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MicroRNA-338-3p (miR-338-3p) has been reported to be a tumor suppressor in multiple cancer types.
However, the biological role of miR-338-3p and its underlying mechanism in multiple myeloma (MM)
remain unclear. In the present study, we investigated the biological role and potential of miR-338-3p in
MM. We found that miR-338-3p was significantly decreased in newly diagnosed and relapsed MM tis-
sues and cell lines. Overexpression of miR-338-3p in MM cells significantly inhibited proliferation and
promoted apoptosis, caspase 3, and caspase 8 activity. Bioinformatics algorithm analysis predicted that
cyclin-dependent kinase 4 (CDK4) was a direct target of miR-338-3p, and this was experimentally verified
by a dual-luciferase reporter assay. Furthermore, overexpression of miR-338-3p inhibited CDK4 expression
on mRNA and protein levels. Of note, the restoration of CDK4 expression markedly abolished the effect of
miR-338-3p overexpression on cell proliferation, apoptosis, caspase 3, and caspase 8 activities in MM cells.
Taken together, the present study is the first to demonstrate that miR-338-3p functions as a tumor suppressor
in MM through inhibiting CDK4. This finding implies that miR-338-3p is a potential therapeutic target for

the treatment of MM.
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INTRODUCTION

Multiple myeloma (MM) is a malignancy of plasma
blasts/plasma cells (PCs), characterized by the accumu-
lation of clonal malignant plasma in the bone marrow'.
Although there have been advances in diagnosis and
treatment in recent years, including proteasome inhibi-
tors, immunomodulatory medicine, and autologous stem
cell transplantation, MM remains largely incurable by cur-
rent therapeutic strategies™. Therefore, there is an urgent
need to develop new targeted therapeutic approaches
for the treatment of MM.

MicroRNAs (miRNAs) are a class of small (18-25
nucleotides in length), noncoding RNAs that function as
negative regulators of protein-coding genes by binding
with complementary sequences within the 3’-untranslated
region (3’-UTR) of the target mRNA to induce mRNA deg-
radation or translational repression®. Increasing evidence

has confirmed that miRNAs play crucial roles in vari-
ous biological processes, such as embryonic develop-
ment, hematopoiesis, inflammation regulation, immune
responses, and tumorigenesis”®. miRNAs are known to
be involved in the initiation, development, and progres-
sion of many cancers through the regulation of oncogenes
or tumor suppressors’ . Aberrant miRNAs have been
reported to contribute to the development and progres-
sion of MM”"°, thus eliciting interest for these molecules
as diagnosis markers and antitumor therapeutic agents in
MM diagnosis and treatment.

miR-338-3p has been reported to be downregulated
and to function as a tumor-suppressive miRNA in several
types of cancers''™". Nevertheless, the biological function
of miR-338-3p and the molecular mechanisms in MM are
still unclear. Therefore, the aims of this study were to inves-
tigate the expression and biological role of miR-338-3p in
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MM progression and to explore the potential molecular
mechanism of miR-338-3p in MM development.

MATERIALS AND METHODS
Sample Collection

Twenty-eight MM tissues and 15 healthy donor sam-
ples were harvested at the Second Affiliated Hospital of
Jilin University during January 2014 to December 2016.
All patients were diagnosed according to the World
Health Organization diagnostic criteria for MM. The nor-
mal PCs (nPCs) from healthy donors were used as con-
trols. This study was performed with written informed
consent from the study participants and the approval of
the Ethics Committee of Jilin University (Changchun,
P.R. China), based on the Declaration of Helsinki, before
collection of the specimens.

