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ABSTRACT
Multiple myeloma (MM) is a plasma cells malignant proliferative disease, especially in aged
people. LncRNAs have been considered as important regulators in MM. This research was to
study the effect of LncRNA MALAT1 on the proliferation and adhesion of myeloma cells and
whether Long non-coding RNAs MALAT1(LncRNA MALAT1) plays its regulative role through
Hippo-YAP signaling pathway by targeting miR-181a-5p. Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) analysis was used to detect the LncRNA MALAT1/miR-181a-5p
expression and improve the transfection efficiency. Western blot analysis was used to analyze the
expression of proliferation and apoptosis related proteins and Hippo-Yes-associated protein (YAP)
signaling pathway related proteins. Cell proliferative ability and cell apoptosis were respectively
determined by Cell Counting Kit-8 (CCK-8) assay and flow cytometry analysis. ELISA assay was for
the determination of adherence factors. Immunohistochemistry was to detect the expression of
proliferation and adhesion related proteins. LncRNA MALAT1 targeting gene was determined by
Dual-luciferase reporter assay. LncRNA MALAT1 was increased in MM cells and LncRNA MALAT1
interference could inhibit cell proliferation and promote cell apoptosis with the changes in the
related proteins. Also, LncRNA MALAT1 interference could inhibit cell adhesion through Hippo-
YAP signaling pathway. MiR-181a-5p was demonstrated to be a target of LncRNA MALAT1 and
miR-181a-5p overexpression could also regulate the changes in cellular behavior in accordance
with the LncRNA MALAT1 interference. In addition, LncRNA MALAT1 interference could decrease
the expression of miR-181a-5p and inhibit the growth of tumor. In conclusion, this study showed
that LncRNA MALAT1 interference inhibited the proliferation and adhesion of myeloma cells by
the up-regulation of miR-181a-5p through activating the Hippo-YAP signaling pathway.
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Introduction

Multiple myeloma (MM) is a kind of malignant
blood disease, characterized by abnormal clone
proliferation of plasma cells in bone marrow. The
plasma cells secrete large amounts of monoclonal
immunoglobulin or its pieces, which causes
damage to tissues or organs, such as kidneys or
bones [1]. The incidence rate of MM accounts for
about 10% of all malignant blood diseases, and it
tends to occur in the elderly. With the progress of
China’s aging population, the number of MM
patients tends to increase [2].

Cell adhesion molecules play an important role
in many physiological and pathological processes,
including the development of tumor. Study
reported that various adhesion molecules on the

myeloma cells were combined with bone marrow
stromal cells and corresponding ligands in extra-
cellular matrix cells (ECM) which formed the
molecular basis of tumor cell anchor-dependent
growth. In addition, the network constituted by
bone marrow stromal cells and ECM provided an
appropriate microenvironment for tumor cell
growth. A series of adhesion molecules expressed
by MM cells enabled myeloma cells selectively to
adhere which provided physical and cytokine sup-
port for tumor cells proliferation [3,4]. Therefore,
it is particularly important to inhibit the expres-
sion of cell adhesion molecules.

Long non-coding RNAs (LncRNAs) which the
length was more than 200 nucleotides have been
recently reported to be linked to the development
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and progression of carcinomas [5–7]. In multiple
myeloma cells, LncRNA MALAT1 targeting miR-
509-5p could regulate the expression of Forkhead
box protein P1 (FOXP1) to promote the develop-
ment of MM [8]. Studies have shown that
LncRNA MALAT1 overexpression in plasma
of MM patients has been demonstrated to be
related to poor prognosis of MM patients [9,10].
However, the mechanism of LncRNA MALAT1 in
myeloma cell adhesion has not been explored.

