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Downregulation of microRNA-25-3p inhibits the proliferation
and promotes the apoptosis of multiple myeloma cells via
targeting the PTEN/PI3K/AKT signaling pathway
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Abstract. Numerous studies have confirmed that microRNAs
(miRNAs or miRs) have important roles in cancer biogen-
esis and development including multiple myeloma (MM).
MicroRNA-25-3p (miR-25-3p) has been proven to promote
cancer progression, whereas its functions in MM has not
yet been reported, at least to the best of our knowledge.
Therefore, the present study aimed to investigate the function
of miR-25-3p in MM and to identify the potential underlying
mechanistic pathway. Herein, it was found that miR-25-3p
expression was significantly increased in MM tissues and cell
lines. The upregulation of miR-25-3p was closely associated
with anemia, renal function impairment international staging
system (ISS) staging and Durie-Salmon (D-S) staging. A
high level of miR-25-3p was predictive of a poor prognosis
of patients with MM. In vitro, the knockdown of miR-25-3p
suppressed the proliferation and promoted the apoptosis of
RPMI-8226 and U266 cells, while the overexpression of
miR-25-3p exerted opposite effects. In addition, phosphatase
and tensin homolog deleted on chromosome 10 (PTEN), a
well-known tumor suppressor, was confirmed as a target of
miR-25-3p in MM cells. Moreover, it was found that the PTEN
expression levels were decreased, and inversely correlated with
miR-25-3p expression levels in MM tissues. Further analyses
revealed that the overexpression of PTEN exerted effects
similar to those of miR-25-3p knockdown, whereas the knock-
down of PTEN partially abolished the effects of miR-25-3p
inhibitor on MM cells. Accompanied by PTEN induction,
miR-25-3p promoted PI3K/AKT signaling pathway activation
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in MM cells. Collectively, these findings demonstrate critical
roles for miR-25-3p in the pathogenesis of MM, and suggest
that miR-25-3p may serve as a novel prognostic biomarker and
therapeutic target of MM.

Introduction

Multiple myeloma (MM) is a malignant plasma cell disorder,
accounting for the leading cause of mortality in patients with
hematological cancer (1). Despite recent and extensive progress
being made in the treatment of MM, novel strategies for the
more effective management of MM are urgently required (2-5).
Thus, it is necessary to identify novel prognostic biomarkers
and therapeutic regimens for patients with MM.

MicroRNAs (miRNAs or miRs), endogenous small
(approximately 22 nucleotides in length) non-coding RNAs, act
as unique regulators of gene expression by targeting mRNAs
for translational repression or cleavage (6). Recently, increasing
evidence has unveiled the roles of miRNAs in the development
of MM (7-10). For example, Gupta et al found that circulatory
levels of miR-203 were decreased in the serum of patients with
MM, and may be an independent predictive biomarker for the
diagnosis of MM (11). In addition to diagnosis, exploiting the
therapeutic potentials of miRNAs has been reported in cancer
research. Zhang et al demonstrated the tumor suppressive ability
of miR-29b through the downregulation of Mcl-1, functioning as
a potential therapeutic target for MM (12). Jia et al reported the
antitumor role of miR-26b-5p by targeting JAGI (13). These data
suggest the crucial role of miRNAs in the progression of MM.

As one of the most well-studied miRNAs, miR-25-3p is
aberrantly expressed and principally functions as an onco-
genic miRNA in the development and progression of human
cancers. For example, Zhang er al found that miR-25-3p
promoted tumorigenesis by regulating CDKNIC expression in
glioma (14). In liver cancer, Sanchez-Mejias et al also reported
the oncogenic role of miR-25-3p with the inhibition of the
SOCS5/mammalian target of rapamycin (mTOR) signaling
axis (15). Notably, in MM, miR-25-3p has been found to be
significantly upregulated in the serum of patients with MM,
functioning as a potential diagnostic target in MM (16,17).
Although miR-25-3p has been reported to be highly expressed
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in MM, the roles and molecular mechanisms of miR-25-3p in
MM remain unknown.

Thus, the present study aimed to elucidate the potential
involvement of miR-25-3p in MM and to explored the possible
underlying mechanisms. The findings suggest that miR-25-3p
may be a possible biomarker and effective therapeutic target
for MM.

