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Abstract 

Purpose: To determine the effect of miR-379 in multiple myeloma. 
Methods: Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was used to 
evaluate the expression of miR-379 in multiple myeloma cells. The effect of miR-379 on multiple 
myeloma progression was investigated by cell counting, bromodeoxyuridine staining, flow cytometry 
and Western blot analysis. A potential target for miR-379 was determined using a luciferase reporter 
assay. 
Results: MiR-379 expression was reduced in multiple myeloma cells, while over-expression of miR-379 
increased both cell viability and proliferation of these cells (p < 0.05). Moreover, miR-379 blocked cell 
cycle multiple myeloma cells and promoted apoptosis by decreasing Bcl-2 expression, and increasing 
the expression of cleaved caspase-3 and Bax. MiR-379 bound to Y-box binding protein 1 (YBX1) and 
reduced YBX1 mRNA and protein expression in multiple myeloma cells (p < 0.05). 
Conclusion: A YBX1-mediated tumor-suppressive role for miR-379 in multiple myeloma cells has been 
identified, suggesting a potential strategy for the treatment of multiple myeloma. 
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INTRODUCTION 
 
Multiple myeloma is a common malignancy of the 
blood system, usually occurring in middle-aged 
and elderly individuals [1]. It is generally 
characterized by the malignant proliferation of 
plasma cells, and is accompanied by bone pain, 
fatigue, and other non-specific clinical symptoms 
[2]. In-depth studies investigating the 
pathogenesis of multiple myeloma are urgently 
needed to determine effective treatments for this 
disease. 

 
Recently, a study revealed an important 
regulatory role of miRNAs in tumors [3], and in 
multiple myeloma. Furthermore, differentially 
expressed miRNAs have been shown to be 
relevant for both proliferation and the mass of 
tumors, which represent potential therapeutic 
targets [4]. MicroRNA-379 (miR-379) has been 
reported to inhibit migration and metastases in 
hepatocellular carcinoma [5], and the delivery of 
miR-379-overexpressing mesenchymal stem 
cells is reported to have a positive effect on the 
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treatment of breast cancer [6]. However, a role 
for miR-379 in multiple myeloma has yet to be 
reported. More studies are needed to investigate 
a potential mechanism for the involvement of 
miR-379 in multiple myeloma to identify effective 
therapies for this disease. 
 
Y-box binding protein 1 (YBX1) belongs to the 
super family of cold shock proteins that contain a 
highly conserved nucleic acid binding motif for 
binding to DNA and RNA [7]. YBX1 has been 
reported to be involved in multiple myeloma drug 
resistance [8], and to function as a binding target 
for miRNAs during tumor development [9]. 
However, the involvement of YBX1 in miR-379-
mediated multiple myeloma remains unknown. 
The present study investigated the anticancer 
role of miR-379 in multiple myeloma, and then 
determined the potential miR-379-YBX1 network 
involved in tumor progression. 
 
EXPERIMENTAL 
 
Cell culture 
 
Human multiple myeloma cells (RPMI-8226, NCI-
H929, and U266) and normal bone marrow-
derived plasma cells (nPCs), were acquired from 
DSMZ (Braunschweig, Germany) and cultured in 
RPMI 1640 medium (Transgene, Beijing, China) 
containing 10% fetal bovine serum (Gibco, 
Carlsbad, CA, USA) at 37°C in an incubator. 
 
Cell transfections 
 
MiR-379 mimics, inhibitor and negative controls 
(NC mimic, NC inhibitor) were acquired from 
GenePharma (Shanghai, China). RPMI-8226 and 
NCI-H929 cells were transfected with miR-379 
mimics, inhibitor, NC mimic, and NC inhibitor 
using Lipofectamine 2000 (Invitrogen). 
 
Cell counting 
 
RPMI-8226 and NCI-H929 cells were seeded 
and cultured for 24 h. The cells were then 
incubated with 20 μl of Cell Counting Kit-8 
solution (Dojindo, Tokyo, Japan) for 2 h, and the 
absorbance (450 nm) was determined using an 
Epoch microplate Reader (BioTek, Winooski, VT, 
USA). 
 