Hippo signaling pathway is a signal transduc-
tion pathway that can regulate cell proliferation
and apoptosis, and YAP (Yes-associated protein)
is its main effector molecule. YAP is a candidate
oncogenic factor, and the abnormality of Hippo-
YAP pathway is closely related to the occurrence
and development of various tumors [11–13].
Hippo signaling pathway is now extended to the
study of the regulation of factors affecting cell
adhesion and polarity changes [14]. Therefore,
the therapeutic strategy targeting Hippo-YAP
pathway may provide new ideas for tumor
treatment.

MiR-181 regulates the cell growth, invasion and
cell apoptosis in a variety of tumor types, such as
breast cancer, gastric cancer, hepatic cancer and
glioma [15–18]. However, what the role of miR-
181 in MM has not been studied.

Therefore, this study aims to explore the effect
of LncRNA MALAT1 on the proliferation and
adhesion of MM cells, and to explore whether
LncRNA MALAT1 is involved in the proliferation
and adhesion of MM cells through the Hippo-YAP
signaling pathway.

Materials and methods

Cell culture

Human bone marrow stromal cell lines HS-5, and
Human myeloma cell lines U266, MM.1S,
RPMI8226 were purchased from the American
Type Culture Collection (ATCC). Cells were cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Grand Island, NY, USA) con-
taining 10% fetal bovine serum (FBS) (Hyclone,
Australia) and 1% antibiotic-antimycotic solution
at 37°C in a humidified incubator with 5% CO2.

LncRNA MALAT1 interference plasmid
construction and transfection

One day before transfection, cells were seeded into
60 mm DMEM until the abundance values reached
to 60%–80%. Then, the diluted plasmids and
diluted Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA,
USA) were mixed. At the same time, cells were
washed by polybutylene succinate (PBS) and
added into 3000 μL DMEM without FBS. The
transfection complex was directly added to the
above DMEM, which were gently swayed and
placed into incubator. Finally, transfected cells
with sh-MALAT1-1, sh-MALAT1-2, and sh-RNA
plasmids were obtained. The cells with no any
treatments were the control group.

Cell transfection

The cells were cultured in DMEM in a humid incu-
bator at 37°C with 5% CO2 and reseeded into 12-
well plates. MiR-181a-5p mimic, mimic control
(NC) and miR-181a-5p mimic+MALAT1 were
transfected into cells with Lipofectamine® 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The cells of control group were received not any
treatments. Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) was detecting the
transfected levels of miR-129-5p.

RT-qPCR analysis

Total RNA was extracted with TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). cDNA
was produced with 2 μg of total RNA using
a PrimeScript Reverse Transcription Reagent kit
(Takara Biotechnology Co., Ltd., Beijing, China).
RT-qPCR was performed with the SYBR ExScript
qRT-PCR Kit (Takara, China). The relative expres-
sion levels of miRNA was normalized to U6 expres-
sion and calculated with 2−ΔΔCq method. The primer
sequences for qPCR were as follows: U6 forward, 5ʹ-
CTCGCTTCGGCAGCACA-3ʹ, and reverse, 5ʹ-
AACGCTTCACGAATTTGCGT-3ʹ; LNCRNA MA
LAT1 forward, 5ʹ-AAAGCAAGGTCTCCCCACA
AG-3ʹ, and reverse, 5ʹ-GGTCTGTGCTAGATC-3ʹ;
miR-181a-5p forward 5ʹ-ACACTCCAGCTGG
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GAACATTCAACGCTGTCGG-3ʹ, and reverse, 5ʹ-
TGGTGTCGTGGAGTCG-3ʹ.