Materials and methods

Human tissue samples. Bone marrow samples from 50 patients
with MM were obtained from the Department of Hematology,
the First Affiliated Hospital of Xinxiang Medical University
between June, 2017 and June, 2018. All patients were diag-
nosed based on the World Health Organization diagnostic
criteria for MM (18,19). The inclusion criteria were as follows:
i) Patients newly diagnosed with MM according to the World
Health Organization diagnostic criteria for MM; ii) an age
>18 years old; iii) patients had to be able to be regularly
followed-up. The exclusion criteria were as follows: i) Patients
with relapsed/refractory MM; ii) patients that had received
chemotherapy, radiotherapy or other systematic treatments
prior to enrollment; iii) patients with a history of solid tumors
or hematological malignancies other than MM. At the same
time, 10 healthy volunteers undergoing bone marrow transplant
were recruited as the controls. All patient characteristics are
presented in Table I. Written informed consents were acquired
from all patients and healthy volunteers and the present study
was approved by the Ethics Committee of the First Affiliated
Hospital of Xinxiang Medical University. The samples were
rapidly stored at -80°C until use.

Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from the MM tissues and cells using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
For the detection of miR-25-3p, total RNA was reverse tran-
scribed into cDNA using the TagMan™ MicroRNA Reverse
Transcription kit (cat no. 4366596, Thermo Fisher Scientific,
Inc.). gPCR was conducted using the miScript SYBR-Green
PCR kit (cat no. 218073, Qiagen GmbH) in a Light Cycler
instrument (Bio-Rad Laboratories, Inc.). For the detection of
phosphatase and tensin homolog deleted on chromosome 10
(PTEN) mRNA, total RNA was reverse transcribed into
cDNA using a Reverse Transcription kit (cat no. RR047A,
Takara Bio, Inc.). SYBR Premix Ex Taq II (Takara Bio, Inc.,
Tokyo, Japan) was then used for PCR. The thermocycling
conditions were as follows: 50°C for 2 min and 95°C for
10 min, followed by 40 cycles of 95°C for 15 sec and 60°C
for 10 min. Primers used for miR-25-3p and PTEN were as
follows: miR-25-3p forward, 5'-CATTGCACTTGTCTCGGT
CTGA-3' and reverse, 5'-GCTGTCAACGATACGCTACGT
AACG-3'; U6 forward, 5'-GCTTCGGCAGCACATATACTA
AAAT-3" and reverse, 5-CGCTTCACGAATTTGCGTGTC
AT-3"; PTEN forward, 5-CCAGGACCAGAGGAAACCT-3'
and reverse, 5-GCTAGCCTCTGGATTTGA-3"; and GAPDH
forward, 5'-GTGGTGAAGACGCCAGTGGA-3' and reverse,
5'-CGAGCCACATCGCTCAGACA-3". U6 and GAPDH were
used as internal controls for detecting miR-25-3p and PTEN
expression, respectively, and fold changes were calculated
through the 2-44°4 method (20).

Cells and cell culture. The NCI-H929 (ATCC® CRL-9068),
RPMI-8226 (ATCC® CCL-155) and U266 (ATCC® TIB-196)
cell lines were purchased from the American Type Culture
Collection (ATCC). The MM.IR cell line was purchased
from the Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences (cat. no. SCSP-505). Normal plasma cells
(nPCs) were obtained from Procell Life Science & Technology
Co., Ltd. All cells were cultured in RPMI-1640 medium
(Cambrex) supplemented with 10% fetal bovine serum (FBS;
Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C and 5% CO,.

Cell transfection. The miR-25-3p mimics, mimics negative
control (mimics NC), miR-25-3p inhibitor and inhibitor
NC were purchased from RiboBio Co., Ltd. PTEN over-
expression vector pcDNA-PTEN and pcDNA vector were
purchased from GenePharma, Co. Ltd. In addition, PTEN
siRNA (si-PTEN, 5'-CAUCAGCAUAUGGAAAGCUUC
AUUU-3") and si-Scramble (5'-CAUACGUAUAGGGAA
UUCACCAUUU-3") were also obtained from RiboBio Co.,
Ltd. RPMI-8226 and U266 cells (8.0x10%/well) in 6-well
plates were grown to approximately 80% confluency, and
then respectively transfected with miR-25-3p inhibitor
(20 nM), inhibitor NC (20 nM), si-PTEN (50 nM), or 2 ug
pcDNA-PTEN using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 24 h, the cells were
collected, and RT-qPCR was performed to ensure silencing
was achieved.

