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Abstract: Many miRNAs are reported to be involved in tumor development. The underlying mechanism of miRNAs 
driving multiple myeloma (MM) progress remains elusive. This study is to investigate the effect of miR-125b, a brain-
enriched microRNA, on mitogen-activated protein kinase 7 (MKK7) in vivo. We found significantly up-regulation of 
miR-125b and deregulation of MKK7 in MM. The inverse correlation was further confirmed in multiple myeloma 
samples and cell lines. In addition, MKK7 was identified as a downstream target gene of miR-125b, which could 
bind to the 3’ UTR of MKK7. Overexpression of miR-125b was associated with decreased MKK7 expression and 
miR-125b antagonisminhibited cell proliferation and clonogenicity. Taken together, our results demonstrated that 
MKK7 could function as an important tumor suppressor neutralized by miR-125b in MM, suggesting that miR-125b 
may be a novel potential molecular therapeutic target in the treatment of MM. 
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Introduction

Multiple myeloma (MM) is a heterogeneous dis-
ease characterized by infiltration in the bone 
marrow of malignant plasma cells. It ranks as 
the second most common but as yet incurable 
hematologic malignancy with survival duration 
ranging from a few months to more than 10 
years [1, 2]. Although its mortality decreases 
along with the advancement of high-dose ther-
apy and novel agents such as bortezomib, tha-
lidomide, and lenalidomide, the long-term prog-
nosis remains unsatisfactory [3]. For example, 
the 5-year survival rate is only 30 to 40%, main-
ly due to the development of drug resistance 
[4], highlighting an urgent requirement for more 
effective therapies. It has been generally 
accepted that microRNAs (miRNAs) have an 
important role in almost all biological process-
es, but have also been linked to a variety of 
human diseases such as MM [5].

miRNAs are small non-coding RNAs of 19-25 
nucleotides, which regulate gene expression 
via base pairing to partially or fully complemen-
tary sites in the 3’untranslated region (UTR) of 

target mRNAs [6]. Differences in miRNA expres-
sion define the signatures of various cancers; 
miRNAs may play an important role in cancer 
pathogenesis [7]. Indeed, aberrant miRNA 
expression has been demonstrated in MM, 
which contributes to carcinogenesis and can-
cer development by promoting oncogene [8, 9]. 
Previous studies have shown that miR-125b 
which is elevated in several types of cancers 
might be a novel class of oncogene [10, 11]. 
Further understanding of the expression and 
the function of miRNAs in cancers might be a 
valuable strategy for cancer treatment.

MKK7 is an important tumor suppressor gene 
involved in several cancer-related signaling 
pathways, which participates in regulating cells 
proliferation, differentiation, and apoptosis 
[12]. Activation of MKK7 could inhibit lung can-
cer cells development [13]. Inactivation of 
MKK7 driven mammary tumors markedly accel-
erate and could cause distinct phenotypic 
abnormalities in mice [14]. In addition, several 
studies also indicate that MKK7 acts as a sup-
pressor in tumors migration, invasion, and 
metastasis [15-17]. 
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Here, we report for the first time a miRNA that 
directly regulates MKK7. We identified miR-
125b as a negative regulator of MKK7 in MM 
cell lines. Low expression of miR-125b inhibited 
MM cell growth in vivo. Furthermore, MKK7 
was identified as a downstream target gene of 
miR-125b, which bound to the 3’ UTR of MKK7. 
Our report provided new insights into the func-
tion of miR-125b during development and 
tumorigenesis.

Materials and methods

Patient samples and cell lines

Fifteen MM and eight healthy control samples 
were collected from the 1st Affiliated Hospital 
of Nanchang University (Nanchang, China). The 
study was approved with the Local Research 
Ethics committee. Written informed consent 
obtained from all patients. Human MM cell 
lines (MM1S, U266, and RPMI-8226) and nor-
mal plasma cells (nPCs) were cultured in RPMI-
1640 (Gibco, CA, USA) supplemented with 10% 
fetal bovine serum and 1% penicillin/strepto-
mycin in a 5% CO2 atmosphere. When cells 
reached 80% confluency, cells at the logarith-
mic growth phase were collected. 

