but the underlying mechanism
remains to be illustrated.

Recent studies demonstrated that LINCO1234
overexpression could promote cell proliferation
in colon cancer by regulating miR642a-5p-SH-
MT2 axis [13]. Chen revealed that LINCO1234
targets miR-204-5p and upregulates CBFB
expression in gastric cancer [14]. Additionally,
LINCO1234 could affect esophageal cancer
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growth and metastasis [15]. However, the role
and the underlying mechanism of LINC01234
in MM are still unclear. As an important miRNA,
miR-124-3p has been found to be dysregulated
and exerts vital roles in many cancers. A
decrease in miR-124-3p level was demonstrat-
ed in hepatocellular carcinoma (HCC) tissues
and patients with lower miR-124-3p level had a
shorter overall survival and poor prognosis
[16]. Besides, down-regulated miR-124-3p co-
uld promote breast cancer growth and metas-
tasis by regulating N-acetylglucosaminyltrans-
ferase V (MGAT5) [17]. Although the functions
of miR-124-3p in some cancers have been illus-
trated, its role in MM is still unclear.

Growth factor receptor-bound protein 2 (GRB2)
is an adaptor protein in Ras signaling pathway,
which has been recently reported to be involved
in multiple tumor malignancies [18]. Including
Src homology 2 (SH2) and Src homology 3
(SH3) domains, mature GRB2 mediate molecu-
lar signals from cell-surface activated recep-
tors to downstream targets, therefore having
important effects on cell proliferation, cycle
progression and apoptosis [19, 20]. Previous
studies showed that IL-6 might promote tyro-
sine phosphorylation of Shc, recruit Grb2 and
activate the Ras signaling pathway in MM cells
[21]. However, potential miRNA targeting GRB2
and its function in MM progression are still
unclear.

In this study, we determined the up-regulation
of LINC01234 in tissue samples of MM patients
and studied LINCO1234’s role in MM. Through
miRDB analysis, potential miRNA that may be
targeted by LINC01234 were predicted and
identified. In addition, as predicted by Target-
Scan, miRDB and starBase, miR-124-3p may
target GRB2's 3’UTR. Thus, we speculate that
LINC01234 might play a role in MM develop-
ment by affecting GRB2 expression through
modulating the level of miR-124-3p. Here, the
function and molecular mechanism of LINC-
01234/miR-124-3p/GRB2 in MM were system-
atically researched, which may exert new candi-
dates for MM therapy.

Materials and methods
Clinical samples
Multiple myeloma tissues (MM) and healthy

control samples (Control) were collected at The
First Affiliated Hospital of Sun Yat-sen University
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from 2015 to 2018. Before section, the MM
patients had received neither chemotherapy
nor radiotherapy. The procedures were app-
roved by the Institutional Review Board of The
First Affiliated Hospital of Sun Yat-sen University
[22]. Pathological diagnosis were performed by
pathologists. Informed consent was acquired
from all patients.

In situ hybridization (ISH)

After tissues were fixed and paraffin-embed-
ded, sections (5 pm) were cut. For ISH, a perox-
idase-labeled LINC01234 probe was obtained
(Thermo Fisher Scientific). ISH assay was per-
formed with LINCO1234 probe using an ISH kit
for IncRNA detection (RiboBio, Guangzhou,
China). The staining intensity was quantified
using Image-ProPlus 6.0 by scanning 10 non-
overlapping fields in each section. The mean
staining intensity was calculated and served as
an evaluation criterion for LINCO1234 expres-
sion “Low and high”. Tissue was identified as
“Low expression” if the LINCO1234 intensity
was under the mean value. Accordingly, tissue
was identified as “High expression” if LINC-
01234 intensity was higher than the average
value. An overall survival curve was determined
using the Kaplan-Meier method based on the
follow-up data.

Additionally, the RNA fluorescence in situ
hybridization (RNA-FISH) detection for LINC-
01234 and U6 was performed as previously
described [23]. Briefly, the deparaffinized 5 yum
sections were firstly blocked in pre-hybridiza-
tion buffer, then incubated with a FITC-con-
jugated LINCO1234 probe or Cyb5-conjugated
U6 probe (Exigon, Vedbaek, Denmark) in the
hybridization buffer, followed by the DAPI (Si-
gma-Aldrich) staining.

Cell culture

Human normal plasma cells (nPCs) and four
MM cell lines (RPMI-8226, U266, MM.1S and
H929) were purchased from ATCC cell lines
(Manassas, USA). Cells were incubated in RPMI-
1640 Medium, supplemented with 10% FBS
(Thermo Fisher Scientific) and cultured limpidly
at 37°C in a humidified atmosphere (5% CO,).