Cell proliferation. For the detection of cell proliferation,
RPMI-8226 and U266 cells (5x10%/well) were seeded in
96-well plates for 24 h, and then transfected with 20 nM
miRNA inhibitor and 50 nM si-PTEN, or 2 yg pcDNA-PTEN
as described above. At 1,2 and 3 days post-transfection, 10 ul
CCK-8 solution (Dojindo Molecular Technologies, Inc.) were
added and the cells were cultured at 37°C for an additional
2 h. The OD absorbance at 450 nm was then detected using an
iMark microplate reader (Bio-Rad Laboratories, Inc.).

Cell apoptosis assay. For the detection of cell apoptosis, the
Annexin V-FITC/PI apoptosis detection kit (cat no. ab14085,
Abcam) was applied according to the manufacturer's instruc-
tions. Briefly,48 h following transfection, cells were centrifuged
at 300 x g at 4°C for 10 min and washed with PBS, and stained
with Annexin V and propidium iodide (PI) for 15 min at room
temperature in the dark. Apoptosis was then measured on a
FACScan flow cytometer (Beckman Coulter, Inc.) and then
analyzed using FlowJo 8.7.1 software (FlowJo, LLC). The
results revealed healthy viable cells in the lower left quadrant
(Q4) on the scatter plot as (FITC/PI'); the lower right quad-
rant (Q3) represented early-stage apoptotic cells (FITC*/PI);
the upper right quadrant (Q2) represented necrotic cells and
late-stage apoptotic cells (FITC*/PI*). The rate of apoptosis
was calculated as follows: Apoptotic rate=percentage of early
stage apoptotic cells (Q3) + percentage of late stage apoptotic
cells (Q2). The experiment was repeated 3 times independently.

Luciferase assay. PicTar (http://pictar.mdc-berlin.de/) and
TargetScan (http://www.targetscan.org) were used to search
for the putative targets of miR-25-3p. The luciferase reporter
plasmids (wt-PTEN-UTR-pGL3 or mut-PTEN-UTR-pGL3)
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Table I. Association between miR-25-3p and the pathological characteristics of patients with MM.

miR-25-3p expression

Clinical feature Patients (total) n=50 High Low P-value

Sex 0.9453
Male 22 10 12
Female 28 13 15

Age (years) 0.6233
<50 17 7 10
=50 33 16 17

Anemia 0.0150*
Mild 20 5 15
Moderate/severe 30 18 12

Impairment of renal function 0.0208*
Renal inadequacy 38 24 14
No impairment 12 3 9

ISS staging 0.0354*
Stage 1 21 6 15
Stage II-11I 29 17 12

D-S staging 0.0100*
Stage | 13 2 11
Stage II-111 37 21 16

*P<0.05. MM, multiple myeloma; ISS, International Staging System; D-S, Durie-Salmon.

were synthesized by GenePharma, Co., Ltd. 293T cells (8x10%)
(ATCC® CRL-11268) were co-transfected with the lucif-
erase reporter along with miR-25-3p mimics/inhibitor using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). At 48 h post-transfection, the luciferase activity was
measured using the dual-luciferase reporter assay system
(Promega Corporation). Renilla luciferase was used to
normalize the cell number at 48 h following transfection.

Western blot analysis. Proteins from the transfected cells
were extracted using RIPA lysis buffer (EMD Millipore)
containing protease inhibitors and phosphatase inhibitors.
The protein concentration was determined using a bicincho-
ninic acid (BCA) assay (cat no. P6651, Beyotime Institute
of Biotechnology). Briefly, the protein samples (40 pg/lane)
were separated by 12% SDS-PAGE gel and transferred to
polyvinylidene difluoride membranes (EMD Millipore). The
membranes were then blocked with 5% skim milk for 2 h at
room temperature, followed by incubation with PTEN anti-
body (cat no. 9559; 1:2,000), p-AKT antibody (cat no. 4060;
1:1,000), AKT antibody (cat no. 4685; 1:1,000), p-mTOR
antibody (cat no. 5536; 1:1,000 dilution), mTOR antibody (cat
no. 2983; 1:2,000), PCNA (cat no. 13110; 1:2,000) and (-actin
antibody (cat no. 3700, 1:2,000) at 4°C overnight. Anti-mouse
IgG (H + L; cat no. 8887, 1:2,000) were used as the secondary
antibodies for 1 h at room temperature. All antibodies were
obtained from Cell Signaling Technology, Inc. Detection was
performed using an enhanced chemiluminescence kit (cat
no. 34096; GE Healthcare; Cytiva) and the densities of protein

bands was analyzed using ImagelJ software (version 1.46;
National Institutes of Health).

