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MiR-144-3p inhibits cell proliferation and induces  
apoptosis in multiple myeloma by targeting c-Met
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Abstract: MicroRNA-144-3p (miR-144-3p) has been implicated in the development of many types of cancer. However, 
its role in multiple myeloma (MM) remains largely unknown. In this study, we found that miR-144-3p was downregu-
lated in both MM cell lines and plasma from patients with MM. In vitro studies further showed that transfection of 
an miR-144-3p mimic into MM cells inhibited their proliferation and colony formation, and promoted cell cycle arrest 
at the G0/G1 phase and apoptosis. In addition, we found that miR-144-3p could directly target the 3’-untranslated 
region of cellular-mesenchymal to epithelial transition factor (c-MET) and suppress c-MET expression and its down-
stream signaling pathway (PI3K/AKT). Rescue experiments revealed that overexpression of c-MET partially reversed 
the inhibition effect of miR-144-3p in MM cells. In vivo studies confirmed that restoration of miR-144-3p suppressed 
tumor growth in xenograft nude mice by repressing c-MET. Overall, these findings demonstrate that miR-144-3p 
functions as a tumor suppressor in MM by targeting c-MET, suggesting that miR-144-3p might serve as a potential 
therapeutic target in MM.
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Introduction

Multiple myeloma (MM) is a genetically com-
plex hematologic malignancy characterized by 
the aberrant expansion of plasma cells within 
the bone marrow [1]. Despite increased under-
standing of the pathobiology of MM and remark-
able progress in the management of the dis-
ease, its resistance to current therapies means 
that it is still incurable [2, 3]. Therefore, a better 
understanding of the molecular mechanisms 
underlying MM development and progression is 
urgently needed.

MicroRNAs (miRNAs) are small (18-25 nt), sin-
gle stranded, noncoding RNAs, which can re- 
gulate gene expression by binding to the 
3’-untranslated region (3’-UTR) of messenger 
RNAs (mRNAs), leading to mRNA degradation 
and/or suppression of mRNA translation [4, 5]. 
Increasing evidence suggests that miRNAs are 
involved in multiple biological processes such 
as cell proliferation, cell migration and inva-
sion, glucose and lipid metabolism, signal 
transduction [6, 7]. In addition, miRNAs have 

recently been linked to tumorigenicity and 
tumor progression by acting as oncogenes or 
tumor suppressors in various cancers [8, 9]. A 
growing body of evidence has demonstrated 
that aberrant miRNA expression is associated 
with MM development and progression, which 
may lead to new insights into the mechanisms 
of human MM [10, 11].

MicroRNA-144-3p (miR-144-3p) has been re- 
ported to be involved in both tumorigenesis and 
suppression of many types of cancers depend-
ing on the organ and the tissues [12-17]. 
However, the expression status, specific func-
tions, and underlying mechanisms of miR-144-
3p in MM remain unclear. In the present study, 
we found that miR-144-3p was significantly 
downregulated in MM cell lines and plasma 
from patients with MM. Importantly, ectopic 
expression of miR-144-3p in MM cells de- 
creased their proliferation and colony forma-
tion, and induced cell cycle arrest at the G0/ 
G1 phase and apoptosis in vitro. Cellular-
mesenchymal to epithelial transition factor 
(c-MET) was identified as a potential target of 

http://www.ajtr.org


Biological role of miR-144-3p in multiple myeloma

2438 Am J Transl Res 2017;9(5):2437-2446

miR-144-3p. We also showed that miR-144-3p 
retarded tumor growth in vivo by repressing the 
expression of c-MET. These results suggest 
that miR-144-3p could be a potential target for 
MM therapy.

Materials and methods

Plasma samples and cell lines

This study was approved by the research ethics 
committee of China-Japan Union Hospital of 
Jilin University (Changchun, China). Prior to re- 
cruitment, all participants signed an informed 
consent for the use of their samples, according 
to committee’s regulations. Plasma samples 
were obtained from 38 patients with MM and 
16 normal individuals at the China-Japan Union 
Hospital of Jilin University (Changchun, China).