RNA extraction and quantitative real-time PCR
(QRT-PCR)

Total RNA was extracted from the MM tissues
and cultured cells using the TRIzol reagent
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Table 1. The primers for qRT-PCR assay

Primer Name

Primer Sequence (5'-3’)

GAPDH RT primer

GAPDH Reverse primer
GAPDH Forward primer
LINCO1234 RT primer
LINCO1234 Reverse primer
LINCO1234 Forward primer
GRB2 RT primer

GRB2 Reverse primer
GRB2 Forward primer

U6 RT primer

U6 Reverse primer

random primer
AAATGAGCCCCAGCCTTC
AATCCCATCACCATCTTCCAG
random primer
CCTTTCCTCTGATTCCACCTC
GACATCTCACCTTTCAAACGC
random primer
ACATGGATAAAATCTCCCCGG
ACATAGAACAGGTGCCACAG
AACGCTTCACGAATTTGCGT
AACGCTTCACGAATTTGCGT
CTCGCTTCGGCAGCACA

U6 Forward primer
miR-124-3p RT primer
miR-124-3p Reverse primer
miR-124-3p Forward primer

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTTACGGTT
TGGTGTCGTGGAGTCG
ACACTCCAGCTGGGTAAGGCACGCGGTGAA

Table 2. The sequences of siRNAs for
LINC01234

siRNA Name shRNA Sequence (5’-3")

si-LINCO1234 #1 AAAGAGAGACAGCAGAGAACTGATT
si-LINC01234 #2 AGAGAGACAGCAGAGAACTGATTCT
si-LINC01234 #3 AGAGACAGCAGAGAACTGATTCTCT

(Thermo Fisher Scientific). cDNA was synthe-
sised from total RNA using a PrimeScript RT
Reagent Kit (Takara, Shiga, Japan). SYBR
Premix Ex Taq (Takara) was used to perform
gRT-PCR assays. A SYBR PrimeScript miRNA
RT-PCR Kit (Takara) was used to examine
miRNA levels. LINCO1234 and GRB2 mRNA
expressions were normalized to GAPDH level,
and U6 snRNA level was used for miRNA expres-
sion normalization. Primer sequences for qRT-
PCR analysis were listed in Table 1.

Cell transfection

RPMI-8226 or U266 cells were transfected
with siRNA for LINCO1234 (si-LINC01234 1#,
Si-LINC01234 2#, si-LINC01234 3#), miR-124-
3p mimics (MiR-124-3p mimic), miR-124-3p
inhibitors (miR-124-3p inh) or their correspond-
ing controls (si-NC, NC-mimic or NC inh). The
sequences for three siRNAs were listed in Table
2. si-LINC01234 2#, si-LINC01234 3# were
selected for the following analysis. For cell
transfection, a Lipofectamine 2000 transfec-
tion reagent (Thermo Fisher Scientific) was
used.
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Cell proliferation assay

RPMI-8226 or U266 cells were respectively
transfected with si-NC, si-LINC01234 2# or si-
LINC01234 3#. These cells (6x10° cells/well)
were then seeded onto 96-well plates. To
detect the number of viable cells after O, 24,
48, 72, 96 hours, a Cell Counting Kit-8 (CCK-8,
Dojindo, Tokyo, Japan) was used. A microplate
spectrometer (Thermo Fisher Scientific) was
used to measure the absorbance at 450 nm.

For 5-ethynyl-2’-deoxyuridine (EDU) assay, to
measure cells undergoing DNA replication,
incorporation of the thymidine analog EDU into
DNA during DNA replication was used. Briefly,
after fixation and permeabilization, cells were
incubated with EDU (50 uM, 3 h). The cell nuclei
were stained with DAPI (1 pg/ml, 10 min,
Sigma-Aldrich). The EDU positive cells were
determined using fluorescence microscopy.

For colony formation assay, RPMI-8226 or
U266 cells (1x10°%) were mixed into top agar
(1.5 ml), and then added onto base agar. 3
weeks later, colonies were stained by Crystal
Violet. And a dissection microscope (TE2000-U,
Nikon, Japan) was used to count the colonies.

Cell cycle and cell apoptosis assay

At 48 hours post transfection, RPMI-8226 or
U266 cells were collected. After fixed with 70%
ethanol overnight, cells were incubated with
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Table 3. Antibodies used in this study

Antibody name Corporation name Source Poly/monoclonal Dilution ratio
P21 Cell Signaling Technology rabbit monoclonal 1:1000
CDK4 Cell Signaling Technology rabbit monoclonal 1:1000
P27 Cell Signaling Technology rabbit monoclonal 1:1000
Bcl-2 Cell Signaling Technology rabbit monoclonal 1:1000
Bax Cell Signaling Technology rabbit monoclonal 1:1000
Cleaved caspase3 Cell Signaling Technology rabbit monoclonal 1:1000
GAPDH Thermo Fisher Scientific mouse monoclonal 1:2000
Goat anti-rabbit 1IgG Thermo Fisher Scientific goat monoclonal 1:2000
Goat anti-mouse I1gG Thermo Fisher Scientific goat monoclonal 1:2000