Statistical analysis. The SPSS 19.0 software package (SPSS,
Inc.) was applied to analyze the data. All data are presented as
the means + S.D. Differences between 2 groups were analyzed
using an unpaired Student's t-test. Multiple comparisons were
performed using one-way analysis of variance followed by
Tukey's post hoc test. When only 2 groups were compared, a
Student's t-test was conducted. The Chi-squared test was used
to evaluate the difference of categorical variables in Table I. The
differences in overall survival were assessed by Kaplan-Meier
survival analysis and the log rank test. Patients were divided
into a low expression group and high expression group by the
cut-off of the median expression value of miR-25-3p. Pearson's
correlation coefficient was used for correlation analysis
between miRNA and mRNA levels. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of miR-25-3p is upregulated in MM and is
associated with patient clinicopathologic parameters. To
evaluate the expression status of miR-25-3p in MM, the rela-
tive expression of miR-25-3p was first assessed in 50 bone
marrow samples from patients with MM and in 10 bone
marrow samples from healthy donors. As shown in Fig. 1A,
miR-25-3p expression was significantly upregulated in MM
tissues compared with healthy donors. In addition, the levels
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Figure 1. miR-25-3p expression is significantly upregulated in MM tissues and MM cell lines. (A) Expression of miR-25-3p was detected in 50 bone marrow
tissue samples from MM patients and 10 normal bone marrow tissue samples from healthy donors by RT-qPCR. (B) Expression of miR-25-3p in MM cell lines
was determined by RT-qPCR. nPCs cells were used as control cells. Data are presented as the means = SD of 3 independent experiments. “P<0.01 vs. nPCs.
(C) Prognostic value of miR-25-3p for MM patients assessed by Kaplan-Meier analysis. MM, multiple myeloma; nPCs, normal plasma cells.

of miR-25-3p expression were measured in 4 MM cell lines
relative to the nPCs. Compared with the nPCs, miR-25-3p
expression was upregulated, with differential expression
levels, in the 4 MM cell lines (Fig. 1B), particularly in the
RPMI-8226 and U266 cells.

Subsequently, to explore the clinical and pathological role of
miR-25-3p in MM, the association between miR-25-3p expres-
sion and the clinicopathological characteristics of the patients
with MM we analyzed. As shown in Table I, a high expression
of miR-25-3p was closely associated with anemia, renal func-
tion impairment, the international staging system (ISS) staging
and Durie-Salmon (D-S) staging (Table I). However, other
clinicopathological parameters, such as sex and age exhibited
no significant association with miR-25-3p. It was also found
that the overall survival (OS) rate of patients with MM was
longer in the miR-25-3p low expression group compared with
the miR-25-3p high expression group (Fig. 1C). Collectively,
these data indicate that miR-25-3p expression was indeed
upregulated in MM and was mainly associated with disease
progression.

Knockdown of miR-25-3p suppresses cell proliferation and
induces cell apoptosis. To determine the role of miR-25-3p
in MM cells, both the RPMI-8226 and U266 cells were trans-
fected with miR-25-3p inhibitor/mimics or mimics/inhibitor
NC. As was expected, miR-25-3p expression was notably
increased or decreased following transfection with mimics or
inhibitor, respectively (Fig. 2A), which confirmed the trans-
fection efficiency. According to the results of CCK-8 assay,
miR-25-3p knockdown markedly inhibited cell proliferation
at varying degrees in both the RPM-18226 and U266 cells
(Fig. 2B and C). The present study then determined whether
the effects of miR-25-3p on cell proliferation may be associ-
ated with apoptosis. To determine this, these treated cells
were subjected to FITC-Annexin V/PI staining followed by
flow cytometric analysis. As shown in Fig. 2D, miR-25-3p
knockdown resulted in a significant increase in the apoptotic
portion of both the RPMI-8226 and U266 cells compared
to the inhibitor NC. These results suggested that miR-25-3p
knockdown inhibited cell proliferation by promoting cell
apoptosis in vitro.

