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Abstract. Multiple myeloma (MM) is a heterogeneous disease
with a poor prognosis. Circulating microRNAs (miRNAs)
have shown potential as non‑invasive prognostic biomarkers
for heterogeneous diseases. miR‑20a has been shown
involved in various human cancers, and the phosphatase and
tensin homolog/phosphoinositide 3‑kinase/protein kinase B
(PTEN/P13K/Akt) signaling pathway plays a key role in cell
proliferation, migration and apoptosis. Here, we investigated
the effect of miR‑20a on the PTEN/PI3K/Akt signaling
pathway during MM cell proliferation, migration and apoptosis. Reverse transcription quantitative polymerase chain
reaction was applied to detect miR‑20a expression in plasma
from 30 MM patients and MM cell lines. CCK-8 assays,
Transwell assays, Annexin V/PI double‑staining and western
blotting were performed to examine the protein expressions of PTEN, PI3K and Akt during cellullar proliferation,
migration, cycling, and apoptosis. Significant upregulation of
miR‑20a and deregulation of PTEN were observed in MM
cells. We also identified PTEN as a downstream target gene of
miR‑20a, which bound to the 3'-untranslated region of PTEN.
Overexpression of miR‑20a was associated with decreased
PTEN expression, and treatment with miR‑20a inhibitors
decreased cell proliferation, migration and clonogenicity
and reduced the protein expressions of PI3K and p‑Akt but
increased PTEN protein expression compared with blank and
negative control groups. Taken together, these results showed
that inhibition of miR‑20a suppresses MM progression by
modulating the PTEN/PI3K/Akt signaling pathway. These

Correspondence to: Professor Guoan Chen, Department of

Hematology, The First Affiliated Hospital of Nanchang University,
17 Yongwaizheng Street, Donghu, Nanchang, Jiangxi 330000,
P.R. China
E‑mail: guoanchen010@sina.com

Key words: microR‑20a, multiple myeloma, metastasis, phosphatase
and tensin homolog, cell proliferation, cell apoptosis, cell migration