Western blot analysis

After transfection, the cells were obtained and
washed with PBS three times. Then, total proteins
in cells were extracted with a RIPA buffer
(Biocolors Biotechnology Co., Shanghai, China).
BCA Protein Assay Kit (Pierce; Thermo Fisher
Scientific, Inc.) was used to detect the concentra-
tion of total proteins. Subsequently, 50 μg proteins
per lane was separated on 12% SDS-PAGE gels
and absorbed into polyvinylidene fluoride
(PVDF) membranes (Merck Millipore, Billerica,
MA, USA). 0.5% Tween 20 was used to block the
nonspecific binding sites and then incubated with
primary antibody against LNCRNA MALAT1
(ab57030; Abcam; dilution, 1:1000), Cyclin-depen-
dent kinase-2 (CDK2) (#2546; Cell Signaling
Technology, Inc.; dilution, 1:1000), cyclinE1
(#20808; Cell Signaling Technology, Inc.; dilution,
1:1000), P21 (#2947; Cell Signaling Technology,
Inc.; dilution, 1:1000), B-cell lymphoma-2 (Bcl-2)
(#4223; Cell Signaling Technology, Inc.; dilution,
1:1000), Bax (#5023; Cell Signaling Technology,
Inc.; dilution, 1:1000), cleaved caspase3 (#9664;
Cell Signaling Technology, Inc.; dilution, 1:1000),
MST1 (#14946; Cell Signaling Technology, Inc.;
dilution, 1:1000), LATS1 (#3477; Cell Signaling
Technology, Inc.; dilution, 1:1000), Yes-associated
protein 1 (YAP1) (#14074; Cell Signaling
Technology, Inc.; dilution, 1:1000) and GAPDH
(#5174; Cell Signaling Technology, Inc.; dilution,
1:1000). The membranes were washed with PBS
three times and incubated with anti-rabbit horse-
radish peroxidase-linked IgG secondary antibody
(Cell Signaling Technology, Inc.) for 2–3 h at
room temperature on a shaker. The electrochemi-
luminescence kit (Roche Diagnostics) was to
observe the protein bands, which the intensity
was analyzed by the ImageJ software (National
Institutes of Health, Bethesda, MD).

Cell counting Kit-8 (CCK-8) assay

After transfection, the proliferation of myeloma
cells was detected by the CCK8 (Dojindo

Molecular Technologies, Shanghai, China) assay.
The myeloma cells were planted into a 96-well
plate and cultured at 37°C and 5% CO2. The
supernatant of each well was discarded and 10 μl
CCK8 solution was added into each well for
another culture of 4 h. With the examination of
a Model 680 Microplate Reader (Bio-Rad
Laboratories, Inc., Hercules, CA), the absorbance
value of each well was detected at 450 nm.

Flow cytometry analysis

After transfection, cells were washed by PBS three
times and digested by 200 μL pancreatic enzymes.
The pancreatic enzymes were soaked up and PBS
containing 20% fetal calf serum was added to
terminate the digestion. After centrifugation,
490 μL precooled binding buffer was used to resus-
pend to obtain the cell suspension. 5 µL Annexin
V-FITC and 5 µL propidium iodide (PI) were
added to stain the cells at 4°C n the dark for
15 min. The apoptosis rate of cells was analyzed
by flow cytometry within 1 h.

Enzyme-linked immuno sorbent assay (ELISA)
assay

Interleukin-1 (IL-1), tumor necrosis factor-alpha
(TNFα), Interferon gamma (IFNγ), Mucin 1
(Muc-1), Intercellular Adhesion Molecule 1
(ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1) in myeloma cells were evaluated by
commercially available ELISA kits (Boster,
China). The results were calculated according to
the standard curves using standard proteins.

Dual-luciferase reporter assay

The targeted miRNA of lncRNA MALAT1 was
predicted by http://starbase.sysu.edu.cn/index.
php. Cells were co-transfected with luciferase
reporters and miR-181a-5p mimics or controls
using Lipofectamine 2000. After incubation for
48 h, luciferase activity was determined with
a Dual Luciferase Assay Kit (Promega) under the
Dual-Luciferase Reporter Assay System (E1910,
Promega).
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Immunohistochemistry

The paraffin-embedded tumor tissues were cut into
pieces of which thickness was 5 μm and transferred
onto glass slides. The paraffin sections were treated
according to the Immunohistochemical Kit and
immunohistochemical staining procedure was
detailed in a previous study [19]. The primary anti-
bodies were Ki-67, muc-1, ICAM-1, VCAM-1,
MST1, LATS1, YAP1 (Abcam, USA), and Biotin-
labeled Goat Anti-Rabbit IgG H&L (Abcam, USA)
was the second antibody.