Overexpression of miR-25-3p promotes the proliferation and
inhibits the apoptosis of MM cells. The effects of miR-25-3p

overexpression on cell proliferation and apoptosis in vitro
were then evaluated. The RPMI-8226 and U266 cells were
transfected with miR-25-3p mimics or mimics NC. As shown
in Fig. 3A and B, miR-25-3p upregulation markedly promoted
the proliferation of both RPMI-8226 and U266 cells. The
results of western blot analysis revealed that compared with
the mimics NC group, the expression levels of PCNA in both
the RPMI-8226 and U266 cells were significantly increased in
the miR-25-3p mimics group (Fig. 3C). In addition, compared
with the mimics NC group, the apoptotic portion of cells in
the miR-25-3p mimics group was significantly decreased
(Fig. 3D). All results suggest that miR-25-3p overexpression
promoted cell proliferation by inhibiting apoptosis in vitro.

PTEN was a direct target of miR-25-3p. To examine the
molecular mechanism by which miR-25-3p functions in MM,
candidate target genes of miR-25-3p were computationally
screened using the online database PicTar and TargetScan.
Among several predicted target genes, PTEN was identified
as a potential target of miR-25-3p (Fig. 4A). To verify whether
miR-25-3p directly binds to PTEN, a dual luciferase reporter
assay was conducted. It was found that miR-25-3p upregulation
markedly inhibited, whereas miR-25-3p inhibition promoted the
luciferase activity of the PTEN-2-3'UTR wt reporter; however,
co-transfection with mutant vector did not lead to any changes
in luciferase activity (Fig. 4B). To further confirm whether
PTEN is regulated by miR-25-3p, the mRNA and protein
expression levels of PTEN in the RPMI-8226 and U266 cells
were measured by RT-qPCR and western blot analysis, respec-
tively. It was found that PTEN expression was significantly
decreased following transfection with miR-25-3p mimics, while
it was increased following miR-25-3p inhibitor transfection
(Fig. 4C and D). Subsequently, the expression levels of PTEN
in MM cell lines and the above-mentioned clinical samples
were detected by RT-qPCR. As shown in Fig. 4E and F, PTEN
expression was significantly downregulated in MM cell lines
and MM tissues, compared with the nPCs and healthy donor
tissues. In addition, an evident inverse correlation was observed
between the PTEN and miR-25-3p expression levels in tumor
tissues (Fig. 4G, r=-0.9118; P<0.01). These results indicate that
PTEN may be a downstream target of miR-25-3p.

Overexpression of PTEN inhibits the proliferation and
promotes the apoptosis of MM cells. The results mentioned
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Figure 2. Knockdown of miR-25-3p suppresses cell proliferation and induces cell apoptosis. RPMI-8226 and U266 cells were transfected with the miR-25-3p
inhibitor or miR-25-3p mimics for 48 h, and the cells were then used for analysis. (A) Transfection efficiency was assessed by RT-qPCR. (B and C) Cell prolif-
eration was measured by CCK-8 assay at the indicated time points. (D) Cell apoptosis was measured by flow cytometry. Data are presented as the means + SD
of 3 independent experiments. "P<0.05, “P<0.01 vs. inhibitor NC group; #P<0.01 vs. mimics NC group.
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Figure 3. Overexpression of miR-25-3p promotes cell proliferation and inhibits cell apoptosis. RPMI-8226 and U266 cells were transfected with the miR-25-3p
mimics or mimics NC for 48 h, and then cells were used for analysis. (A and B) Cell proliferation was measured by CCK-8 assay at the indicated time points.
(C) Expression of PCNA protein was measured by western blot analysis. (D) Cell apoptosis was measured by flow cytometry. Data are presented as the
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Figure 4. PTEN is a direct target of miR-25-3p. (A) Schematic of the PTENI 3'UTR containing the miR-25-3p binding sites. (B) Luciferase assay of 293T
cells co-transfected with Firefly luciferase constructs containing the PTEN wt or mut 3'UTRs and miR-25-3p mimics, mimics NC, miR-25-3p inhibitor or
inhibitor NC, as indicated (n=3). Data are presented as the means + SD of 3 independent experiments. (C and D) RPMI-8226 and U266 cells were transfected
with miR-25-3p mimics, mimics NC, miR-25-3p inhibitor or inhibitor NC for 48 h, and the expression levels of PTEN mRNA and protein were determined
by RT-qPCR and western blot analysis, respectively. Data are presented as the means + SD of 3 independent experiments. “P<0.01 vs. mimics NC; *P<0.01
vs. inhibitor NC. (E) Expression of miR-25-3p in MM cell lines was determined by RT-qPCR. nPCs cells were used as control cells. Data are presented as
the means + SD of 3 independent experiments. “P<0.01 vs. nPCs group. (F) PTEN expression was measured by RT-qPCR in 50 bone marrow tissue samples
from MM patients and 10 normal bone marrow tissue samples from healthy donors. P<0.01 vs. healthy donor group. (G) Pearson's correlation analysis was
used to analyze the correlation between the expression of PTEN and the expression of miR-25-3p expression in multiple myeloma tissues (r=-0.9118, P<0.01).