findings suggest that miR‑20a may be a novel molecular therapeutic target for the treatment of MM.
Introduction
Multiple myeloma (MM) is a clonal B cell malignancy which
is characterized by the proliferation of plasma cells (PCs)
within the bone marrow (BM). MM is the second most
common hematologic malignancy, but it remains incurable
with survival duration ranging from a few months to over
10 years (1,2). Although treatment strategies have evolved from
traditional chemotherapy and autologous hematopoietic stem
cell trans‑plantation to novel targeted drug therapy, patient
outcomes have not improved (3), and the 5‑year survival
rate remains only 30-40%, mainly due to the development
of drug resistance (4). Therefore, it is important to elucidate
the mechanisms regulating the malignant behavior of MM
and identify key genes contributing to cancer progression for
improving patient prognosis. One hot topic of chromosomal
abnormalities and other types of genetic or epigenetic alterations might contribute to microRNA (miRNA) deregulation in
cancer progression (5‑7).
miRNAs, a newly discovered class of endogenous, small,
non‑coding RNAs, regulate gene expression by base pairing
to partially or fully complementary sites in the 3'-untranslated
regions (3'-UTRs) of target mRNAs (8). miRNAs are involved
in various biological processes, including cellular growth,
development, metabolism, apoptosis and development (9).
Increasing evidence has demonstrated that differential
miRNAs (miR‑21, miR‑155, miR‑17‑92, and miR‑125a‑5p)
have key roles in MM, suggesting the importance of miRNAs
in MM progression (8,10,11). Deregulated miRNAs can act as
oncogenes or tumor suppressors upregulated or downregulated
in cancer cells (12‑14). miR‑20a has an important in various
human cancers, including gastric cancer (15), colorectal
cancer (16), non‑small cell lung cancer (17) and cervical
cancer (18). Importantly, significant expression of miR‑20 has
been found in myeloma (19,20). Several studies have suggested
that the dysregulation of miRNAs initiates the activation of
the phosphatase and tensin homolog (PTEN)/phosphoinositide
3‑kinase (PI3K)/protein kinase B (Akt) signaling pathway,
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which is involved in the progression of breast cancer, bladder
cancer and non‑small‑cell lung cancer (21‑24). However, the
effects of the PTEN/PI3K/Akt signaling pathway and miRNA
dysregulation on MM pathogenesis and progression remain
unknown. Here, we reported for the first time a miRNA that
directly regulated PTEN: miR‑20a acts as a negative regulator
of PTEN in MM cell lines. Downregulation of miR‑20a
expression inhibited MM cell growth in vivo. Furthermore,
PTEN was identified as a downstream target gene of miR‑20a,
which bound to the 3'-UTR of PTEN. Our study provides new
insights into the function of miR‑20a during development
and suggests that this miRNA has a role in tumorigenesis.
The overall aim of this study was to investigate the effects of
miR‑20a on the cell proliferation, migration and invasion of
MM cells.
Materials and methods
Study subjects and sample collection. The specimens in this
study were obtained from 30 patients who were diagnosed
according to the NCCN clinical practice guidelines for
MM at the First Affiliated Hospital of Nanchang University
between October 2015 and May 2017 (25). We obtained
plasma samples from 30 patients diagnosed with MM. All
patients who were receiving chemotherapy and/or biotherapy
were excluded and those with other types of malignant tumors
were also eliminated. To investigate miR‑20a expression in the
different genetic subtypes of MM, 30 cases were cytogenetically classified using FISH (Abbott Diagnostics, Berkshire,
UK). Cytogenetic abnormalities involving 13q deletions and
immunoglobulin heavy‑chain gene rearrangements were
investigated. The patient details were shown in Tables I and II.
8 plasma samples from healthy people were used as control
in the validation set. Additionally, venous blood was collected
in EDTA tubes (BD Biosciences, Franklin Lakes, NJ, USA).
The plasma was transferred to a fresh tube and stored at ‑80˚C
after freezing with liquid nitrogen. The study was approved by
the Local Research Ethics Committee, and written informed
consent was obtained from all study subjects.
Cell lines and RNA extraction. Human MM cell lines
(MM1S, U266, and RPMI‑8226) and normal plasma cells
(nPCs) were cultured in RPMI‑1640 (Gibco, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin at 5% CO2 atmosphere. When cells
reached 80% confluency, cells at the logarithmic growth phase
were collected.
RNA isolation and quantitative RT‑PCR. Total RNA was
extracted from human plasma and human MM cell lines
using the mirVana Paris RNA Isolation kit (Ambion, Austin,
TX, USA) following the manufacture's instructions for liquid
samples. The concentration and purity of extracted RNA
were measured at 260 and 280 nm optical densities. cDNA
was synthesized from RNAs using gene specific primers
(Applied Biosystems, Beijing, China) with the M‑MLV
Reverse Transcriptase kit (GeneCopoeia, Rockville, MD,
USA) according to the manufacturer's instructions. To determine miR‑20a expression levels, real‑time PCR was performed
with SYBR Green (Takara, Osaka, Japan). β‑actin was used

Table I. Summary of clinical details of multiple myeloma
patients used for quantitative polymerase chain reaction analysis
of plasma samples (n=30).
Clinical characteristics
Sex
Male
Female
Age range
Mean
Durie salmon stage
I
II
III
Karyotype
t(4:14)
t(11:14)
t(14:16)
del(13q) as a unique abnormality
Normal FISH

n (%)
21 (70)
9 (30)
35‑75
56.5
8 (26.67)
5 (16.67)
17 (56.67)
10 (33.33)
5 (3.33)
3 (10)
7 (23.33)
5 (16.67)

FISH, fluorescence in situ hybridization.

as internal control. PCR conditions were as follows: 95˚C
for 5 min, 95˚C for 45 sec, 55˚C for 15 sec, 72˚C for 50 sec,
for 40 cycles. The primers used in PCR were as follows:
miR‑20a forward, 5'‑TGCG CTA AAGTGCTTATAGTGC‑3'
and reverse, 5'‑CCAGTGCAGGGTCCGAGGTATT‑3'; PTEN
forward, 5'‑TTGTGGCAACAGCTGAATCTGCAGTTGGCT
AAGAGAGGTT‑3' and reverse, 5'‑ATGTAGCAAA ACCCT
TCGGAAACCTCTCTTAGCCAACTGC‑3'; β‑actin forward,
5'‑AGCGAGCATCCCCCAA AGT T‑3' and reverse, 5'‑GGG
CACGAAG GCTCATCATT‑3'. Samples were analyzed in
triplicate and gene expression was quantified by normalizing
target gene expression to that of the internal control using the
2‑ΔΔCt formula.
Plasmid construction and transfection. The 5'‑flanking
regions of the pre‑miR‑20a‑5p and 3'-UTR sequences of
PTEN [the mutated (mu) PTEN 3'-UTR was designated as
PTEN] containing the putative miR‑20a target sites were
isolated using specific PCR primers. For luciferase assays,
the PTEN 3'-UTR sequence was inserted into the pGL3
luciferase reporter vector (Promega Corporation, Madison,
WI, USA). Target sites were mutated using the QuickChange
Site‑Directed Mutagenesis (Agilent Technologies, Inc.,
Santa Clara, CA, USA). The miR‑20a NC (5'‑CAGUACUUU
UGUGUAGUACAA‑3') and the miR‑20a inhibitor (5'‑CUA
CCUG CAC UAUAAG CAC UUUA‑3') were synthesized by
Genepharma (Shanghai, China). Cell transfection was perfo
rmed using the Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer's instructions then cells were added and cultured in complete medium.
Cells in the logarithmic growth phase were seeded in 12‑well
plates at a density of 1x105 cells, and divided into three groups:
miR‑20a inhibitor group (transfected with anti‑miR‑20a),
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Table II. Relationship between the miR‑20a expression and the clinical pathological characteristics of patients with multiple
myeloma.
Characteristics