Cell Culture and Transfection

Four human MM cell lines (NCI-H929, MM 1S, U266,
and RPMI-8266) were brought from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, PR. China).
All cell lines and the nPCs were grown in RPMI-1640
(Gibco, Carlsbad, CA, USA) supplemented with 10%
FBS (Invitrogen, Carlsbad, CA, USA) and 1% penicillin—
streptomycin (Sigma-Aldrich, St. Louis, MO, USA)
under a humidified atmosphere at 37°C with 5% CO,.

miR-338-3p mimic or corresponding negative control
(miR-NC) was purchased from Genechem (Shanghai,
PR. China). Cyclin-dependent kinase 4 (CDK4) code
sequence (without 3"-UTR) was amplified by PCR and
inserted into pCDNA3.1 vector (Invitrogen) and named
as pcDNA3.1-CDK4, which was used as the CDK4 over-
expression plasmid. MMI1S cells were seeded at a con-
centration of 2x10° per well in 24-well plates for 24 h,
and then transfected with the indicated nucleotides or
plasmids using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instructions.

Quantitative Reverse Transcriptase PCR

Total RNA was isolated from MM tissues and cul-
tured cells using TRIzol reagent (Invitrogen) accord-
ing to the manufacturer’s protocol. Two micrograms
of total RNA was used for reverse transcription using a
Reverse Transcription Kit (Takara Biochemical, Tokyo,
Japan) in an ABI-7900HT machine following the manu-
facturer’s instructions. Hsa-miR-338-3p primer and U6
snRNA gPCR primer were purchased from Genecopoeia
(Guangzhou, PR. China). The primers of CDK4 and
GAPDH were used in this study as described previously'®.
The relative expression of miR-338-3p and CDK4 mRNA
was normalized to U6 snRNA or GAPDH and calculated
using the 2™**““method.
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Cell Proliferation, Colony Formation, Cell Cycle,
and Apoptosis Assays

For the proliferation assay, transfected cells were
seeded in a 96-well plate at a density of 5x 10’ cells/well
in 100-pl volume and cultured for 24—72 h. At the indi-
cated times (24, 48, and 72 h), cell counting kit-8 (CCK-8)
reagents (Dojindo, Kumamoto, Japan) were added to each
well, and the cells were cultured for an additional 4 h. The
OD value at 450 nm was measured using a microplate
reader (BioTek, Winooski, VT, USA).

For cell cycle assay, the transfected cells were har-
vested and seeded in six-well plates at a concentration
of 2x10°/well. The cells were fixed in 70% ethanol at
4°C overnight and then stained with 50 pg/ml propidium
iodide (Keygen, Nanjing, PR. China). Cell cycle arrest
was analyzed using fluorescence-activated cell sorting
FACSCalibur) and Cell Quest software (both from Becton-
Dickinson, San Jose, CA, USA).

Cell apoptosis was determined using an Annexin-V-
Fluos Staining Kit (Roche, Basel, Switzerland) in the
FACSCalibur. Cell apoptosis ratio was analyzed by the
Cell Quest software.

Bioinformatics Prediction and Dual-Luciferase
Reporter Assay

Three miRNA databases (TargetScan, Pictar, and
Miranda) were used to predict the putative target genes of
miR-338-3p. The 3’-UTR sequence of CDK4 predicted
to bind with miR-338-3p, together with a corresponding
mutated sequence within the predicted target sites, was
synthesized and inserted into the pGL3 dual-luciferase
expression vector (Promega, Madison, WI, USA) and
called WT-CDK4-3'UTR and MT-CDK4-3'UTR, res-
pectively. Subsequently, MMIS cells were plated into
24-well plates and transfected with miR-338-3p mimic
or miR-NC mimic, together with WT-CDK4-3"UTR or
MT-CDK4-3"UTR vector using the Lipofectamine 2000
reagent (Invitrogen). After 48 h, cells were harvested, and
luciferase activity was measured using a Dual-Luciferase
Reporter Assay System (Promega) according to the
manufacturer’s instructions. pRL-TK expressing Renilla
luciferase was cotransfected as an internal control.