Bromodeoxyuridine staining 
 
RPMI-8226 and NCI-H929 cells were incubated 
with 100 nM bromodeoxyuridine (Sigma-Aldrich, 
St. Louis, MO, USA) for 4 h before fixation using 
paraformaldehyde. After an incubation with 0.3 % 
Triton X-100, 2 M hydrochloric acid, and 
antipyonin, the cells were blocked and incubated 
with a primary antibody against 
bromodeoxyuridine (Abcam, Cambridge, UK). 
Cells were then incubated with a secondary 
antibody, and bromodeoxyuridine incorporation 
was analyzed using ImageXpress Micro XLS 
(Molecular Devices, Sunnyvale, CA, USA). 
 
Flow cytometry 
 
RPMI-8226 and NCI-H929 cells (1 × 106 cells) 
were fixed and incubated with 5 µl of a 100 µg/ml 
propidium iodide solution containing 1 U/ml 
ribonuclease. Cell cycles were then determined 
using FACS flow cytometer (Attune, Life 
Technologies, Darmstadt, Germany). For 
apoptosis analysis, propidium iodide stained cells 
were incubated with an additional 5 μl of 
fluorescein isothiocyanate-conjugated Annexin V 
before analysis using FACS flow cytometry. 
 
Dual luciferase reporter assay 
 
The YBX1 region with the miR-379 binding motif 
(or the region with a mutant binding motif) were 
introduced into the pGL-3-basic Firefly luciferase 
reporter vector (Promega, Madison, WI, USA). 
RPMI-8226 and NCI-H929 cells were 
cotransfected with either pGL-3-wt-YBX1 or pGL-
3-mut-YBX1 vectors, pRL-TK and miR-379 
mimics, or NC mimic. Two days post-
transfection, cell lysates were harvested, and 
luciferase activity was determined with the 
Luciferase Assay System (Promega). 
 
Quantitative reverse transcription (qRT-PCR)  
 
Total RNA, extracted from cells using the 
RNAsimple Total RNA Kit (TIANGEN, Beijing, 
China), and was reverse transcribed into cDNA, 
followed by qRT-PCR performed using a SYBR 
Green Master Mix (Solarbio, Beijing, China). The 
primer sequences used are listed below in Table 
1. 
 

Table 1: Primer sequence 
 
Gene Sense Antisense 

miR-379 5’-GCTACATGATACAGTGCAAA-3’ 5’-AGTTTGCTTGATCCCTCTTCAG-3’ 

YBX1 5’-TAGACGCTATCCACGTCGTAG-3’ 5’-ATCCCTCGTTCTTTTCCCCAC-3’ 

GAPDH 5’-GAGTCAACGGATTTGGTCGT-3’ 5’-GACAAGCTTCCCGTTCTCAG-3’ 
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Western blotting  
 
Cells were lysed using RIPA lysis buffer (Thermo 
Fisher, Waltham, MA, USA) and protein 
concentrations were determined using a Pierce™ 
BCA Protein Assay Kit (Thermo Fisher). Proteins 
(30 µg) were separated using 8% SDS-PAGE, 
and electro-transferred onto polyvinylidene 
fluoride membranes (Bio-Rad, Hercules, CA, 
USA). After blocking, membranes were 
incubated with the following primary antibodies: 
YBX1 and cleaved caspase-3 (1:2000; Abcam), 
Bcl-2 and Bax (1:3000; Abcam), and β-actin 
(1:3000; Abcam). Membranes were then 
incubated with a horseradish peroxidase-
conjugated secondary antibody (1:5000; Abcam), 
and chemiluminescence was determined using 
Pierce ECL Western Blotting Substrate (Pierce 
Biotechnology, Waltham, MA, USA). 
 
Statistical analysis 
 
All experiments were performed at least three 
times, and the data are reported as mean ± 
standard deviation (SD). Student’s t-test was 
applied for different group comparisons using 
Graphpad software (GraphPad Software, La 
Jolla, CA, USA). A value of p<0.05 was 
considered significant. 
 
RESULTS 
 
Dysregulation of miR-379 in multiple 
myeloma 
 
For the determination of miR-379 differential 
expression in multiple myeloma cells, three 
human multiple myeloma cell types, RPMI-8226, 
NCI-H929, and U266 were used for qRT-PCR 
analysis. The analysis showed a significant 
reduction in miR-379 expression in multiple 
myeloma cells compared to nPCs (p<0.01) 
(Figure 1), suggesting that miR-379 may be 
involved in the regulation of multiple myeloma. 
 