Cases, %

miR‑20a expression

P‑value

Age, years			
≤50
14
1.67±0.03
>50
16
1.73±0.04

0.053

Durie‑salmon stage			
I/II phase
13
1.63±0.03
III phase
17
1.80±0.31

<0.05 (P=0.004)

Sex			 0.112
Male
21
1.68±0.05
Female
9
1.77±0.05

Extramedullary infiltration			
Yes
13
1.68±0.03
No
17
1.72±0.04

0.413

Karyotype			 0.282
Normal FISH
12
1.74±0.03
Abnormal FISH
18
1.68±0.03
FISH, fluorescence in situ hybridization; miR, microRNA.

scramble group (transfected with small interfering RNA
negative control) and blank group (untransfected cells). Three
triplicates were set for each group. The medium was replaced
with normal medium 6 h after transfection. DMEM containing
10% FBS and G418 was added for selection 24 h later, and
clones were obtained after two weeks. The selected clones
were cultured for the subsequent experiments.
Cell proliferation analysis. For cell proliferation assays,
cells were plated 96‑well plate (1,500 per well) and examined 48 h after transfection using the Cell Counting Kit‑8
(CCK-8) (Dojindo Laboratories, Shanghai, China). Optical
density (OD) values were determined at a wavelength of
450 nm. The plates were then read on a micro plate reader
using a test wave length of 450 nm. For survival rate assay,
the number of viable cells were counted using Trypan blue
(Solarbio, Beijing, China) on Countstar Cell Counter (InnoAlliance Biotech, Inc., Wilmington, NC, USA) according to
the manufacturer's instructions. All assays were performed
in triplicate.
Cell migration and invasion assays. The cells were collected
and suspended 72 h after transfection for the cell migration
assays. Then, the cells were inoculated into the Transwell
upper chamber and placed in a 5% CO2 incubator at 37˚C
for 48 h. The cells that failed to penetrate the upper chamber
were removed, and the membrane was fixed in 95% ethanol
for 15‑20 min and then soaked with water. The membrane
was tinted with crystal violet for 10 min, soaked again in
water, photographed and observed under a high magnification microscope, followed by cell counting on the back
of the membrane. Five high‑power fields were randomly
chosen, and the number of cells penetrating through the