Xenograft model in vivo

The male nude mice incubated for 6–8 wk were
divided into three groups randomly (n = 4), includ-
ing sh-MALAT1 group, sh-RNA group and control
group. 1 × 106 cells/100 μL were transplanted sub-
cutaneously into right side of the mice. The tumor
growth was observed at 1th, 5th, 10th, 15th, and 20th

day, and tumor size was measured and calculated
by the formula V = (L× W2)/2. Twelve mice were
killed and tumors were stripped which the wet
weight was weighed.

Statistical analysis

The experimental data were expressed as the form
of mean ± standard deviation (SD). Statistical
analysis and figure making were performed with
SPSS 22.0 and GraphPad Prism 5 software.
Student’s t-test was used for comparisons between
groups, while one-way analysis of variance was
used for comparisons between multiple groups.
P < 0.05 was perceived as statistically significant.

Results

LncRNA MALAT1 is increased in myeloma cells

The LncRNA MALAT1 expression in myeloma
cells was detected by RT-qPCR analysis. As
shown in Figure 1, LncRNA MALAT1 expression
in U266, MM.1S, and RPMI8226 were increased
compared with HS-5 and LncRNA MALAT1
expression was highest in U266. Therefore, U266
was chosen for the subsequent experiment.

LncRNA MALAT1 interference inhibits
proliferation and promotes apoptosis of
myeloma cells

The RT-qPCR analysis and western blot analysis
were used to verify the transfection effects. As
shown in Figure 2(a,b), compared with control
group and sh-RNA group, mRNA expression level
and protein expression level of LncRNA MALAT1
were all decreased and sh-MALAT1-1 transfected
cells expressed lower LncRNA MALAT1 than sh-
MALAT1-2 transfected cells. Therefore, sh-
MALAT1-1 transfected cells were chosen for the
subsequent experiment. Compared with control
group and sh-RNA group, CCK-8 assay displayed
that cell proliferation was suppressed in sh-
MALAT1-1 group (Figure 2(c)) and Western blot
analysis displayed that expression of CDK2 and
cyclinE1 was increased while P21 expression was
decreased in sh-MALAT1-1 group (Figure 2(d)).

Compared with control group and sh-RNA
group, the results of flow cytometry analysis
showed that cell apoptosis was increased
(Figure 2(e,f)) and Western blot analysis showed
that Bcl-2 expression was increased while Bax and
cleaved caspase3 were decreased in sh-MALAT1-1
group (Figure 2(g)). These data suggest that
LncRNA MALAT1 interference inhibits prolifera-
tion and promotes apoptosis of myeloma cells.

LncRNA MALAT1 interference inhibits adhesion
of myeloma cells

ELISA assay was used to detect the expression of
inflammatory factors and adhesion factors. As

Figure 1. TheMALAT1mRNA expression in HS-5, U266, MM.1S and
RPMI8226 cells analyzed by RT-qPCR. ***P < 0.001 vs. HS-5 cells.
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shown in Figure 3, compared with control group
and sh-RNA group, the expression levels of IL-1,
TNFα, IFNγ and Muc-1, ICAM-1, VCAM-1 were
all decreased in sh-MALAT1-1 group. These data
reveal that LncRNA MALAT1 interference inhibits
adhesion of myeloma cells.

LncRNA MALAT1 interference inhibits
proliferation and adhesion of myeloma cells
through Hippo-YAP signaling pathway

As shown in Figure 4, compared with control group
and sh-RNA group, LATS1 expression and P-YAP1
expression were increased while YAP1 expression was
decreased and MST1 expression was not changed in

sh-MALAT1-1 group. The results indicate that
LncRNA MALAT1 interference inhibits proliferation
and adhesion of myeloma cells by regulating Hippo-
YAP signaling pathway.