 
 
Figure 1: Dysregulation of miR-379 expression in 
multiple myeloma. The expression levels of miR-379 in 
three types of multiple myeloma cells (RPMI-8226, 
NCI-H929, and U266) and in nPCs; ##p < 0.01 
 

MiR-379 repressed multiple myeloma cell 
proliferation 
 
To investigate the role of miR-379 in multiple 
myeloma, RPMI-8226 and NCI-H929 cells were 
transfected with miR-379 mimics (Figure 2A), 
and significant decreases in cell viability were 
detected for these cells compared to the NC 
mimic group (Figure 2B). Moreover, a decrease 
in bromodeoxyuridine incorporation in RPMI-
8226 and NCI-H929 cells transfected with miR-
379 mimics indicated that miR-379 repressed 
multiple myeloma cell proliferation (Figure 2C). 
Furthermore, miR-379 blocked the cell cycles of 
RPMI-8226 and NCI-H929 cells at the G0/G1 
phase (Figure 3), demonstrating an anti-
proliferative effect of miR-379 on multiple 
myeloma. 
 

 
 
Figure 2: MiR-379 repressed cell proliferation in 
multiple myeloma. (A) Transfection efficiency of miR-
379 mimics in RPMI-8226 and NCI-H929. (B) Effect of 
miR-379 on cell viability in RPMI-8226 and NCI-H929 
cells. (C) Effect of miR-379 on cell proliferation in 
RPMI-8226 and NCI-H929 cells; #p < 0.05, ##p < 0.01 
 

 
 
Figure 3: Effect of miR-379 on cell cycle in RPMI-
8226 and NCI-H929 cell; ##p < 0.01 
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MiR-379 promoted apoptosis in multiple 
myeloma cells 
 
The apoptosis ratio was evaluated in RPMI-8226 
and NCI-H929 cells using flow cytometry. The 
apoptosis ratios of RPMI-8226 and NCI-H929 
cells increased after transfection with miR-379 
mimics (Figure 4), suggesting that miR-379 
promoted multiple myeloma cell apoptosis. 
Western blot assessment of proteins involved in 
apoptosis revealed that miR-379 increased the 
levels of cleaved caspase-3 and Bax, and 
decreased Bcl-2 levels in RPMI-8226 and NCI-
H929 cells (Figure 5). This result confirms a pro-
apoptotic role for miR-379 in multiple myeloma. 
 

 
 
Figure 4: Effect of miR-379 on apoptosis in RPMI-
8226 and NCI-H929 cells; ##p < 0.01 
 

 
 
Figure 5: Effect of miR-379 on protein expression 
levels of cleaved caspase-3, Bcl-2, and Bax in RPMI-
8226 and NCI-H929 cells; ##p < 0.01 
 
MiR-379 targeted YBX1 
 
A potential binding target for miR-379 was 
assessed as part of a possible molecular 
mechanism underlying miR-379-mediated 

multiple myeloma progression. YBX1 was 
identified as a potential target for miR-379 
binding (Figure 6 A), and the luciferase assay 
showed that miR-379 reduced pGL-3-wt-YBX1 
luciferase activity in both RPMI-8226 and NCI-
H929 cells (Figure 6 B). However, pGL-3-mut-
YBX1 luciferase activity was not significantly 
affected by the miR-379 mimic (Figure 6 B). 
RPMI-8226 and NCI-H929 cells were also 
transfected with an miR-379 inhibitor (Figure 6 
C). YBX1 mRNA (Figure 7 A) and protein (Figure 
7B) expressions were reduced by the miR-379 
mimics, and enhanced by the miR-379 inhibitor. 
Together, these results suggest that miR-379 
may directly suppress the expression of YBX1. 
 