The four MM cell lines, MM1S, RPMI-8226, 
NCI-H929, and U266 (all from the American 
Type Culture Collection, Manassas, VA, USA) 
were cultured incomplete RPMI-1640 medium 
(Invitrogen, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS; HyClone, 
Logan, UT, USA), 100 units/mL penicillin, 100 
μg/mL streptomycin, and 2 mM L-glutamine in 
a humidified chamber supplemented with 5% 
CO2 at 37°C.

Cell transfection

MiR-144-3p mimic (UCAUGUAGUAGAUAUGAC- 
AU), the corresponding negative control (miR-
NC, UUCUCGAACGUGUCACGUUUU), siRNA ag- 
ainst c-MET (si-c-MET), and the corresponding 
scramblecontrol (si-NC) were purchased from 
GenePharma (Shanghai, China). The c-MET 
overexpression vector was constructed by 
introducing the c-MET gene into the pCDNA3.1 
vector (GenePharma), and was designated as 
pCDNA3.1-c-MET. These constructs were trans-
fected into MM1S cells, grown to 80-90% con-
fluence, using Oligofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions.

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

Total RNA was isolated from cultured cells and 
plasma by using TRIzol (Invitrogen), per the 
manufacturer’s instructions. cDNA was synthe-
sized from total RNA by using the PrimeScript 

RT Reagent Kit (TaKaRa, Dalian, China). 
Expression levels of miR-144-3p were deter-
mined using TaqMan MicroRNA Assays (Appli- 
ed Biosystems, Shanghai, China). Quantitative 
real-time PCR was performed using them 
iScript SYBR Green PCR kit (TaKaRa) and a 
7900HT Fast Real-Time PCR System (Applied 
Biosystems) following the manufacturers’ in- 
structions. The primers for c-MET and GAPDH 
used in this study were described previously 
[18]. The expression of miR-144-3p and c-MET 
was normalized to that of U6 snRNA and 
GAPDH, respectively, using the 2-ΔΔCt method.

Cell proliferation

To examine cell proliferation, transfected cells 
were seeded in a 96-well plate at a density of 1 
× 104 cells/well and grown at 37°C in a 5% CO2 
incubator. Cell viability was assessed at 24, 48, 
and 72 hbyusing the Cell Counting Kit-8 (CCK-
8; Dojindo, Kumamoto, Japan), in accordance 
with the manufacturer’s instructions. The ab- 
sorbance of each well wasdetected at 450  
nm using a Quant Universal Microplate 
Spectrophotometer (BioTek Instruments, Inc., 
Winooski, VT, USA).

Colony formation assay

Transfected cells were cultured in 6-well plates 
at a density of 1 × 103 cells/well for 2 wk. The 
resulting colonies were fixed in 4% paraformal-
dehyde for 5 min before being stained with 
1.0% crystal violet for 1 min. The number of 
surviving colonies was determined with an × 71 
inverted microscope (Olympus, Tokyo, Japan). 
The colony formation rate was calculated as fol-
lows: (number of colonies/number of seeded 
cells) × 100%.

Cell cycle analysis

Cell cycle analysis was performed using a Cell 
Cycle Detection Kit (Beckman Coulter, Brea, 
CA, USA) in accordance with the manufactur-
er’s instructions. Briefly, transfected cells were 
digested with EDTA-free trypsin and harvested 
by centrifugation at 1000 × g for 5 min. After 
washing twice in PBS, the cells were permeabi-
lized in cold 70% ethanol and incubated over-
night at 4°C in the dark. After washing with 
PBS, the cells were incubated in 500 μL stain-
ing solution (10 μg/mL propidium iodide and 5 
U/mL RNaseA) for 30 min at 37°C. Cell cycle 
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stage was determined using a flow cytometer 
(FACSort; Becton Dickinson, Franklin Lakes, NJ, 
USA) with an excitation wavelength of 488 nm 
and an emission wavelength of 525 nm. The 
cell cycle stage was analyzed by ModFit 3.2 
(Beckman Coulter).