LncRNA MALAT1 directly targets miR-181a-5p

Bioinformatics analysis predicted the potential target
gene of LncRNA MALAT1 and results demonstrated
that miR-181a-5p is a downstream target gene of
LncRNA MALAT1 (Figure 5(a)). Dual-luciferase
reporter assay was used to improve the prediction.
As shown in Figure 5(b), transfection of MALAT1
wild-type and miR-181a-5p mimics reduced the
fluorescence activity, indicating that MALAT1 and

Figure 2. LncRNA MALAT1 interference inhibits proliferation and promotes apoptosis of myeloma cells. (A) The transfection effect
was assessed by RT-qPCR. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group. (B) The transfection effect was assessed by
western blot. *P < 0.05 and ***P < 0.001 vs. control group. #P < 0.05 and ###P < 0.001 vs. sh-NC group. (C) The effect of LncRNA
MALAT1 interference on cell proliferation was determined by CCK-8 assay. **P < 0.01 and ***P < 0.001 vs. control group. #P < 0.05
vs. sh-NC group. (D) The proliferation related proteins (CDK2, cyclinE1, and P21) were detected by Western blot. **P < 0.01 and
***P < 0.001 vs. control group. ##P < 0.01 and ###P < 0.001 vs. sh-NC group. (E/F) The cell apoptosis rate was determined by flow
cytometry analysis. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group. (G) The apoptosis related proteins (Bcl-2, Bax, and
cleaved caspase3) were detected by Western blot. **P < 0.01 and ***P < 0.001 vs. control group. ##P < 0.01 and ###P < 0.001 vs. sh-
NC group.

CELL CYCLE 2513



miR-181a-5p have binding sites. In addition, com-
pared with control group and sh-RNA group, miR-

181a-5p was overexpressed in sh-MALAT1-1 group
(Figure 5(c)).

Figure 3. LncRNA MALAT1 interference inhibits adhesion of myeloma cells. The ELISA was used to detect the expression levels of IL-
1 (a), TNFα (b), IFNγ (c), and Muc-1 (d), ICAM-1 (e), and VCAM-1 (f). ***P < 0.001 vs. control group. ##P < 0.01 and ###P < 0.001 vs. sh-
NC group.

Figure 4. LncRNA MALAT1 interference inhibits proliferation and adhesion of myeloma cells through Hippo-YAP signaling pathway.
The proteins (MST1, LATS1, P-YAP1, and YAP1) related to Hippo-YAP signaling pathway were detected by western blot. **P < 0.01
and ***P < 0.001 vs. control group. ##P < 0.01 and ###P < 0.001 vs. sh-NC group.
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MiR-181a-5p is decreased in myeloma cells

The miR-181a-5p expression in myeloma cells was
detected by RT-qPCR analysis. As shown in
Figure 5(d), compared with HS-5, miR-181a-5p
expression in U266, MM.1S, and RPMI8226 were
decreased. U266 cells with the lowest miR-181a-5p
expression were selected for the following
experiment.

MiR-181a-5p overexpression inhibits
proliferation and promotes apoptosis of
myeloma cells

As shown in Figure 6(a), RT-qPCR analysis indicated
that miR-181a-5p in cells transfected with miR-181a-
5p mimics expressed higher than control group and
NC group. CCK-8 assay was used to detect the viabi-
lity of cells and the data indicated that miR-181a-5p
overexpression decreased the cell viability and cell
viability was improved in miR-181a-5p mimics
+MALAT1 group which the cell viability was still
under the cell viability in control group and NC
group (Figure 6(b)). The proliferation related proteins