polycarbonate membrane was used to evaluate migration
ability. For the invasion assay, Matrigel matrix was dissolved
at 4˚C overnight and diluted with 1:3 serum‑free DMEM
medium. A total volume of 30 µl of Matrigel was added to the
Transwell upper chamber until it covered the bottom of the
upper chamber. The cell suspension was added to the upper
chamber, and 0.5 ml of DMEM containing 10% FBS was
added to the lower chamber of the 24‑well plate. The number
of cells penetrating through the Matrigel was determined to
assess the cell invasive ability.
Luciferase reporter analysis. For luciferase reporter experiments, the 3'-UTR segments of PTEN predicted to interact
with miR‑20a were amplified by PCR and inserted into pGL3
vector immediately downstream from the stop codon of luciferase (Promega Corporation). The mutated (mu) PTEN 3'-UTR
without miR‑20a binding sites was designated as PTEN
3'-UTR‑mu (forward, 5'‑TTGTGGCAACAGCTGA ATCTG
CAGT TGG CTA AGAGAG GTT‑3' and reverse, 5'‑ATGTAG
CAAA ACCCTTCGGAAACCTCTCTTAGCCAACTGC‑3').
To construct the luciferase reporter vector, 293T cells were
cotransfected in 24‑well plates with 0.4 mg of the firefly luciferase report vector and 0.08 mg of the control vector containing
Renilla luciferase, pRL‑TK (Promega Corporation), as well as
with 100 nM miR‑20a mimics, inhibitor or control miRNA.
Luminescence was detected using the Dual‑Luciferase
Reporter Assay System (Promega Corporation) according to
the instructions 48 h after transfection. Data were normalized
to the Renilla luminescence and presented relative to control
miRNA transfected group.
Apoptosis analysis. The cells in each group were collected
at 24, 48 and 72 h after transfection, and cold PBS was used
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Figure 1. Determination of miR‑20a expression in human MM cell lines and clinical samples via RT‑qPCR. (A) RT‑qPCR detection of miR‑20a in plasma
cells derived from bone marrow of healthy donors (normal) and MM patients. (B) Expression of miR‑20a in the MM cell lines MM.1S, U266 and RPMI‑8226
compared with nPCs. Each sample was analyzed in triplicate and error bars represent standard deviation. *P<0.05 vs. nPCs. nPCS, normal plasma cells;
MM, multiple myeloma; RT‑qPCR, reverse transcription-quantitative polymerase chain reaction; miR, microRNA.

to wash cells for three times. The cells were resuspended
with 500 µl pre‑cooled binding buffer, and the concentration was adjusted to 5x106 ml. A total of 100 µl of the cell
suspension was added to flow cytometry tubes and 5 µl of
Annexin V‑fluorescein isothiocyanate (Beyotime Institute of
Biotechnology, Shanghai, China) was added. After mixture,
samples were incubated at room temperature in the dark
for 15 min, and 5 µl of 10 mg/l propidium iodide (PI) dye
(Beyotime Institute of Biotechnology) was added 5 min prior
to the measurements. Samples were immediately analyzed
with a FacSort without wash or fixation. Cell Quest FCS 3.0
software (BD Biosciences) was used for data analysis. Each
sample was repeated three times.
Western blotting. Whole cell protein extracts were obtained
from MM cell lines. Cell lysates were loaded and polyacrylamide gel electrophoresis separated. Proteins were
transferred by Trans‑Blot Turbo Transfer Starter System
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) for 7 min.
After protein transfer, the membranes were blotted with the
primary antibodies. The cells in the logarithmic growth phase
with 80% confluency were collected, and radio immunoprecipitation assay lysis buffer containing protease inhibitors
(Beyotime Institute of Biotechnology, Haimen, China) was
used for conventional extraction of total cellular protein. A
bicinchoninic acid protein assay kit (Beyotime Institute of
Biotechnology) was used for protein quantification. An equal
amount of protein was separated by running on 10% SDS gel
electrophoresis under denaturing and nonreducing conditions
and then transferred to a nitrocellulose membrane. 5% skim
milk was added to block the membrane in a sealed container for
1 h. The membranes were incubated overnight at 4˚C using the
following antibodies: anti‑PTEN‑7 (1:300), anti‑p13k (1:1,000),
anti‑p‑p13k (1:500), anti‑AKT (1:500) and anti‑p‑AKT (1:500)
(all from Santa Cruz Biotechnology, Inc., Dallas, TX, USA).
Anti‑β‑actin (1:200; Abcam, Cambridge, MA, USA) was used
as a loading control.
Statistical analysis. Each experiment was performed at least
three times and values are reported as mean ± SD. Differences
between two groups were evaluated by a Student's t‑test,
and differences among multiple groups were evaluated by
one‑way analysis of variance and a Newman‑Keuls post‑hoc