Cell apoptosis assay

The Annexin V-FITC Apoptosis Detection Kit I 
(Abcam, Cambridge, MA, USA) was employed  
to determine and quantify apoptosis by flow 
cytometry (FACSort).

Luciferase reporter assays

The 3’-UTR of the human c-MET gene was 
amplified by PCR from human liver cDNA, and 
cloned into the XhoI and NotIsites downstream 
of the luciferase reporter gene in the pGL3-con-
trol vector (Ambion, Austin, TX, USA). The result-
ing plasmid was named WT-c-MET-3’UTR. The 
mutant construct was generated by replacing 
the 3’-UTR with custom-made synthetic whole 
3’-UTR DNAs with mismatched seed region 
mutations and inserted into the pGL3-control 
vector (Ambion). The resulting plasmid was 
named Mut-c-MET-3’UTR. All constructs were 
verified by sequencing. For luciferase activity 
assay, MM1S cells (5 × 105) were seeded in 
triplicate in 6-well plates and allowed to settle 
for 24 h. The cells were then co-transfected 
with miR-144-3p mimic or miR-NC and c-MET 
reporter plasmid (wild-type or mutant) by using 
Lipofectamine 2000 (Life Technologies, Car- 
lsbad, CA, USA) according to the manufactur-
er’s recommendation. The relative Renilla and 
firefly luciferase activities were measured 48 h 
post-transfection using the Dual Luciferase 
Reporter Assay Kit (Promega, Madison, WI, 
USA), following the manufacturer’s instruc- 
tions.

Western blot analysis

Total protein was extracted from cultured cells 
by using modified radioimmunoprecipitation 
assay buffer (50 mM Tris-HCl, pH 7.4; 120 mM 
NaCl; 1% Nonidet P-40; 0.25% deoxycholate; 
0.1% sodium dodecyl sulfate) supplemented 
with protease inhibitor cocktail (Beyotime, 
Shanghai, China). Protein concentration was 
measured using a BCA protein assay kit (Pierce, 
Rockford, IL, USA). Equal amounts of protein 
were separated by electrophoresis on an 8-12% 

SDS polyacrylamide gel and transferred to a 
nitrocellulose membrane (Amersham Bios- 
ciences, Piscataway, NJ, USA). After blocking 
with 5% nonfat milk in PBS, the membranes 
were probed with antibodies against c-MET 
(1:1000, cat no. sc-8057; Santa Cruz Biotech- 
nologies, Dallas, TX, USA), PI3K (1:1000, cat. 
no. sc-136298; Santa Cruz Biotechnologies), 
p-PI3K (1:500, cat. no. 4228; Cell Signaling 
Technology, Danvers, MA, USA), AKT (1:1000, 
cat. no. sc-81434; Santa Cruz Biotechnologies), 
p-AKT (1:1000, cat. no. sc-7985-R; Santa Cruz 
Biotechnologies), or GAPDH (1:5000, cat. no. 
sc-32233; Santa Cruz Biotechnologies), fol-
lowed by horseradish peroxidase-conjugated 
secondary antibodies (1:6000, cat. no. sc-2004 
or sc-2005, Santa Cruz Biotechnologies) for 1 h 
at room temperature. GAPDH was used as an 
internal loading control. The signals were 
detected using an enhanced chemilumines-
cence detection reagent (ECL; Thermo Sci- 
entific, Rockford, IL, USA) according to the man-
ufacturer’s instructions.