were determined by western blot analysis and expres-
sion of CDK2 and cyclinE1 were decreased and P21
expression was increased compared with control
group and NC group while expression of CDK2 and
cyclinE1 were risen and P21 expression was decreased
compared with miR-181a-5p mimics group
(Figure 6(c,d)). As shown in Figure 6(e,f), flow cyto-
metry analysis showed that cell apoptosis in miR-
181a-5p mimics group was increased compared with
control group and NC group while cell apoptosis was
lower in miR-181a-5p mimics+MALAT1 group than
that in miR-181a-5p mimics group but still higher
than control group and NC group. And, expression
of apoptosis-related proteins detected byWestern blot
analysis indicated that Bcl-2 expression was decreased
while expression of Bax and cleaved caspase3 were
increased compared with control group and NC
groupwhile Bcl-2 expressionwas risen and expression
of Bax and cleaved caspase3 was decreased in miR-
181a-5p mimics+MALAT1 group compared with
miR-181a-5p mimics group (Figure 6(g,h)). The
above findings indicate that miR-181a-5p overexpres-
sion inhibits proliferation and promotes apoptosis of
myeloma cells.

Figure 5. LncRNA MALAT1 directly targets miR-181a-5p. (a) Interaction between miR-181a-5p and 3ʹUTR of MALAT1 was predicted
by starBase. (b) Luciferase activity of a reporter containing MALAT1 3ʹUTR-WT or 3ʹUTR-MUT (with a mutation in the miR-181a-5p
binding site). ***P < 0.001 vs. control group. (c) The miR-181a-5p expression was upregulated in myeloma cells transfected with sh-
MALAT1. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group. (d) The miR-181a-5p expression in myeloma cells was
detected by RT-qPCR. **P < 0.01 and ***P < 0.001 vs. HS-5 group.
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Figure 6. MiR-181a-5p overexpression inhibits proliferation and promotes apoptosis of myeloma cells. (a) The transfection effect was
assessed by RT-qPCR. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group. (b) The effect of miR-181a-5p overexpression on cell
proliferation was determined by CCK-8 assay. *P< 0.05 and **P< 0.01 and ***P < 0.001 vs. control group. #P< 0.05 vs. sh-NC group. ΔP< 0.05
vs. miR-181a-5p mimics group. (c/d) The proliferation related proteins (CDK2, cyclinE1, and P21) were detected by Western blot. ***P < 0.001
vs. control group. ###P < 0.001 vs. sh-NC group. ΔP < 0.05 vs. miR-181a-5p mimics group. ΔΔP < 0.01 and ΔΔΔP < 0.001 vs. miR-181a-5p mimics
group. (e/f) The cell apoptosis rate was determined by flow cytometry analysis. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group.
ΔΔΔP < 0.001 vs. miR-181a-5pmimics group. (g/h) The apoptosis related proteins (Bcl-2, Bax, and cleaved caspase3) were detected byWestern
blot. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group. ΔΔP < 0.01 and ΔΔΔP < 0.001 vs. miR-181a-5p mimics group.
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MiR-181a-5p overexpression inhibits adhesion of
myeloma cells

As shown in Figure 7, the results of ELISA assay
showed that expression of IL-1, TNFα, IFNγ and
Muc-1, ICAM-1, VCAM-1 were all decreased in
miR-181a-5p mimics group compared with con-
trol group and NC group while expression of those
inflammatory factors and adhesion factors were
risen in miR-181a-5p mimics+MALAT1 group
but still lower than control group and NC group.
These data suggest that miR-181a-5p overexpres-
sion inhibits adhesion of myeloma cells.

MiR-181a-5p overexpression inhibits proliferation
and adhesion of myeloma cells through Hippo-YAP
signaling pathway.

As shown in Figure 8, expression of LATS1 and
P-YAP1 was upregulated and YAP1 expression
was downregulated in miR-181a-5p mimics
group compared with control group and NC
group while expression of LATS1 and P-YAP1
was decreased and YAP1 expression was risen in
miR-181a-5p mimics+MALAT1 group. MST1

expressions in all groups were not changed.
Above all, miR-181a-5p overexpression affects the
Hippo-YAP signaling pathway to inhibit prolifera-
tion and adhesion of myeloma cells.