RNA isolation and quantitative RT-PCR

Total RNA was extracted from cells using TRIzol 
reagent (Invitrogen, CA, USA). The concentra-
tion and purity of extracted RNA were mea-
sured at 260 and 280 nm optical densities. 
cDNA was synthesized from RNAs using gene 
specific primers (Applied bio-systems, Beijing, 
China) with the M-MLV Reverse Transcriptase 
kit (GeneCopoeia, Rockville, MD), following the 
manufacturers protocol. To determine MKK7 
and miR-125b expression levels, real-time  
PCR was performed with SYBR Green (Takara, 

The 5’-flanking regions of the pre-miR-125b-5p 
and 3’ UTR sequences of MKK7 containing the 
putative miR-125b target sites were isolated 
using specific PCR primers. For luciferase 
assays, the MKK7 3’ UTR sequence was insert-
ed into the pGL3 luciferase reporter vector 
(Madison, USA). Target sites were mutated 
using the QuickChange Site-Directed Mu- 
tagenesis (Santa Clara, USA). The miR-125b 
mimics and the miR-125b inhibitor were syn-
thesized by (Genepharma, Shanghai, China). 
The sequences used are shown in Table 2. 
Transfection of cells was performed using the 
Lipofectamine 2000 reagent (Invitrogen) ac- 
cording to the manufacturer’s instructions. The 
cells were added and cultured in complete 
medium. Cells in the logarithmic growth phase 
were seeded in 12-well plates at a density of 
1×105 cells, and were divided into three groups: 
miR-125b inhibitor group (transfected with anti-
miR-125b), scramble group (transfected with 
small interfering RNA negative control), and 
blank group (untransfected cells). Three wells 
were set for each group. The transfection con-
centration was 100 nmol/l, and 6 h after trans-
fection, the medium was replaced with normal 
medium. After cultured for 24 h, DMEM con-
taining 10% FBS and G418 was added for 
selection, and clones were obtained after two 
weeks of screening, followed by culturing of the 
clones for the subsequent experiments. 

Cell proliferation and migration assays

For cell proliferation assays, cells were plated 
at individual wells of a 96-well plate (1500 per 
well) and examined 48 h later after transfection 
using the cell counting Kit-8 (CCK7) (Dojindo, 
Shanghai, China). Optical density (OD) values 
were determined at a wavelength of 450 nm. 
For the migration assays, a transwell chamber 

Table 1. The primer sequences
Name Primer Sequence
Homo β-actin Forward 5’-AGCGAGCATCCCCCAAAGTT-3’

Reverse 5’-GGGCACGAAGGCTCATCATT-3’
Homo MKK7 Forward 5’-GAGAAGCACGGTGTCATCCA-3’

Reverse 5’-AGGGAAACTGTCCTGTTGCCA-3’
Homo U6 Forward 5’-CGCTTCGGCAGCACATATAC-3’

Reverse 5’-AAATATGGAACGCTTCACGA-3’
mir125b-5p Forward 5’-TGCGCTCCCTGAGACCCTAAC-3’

Reverse 5’-CCAGTGCAGGGTCCGAGGTATT-3’

Osaka, Japan). RNU6B (U6) and β-actin was 
used 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. Samples were analyzed in tripli-
cate and gene expression was quantified by 
normalizing target gene expression to that 
of the internal control using the 2-ΔΔCt formu-
la. The primer sequences used were listed 
in Table 1.

Plasmid construction and transfection
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was placed in a 24-well cell culture plate. 
Following suspension and dilution of serum-
free medium, 5×104 cells were inoculated in 
each chamber containing a volume of 200 µl, 
and 600 µl complete medium was added to the 
lower chamber. After several hours of incuba-
tion, cells adhering to the lower membrane 
were stained with CCK (Shanghai Qiaoxing 
Trading Corporation, Shanghai, China) for 10 
min, and under an optical microscope (magnifi-
cation, ×200), eight fields of view were random-
ly selected to perform the averaged cell count. 
Two independent experiments were carried out 
in triplicate.