Xenograft tumor model

BALB/c-nu mice (5-6 week of age and weighing 
20-25 g) were purchased from the Experimental 
Animal Center of Jilin University, and cared in 
accordance with the institutional guidelines. 
The mice were randomly divided into two groups 
(n = 10 mice per group). One group of mice was 
inoculated subcutaneously with 2 × 106 MM1S 
cells expressing miR-NC (MM1S/miR-NC cells) 
in the left dorsal flank, and the other with 2 × 
106 MM1S cells expressing miR-144-3p 
(MM1S/miR-144-3p cells) in the right dorsal 
flank. Tumor volumes were measured weekly 
from the first injection until mice were sacri-
ficed, using the following formula: V = (L × W2)/2 
(V, volume of tumor; L, length; W, width). Mice 
were sacrificed 42 d after inoculation, tumors 
were excised, and the wet weight of each tumor 
was determined. Tumor tissues were stored at 
-80°C for further analysis.

Statistical analysis

All data were expressed as mean ± standard 
deviation from at least three independent 
experiments. Statistical analysis was per-
formed using the SPSS 19 software package 
(SPSS Inc., Chicago, IL, USA). Independent 
t-tests was used to compare differences 
between two groups. One-way ANOVA with 
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Bonferroni post-hoc tests was performed to 
compare differences between three or more 
groups. A P value < 0.05 was considered as 
statistically significant.

Results

miR-144-3p was downregulated in MM cell 
lines and patient plasma

To determine the expression status of miR-
144-3p in MM, we first assessed miR-144-3p 
expression in four MM cell lines (MM1S, RPMI-
8226, NCI-H929, and U266) and plasma 
derived from normal individuals. As shown in 
Figure 1A, miR-144-3p expression was signifi-
cantly lower in the four MM cell lines than in the 
plasma samples from normal individuals. 
MM1S cells exhibited the lowest expression 
among the four MM cell lines (Figure 1A), and 

thus, were selected for subsequent analysis. 
We next examined miR-144-3p expression in 
plasma samples obtained from normal sub-
jects and from patients with MM. We found that 
miR-144-3p expression was significantly lower 
in the plasma from patients with MM than in 
plasma from normal individuals (Figure 1B). 
These results indicate that miR-144-3p expres-
sion was decreased in MM cell lines and in 
plasma from patients with MM.

miR-144-3p inhibits cell growth in MM cells

To explore the biological function of miR-144-
3p in MM, MM1S cells transfected with 100 nM 
miR-144-3p or miR-NC by using Lipofectamine 
2000, according to the manufacturer’s instruc-
tions. The efficacy of transfection was assessed 
by qRT-PCR 48 h after transfection. It was 
found that miR-144-3p expression was signifi-
cantly increased in MM1S cells transfected 
with miR-144-3p mimic compared with cells 
transfected with miR-NC (Figure 2A). After con-
firming the efficacy of transfection, the effects 
of miR-144-3p on proliferation, colony forma-
tion, cell cycle, and apoptosis were determined. 
The CCK-8 assay revealed that the proliferation 
of MM1S cells transfected with miR-144-3p 
mimic was significantly reduced compared with 
cells transfected with miR-NC (Figure 2B). 
Similarly, transfection with miR-144-3p mimic 
significantly reduced the number of colonies 
formed (Figure 2C). FACS analysis showed that 
compared to transfection with miR-NC, trans-
fection with the miR-144-3p mimic significantly 
increased the proportion of cells in the G0/G1 
phase and reduced the proportion of cells in 
the S phase (Figure 2D). We also showed that 
transfection with miR-144-3p mimic significant-
ly increased apoptosis compared to transfec-
tion with miR-NC (Figure 2E). These results sug-
gest that miR-144-3p overexpression inhibits 
MM cell proliferation and induces apoptosis.

c-MET is a direct target of miR-144-3p in MM 
cells

Using three miRNA databases (TargetScan, 
PicTar, and miRanda), we found a putative miR-
144-3p-binding site located in the 3’-UTR of 
c-MET mRNA (Figure 3A). To confirm whether 
miR-144-3p directly binds to c-MET, we cloned 
wild-type or mutant c-MET3’-UTR, inserted 
each clone into a luciferase reporter vector, 
and determined the luciferase activity. We 