test using SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA).
P‑values <0.05 were considered to indicate a statistically
significant difference.
Results
miR‑20a was overexpressed in plasma from MM patients
and MM cell lines. Real‑time quantitative PCR revealed
that miR‑20a was significantly upregulated in 30 plasma
samples from MM patients compared with healthy control
subjects (Fig. 1A). The levels of miR‑20a expression in the
MM patients and the control subjects were 1.70±0.02 and
0.94±0.03, respectively, and miR‑20a expression in the MM
patients was significantly higher than that in the normal
individuals (P<0.05). Consistent with these data, miR‑20a
expression in the U266, MM1 sec, and RPMI‑8226 MM
cell lines, was significantly increased compared with the
normal healthy bone marrow‑derived plasma cells (Fig. 1B).
In addition, miR‑20a expression in stage III patients
(1.80±0.31) was significantly higher than that in stage I/II
patients (1.63±0.03) (P<0.05) (Table I). However, miR‑20a
expression was not associated with the patient age, sex or
karyotype (P>0.05) (Table II).
Effect of miR‑20a expression on cellular growth, migration,
invasion and apoptosis. CCK-8 assay results showed that
the viability of U266 and RPMI‑8226 cells was reduced
following transfection with a miR‑20a inhibitor (Fig. 2A).
Cell growth in the miR‑20a inhibitor group was significantly
decreased compared with blank and negative control (NC)
groups (P<0.05). We next investigated whether treatment with
the miR‑20a inhibitor inhibited MM cell migration using a
Transwell assay. Consistent with the CCK-8 assays results,
cells migration rate transfected with the miR‑20a inhibitor
was reduced (Fig. 2B). The number of migrated cells in the
miR‑20a inhibitor group was significantly lower than that in
the blank and NC groups (P<0.05). Cell invasion assay showed
that the number of cells penetrating through the Matrigel
into the back of the Transwell membrane was significantly
lower in the treatment group compared with the blank and NC
groups (Fig. 2C) (P<0.05). Moreover, apoptosis rates for the
cells in the blank group, NC group, miR‑20a mimics group and
miR‑20a‑inhibitor group was 8.92, 9.99, 5.62 and 19.9% 48 h
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Figure 3. miR‑20a targets PTEN by binding to its 3'‑UTR. (A) Image of
miR‑20a bound to the PTEN 3'‑UTR. (B) The relative luciferase activity
detected by dual‑luciferase reporter gene activity assay. *P<0.05 in
miRNA/PTEN‑3'‑UTR‑mu vs. miRNA‑NC/3'‑UTR‑NC, miRNA/3'‑UTR‑NC,
miR NA‑NC/PTEN‑3'‑UTR and miR NA‑NC/PTEN‑3'‑UTR. miR,
microRNA; PTEN, phosphatase tensin homolog; NC, negative control; UTR,
untranslated region.

expected, miR‑20a directly bound to the 3'-UTR and remarkably reduced the vector's luciferase activity. In contrast, cells
with mutant PTEN 3'-UTRs displayed much higher luciferase
activity (Fig. 3B).

Figure 2. Regulatory effects of miR‑20a inhibitor on MM cell proliferation, migration, invasion and apoptosis. (A) The CCK-8 assay showed that
RPMI‑8226 cells transfected with miR‑20a inhibitor grew slower than cells
transfected with NC and blank cells. (B) Transwell migration assays of
RPMI‑8226 cells were performed after transfection with miR‑20a inhibitor,
NC and blank cells. Cells transfected with miR‑20a inhibitor exhibited
significantly lower motility than control‑treated cells and blank. (C) The
invasion ability of RPMI‑8226 cells after transfection in each group. (D) Cell
cycle analysis. Data represent means ± standard deviation (n=3). (E) The
apoptosis rates of the transfected cells in each group. *P<0.05 compared
with the blank and NC groups. miR, microRNA; NC, negative control; MM,
multiple myeloma.

after transfection, respectively (Fig. 2D). Compared with the
two control groups, the apoptotic rate in the miR‑20a‑inhibitor
group was significantly increased (P<0.05) (Fig. 2E).
PTEN as a target gene of miR‑20a. To further explore the
mechanisms that miR‑20a regulated MM cell growth and
metastasis, we identified candidate targets of miR‑20a using
the TargetScan program. Among the identified genes, we
chose to further investigate PTEN (Fig. 3A). To determine
whether miR‑20a binds to the 3'-UTR of PTEN, we utilized
a luciferase reporter vector containing 3'-UTR of PTEN. As