Luciferase reporter experiments

The pGL3-MKK7-3’ UTR-WT/MUT vector was 
co-transfected with control plasmid or miR-
125b-expressing plasmid into U226 or RPMI-
8226 cells using Lipofectamine 2000 (Thermo 
Fisher Scientific,Waltham, MA, USA). Firfly and 
Renilla luciferase activities were measured 
consecutively 24 h after transfection using the 
Dual-luciferase assay kit.

Flow cytometric analysis of the cell cycle

The cells in each group were collected at 24, 
48, and 72 h following transfection, and cold 
PBS was used to wash cells three times. The 
cells were resuspended in 500 µl pre-cooled 
binding buffer, and the concentration was 
adjusted to 5×106 ml. Then, 100 µl of the cell 
suspension was added to flow cytometry tubes 
and 5 µl Annexin V-fluorescein isothiocyanate 
(Beyotime Institute of Biotechnology, Jiangsu, 
China) was added. Following mixing, the sam-
ples were incubated at room temperature in 
the dark for 15 min, and 5 min prior to the mea-
surements, 5 µl 10 mg/l propidium iodide (PI) 
dye (Beyotime Institute of Biotechnology, 
Jiangsu, China) was added. Flow cytometry 
(FACScan; BD Biosciences, NJ, USA) was used 
to determine the cell cycle distribution. Each 

sample was repeated three times. Cell Quest 
FCS 3.0 software (BD Biosciences, NJ, USA) 
was used for data analysis. 

Western blotting

Whole cell protein extracts were prepared from 
MM cell lines. The cells in the logarithmic 
growth phase and with 80% confluency were 
collected, and radio immunoprecipitation as- 
say lysis buffer containing protease inhibitors 
(Beyotime Institute of Biotechnology, Jiangsu, 
China) was used for conventional extraction  
of total cellular protein. A bicinchoninic acid  
protein assay kit (Beyotime Institute of Bio- 
technology, Jiangsu, China) was used for pro-
tein quantification. After separated by 10% 
SDS-PAGE, the proteins were transferred to a 
nitrocellulose membrane (Beyotime Institute of 
Biotechnology, Jiangsu, China). Then 5% skim 
milk was added, and the membranes were agi-
tated in a sealed container for 1 h. The mem-
branes were incubated overnight at 4°C using 
the following antibodies: anti-MKK-7 (1:300), 
and anti-JNK (1:1000), anti-p-JNK (1:500) (all 
from Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA. Anti-β-actin (1:200, Abcam, Cam- 
bridge, MA) was used as a loading control. After 
washed with phosphate-buffered saline with 
Tween 20 (PBS-T) for 3 times, the membranes 
were incubated with secondary antibodies 
(1:2000; Santa Cruz Biotechnology, Dallas, 
USA) for 2 h at room temperature. Then, the 
membranes were developed with enhanc- 
ed chemiluminescence detection kit (Sigma-
Aldrich, St. Louis, USA) for imaging. Image lab 
(Bio-Rad, Hercules, USA) software was used to 
acquire and analyze imaging signals. 

Statistical analysis

Each experiment was performed at least three 
times and values are presented as mean ± s.d. 
Student’s test and two-tailed test were used for 
analysis using SPSS 19.0 software (SPSS Inc, 

Table 2. The sequences of RNAs
Name Sense (5’-3’) Anti-sense (5’-3’)
has-mircoRNA 125b mimic UCCCUGAGACCCUAACUUGUGA ACAAGUUAGGGUCUCAGGGAUU
has-mircoRNA 125b inhibitor UCACAAGUUAGGGUCUCAGGGA
has-mircoRNA 125b inhibitor NC CAGUACUUUUGUGUAGUACAA
has-mircoRNA 125b mimic NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
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Chicago, IL, USA). P values less than 0.05 was 
considered as statistically significant. 