LncRNA MALAT1 interference inhibits tumor
growth

The phenotypes of tumors in vitro and in vivo were
showed in Figure 9(a) and (b). As shown in Figure 9
(c), tumor volumewas gradually decreased from 1th to
20th Day in three groups and tumor volume in sh-
MALAT1-1 groupwas smaller than control group and
sh-RNA group from 1th to 20th Day. Accordingly, the
weight of tumor was lower than control group and sh-
RNA group (Figure 9(d)). In addition, the miR-181a-
5p expression in sh-MALAT1-1 group was higher
than control group and sh-RNA group (Figure 10
(a)). Immunohistochemistry analyzed the expression
of proliferation related protein (Ki-67) and adhesion
related proteins (Muc-1, ICAM-1 and VCAM-1) and
results indicated that expressionof those proteinswere

Figure 7. MiR-181a-5p overexpression inhibits adhesion of myeloma cells. The ELISA was used to detect the expression levels of IL-1
(a), TNFα (b), IFNγ (c), and Muc-1 (d), ICAM-1 (e), and VCAM-1 (f). ***P < 0.001 vs. control group. ##P < 0.01 and ###P < 0.001 vs. sh-
NC group. ΔP < 0.05, ΔΔP < 0.01, and ΔΔΔP < 0.001 vs. miR-181a-5p mimics group.
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all downregulated in sh-MALAT1-1 group compared
with control group and sh-RNA group (Figure 10(b)).
Therefore, LncRNA MALAT1 interference inhibits
the growth of tumor with the downregulated expres-
sion of proliferation-related protein and adhesion-
related proteins in vivo.

LncRNA MALAT1 interference inhibits tumor
growth through Hippo-YAP signaling pathway

Immunohistochemistry data showed that MST1
expression was not changed in three groups and
YAP1 expression was increased in sh-MALAT1-1
group compared with control group and sh-RNA
group while LAST1 expression was increased in sh-
MALAT1-1 group compared with control group and

sh-RNA group (Figure 11(a)). And, the results of
expression of MST1, YAP1, and LAST1 in western
blot were consistent with the previous results in
immunohistochemistry. And, P-YAP1 was expressed
higher in sh-MALAT1-1 group compared with con-
trol group and sh-RNA group (Figure 11(b,c)).
Therefore, LncRNA MALAT1 interference affects
Hippo-YAP signaling pathway in vivo to suppress
tumor growth.

Discussion

In the present study, the main findings showed that
LncRNA MALAT1 expression and miR-181a-5p
expression in myeloma cells were overexpressed.
LncRNA MALAT1 interference or miR-181a-5p

Figure 8. MiR-181a-5p overexpression inhibits proliferation and adhesion of myeloma cells through Hippo-YAP signaling pathway.
The proteins (MST1, LATS1, P-YAP1, and YAP1) related to Hippo-YAP signaling pathway were detected by western blot. ***P < 0.001
vs. control group. ###P < 0.001 vs. sh-NC group. ΔP < 0.05 and ΔΔP < 0.01 vs. miR-181a-5p mimics group.
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overexpression play suppressive role in the prolifera-
tion and adhesion of myeloma cells, which was also
demonstrated in vivo experiment. In addition, Hippo-
YAP signaling pathway was involved in the progres-
sion of LncRNAMALAT1/miR-181a-5p affecting the
proliferation and adhesion of myeloma cells.