Western Blot

Whole proteins were lysed in RIPA buffer (Beyotime,
Jiangsu, P.R. China) supplemented with protease and
phosphatase inhibitors (Beyotime). The protein con-
centrations were quantified with BCA Protein Assay
Kit (Tiangen, Beijing, P.R. China). An equal amount of
40 pg of protein was separated by 10% SDS-PAGE and
transferred to nitrocellulose membranes (Amersham Bio-
science, Piscataway, NJ, USA). Membranes were incu-
bated with primary antibody against CDK4 and GAPDH
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(both from Santa Cruz Biotechnology, Santa Cruz, CA,
USA) overnight at 4°C, followed by incubation with
HRP-conjugated goat anti-mouse IgG (Santa Cruz Bio-
technology) at 1:5,000 dilution. The protein bands were
detected using an enhanced chemiluminescence detection
reagent (ECL; Thermo Scientific, Rockford, IL, USA)
and were quantified using Quantity One software 4.5.0
basic (Bio-Rad, Hercules, CA, USA).

Statistical Analysis

All the statistical data are shown as meanz+standard
deviation (SD) of at least three independent experiments.
All statistical analyses were performed with SPSS 19.0
software (SPSS, Inc., Chicago, IL, USA). The differ-
ence between two groups was analyzed with unpaired
Student’s #-test. One-way ANOVA was applied for three
groups. Difference was considered significant with a
value of p<0.05 or p<0.01.

RESULTS

miR-338-3p Was Significantly Decreased
in MM Samples and Cell Lines

To investigate the expression status of miR-338-3p
in MM, we first performed RT-qPCR to determine the
miR-338-3p expression in 28 diagnosed MM samples
and 15 healthy donors’ nPCs. The data showed that the
mean level of miR-338-3p in MM tissues was signifi-
cantly higher than that in nPCs (p<0.01) (Fig. 1A). More-
over, we assessed miR-338-3p expression in four MM
cell lines and nPCs. As shown in Figure 1B, all MM cell
lines (NCI-H929, MM1S, U266, and RPMI-8266) exhib-
ited high expression compared with nPCs (p<0.01). These
results indicated that miR-338-3p may be involved in the
progression of MM.

miR-338-3p Inhibits Cell Proliferation and Cell Cycle
Progression and Induces Cell Apoptosis

To investigate the potential role of miR-338-3p in
MM, MMIS cells were transfected with miR-338-3p
mimic or miR-NC to restore miR-338-3p expression.
As measured by RT-qPCR, we found that miR-338-3p
expression was effectively upregulated in MMI1S cells
after transfection with miR-338-3p mimic compared to
cells transfected with miR-NC (Fig. 2A). The CCK-8
assay showed that restoration of miR-338-3p significantly
inhibited the cell proliferation of MMIS cells (Fig. 2B).
Since the cell cycle is closely associated with prolifera-
tion, we also investigated the effect of miR-338-3p on
the cell cycle in MMI1S cells. We found that restoration
of miR-338-3p significantly increased the proportion of
cells in the G,/G, phase and reduced the proportion of
the S phase (Fig. 2C). Next, we detected cell apoptosis
in MMI1S cells transfected with miR-338-3p mimic or
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Figure 1. MicroRNA-338-3p (miR-338-3p) is downregulated
in multiple myeloma (MM) tissues and cell lines. (A) Relative
miR-338-3p expression levels in 25 MM tissues and normal
plasma cells of 18 healthy donors [normal plasma blasts/
plasma cell (nPCs)] were determined by quantitative reverse
transcriptase PCR (RT-qPCR). (B) The expression of miR-
338-3p in four MM cell lines was significantly decreased com-
pared to that in the nPCs. U6 snRNA was used as an internal
control. ¥*p<0.01.

miR-NC. As determined by flow cytometric analysis, the
overexpression of miR-338-3p significantly promoted
the cell apoptosis ratio in MMI1S cells (Fig. 2D). These
results implied that miR-338-3p functioned as a tumor
suppressor in MM.