Table 4. The primers for plasmid constructs

Primer Name

Primer Sequence (5'-3’)

LINCO1234 Reverse primer
LINC01234 Forward primer
GRB2 3’-UTR Reverse primer
GRB2 3’-UTR Forward primer

GAAGCATGAATTCAAGGTACCTACTGCAGGGTGAAGAATTACTCAG
TAATAACTAAGATCTGGTACCTGTCCTCCATTGTAAGATAAAAAGAGC
GAAGCATGAATTCAAGGTACCTGAAGAATTCATTGTGTATTTATTATTCACA
TAATAACTAAGATCTGGTACCGAGTCAAGAAGCAATTATTTAAAGAAAGT

propidium iodide (Pl, BD Biosciences, San Jo-
se, CA). Pl and Annexin V-FITC (BD Biosciences)
were used for cell apoptosis assay. Then, a
FACSCalibur system (BD Biosciences) was used
for DNA content and Annexin V analysis. The
results of cell cycle and cell apoptosis were
analyzed using the ModFit_LT software.

Protein extraction and western blotting

RIPA lysis buffer (Sigma-Aldrich) was used for
protein extraction. For total protein content
guantification, a BCA protein assay kit (Thermo
Fisher Scientific) was used. included . The me-
mbranes were incubated with the primary anti-
bodies, p21, CDK4, p27, Bcl-2, Bax, cleaved
caspase3, GAPDH (an internal control), over-
night at 4°C, and then incubated with a horse-
radish peroxidase-conjugated anti-mouse/anti-
rabbit IgG (Thermo Fisher Scientific). Antibodies
were listed in Table 3.

Plasmid constructs

A human genomic DNA from U266 cells was
used to amplify the sequence of LINCO1234
using PCR. To insert the sequence of LINC-
01234 into the p-MIR-reporter plasmid (Pro-
mega, Madison, WI, USA), a One Step Cloning
Kit ClonExpress Il (Vazyme Biotech, Nanjing,
P.R. China) was used. According to the above
methods, p-MIR-reporter plasmid containing
the 3’UTR of GRB2 was constructed. The bind-
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ing-site mutant luciferase plasmid (binding site:
GUGCCUU replaced by GUCGGAA) was also
transfected as a control. The corresponding
primer sequences for plasmid construct were
listed in Table 4.

Luciferase reporter assay

When the cell confluence is at 70-80%, RPMI-
8226 or U266 cells were co-transfected with
the firefly luciferase reporter plasmid (1 ug),
[-galactosidase expression vector (0.5 pg,
Promega) and miR-124-3p-mimic or NC-mimic.
The protein was extracted 24 hours after trans-
fection. A Luciferase Reporter Assay System
(Promega) was used to test the luciferase
activities.

RNA binding protein immunoprecipitation (RIP)
assay

RIP assay was performed as previously des-
cribed [24]. Briefly, whole-cell lysates from
RPMI-8226 or U266 cells were incubated with
antibodies for Ago2, and the pull down com-
plexes were subjected to RNA extraction and
gRT-PCR analyses of LINC01234 and miR-
124-3p.

RNA pull-down assay
RNA pull-down assay was performed as previ-

ously described [25]. Briefly, biotin-labeled
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LINCO1234 containing miR-124-3p binding si-
te was transcribed from LINC01234 express-
ing plasmid with the Biotin RNA Labeling Mix
(Roche, Indianapolis, IN, USA) and T7 RNA poly-
merase (Promega). Then the RNA was treated
with RNase-free Dnase | (Promega) and purified
with a RNeasy Mini Kit (Qiagen, Valenia, CA).
Biotinylated RNA was denatured at 95°C, put in
ice, left at room temperature to allow second-
ary structure formation, and then incubated
with whole-cell lysates from U266 cells at
25°C. The LINCO1234-RNA complexes were
isolated with Streptavidin agarose beads (Th-
ermo Fisher Scientific) and the pull-down miR-
124-3p was detected by qRT-PCR. According to
the above methods, biotin-labeled GRB2 3’UTR
was obtained. And the enriched miR-124-3p
level of in the pull-down RNA with biotin-labeled
GRB2 3’UTR was detected by qRT-PCR.

Establishment of a mouse MM xenograft
model

Four-week-old thymic BALB/c nude mice were
used to establish a mouse MM xenograft
model. Animal care was performed according
to the Guidelines for the Care and Use of
Laboratory Animals, presented by the National
Institutes of Health [26]. Firstly, using a recom-
binant lentivirus, U266 cells stably expressing
shRNA for LINCO1234 (LINCO1234-shRNA) or
the corresponding control cells (NC-shRNA)
were constructed. Then, stable cells (1x10°)
were subcutaneously injected into the right
flanks of mice (6 mice/group). The tumors were
measured on day 3, 6, 9, 12, 15, 18 and 21
after injection. The tumor volume was calculat-
ed as 1/2LW?, where W and L represent the
smallest and largest perpendicular tumor diam-
eter. The mice were sacrificed, weighted and
photographed at day 21 post-implantation.
Additionally, the IHC analysis of Ki67 and GRB2,
TUNEL analysis and the expression analysis of
LINCO1234 and miR-124-3p were performed.