Figure 1. Expression of miR-144-3p was downregu-
lated in MM cells and plasma from MM patients. A. 
qRT-PCR analysis of miR-144-3p expression in four 
MM cell lines (MM1S, RPMI-8226, NCI-H929, and 
U266) and plasma from normal individuals. B. qRT-
PCR analysis of miR-144-3p expression in 38 plasma 
samples from patients with MM and 16 plasma sam-
ples from normal individuals. **P < 0.01.
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found that miR-144-3p overexpression remark-
ably reduced the luciferase activity of the wild-
typec-MET-3’UTR, but not that of the mutant 
c-MET-3’UTR (Figure 3B). To further confirm the 
effect of miR-144-3p on c-MET, we determined 
c-MET expression at the mRNA and protein 
level in MM1S cells transfected with miR-144-
3p mimic or miR-NC. The results showed that 
c-MET expression at both the mRNA and pro-
tein level was lower in MM1S cells transfected 
with miR-144-3p than in cells transfected with 

miR-NC (Figure 3C and 3D). We also found that 
miR-144-3p overexpression significantly inhib-
ited the expression of PI3K/AKT, which are 
effector molecules downstream of c-MET, in 
MM1S cells (Figure 3D). In addition, we found 
that c-MET expression was upregulated both at 
the mRNA and protein level in the four MM cell 
lines compared to that in plasma from normal 
individuals (Figure 3E and 3F). These results 
suggest that c-MET is a direct target of miR-
144-3p in MM1S cells.

Figure 2. MiR-144-3p inhibits cell proliferation and induces apoptosis in MM cells. A. qRT-PCR analysis of miR-144-
3p expression in MM1S cells transfected with miR-144-3p mimic and miR-NC. B-E. Cell proliferation, colony forma-
tion, cell cycle stage and apoptosis were assessed in MM1S cells transfected with miR-144-3p mimic or miR-NC. 
*P < 0.05, **P < 0.01.
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c-MET silencing inhibits cell proliferation and 
induces apoptosis in MM cells

To evaluate the effects of c-MET downregula-
tion, we silenced its expression in MM1S cells 
by transfection with si-c-MET or si-NC. We 
found that MM1S cells transfected with si-c-
MET had significantly reduced c-MET expres-
sion at both the mRNA and protein level (Figure 
4A and 4B). In addition, c-MET silencing signifi-
cantly inhibited cell proliferation and colony for-

mation, and induced cell cycle arrest at the G0/
G1 phase and apoptosis in MM1S cells (Figure 
4C-F), which resembled the suppressive effects 
of miR-144-3p overexpression in MM1S cells.

Overexpression of c-MET reverses the effect of 
miR-144-3p in MM cells

To determine whether the role of miR-144-3p in 
MM is mediated by c-MET, we restored c-MET 
expression by transfection with the c-MET over-

Figure 3. c-MET is a direct target of miR-144-3p in MM cells. A. Schematic of the construction of wild-type or mu-
tant c-MET-3’UTR vectors. Wt: Wild-type; Mut: Mutant. B. Relative luciferase activities were analyzed in MM1S cells 
co-transfected with c-MET 3’UTR (wild-type or mutant) reporter plasmid, miR-144-3p mimic, or miR-NC. C. qRT-PCR 
analysis of c-MET mRNA expression in MM1S cells transfected with miR-144-3p mimic and miR-NC. GAPDH served 
as the loading control. D. Western blot analysis of c-MET, PI3K, p-PI3K, AKT, and p-AKT expression in MM1S cells 
transfected with miR-144-3p mimic or miR-NC. GAPDH served as the loading control. E, F. c-MET expression at the 
mRNA and protein level was determined by qRT-PCR and western blot analysis of four MM cell lines and plasma from 
normal individuals. GAPDH served as the loading control. *P < 0.05, **P < 0.01.
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expression plasmid pCDNA3.1-c-MET in miR-
144-3p mimic-transfected MM1S cells (Figure 
5A and 5B). In addition, we found that overex-

pression of c-MET abolished the effects of cell 
proliferation, colony formation, cycle arrest, 
and apoptosis induced by miR-144-3p in MM1S 