CDK4 Is a Direct Target Gene of miR-338-3p
in MM Cells

To explore the mechanism of miR-338-3p in MM pro-
gression, we used three miRNA databases (TargetScan,
Pictar, and Miranda) to search for candidate targets of
miR-338-3p and found a putative miR-338-3p-binding
site located in the 3’-UTR of CDK4 mRNA (Fig. 3A).
To confirm whether miR-338-3p directly binds to CDK4,
a luciferase reporter assay was performed to confirm
that miR-338-3p could bind to the 3’-UTR of CDKA4.
Reporter assays revealed that the overexpression of miR-
338-3p obviously inhibited the luciferase activity of
wild-type (WT) CDK4 3’-UTR, but had no influence on
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Figure 2. miR-338-3p inhibits cell proliferation and cell cycle progression and induces cell apoptosis. (A) Relative miR-338-3p
expression levels in MMI1S cells transfected with miR-338-3p mimic or corresponding negative control (miR-NC). (B) Cell prolif-
eration, (C) cycle progression, and (D) apoptosis were determined in MM1S cells transfected with miR-338-3p mimic or miR-NC.

*p<0.05; **p<0.01.

that of mutant (MT) CDK4 3’-UTR (p>0.05) (Fig. 3B).
Furthermore, we found that miR-338-3p overexpression
markedly suppressed the mRNA and protein expressions
of CDK4 in MM1S cells (Fig. 3C and D).

miR-338-3p Expression Was Inversely Correlated
With CDK4 in MM Tissues

To further investigate the relationship between miR-
338-3p and CDK4, we first examined the CDK4 mRNA
expression level in MM tissues and healthy donors’

nPCs by RT-qPCR. We found that CDK4 mRNA level
was upregulated in MM tissues compared with nPCs
(Fig. 4A). Furthermore, we found that the CDK4 mRNA
level in the MM tissues was inversely correlated with
miR-338-3p expression (p<0.05) (Fig. 4B).

Overexpression of CDK4 Partially Rescued the
miR-338-3p-Induced Biological Effects on MM Cells

To further confirm whether miR-338-3p exerted its
biological function by targeting CDK4, we restored CDK4
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Figure 3. Cyclin-dependent kinase 4 (CDK4) is a direct target gene of miR-338-3p in MM cells. (A) miR-338-3p and its putative
binding site on the wild-type (WT) and mutant (MT) CDK4 3’-UTR. The replaced site is underlined. (B) Relative dual-luciferase
activity in MM1S cells cotransfected with WT-CDK4-3"'UTR or MT-CDK4-3'UTR and miR-338-3p mimic or miR-NC. CDK4
expression on (C) mRNA and (D) protein levels was determined in MMIS cells transfected with miR-338-3p mimic or miR-NC.

GAPDH was used as an internal control. **p<0.01.

expression by transfection with the overexpression
construct plasmid (pCDNA3.1-CDK4) in miR-338-3p-
overexpressing MM1S cells (Fig. 5A). In addition, our
data demonstrated that CDK4 restoration partially abro-
gated the effect of miR-338-3p, resulting in a significant
decrease in proliferation, and promoted G, phase arrest
and apoptosis in miR-338-3p-overexpressing MMI1S cells
(Fig. 5B-D).
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DISCUSSION

Numerous miRNAs have been reported to be involved
in MM initiation, development, and progression, suggest-
ing that miRNAs could be used as a valuable diagnostic
and prognostic biomarker and be attractive therapeutic
targets of MM. For example, Yang et al. reported that miR-
410 promoted cell proliferation and cell cycle progression
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Figure 4. miR-338-3p expression was inversely correlated with CDK4 in MM tissues. GAPDH was used as an internal control.
(A) Relative CDK4 mRNA expression levels in MM tissues and nPCs were determined by RT-qPCR. p<0.05; **p<0.01. (B) The
correlation between the expression levels of CDK4 and miR-338-3p was observed in 25 human MM tissues (n=48).
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Figure 5. Overexpression of CDK4 partially rescued the miR-338-3p-induced biological effects on MM cells. (A) The CDK4
protein expression was detected in MM1S cells cotransfected with either miR-338-3p or miR-NC and with/without CDK4 over-
expression vector. (B) Cell proliferation, (C) cell cycle progression, and (D) apoptosis were determined in MM1S cells cotrans-
fected with either miR-338-3p or miR-NC and with/without CDK4 overexpression vector. *p <0.05; **p<0.01.