Statistical analysis

Results are expressed as the mean + standard
error of the mean (SEM). Student’s t-test was
used to analyze the differences between two
groups. One-way ANOVA was used to analyze
the differences among multiple groups. Each
group contained three parallel lines and experi-
ments were repeated at least three indepen-
dent times. The correlations between LINC-
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01234 and miR-124-3p, LINC01234 and GRB2
MRNA, miR-124-3p and GRB2 mRNA were
respectively analyzed by Pearson correlation
analysis. P < 0.05 was considered significant.
*, P <0.05; ** P < 0.01; *** P < 0.001.

Results

LINCO1234 level is up-regulated in both MM
tissues and cells

As shown in Figure 1A, LINCO1234 levels in tis-
sue samples from MM patients (n=50) were
determined using gRT-PCR, the results revealed
that LINCO1234 level was significantly in-
creased in MM samples compared to Control
samples. Additionally, the ISH data also indi-
cated that LINC01234 up-regulation is a com-
mon event in MM (Figure 1C). In addition, using
the Kaplan-Meier method, the relationship
between the survival of MM patients and
LINCO1234 level was analyzed. As indicated in
Figure 1B, MM patients with high LINC0O1234
expression have a lower survival rate. Addi-
tionally, LINC01234 levels in the four MM cell
lines (RPMI-8226, U266, MM.1S and H929)
were higher than that in human normal plasma
cells, nPCs (Figure 1D). Among the MM cell
lines, RPMI-8226 and U266 cells expressed
higher levels of LINCO1234, which were thus
used in the following analysis. Additionally, the
RNA-FISH results in Figure 1E demonstrated
that LINC01234 was mainly distributed in cyto-
plasm, suggesting its post-transcriptional regu-
lation manner. Together, these results revealed
that LINCO1234 is overexpressed in MM tis-
sues and cells, which might play an oncogenic
role in MM.

LINCO1234 effects the proliferation, cycle pro-
gression and apoptosis of MM cells

To determine the effects of LINCO1234 on MM
cells, LINCO1234 was knocked down by three
siRNAs. The results in Figure 2A demonstrated
that LINCO1234 level was markedly decreased
after transfecting with LINC01234 siRNAs as
compared to the control group. Because si-
LINCO1234 2# and si-LINCO1234 3# had more
effective interference efficiency, which were
therefore selected for the following experi-
ments. The results in Figure 2B revealed that
the cell growth was inhibited in RPMI-8226 or
U266 cells after LINCO1234 was knockdown.
Figure 2C indicated that the number of RPMI-
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Figure 1. LINCO1234 is up-regulated in MM tissues and cells. A. The relative LINCO1234 expression levels in MM
tissues (MM, n=50) and normal control tissues (Control, n=50), as determined using qRT-PCR (Student’s t-test). B.
Kaplan-Meier curves of overall survival of 50 MM patients, stratified by LINCO1234 expression. C. The LINC01234
expression levels in MM tissues (MM, n=50) and normal control tissues (Control, n=50), as determined using ISH.
D. The relative LINCO1234 expression levels in human normal plasma cells (nPCs) and MM cell lines (RPMI-8226,
U266, MM.1S and H929), as determined using qRT-PCR (One-way ANOVA). E. Co-location detection of LINC01234
and U6 in U266 cells, as determined using ISH. The data are expressed as mean + SEM, **P < 0.01, ***P < 0.001.

8226 or U266 cells incorporating EDU in the si-
LINCO1234-treated group was significantly
decreased as compared to the control group.
Moreover, colony formation results demon-
strated that LINCO1234 down-expression sig-
nificantly decreased colony numbers as com-
pared to the control group (Figure 2D).