Figure 4. c-MET silencing inhibits cell proliferation and induces apoptosis in MM cells. A, B. c-MET expression at 
the mRNA and protein level was determined by qRT-PCR and western blot analysis in MM1S cells transfected with 
si-c-MET or si-NC. GAPDH served as the loading control. C-F. Cell proliferation, colony formation, cell cycle stage, and 
apoptosis were assessed in MM1S cells transfected with si-c-MET or si-NC. *P < 0.05, **P < 0.01.

Figure 5. Overexpression of c-MET reverses the effect of miR-144-3p in MM cells. A, B. c-MET expression at the 
mRNA and protein level was determined in MM1S cells transfected with miR-144-3p mimic or miR-NC, and with or 
without pCDNA3.1-c-MET vector. GAPDH served as the loading control. C-F. Cell proliferation, colony formation, cell 
cycle stage, and apoptosis were assessed in MM1S cells transfected with miR-144-3p mimic or miR-NC, and with or 
without plasmid pCDNA3.1-c-MET vector.
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cells (Figure 5C-F). These data suggest that 
miR-144-3p may exert its biological role in MM 
cells by targeting c-MET.

MiR-144-3p inhibits tumor growth in vivo by 
targeting c-MET

To determine whether miR-144-3p inhibits 
tumor growth in vivo, MM1S/miR-144-3p or 
MM1S/miR-NC cells were subcutaneously 
injected into nude mice and tumor growth was 
measured. It was found that tumor growth was 
slower in the MM1S/miR-144-3p group than in 
the MM1S/miR-NC group (Figure 6A). Mice 
were killed 42 days after injection and tumor 
tissue was isolated and weighed. Tumor size 
and weight in the MM1S/miR-144-3p group 
were significantly decreased than in the MM1S/
miR-NC group (Figure 6B and 6C). We also 
investigated the expression of miR-144-3p and 
c-MET in tumor tissues, and found that miR-
144-3p expression was upregulated (Figure 
6D), whereas c-MET expression was downregu-
lated at both the mRNA and protein level, in the 
MM1S/miR-144-3p group (Figure 6E and 6F). 
These results suggest that miR-144-3p sup-
presses tumor growth in vivo by targeting 
c-MET.

Discussion

Emerging evidence has indicated that miRNAs 
play crucial roles in the development and pro-
gression of MM by regulating the expression of 
genes involved in proliferation, cell cycle con-
trol, apoptosis, cell migration, and metastasis 
[10, 11], suggesting that investigating the bio-
logical role of miRNAs in MM might help identify 
novel diagnosis markers and therapeutic 
agents for MM. Here, a series of experiments 
were conducted to investigate the role of miR-
NA-144-3p in MM. Our study showed for the 
first time that miRNA-144-3p is downregulated 
in MM cell lines and plasma from patients with 
MM, and that miR-144-3p inhibits MM growth 
in vitro and in vivo by targeting c-MET. These 
findings suggest that miR-144-3p might serve 
as a novel therapeutic target for MM.