Result

miR-125b was over-expressed in MM plasma 
and cell lines

In order to evaluate miR-125b expression con-
dition in MM plasma and cell lines, qRT-PCR 
was performed. It was found that the plasma 
level of miR-125b was upregulated in patient 
MM cells, compared with the healthy control 
subjects (Figure 1A). Consistent with these 
data, the expression of miR-125b in the U266, 
MM1s, and RPMI-8226 MM cell lines was also 
significantly increased compared with normal 
healthy bone marrow-derived plasma cells 
(Figure 1B). These results confirmed that miR-
125b was up-regulated in MM plasma and cell 
lines, and suggested its important roles in MM 
development. 

miR-125b regulated the proliferation and 
migration of MM cells

To investigate the effect of miR-125b on cell 
growth, miR-125b inhibitor and the correspond-
ing negative control were synthesized and 
transfected into MM cells, respectively.Cell pro-
liferation was determined by CCK8. As shown in 
Figure 2A, the viability of U266 and RPMI-8226 
cells was inhibited by the transfection of miR-
125b inhibitor. Furthermore, we determined 
whether miR-125b inhibitor could inhibit the 
migration of MM cells in a trans-well assay. 

Consistent with CCK8 assays, trans-well assay 
also demonstrated that the migration rate of 
cells transfected with miR-125b inhibitor was 
inhibited (Figure 2B). Flow cytometry showed 
that 48 h following transfection of U266 and 
RPMI-8226 cells with miR-125b inhibitor, the 
apoptotic rates were (11.7±1.97%) in the U266 
group and (8.97±1.56%) in the RPMI-8226 
group (Figure 2C). Compared with the two con-
trol groups, the apoptotic rate in the miR-125b 
inhibitor group was significantly higher (P < 
0.05) (Figure 2D). The findings indicated that 
miR-125b regulated the proliferation and migra-
tion of MM cells.

MKK7 was directly targeted by miR-125b

In order to further explore the mechanisms by 
which miR-125b regulated MM cell growth and 
metastasis, candidate targets of miR-125b was 
identified using TargetScan program. Among 
the identified genes, we chose to investigate 
MKK7 as a possible target of miR-125b (Figure 
3A). To demonstrate that miR-125b binds to 
the 3’ UTR of MKK7, we performed a vector 
containing the 3’ UTR of MKK7. As expected, 
miR-125b directly bound to MKK7 3’ UTR, by 
which it remarkably reduced luciferase activi-
ties whereas cells with mutant MKK7 3’ UTR 
displayed much higher luciferase activities 
(Figure 3B). Moreover, our RT-PCR results dem-
onstrated that MKK7 mRNA levels were 
reduced in U266 and RPMI-8226 MM cells 
infected with miR-125b, and increased in MM 
cell lines infected with antagomiR-125b (Figure 
3C). In consistent with these results, miR-125b 
decreased the protein of MKK7 in U266 and 

Figure 1. Determination of miR-125b expression in human multiple myeloma (MM) cell lines and clinical samples 
via qRT-PCR. A. qRT-PCR detection of miR-125b in plasma cells derived from bone marrow of healthy donors (Nor-
mal) and MM patients. B. Expression of miR-125b in the MM cell lines MM.1S, U266 and RPMI-8226, compared 
to normal plasma cells (nPCs). Each sample was analyzed in triplicate and error bars represent standard deviation. 
*P < 0.05.
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RPMI-8226 MM cells (Figure 3D). The results 
suggested that miR-125b could regulate MKK4 
in MM cells.

The effect of miR-125b on MKK7/JNK signal 
pathway

MKK7 is involved in activating JNK signaling 
pathway to induce cell apoptosis. As MKK7/

JNK signal pathway is important in many as- 
pects of cancer development, including meta-
static processes, we evaluated the effect of 
miR-125b on JNK molecules involved in the 
MKK7/JNK signal pathway. The phosphoryla-
tion pattern of JNK was studied by western blot 
analysis. The results demonstrated that cells 
transfected with miR-125b inhibited the JNK 
expression (Figure 4).