Additionally, as shown in Figure 3A, LINC01234
interference in RPMI-8226 or U266 cells led to
an increase in the G1-phase cell population and
a decrease in the S-phase cell population.
Furthermore, the results of cell apoptosis assay
in Figure 3B showed that LINCO1234 down-
expression significantly increased the percent-
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age of apoptotic cells. Additionally, the western
blot data in Figure 3C showed that the expres-
sion levels of cell cycle associated proteins
(p21, CDK4, p27) and cell apoptosis related
proteins (Bcl-2, Bax, Cleaved caspase3) were
significantly changed after LINC01234 was
knockdown. Among them, the protein levels of
p21, p27, Bax and Cleaved caspase3 were
increased, and the levels of CDK4 and Bcl-2
were decreased after LINCO1234 was knock-
ed down. These above results indicated that
LINCO1234 down-regulation could inhibit cell
proliferation, cell cycle progression and pro-
mote cell apoptosis of RPMI-8226 or U266
cells.
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Figure 2. LINCO1234 affects the proliferation of MM cells. A. The relative expression level of LINCO1234 in RPMI-8226 or U266 cells, after transfecting with siRNAs
for LINCO1234 (si-LINC01234 1#, si-LINCO1234 2#, si-LINCO1234 3#), or the corresponding control (si-NC) (One-way ANOVA). B. Growth curves of RPMI-8226
or U266 cells after transfecting with siRNAs for LINCO1234 (si-LINCO1234 2#, si-LINCO1234 3#) or the corresponding control (si-NC) (One-way ANOVA). The cell
growth rate was measured using a CCK-8 kit. C. Representative profiles of EDU cell growth in RPMI-8226 or U266 cells after transfecting with siRNAs for LINC01234
(si-LINC01234 2#, si-LINCO1234 3#) or the corresponding control (si-NC). EDU positive cell numbers were quantified and shown as histograms (One-way ANOVA).
D. Colony formation analysis of RPMI-8226 or U266 cells after transfecting with siRNAs for LINCO1234 (si-LINC01234 2#, si-LINC01234 3#) or the corresponding
control (si-NC). Colony numbers were quantified and shown as histograms (One-way ANOVA).
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Figure 3. LINCO1234 affects cycle progression and apoptosis of MM cells. A. Cell cycle analysis of RPMI-8226 or
U266 cells after transfecting with siRNAs for si-LINC01234 (si-LINCO1234 2#, si-LINCO1234 3#) or the correspond-
ing control (si-NC). Cell percentage in G1, S and G2 phages were quantified and shown as histograms (One-way
ANOVA). B. Cell apoptosis analysis of RPMI-8226 or U266 cells after transfecting with siRNAs for LINCO1234 (si-
LINCO1234 2#, si-LINC01234 3#) or the corresponding control (si-NC). Apoptosis rates were quantified and shown
as histograms (One-way ANOVA). C. The protein levels of p21, CDK4, p27, Bcl-2, Bax and Cleaved caspase3 in
RPMI-8226 or U266 cells after transfecting with siRNAs for LINCO1234 (si-LINC0O1234 2#, si-LINC01234 3#) or
the corresponding control (si-NC), using western blotting. Relatively quantitative results was determined by Image J
and shown as histogram (One-way ANOVA). The data are expressed as mean + SEM, *P < 0.05; **P < 0.01; ***P

< 0.001.

LINC01234 directly binds to miR-124-3p and
negatively regulates its expression

As indicated above, LINCO1234 down-regula-
tion inhibited cell proliferation, cell cycle pro-
gression and promoted cell apoptosis of MM
cells. However, the underlying molecular mech-
anism remains unclear. Therefore, the potential
target miRNA of LINCO1234 was analyzed. By
means of miRDB (http://http://mirdb.org/), LI-
NC01234 was potentially identified to interact
with miR-124-3p. As Figure 4A shown, the miR-
124-3p level was significantly up-regulated
after transfecting with miR-124-3p mimic.
Figure 4B showed that there was potential
base pairing sites between the binding seeds
of miR-124-3p and LINC01234 (marked in
blue). MiR-124-3p up-regulation inhibited the
luciferase activity of the LINCO1234 reporter
plasmids, while had no significant effects after
the miR-124-3p binding sites were mutated.
Additionally, biotinylated LINC01234 harboring
miR-124-3p binding site was synthesized in
vitro and the biotin-avidin pull-down assay was
performed. The gRT-PCR results demonstrated
that miR-124-3p was significantly enriched in
the RNA immunoprecipitation (RIP) pulled down
by biotinylated LINC01234 (Figure 4C). As
shown in Figure 4C, both LINCO1234 and miR-
124-3p were significantly enriched in the RNA,
which were immunoprecipitated by the anti-
body for Ago2 protein, a core component of
miRNA-mediated RISC protein complex. Accor-
dingly, siRNA for LINCO1234 caused signifi-
cantly increased miR-124-3p levels in RPMI-
8226 or U266 cells (Figure 4D). Additionally,
the results in Figure 4E showed that miR-124-
3p level was significantly decreased in MM tis-
sue samples. The Pearson’s correlation analy-
sis demonstrated that there was a negative
relationship between miR-124-3p expression
and LINCO1234 levels in tissue samples from
MM patients (Figure 4F). These findings toge-
ther revealed that LINCO1234 can negatively
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regulate miR-124-3p by targeting its binding
seeds.