 
 
Figure 6: MiR-379 targeted YBX1. (A) The potential 
binding site, as well as the mutant binding site, 
between miR-379 and YBX1. (B) Effect of miR-379 on 
luciferase activities of pGL-3-wt-YBX1 or pGL-3-mut-
YBX1 in RPMI-8226 and NCI-H929 cells. (C) The 
transfection efficiency of miR-379 inhibitor in RPMI-
8226 and NCI-H929 cells. ##p < 0.01 
 

DISCUSSION 
 
The bone marrow microenvironment exerts a 
tumor-supportive influence and contributes to 
myeloma progression and the drug resistance 
observed in multiple myeloma [10]. MiRNAs 
derived from bone marrow adipocytes are 
reported to support myeloma-cell progression, 
and, therefore, represent promising therapeutic 
targets for multiple myeloma [10]. 
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Figure 7: Effect of miR-379 on (A) mRNA and (B) 
protein expressions of YBX1 in RPMI-8226 and NCI-
H929 cells. ##p < 0.01 
 
MiRNAs have also been shown to sustain 
multiple myeloma cell proliferation, help cells to 
evade cell-growth suppressors and increase cell-
death resistance, foster genome instability, and 
activate metastasis in multiple myeloma; 
therefore, miRNAs can participate in tumor 
progression [11]. Considering the tumor-
suppressive roles of miR-379 in a variety of 
cancers, the role of miR-379 in multiple myeloma 
was evaluated in the present study. 
 
Aberrantly-expressed miRNAs are reported to be 
involved in the diagnosis, prognosis, and 
pathogenesis of multiple myeloma, suggesting 
multiple roles for miRNAs in this disease [12]. 
We found a significant down-regulation of miR-
379 in multiple myeloma cells when compared to 
normal bone marrow-derived plasma cells, this 
suggests that miR-379 may be a prognostic 
biomarker for multiple myeloma. Further 
analyses for any associations between miR-379 
expression and overall survival or clinico-
pathological parameters in patients with multiple 
myeloma should be investigated to better 
understand the role of miR-379 in this disease. 
 
Our data also revealed that miR-379 exerted an 
anti-proliferative influence and blocked cell 
cycling at the G0/G1 phase in multiple myeloma 
cells. Moreover, apoptosis in the multiple 
myeloma cells was also suppressed by miR-379 
by decreasing the expression of Bcl-2 and 
increasing the expression of cleaved caspase-3 
and Bax. MiR-379 has also been reported to 
inhibit the epithelial-mesenchymal transition 
during gastric cancer progression [13]. The role 
of miR-379 in this process, as well as any target 
genes involved, specifically in multiple myeloma 
should be further investigated. 
 

YBX1 may interact with the Y-box sequence (5’-
CTGATTGG-3’) in promoter or enhancer regions 
of downstream genes to regulate the expression 
of proteins involved in cancer-cell cycling, 
proliferation, apoptosis, and in epithelial-
mesenchymal transitions [14]. Activation of YBX1 
has been reported to occur through 
phosphorylation at serine 102 by AKT [15] or by 
ERK [16], before being translocated to the 
nucleus to perform its oncogenic role in a variety 
of tumor types. Depletion of YBX1 has been 
reported to repress tumor growth [17], 
suggesting its potential as a novel therapeutic 
target. Previous experiments have shown that 
the knockdown of YBX1 promoted apoptosis and 
reduced cell viability in multiple myeloma [8], and 
that MYC may drive transcription of YBX1 to 
facilitate the survival of multiple myeloma cell 
[18].  
 
Here, we demonstrate for the first time that YBX1 
is implicated in miR-379-mediated multiple 
myeloma progression. MiR-379 inhibited 
proliferation, and induced apoptosis, in multiple 
myeloma cells through the down-regulation of 
YBX1. However, rescue experiments using the 
over-expression of YBX1 should be conducted in 
the future to confirm the regulatory role of miR-
379/YBX1 in multiple myeloma. Moreover, post-
translational modifications of YBX1 (e.g., 
phosphorylation, acetylation, methylation, and 
ubiquitylation) may also modulate cancer 
progression [19]. In addition, pathways, such as 
PI3K/Akt/mTOR, Ras/Raf/MEK/ERK, and MAPK, 
have been shown to be involved in YBX1-
mediated cancer progression [14]. These 
potential YBX1 modifications and downstream 
pathways involved in miR-379-mediated multiple 
myeloma, warrant future investigation. 
 
CONCLUSION 
 
We have demonstrated in this study that MiR-
379 has both anti-proliferative and pro-apoptotic 
roles in multiple myeloma through direct 
regulation of YBX1. Therefore, the targeted 
delivery of miR-379 may be of therapeutic value 
to suppress multiple myeloma progression. 
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