Figure 2. Regulatory effects of miR-125b inhibitor on MM cell pro-
liferation and migration. A. The CCK7 assay showed that U266 and 
RPMI-8226 cells transfected with miR-125b inhibitor grew slower 
than cells transfected with a control (Scramble) and blank cells. B. 
Transwell migration assays of U266 and RPMI-8226 cells were per-
formed after transfection with miR-125b inhibitor, a negative con-
trol (Scramble) and blank cells. Cells transfected with miR-125b in-
hibitor exhibited significantly lower motility than control-treated cells 
and blank. C. Cell cycle analysis. D. Compared with the two control 
groups, the apoptotic rate in the miR-125b inhibitor group was sig-
nificantly increased. Data represent means ± SD (n = 3). *P < 0.05.
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Discussion

Precious studies have shown that miR-125b 
plays essential roles in gastric cancer [18], liver 

cancer [19], and acute myeloid leukemia [20], 
indicating that miR-125b may function as ei- 
ther tumor suppressor or oncogene. Due to the 
function of miRNAs in cancers, therapeutic 
modulation of miRNAs might be a valuable 
strategy for cancer treatment. We have shown 
that miR-125b was upregulated in MM plasma 
and cells. However, the underling mechanism 
for miR-125b in MM is still unknown.

In this study, we firstly reported that miR-125b 
might function as oncogene and identified its 
targets in MM. In addition, we quantified the 
expression level of miR-125b both in tumor 
plasma and in cell lines and found that endog-
enous miR-125b expression was relatively high 
in MM samples when compared with the non-
cancerous samples. Based on the endogenous 
expression level of miR-125b, we chose U266 
and RPMI-8226 for subsequent loss-of-func-
tion studies. Our results showed that the viabil-

Figure 3. miR-125b targets MKK7 by binding to its 3’ UTR. A. The wild-type binding sites and corresponding mutated 
sequences for miR-125b within MKK7 3’ UTR. B. qRT-PCR analysis of MKK7 expression in U266 and RPMI-8226 
cells. C. Western blot analysis of MKK7 expression in the indicated cells. D. Luciferase reporter assays in U266 and 
RPMI-8226 cells. A firefly luciferase construct containing either the WT or mutant target site (MUT) of MKK7 3’ UTR 
was generated and transfected as described in Materials and methods. Luciferase activities were analyzed as the 
relative activity of firefly to Renilla. Data represent means ± SD (n = 3). *P < 0.05.

Figure 4. miR-125b inhibits the MKK7/JNK signal 
pathway in multiple myeloma cell lines.
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ity of U266 and RPMI-8226 cells was marked 
inhibited by the transfection of miR-125b inhib-
itor. In addition, we also found thatcells trans-
fected withmiR-125b inhibitor could inhibit the 
migration and promote the apoptosis of MM 
cells. These data suggested that up-regulation 
of miR-125b in MM was related to the develop-
ment and progressionof the disease. Addi- 
tionally, by using luciferase reporter experi-
ments, MKK7 was identified as the potential 
downstream target of miR-125b in MM.

MKK7, is identified as a tumor suppressor 
gene, plays critical roles in tumors migration, 
invasion, and metastasis [21]. MKK7 activates 
the JNK signaling pathway, and the activated 
JNK in turn phosphorylates a variety of target 
proteins [22]. In this study, we found that the 
expression of MKK7 decreased after over 
expression of miR-125b, suggesting that MKK7 
can be regulated by miR-125b. These data 
were further confirmed by a luciferase activity 
assay. Our results showed that MKK7 was a 
direct target of miR-125b. The luciferase report-
er assay disclosed that miR-125b binds effi-
ciently to the predicted binding site within the 
jagged 3’ UTR. MKK7 and JNK protein levels 
were further demonstrated to be markedly 
decreased by miR-125b overexpression in MM. 
These findings suggested that the molecular 
mechanism by which miR-125b regulates the 
proliferation and migration of MM cells may 
partly be attributed to the suppression of JNK 
pathway.

In conclusion, we reported that miR-125b regu-
lated the proliferation and migration of MM 
cells by targeting MKK7. Our study provided 
novel insights on the regulation of MKK7 by 
miRNAs in the development and progress of 
MM. Moreover, our findings could offer the 
rationale for the design of novel miRNA based 
therapeutic strategies leading to MKK7 activa-
tion in MM.
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