miR-124-3p negatively regulates GRB2
through targeting its 3’'UTR

In MM cells, LINCO1234 could directly bind to
miR-124-3p. However, the role of miR-124-3p
in MM remains largely unclear. Next, Target-
Scan, miRDB and starBase were then used to
predicate the target genes of miR-124-3p
(Figure 5A). We found that GRB2 are probably
potential target of miR-124-3p. Accordingly, the
seed binding sites between miR-124-3p and
GRB2 were depicted in Figure 5B (marked in
blue). As Figure 5B shown, miR-124-3p up-reg-
ulation decreased the luciferase activity of the
GRB2 3'UTR reporter plasmids, while the lucif-
erase activities were not significantly affected
after the miR-124-3p binding sites were mutat-
ed. Additionally, biotinylated GRB2 3’UTR har-
boring miR-124-3p binding site was synthe-
sized in vitro and the biotin-avidin pull-down
assay was performed. The gRT-PCR results
(Figure 5C) demonstrated that miR-124-3p
level was markedly decreased after transfect-
ing with miR-124-3p inhibitors (miR-124-3p
inh). The western blot results (Figure 5D)
showed that the GRB2 protein levels were
markedly decreased after transfecting with
miR-124-3p mimics, and miR-124-3p inhibitor
caused reversed results. As Figure 5E shown,
western blot results demonstrated that GRB2
protein level was markedly decreased after
LINCO1234 was knocked down. While, the
simultaneous transfection of miR-124-3p inhib-
itors restored the protein expression of GRB2,
which was inhibited by LINCO1234 siRNA. The
results in Figure 5F showed that GRB2 mRNA
levels were markedly increased in MM tissue
samples. According to the Pearson’s correla-
tion analysis, miR-124-3p expression was neg-
atively correlated with GRB2 mRNA level in tis-
sue samples from MM patients (Figure 5F).
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Figure 4. LINCO1234 directly binds to miR-124-3p and negatively regulates its expression. A. The relative expression levels of miR-124-3p in U266 cells, after trans-
fecting with miR-124-3p mimics (miR-124-3p mimic) or the corresponding control (NC mimic) (Student’s t-test). B. StarBase identified the predicted seed-recognition
sites between miR-124-3p and LINCO1234, marked in blue. The relative luciferase activity of the LINCO1234 reporter plasmid was detected in U266 cells after
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were harvested and mixed with Ago2 antibodies to perform miRNA-based pull down. LINCO1234 or miR-124-3p enrichments were tested by gRT-PCR and compared
to Anti IgG and Input (One-way ANOVA). D. The relative miR-124-3p expression levels in RPMI-8226 or U266 cells after transfecting with siRNAs for LINC01234
(si-LINC01234 2#, si-LINCO1234 3#) or the corresponding control (si-NC), as determined using qRT-PCR (One-way ANOVA). E. The relative miR-124-3p expression
levels in MM tissues (MM, n=50) and normal control tissues (Control, n=50), as determined using qRT-PCR (Student’s t-test). F. The Pearson correlation analysis on
miR-124-3p expression and LINCO1234 level. The data are expressed as mean + SEM, ***P < 0.001.
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ing with miR-124-3p inhibitors (miR-124-3p inh) or the corresponding control (NC inh), as determined using qRT-
PCR (Student’s t-test). D. The protein level of GRB2 in RPMI-8226 or U266 cells after transfecting with miR-124-3p
mimics (MiR-124-3p mimic), miR-124-3p inhibitors (miR-124-3p inh) or the corresponding controls (NC mimic or NC
inh), as determined using western blotting. Relatively quantitative results were determined by Image J and shown
as histogram (Student’s t-test). E. The protein level of GRB2 in RPMI-8226 or U266 cells after transfecting with si-
LINCO1234+NC inh, si-LINCO1234+miR-124-3p inh or the corresponding controls (siNC+NC inh), as determined
using western blotting. Relatively quantitative results were determined by Image J and shown as histogram (One-way
ANOVA). F. The relative GRB2 mRNA expression level in MM tissues (MM, n=50) and normal control tissues (Control,
n=50), as determined using qRT-PCR (Student’s t-test). G. The Pearson correlation analysis on GRB2 mRNA expres-
sion and LINC01234/miR-124-3p level. The data are expressed as mean + SEM, *P < 0.05; **P < 0.01; ***P <

0.001.

These investigations suggested that LINCO12-
34 might regulate GRB2 expression through
sponging miR-124-3p.

LINC01234 effects MM cell proliferation, cycle
progression and apoptosis through inhibiting
the miR-124-3p expression