above demonstrated that miR-25-3p inhibited cell proliferation
in vitro and miR-25-3p directly targeted PTEN. The present
study then wished to determine whether the upregulation
of PTEN exerted a similar effect to that of miR-20a knock-
down. To address this question, pcDNA-PTEN plasmid was
transfected into RPMI-8226 and U266 cells. As shown in
Fig. 5A, the PTEN protein level was notably increased in the
RPMI-8226 and U266 cells transfected with the PTEN over-
expression plasmid. Cell proliferation and apoptosis were then
estimated. As shown by the results of CCK-8 assay, PTEN
upregulation significantly suppressed the proliferation of
RPMI-8226 and U266 cells compared with the pcDNA-vector
group (Fig. 5B and C). It was also found that PTEN upregu-
lation markedly promoted the apoptosis of RPMI-8226 and
U266 cells, compared with the pcDNA-vector group (Fig. 5D).
Consequently, PTEN upregulation exerted similar effects to
those of miR-25-3p knockdown in MM cells.

PTEN inhibition reverses the effects of miR-25-3p on the
proliferation and apoptosis of MM cells. To verify whether
PTEN mediates the inhibitory effects of miR-25-3p on cell
proliferation and cell apoptosis, rescue experiments were

performed by transfecting si-PTEN with miR-25-3p inhibitor
into RPMI-8226 and U266 cells. As shown in Fig. 6A, the
protein expression levels of PTEN were notably decreased in
the RPMI-8226 and U266 cells following si-PTEN transfection.
The results of CCKS8 assay revealed that PTEN knockdown
partially reversed the inhibitory effects of miR-25-3p inhibitor
on cell proliferation (Fig. 6B and C). Moreover, the increased
apoptotic portion induced by miR-25-3p inhibitor was
significantly reduced by PTEN knockdown in the RPMI-8226
and U266 cells (Fig. 6D). Taken together, these findings
demonstrated that miR-25-3p inhibited cell proliferation and
promotes apoptosis by directly targeting PTEN expression in
MM cells.

Knockdown of miR-25-3p blocks the activity of
PTEN/PI3K/AKT pathway. It has been well recognized that
PTEN negatively regulates the activity of the Akt pathway,
and the Akt pathway is closely associated with cell growth and
cell apoptosis in human cancers (21-23). To investigate whether
miR-25-3p affects the activity of the PI3K/Akt signaling
pathway, the expression levels of downstream proteins in the
PI3K/Akt signaling pathway, namely AKT, p-AKT, mTOR
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and p-mTOR, were evaluated in RPMI-8226 and U266
cells. The results revealed that miR-25-3p inhibition elevated
PTEN expression and reduced p-AKT and p-mTOR expres-
sion levels relative to the control group (Fig. 7). These data
suggest that miR-25-3p knockdown blocked the activity of
PTEN/PI3K/AKT pathway in MM cells.

Discussion

In the present study, it was found that miR-25-3p expression
was upregulated in MM tissues and cell lines; high levels of
miR-25-3p were closely associated with the clinicopatholog-
ical characteristics of patients with MM. Moreover, miR-25-3p
knockdown suppressed cell proliferation and promoted cell
apoptosis by blocking the activity of the PTEN/PI3K/AKT
pathway. All these findings suggest that miR-25-3p may prove
to be a novel biomarker and therapeutic target for MM.

Previous studies have demonstrated that miR-25-3p
expression is upregulated in MM tissues and functions as a
non-invasive prognosis biomarker (16,17). Consistent with
these studies, the present study found miR-25-3p expres-
sion was significantly upregulated in both MM tissues and
MM cell lines. Taken together, these results suggest that an
increased miR-25-3p expression is a frequent event in human
MM tissues and may be involved in carcinogenesis as a tumor
oncogene. Moreover, its high expression is predictive of a
poor prognosis of patients with MM. In view of the above,
it was hypothesized that miR-25-3p may participate in the
progression of MM.