Currently, many existing studies indicated that
LncRNA/miRNA was involved in the development
of various cancers, which could be relieved by chan-
ging the expression of LncRNA/miRNA [20–23]. Xu
et al. [24] found that MALAT1 could facilitate color-
ectal cancer cell proliferation and suppress cell apop-
tosis by downregulating miR-145 and upregulating
SOX9. MALAT1 was upregulated in tumor tissues
and ovarian cancer cells and could induce the pro-
liferation and metastasis of ovarian cancer cells via
the PI3K-AKT pathway [25]. MiR-181a-5p was
reported downregulated in the cell cycle in prostate
cancer and miR-181a-5p silence could inhibit pro-
liferation and the cell cycle [26]. The overexpression
of miR-181a-5p enhanced cell proliferation and
invasion and inhibited apoptosis of cervical cancer
cells by negatively targeting INPP5A [27]. Therefore,

we speculated that LncRNA MALAT1 and miR-
181a-5p maybe also could inhibit the proliferation
of myeloma cells.

MM cells express a series of adhesion molecules,
which enable myeloma cells to selectively adhere
and return to the homing matrix, providing phy-
sical and cytokine support for tumor cell prolifera-
tion. Therefore, it is particularly important to
suppress cell adhesion by inhibiting the expression
of cell adhesion molecules. Studies have indicated
that LncRNA/miRNA could regulate the cell adhe-
sion in many cancers [28–31]. In summary,
whether LncRNA MALAT1 and miR-181a-5p
could inhibit the cell adhesion of myeloma cells
remains unknown. Therefore, the aim of the pre-
sent study was to explore the role of LncRNA
MALAT1 and miR-181a-5p in proliferation and
adhesion of MM cells. Here, the results of our
study indicated that LncRNA MALAT1 was over-
expressed in myeloma cells, which was consistent
with LncRNA MALAT1 expression in other can-
cers [32,33]. In addition, downregulation of
LncRNA MALAT1 could inhibit the proliferation

Figure 9. LncRNA MALAT1 interference inhibits tumor growth. (a) The phenotypes of tumors in vitro. (b) The phenotypes of tumors
in vivo. (c) The tumor growth curve according to tumor volume. *P < 0.05 vs. control group. (d) The tumor growth curve according to
tumor weight. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group.
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and adhesion of MM cells by upregulating the
expression of miR-181a-5p.

Hippo-YAP signaling pathway has been reported
to be related to the proliferation, invasion and apop-
tosis in many cancers [34–36]. YAP overexpression
efficiently promoted cell growth in epithelial ovarian
cancer cells [37]. Liu et al. [38] found that knock-
down of LINC00662 suppressed the Hippo-YAP1
signaling pathway in GC cells which leaded to the
inhibition of cell growth. MAC30 knockdown acti-
vated the Hippo signaling pathway to promote the

cell apoptosis in breast cancer [39]. Therefore, Hippo
signaling pathway was involved in the proliferation
and apoptosis in cancer, which could be also
involved in the proliferation in myeloma cells. In
this study, we investigated the role of Hippo signal-
ing pathway in myeloma cells and found that
LncRNA MALAT1 and miR-181a-5p inhibited the
cell proliferation and adhesion via regulation of
Hippo signaling pathway.

In conclusion, our results revealed that inhibition
effect of LncRNA MALAT1 interference by the

Figure 10. LncRNA MALAT1 interference inhibits the expression of proliferation and adhesion related proteins. (a) The expression of
miR-181a-5p in tumor after transfection. ***P < 0.001 vs. control group. ###P < 0.001 vs. sh-NC group. (b) The expression of
proliferation (Ki-67) and adhesion (Muc-1, ICAM-1, and VCAM-1) related proteins was detected by immunohistochemistry.
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downregulation of miR-181a-5p on the proliferation
and adhesion of myeloma cells via the activation of
Hippo-YAP signaling pathway. Our finding provides
new insight into the effective treatment for MM with
targeted gene therapy. However, there still exist lim-
itations in this study. The results of this study is
depending on a single cell line and further study
more cell lineswill be used. In addition, animal experi-
ments will be used to verify these results in this study.
The present study can provide the basis for the further
experiment.
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