and inhibited cell apoptosis both in vitro and in vivo by
targeting KLF10". Yu et al. showed that ectopic expres-
sion of miR-497 in MM cells dramatically suppressed cell
proliferation and clonogenicity and induced cell arrest at
the G,/G, stage and apoptosis in vitro, as well as tumor
growth in vivo by regulating PBX3*. Zhao et al. showed
that miR-144-3p overexpression significantly inhibited
MM growth in vitro and in vivo by regulating c-MET?>",
The present study verified that miR-338-3p expression
was downregulated in MM tissues and cell lines. The in
vitro experiments showed that restoration of miR-338-3p
repressed the cell proliferation and cell cycle progres-
sion, as well as promoted cell apoptosis. To explore the
underlying mechanisms, we identified CDK4 as a target
of miR-338-3p in MM cells. These results suggested that
miR-338-3p might be a potential target of MM.
miR-338-3p, located on the seventh intron of the
apoptosis-associated tyrosine kinase gene, was originally
found to contribute to basolateral polarity formation
in the epithelial cells”. It has been shown that miR-
338-3p expression was downregulated and functioned
as a tumor suppressor in non-small lung cancer'', ovar-
ian cancer'?, hepatocellular carcinoma', gastric cancer",

thyroid cancer®, colorectal cancer'’, and breast cancer'®.
However, the biological function of miR-338-3p and its
related mechanism involved in the progression of MM
have not been fully elucidated. The present study demon-
strated that the expression of miR-338-3p was significantly
downregulated in MM tissues and cell lines compared with
the nPCs. Function assays demonstrated that overexpres-
sion of miR-338-3p significantly inhibited cell prolifera-
tion and cycle progression and promoted cell apoptosis of
MM cells. These results indicated that miR-338-3p may
serve as a tumor suppressor in MM.

It is well known that miRNAs exert biological func-
tions by regulating their target genes™. To explore the
molecular mechanisms responsible for the growth inhibi-
tory effects of miR-338-3p in MM, we first used three
bioinformatics analysis tools (TargetScan, Pictar, and
Miranda) to predict miR-338-3p target genes. Among the
candidate target genes, we focused on CDK4, an onco-
gene, which was reportedly overexpressed in MM tis-
sues™, as a potential target of miR-338-3p. CDK4 could
regulate the cell cycle in the G,/S stage by binding with
cyclin D17, It has been shown that CDK4 expres-
sion is significantly upregulated in MM tissues, and
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downregulation of CDK4 by its inhibitor impaired tumor
growth of MM”**. CDK4 has been reported to be a tar-
get of miR-338-3p in hepatic stellate cells'®; however, the
interaction between miR-338-3p and CDK4 has not been
experimentally validated in MM. In the present study,
we demonstrated that miR-338-3p negatively regulates
CDK4 by binding the 3’-UTR of CDK4 using a luciferase
reporter assay. Also, we found that overexpression of
miR-338-3p in human MM 1S cells significantly inhibited
CDK4 expression at both the mRNA and protein levels.
These results suggest that CDK4 is a target gene in MM,
which is in accordance with previous studies that dem-
onstrated miR-338-3p targets CDK4 in hepatic stellate
cells'®, Moreover, our results showed that CDK4 mRNA
expression was upregulated and inversely correlated with
miR-338-3p in MM tissues. We also demonstrated that
CDKA4 restoration partially abrogated the effect of miR-
338-3p, resulting in a significant decrease in prolifera-
tion, and promoted the G, phase arrest and apoptosis in
miR-338-3p-overexpressing MM1S cells. These results
indicated that miR-338-3p may exert an anticancer role
in MM cells by targeting CDK4.

Collectively, the present study provided evidence
that miR-338-3p expression was downregulated in MM
tissues and cell lines and that miR-338-3p was able to
inhibit cell proliferation and cell progression, as well
as promote cell apoptosis by repressing CDK4. These
results suggested that miR-338-3p might be a novel
therapeutic target for the treatment of patients with
advanced MM.
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