PTEN, PI3K, AKT and p‑AKT protein expression. The
relative expression of miR‑20a and inhibitor was shown
in Fig. 4A and B. Western blotting results (Fig. 4) showed that
PTEN expression in the miR‑20a‑mimic group was downregulated compared with the blank and NC groups (P<0.05).
p‑PI3K and p‑Akt expression levels were also markedly
downregulated in the miR‑20a‑mimics group compared with
the blank and NC groups (P<0.05). There were no statistically
significant differences in the protein expression between the
blank and NC groups.
Discussion
Increasing studies focusing the molecular biology of cancer
have revealed that the PTEN/PI3K/AKT pathway is an important oncogenic pathway that is frequently activated during
tumorigenesis, and plays a crucial role in the growth, proliferation, migration, and invasion of malignant cells (26,27).
MM is a plasma cell disorder with a relatively high incidence
rate among hematological malignancies. Despite significant
progress in elucidating the biology of MM and identifying
treatment options, the disease remains incurable, highlighting
the urgent need for digging novel and effective therapies (28).
As miRNAs have important functions in many cancers, therapeutic modulation of miRNAs might be a valuable strategy for
cancer study. The overall aim of current study was to explore
the roles of miR‑20a and the PTEN/PI3K/AKT signaling
pathway in the proliferation, migration and invasion of MM
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Figure 4. The relative expression of miR‑20a, inhibitor, and protein levels of PTEN, PI3K, Akt and p‑Akt detected by western blotting. (A) The relative expression of miR‑20a inhibitor. (B) The relative expression of miR‑20a. (C) Diagram of the protein bands in each group detected by western blotting. (D) Histogram
of the protein expression levels in each group; *P<0.05 compared with the blank and NC groups. NC, negative control; PTEN, phosphatase and tensin homolog;
PI3K, phosphoinositide 3‑kinase; AKT, protein kinase B; p‑Akt, phosphorylated Akt.

cells. To the best of our knowledge, this was the first examination has been reported in the present day.
Initially, we demonstrated that miR‑20a was upregulated in
plasma from MM patients and MM cells. Notably, miR‑20a, a
member of the miR‑17‑92 cluster, has been shown to function
as an oncomir in many human cancers. A study performed
by Wang et al demonstrated that miR‑20a is highly expressed
in brainstem gliomas and potentially associated with gliomagenesis (29). Li et al have reported that miR‑20a expression
was remarkably increased in the breast cancer of patients (30).
Moreover, previous research has also shown that high levels
of miR‑20a are associated with shortened progression‑free
survival (PFS) (31). In the current study, miR‑20a expression
in plasma was significantly higher in stage III MM patients
than stage I/II patients, suggesting a key role for this miRNA
in survival prediction. Considering endogenously expression
of miR‑20a in stage III MM patients, we chose to utilize
RPMI‑8226 cells for subsequent loss‑of‑function studies. Our
results showed a marked reduction in RPMI‑8226 cell viability
after transfection of with a miR‑20a inhibitor. The transfected
cells also showed inhibited migration, however, apoptosis
was promoted. These data suggests that the upregulation of
miR‑20a in MM is related to the development and progression
of the disease.
Recent research has shown that activation of PI3K/AKT
reduces the p21Cip1 levels and increases CCND1 expression (32,33), which regulates cell cycle progression through
the G1 phase. In addition, activated PI3K can catalyze

3,4‑phosphatidylinositol trisphosphate phosphorylation and
subsequently activate the protein kinase AKT to promote cell
growth and proliferation (26). PTEN, a tumor suppressor gene,
was confirmed as a target of miR‑20a by a luciferase assay.
Notably, one prior study speculated that miR‑20a plays an
oncogenic role in hepatocellular carcinoma, at least partially
by negatively regulating PTEN (27). In the present study, we
found that PTEN expression decreased after overexpression
of miR‑20a, suggesting that PTEN is regulated by miR‑20a.
These data were further confirmed by a luciferase activity
assay. Our results suggest that PTEN is a direct target of
miR‑20a. The PTEN/PI3K/AKT signaling pathway is known
to have important roles in regulating biological processes
including cell growth and proliferation, metabolism, and
apoptosis, which makes the pathway an attractive candidate
for drug discovery (34). Chen et al reported that PTEN and
activated AKT are associated with intrahepatic metastasis,
tumor grade, and a high proliferation index. Furthermore the
PI3K/PTEN/AKT pathway is a diagnostic and prognostic
indicator of invasion and metastasis hepatocellular carcinoma as well as a therapeutic target for this cancer (35). Our
current correlation analyses of miR‑20a, PTEN, PI3K and Akt
proteins expression also confirmed the relationships existing
among these proteins.
In conclusion, we report that miR‑20a regulates the
proliferation and migration of MM cells by modulating the
PTEN/PI3K/AKT signaling pathway. Meanwhile, this pathway
may serve as a novel therapeutic target for MM. Unraveling
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the relationship between miR‑20a and the PTEN/PI3K/Akt
signaling pathway may help identify new molecular markers
and potential therapeutic targets that will provide a theoretical
basis for future studies. The effects of miR‑20a on MM cell
proliferation, migration and invasion should be confirmed
using animal models in future study. Performing such experiment will bring us closer to the goal of developing new genetic
and therapeutic strategies for treating MM.
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