The effects of LINCO1234/miR-124-3p axis on
cell proliferation, cycle progression and apopto-
sis were then investigated. As Figure 6A shown,
the cell growth was inhibited after LINCO1234
was down-regulated, and this effect was abol-
ished after inhibiting LINCO1234 and miR-124-
3p simultaneously. Figure 6B indicated that
LINCO1234 down-regulation significantly de-
creased the number of RPMI-8226 or U266
cells incorporating EDU, and the number of
EDU-positive cells was increased after inhibit-
ing LINCO1234 and miR-124-3p simultaneous-
ly. The colony formation results demonstrated
that LINC01234 down-expression markedly de-
creased colony numbers, and si-LINCO1234+
miR-124-3p inh eliminated the suppression of
colony formation (Figure 6C). Additionally, as
shown in Figure 6D, si-LINCO1234 resulted in a
distinct increase in the Gl-phase cell popula-
tion and a decrease in the S-phase cell popula-
tion in RPMI-8226 or U266 cells. While, after
inhibiting LINCO1234 and miR-124-3p simulta-
neously, the cell cycle arrest caused by LINC-
01234 down-regulation was abolished. As
shown in Figure 6E, the percentage of apopto-
sis cells was significantly up-regulated after
transfecting si-LINC01234, compared to that
of si-NC+inh NC cells. While, after inhibiting
LINCO1234 and miR-124-3p simultaneously,
the percentage of apoptosis cells was signifi-
cantly decreased. In addition, the western blot
data in Figure 6F showed that after LINC0O1234
was inhibited, the expression levels of p21,
p27,Baxand Cleaved caspase3 were increased,
and the levels of CDK4 and Bcl-2 were de-
creased. While, simultaneous miR-124-3p sup-
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pression abolished the expression changes of
these proteins caused by si-LINCO1234. These
results above indicated that LINCO1234 inhibi-
tion can suppress cell proliferation, cell cycle
progression and promote cell apoptosis in
RPMI-8226 or U266 cells, which largely de-
pends on negatively regulating miR-124-3p.

LINC01234 down-regulation inhibits tumor
growth in a mouse xenograft model

The function of LINCO1234 was finally analyzed
in vivo. U266 cells stably down-expressing
LINC01234 were were subcutaneously implant-
ed into two groups of nude mice, the corre-
sponding tumors were excised and Figure 7A
showed the representative photograph. At day
21 post-implantation, the tumors in the LINC-
01234-shRNA group exhibited smaller sizes
and less weight, compared with that of the
NC-shRNA group. As Figure 7B shown, LINC-
01234 inhibition caused significant reduction
in Ki67 positive cell number and decreased
GRB2 expression in xenograft tumors. The
TUNEL assay indicated higher percentage of
apoptotic cells in LINCO1234 shRNA group.
Additionally, LINCO1234 inhibition led to higher
miR-124-3p levels in xenograft tumors (Figure
7C). These results indicated that LINCO1234
down-expression could increase miR-124-3p
expression, suppress the protein expression of
GRB2, decrease cell proliferation and finally
inhibit the MM growth in vivo.

Discussion

In the present study, the anti-proliferative, anti-
cycle progression and pro-apoptotic functions
of LINC01234 down-regulation was found, and
theregulatory relationship between LINC01234
and miR-124-3p/GRB2 was also investigated.
It was gradually demonstrated that IncRNAs
were closely associated with MM progression.
Recently, Lu found that LincO0515 could regu-
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Annexin V

Figure 6. LINCO1234/miR-124-3p affects the proliferation, cycle progression and apoptosis of MM cells. A. Growth curves of RPMI-8226 or U266 cells after trans-
fecting with si-LINCO1234+NC inh, si-LINC01234+miR-124-3p inh or the corresponding control (si-NC+NC inh) (One-way ANOVA). Cell growth rate was measured us-
ing a CCK-8 kit. B. Representative profiles of EDU cell growth in RPMI-8226 or U266 cells after transfecting with si-LINCO1234+NC inh, si-LINCO1234+miR-124-3p
inh or the corresponding control (si-NC+NC inh). EDU positive cell numbers were quantified and shown as histograms (One-way ANOVA). C. Colony formation analy-
sis of RPMI-8226 or U266 cells after transfecting with si-LINCO1234+NC inh, si-LINCO1234+miR-124-3p inh or the corresponding control (si-NC+NC inh). Colony
numbers were quantified and shown as histograms (One-way ANOVA). D. Cell cycle analysis of RPMI-8226 or U266 cells after transfecting with si-LINCO1234+NC
inh, si-LINCO1234+miR-124-3p inh or the corresponding control (si-NC+NC inh). Cell percentage in G1, S and G2 phages were quantified and shown as histograms
(One-way ANOVA). E. Cell apoptosis analysis of RPMI-8226 or U266 cells after transfecting with si-LINCO1234+NC inh, si-LINCO1234+miR-124-3p inh or the cor-
responding control (si-NC+NC inh). Apoptosis rates were quantified and shown as histograms (One-way ANOVA). F. The protein levels of p21, CDK4, p27, Bcl-2, Bax
and Cleaved caspase3 in RPMI-8226 or U266 cells after transfecting with si-LINCO1234+NC inh, si-LINCO1234+miR-124-3p inh or the corresponding control (si-
NC+NC inh), as determined using western blotting. Relatively quantitative results was determined by Image J and shown as histogram (One-way ANOVA). The data
are expressed as mean + SEM, *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 7. LINCO1234 down-regulation inhibits tumor growth in a MM mouse xenograft model. A. A representa-
tive photograph of corresponding tumors dissected from mice at day 21 post-implantation. The volumes (left) and
weights (right) of the xenograft tumors of nude mice derived from subcutaneous implantation of U266 cells stably
expressing shRNA for LINCO1234 (LINCO1234-shRNA) or the control cells (NC-shRNA) (Student’s t-test). B. IHC
staining of Ki67 and GRB2 and TUNEL assay in the xenograft tumors in nude mice derived from subcutaneous im-
plantation of U266 cells stably expressing shRNA for LINCO1234 (LINCO1234-shRNA) or the control cells (NC-shR-
NA). C. The relative expression levels of LINCO1234 and miR-124-3p in the xenograft tumors in nude mice derived
from subcutaneous implantation of U266 cells stably expressing shRNA for LINCO1234 (LINCO1234-shRNA) or the
control cells (NC-shRNA), as determined using gRT-PCR (Student’s t-test). The data are expressed as the mean *
SEM, **P < 0.01; ***P < 0.001.