Previous studies have described the oncogenic role of
miR-25-3p in several types of cancer (24,25). For example, in
renal tumors, miR-25-3p expression is elevated in renal cancer
tissues, and is associated with the growth of renal cancer
cells (26). In melanoma, miR-25 directly targets DKK3, and
thereby reduces its downstream signaling, the WNT/B-catenin
pathway to promote melanoma cell proliferation (27). In gastric
cancer, miR-25-3p knockdown has been shown to suppress
tumor xenograft growth in mice (28). Liu ef al found that the
upregulation of miR-25-3p was closely associated with the
progression and a poor prognosis of patients with cholangio-
carcinoma (29). Although previous studies have demonstrated
its high expression in MM tissue samples, the biological
function of miR-25-3p in MM remains unknown. Herein, it
was found that miR-25-3p knockdown suppressed the cell
proliferation by promoting cell apoptosis, while miR-25-3p
overexpression exerted an opposite effect on RPMI-8226 and
U266 cells. Therefore, these data indicate that miR-25-3p may
function as an oncogenic miRNA in the progression of MM.

As one of the most well-studied miRNAs, miR-25-3p
is aberrantly expressed and principally functions as an
oncogenic miRNA in cancer development and progression.
For example, miR-25-3p has been shown to be significantly
upregulated in triple-negative breast cancer (TNBC) tissues
and cell lines, and may serve as a novel diagnostic and
therapeutic target for TNBC (30). Wan et al also found that
miR-25-3p was upregulated in retinoblastoma tissues and cell
lines, and the enforced expression of miR-25-3p increased
cell growth, cell migration and invasion in vitro, as well as
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promoted tumor xenograft growth in vivo (31). The increased
expression of miR-25-3p has also been reported to be associ-
ated with liver, prostate and stomach cancers (32-35). Notably,
previous studies demonstrated that miR-25-3p expression was
significantly upregulated in MM tissues, suggesting that it may
be considered as a potential prognostic and diagnostic marker
in MM (16,17). Taken together, these results suggest that an

increased miR-25-3p expression may be associated with the
progression of MM.

One of the best strategies with which to understand the
fundamental function of miRNAs is via the elucidation of their
functional targets. In the present study, through the online data-
bases, PicTar and TargetScan, PTEN was identified as a target
gene of miR-25-3p. PTEN is a well-known tumor suppressor
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gene in various types of tumors, and plays an important role in
regulating cell proliferation and cell apoptosis (36). A previous
study by Jiang et al demonstrated that PTEN was expressed in
low levels in MM (37). Wan et al found that PTEN was a direct
target of miR-25-3p in retinoblastoma (31). However, whether
PTEN is regulated by miR-25-3p in MM cells has not yet been
determined, at least to the best of our knowledge. In the present
study, the results revealed that miR-25-3p knockdown exhibited
tumor suppressive roles in MM cells by targeting PTEN.

PTEN is a key upstream of the PI3K/Akt signaling
pathway (36,38) and activated PI3K/Akt signaling contrib-
utes to cell growth and apoptosis in a number of tumors,
including MM (37). In MM, PI3K/Akt is constitutively active
and contributes to the the proliferation of MM cells, which
suggests that the inhibition of this pathway may be a potential
therapeutic approach for MM (39-42). Jiang et al demonstrated
that miR-20a inhibited the proliferation, migration and apop-
tosis of MM cells, and that these effects were associated with
PI3K/AKT signaling pathway inactivation (37). The results of
the present study demonstrated that miR-25-3p knockdown
markedly enhanced the expression levels of PTEN, leading to
the subsequent downregulation of Akt and mTOR phosphory-
lation. This may explain why miR-25-3p inhibition suppressed
the proliferation and promoted the apoptosis of MM cells.

In conclusion, the present study found that miR-25-3p
expression was frequently increased in MM tissues and
may serve as a prognostic biomarker in patients with MM.
Mechanically, the data indicated that miR-25-3p knockdown
suppressed cell proliferation through the PTEN/PI3K/AKT
pathway. The findings may provide a potential target for the
prevention and treatment of MM.
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