MiR-144-3p has been reported to be downregu-
lated and function as a tumor suppressor in 
many types of cancers [12-17, 19, 20]. However, 
a recent report revealed that miR-144-3p 
expression is upregulated and that it functions 
as an oncogene in nasopharyngeal carcinoma 
[21]. Thus, the biological role of miR-144-3p in 
carcinogenesis seems to be complex and highly 

Figure 6. miR-144-3p inhibits tumor growth in vivo by targeting c-MET. A. Growth curves for tumor volumes in xeno-
grafts of nude mice in the MM1S/miR-144-3p and MM1S/miR-NCgroup. B. Photographs of tumor tissues from mice 
in the MM1S/miR-144-3p and MM1S/miR-NC group. C. Tumor tissue weights of mice in the MM1S/miR-144-3p 
and MM1S/miR-NC group. D. qRT-PCR analysis of miR-144-3p expression in tumor tissues obtained from mice in 
the MM1S/miR-144-3p and MM1S/miR-NC group. E, F. c-MET expression at the mRNA and protein level was deter-
mined in tumor tissues obtained from mice in the MM1S/miR-144-3p and MM1S/miR-NC group. GAPDH served as 
the loading control. *P < 0.05, **P < 0.01.
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tissue specific. Here, we found that the expres-
sion of miR-144-3p was downregulated in 
human MM cell lines and plasma from MM 
patients. Moreover, introduction of miR-144-3p 
reduced MM cell proliferation and colony for-
mation, induced cell arrest at the G0/G1 phase 
and apoptosis, and suppressed tumor growth 
in vivo. These results suggest that miR-144-3p 
might act as a tumor suppressor in MM.

It is well known that miRNAs control biological 
functions by inhibiting the expression of their 
target genes [5]; therefore, elucidation of these 
targets is crucial in studying the role of miRNAs 
in cancer. To predict the target genes of miR-
144-3p, three bioinformatic databases (Target- 
Scan, miRanda, and PicTar) were employed. 
c-MET (also known as MET) was selected as a 
target gene owing to its known role in promot-
ing tumorigenesis and cancer progression [22, 
23]. c-MET, a receptor for hepatocyte growth 
factor (HGF) [24], has been found to be involved 
in various biological processes such as cellular 
proliferation, migration, and invasion [25, 26]. 
It has been reported that c-MET expression is 
elevated in lung, ovarian, rectum, and prostate 
cancer, and that it functions as an oncogene  
by enhancing carcinogenesis, cancer invasion, 
proliferation, and metastasis [22-26]. c-MET 
has been implicated in the development and 
progression of multiple cancers by regulating 
several downstream signaling pathways such 
as STAT3, ERK1/2, and PI3K/AKT [27, 28]. 
Moreover, previous studies have reported that 
overexpression of c-MET mRNA inplasma from 
patients with MM is associated with poor 
response to therapy and poor clinical outcome 
[29], and that overexpression of c-MET could 
promote MM progression and development 
[23]. These findings suggest that c-MET func-
tions as an oncogene in MM. c-MET has been 
shown to be a target of miR-144-3p in glioblas-
toma [13], gastric cancer [20], and uveal mela-
noma [30], but the interaction between miR-
144-3p and c-MET has not been experimentally 
validated in MM. Using a luciferase reporter 
assay, qRT-PCR, and western blotting, the pres-
ent study has revealed that c-MET is a direct 
target of miR-144-3p. Overexpression of miR-
144-3p significantly inhibited c-MET expres-
sion and its downstream pathway (PI3K/AKT). 
Furthermore, our data show that knockdown of 
c-MET has an effect similar to that of miR-144-
3p overexpression in MM cells, whereas over-

expression of c-MET reverses miR-144-3p-
mediated suppression of MM cells growth. In 
vivo experiments demonstrated that miR-144-
3p overexpression suppresses tumor growth by 
regulating c-MET. These studies suggest that 
miR-144-3p exerts a biological role in MM by 
regulating c-MET.

In conclusion, the present study has demon-
strated that miR-144-3p is downregulated in 
MM cell lines and patient plasma. Further 
investigation revealed that ectopic expression 
of miR-144-3p inhibits cell proliferation and 
colony formation, induces cell cycle arrest at 
the G0/G1 phase and apoptosis, as well as sup-
presses tumor growth in vivo by repressing 
c-MET. These results indicate that miR-144-3p 
may be a potential therapeutic target for MM.
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