late miR-140-5p/ATG14 expression and en- Using Targetscan, miRDB and starBase, poten-
hance autophagy and chemoresistance of mel- tial seed binding sites between miR-124-3p
phalan-resistant myeloma [17]. Li suggested and GRB2 were predicted. Other cancer-related
that FEZF1-AS1 regulated miR-610/Akt3 axis genes have been reported to be targeted by
and promoted MM cells proliferation [27]. miR-124-3p, mainly including MGAT5 in breast
These results demonstrated that INcRNAs exert cancer [17], ITGA3 in bladder cancer [28], PIM1
their functional roles through sponging their in astrocytoma [29], IGF2BP1 in cervical can-
target miRNAs. In our study, the results revealed cer [30]. Based on the miRNA's characteristics
that miR-124-3p could be sponged by LINC- of multiple targets, whether miR-124-3p exerts
01234 in MM. Except for miR-124-3p, other its regulatory activity by negatively regulating
miRNAs have been found to be regulated by these genes simultaneously in MM needs fur-
LINCO1234. These miRNAs mainly include miR- ther study. On the other hand, miR-124-3p have
642a-5p in colon cancer [13] and miR-204-5p been found to be sponged by other IncRNAs,
[14] in Gastric Cancer. So far, the expression which mainly including OGFRP1 in non-small
signature of miR-642a-5p and miR-204-5p in cell lung cancer [31], SNHG16 in acute lympho-
MM has not been demonstrated. Thus, whether blastic leukemia [32] and LINCO0511/HOXA11-
LINC01234 might also sponge these two miR- AS in glioma [33, 34]. The roles of these Inc-
NAs needs further study. Probably, LINCO1234 RNAs in MM have not yet been known. It might
may exert its function via affecting several be hypothesized that in MM development, miR-
miRNAs and regulating their target genes. 124-3p act as an intermediary agent, which
Therefore, the potential target genes of miR- could be sponged by several IncRNAs and tar-
124-3p were next studied. get multiple genes meanwhile.
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Because GRB2 is enormously involved in the
development of different cancers, which stands
out as a candidate of anticancer drug target
[19]. On account of the insufficient bioavailabil-
ity of peptide-based inhibitors and the side
effects of small molecule compounds, it may
be of benefit for developing novel anticancer
drugs, such as gene durgs based on ncRNAs.
Our data showed that miR-124-3p inhibitors
restored the effect of MM cell proliferation,
cycle and apoptosis, which were caused by
LINCO1234 inhibition. Except for miR-124-3p,
miR-329, miR-411-5p, miR-1258, miR-433-3p
and miR-378a-3p have been reported to regu-
late GRB2 at post-transcriptional level in other
cancers [35-39]. Although the roles of these
miRNAs in MM remain unclear, they hold prom-
ise for targeting GRB2. Nevertheless, our data
revealed that LINCO1234 down-regulation also
inhibited the expression of GRB2 by up-regulat-
ing miR-124-3p. Thus, a combined utilization of
chemotherapy and GRB2 oligonucleotide inhib-
itors, such as LINCO1234 inhibitors, miR-124-
3p or other miRNAs, are helpfulp for MM
treatment.

In summary, our findings revealed that LINC-
01234 down-expression could suppress cell
proliferation, cell cycle progression and pro-
mote cell apoptosis in RPMI-8226 or U266
cells. LINCO1234 could competitively sponge
miR-124-3p and decrease its expression.
Additionally, LINCO1234/miR-124-3p play a
crucial part in affecting GRB2 expression in
MM through binding its 3’UTR. Furthermore,
LINCO1234 down-expression could inhibit the
GRB2 expression and tumor growth in vivo.
Based on the functions of anti-proliferation,
anti-cell cycle progression and pro-apoptosis,
the signaling axis of LINCO1234/miR-124-3p/
GRB2 might hold promise as promising candi-
dates for MM treatment.
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