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Abstract: Background: An increasing number of studies demonstrate that abnormal miRNA expression contributes 
to the advancement of many tumors. Nonetheless, the potential role of miR-125b in multiple myeloma (MM) re-
mains unknown. Objectives: To explore the potential effects and mechanism of miR-125b in MM. Methods: Real-
time quantitative PCR was used to measure the expression levels of miR-125b and MKNK2 in a variety of MM 
samples. Colony formation and cell counting Kit-8 (CCK-8) assays were used to assess cell proliferation, the tran-
swell assay was used to evaluate the cell invasion capability, and dual luciferase reporter gene assay and Western 
blot were used to examine the interaction between miR-125b and MKNK2. Results: The levels of miR-125b were 
higher in MM tissue samples, alongside increased expression of MKNK2. There was a negative correlation between 
MKNK2 and miR-125b expression in MM tissues. MKNK2 was identified as a direct target gene of miR-125b in 
MM cells. Overexpression of miR-125b suppressed MM cell growth, colony formation, and invasion. In addition, 
MKNK2 was found to mediate the effects of miR-125b on cell proliferation, colony formation, and invasion in MM. 
Conclusions: miR-125b acts as a suppressive factor in multiple myeloma and can affect the malignant behavior of 
MM by regulating the expression of MKNK2.
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Introduction

Multiple myeloma (MM) is an incurable plasma 
cell disease and the second most prevalent 
hematological malignancy after non-Hodgkin 
lymphoma [1, 2]. Despite significant advance-
ments in treatment over recent decades, MM 
remains incurable, often resulting in end-organ 
damage, with nearly all patients eventually 
relapsing and succumbing to these complica-
tions [3-5]. The high relapse and refractory 
nature of MM, as well as its severe final out-
come, underscores the urgent need for identi-
fying therapeutic targets in clinical research.

MAPK Interacting Serine/Threonine Kinases 
(MKNKs, also known as MNKs) are closely 
related to the MAPK signaling pathway [6]. 
Current research has identified two main sub-
types of this family, namely MKNK1 and 
MKNK2, both of which play critical roles in cell 
protein synthesis, growth cycle regulation, dif-

ferentiation, and response to environmental 
stress [7, 8]. MKNKs have been shown to play a 
role in a variety of diseases including cancer [9, 
10] and inflammatory diseases [11, 12]. In par-
ticular, MKNKs contribute to the malignancy  
of tumor cells by phosphorylating eIF4E, an 
important translation initiation factor [13, 14]. 
Increasing evidence suggests that MKNKs also 
play a key role in tumor drug resistance [15, 
16]. Therefore, some therapeutic studies have 
targeted this kinase family, especially in hema-
tological tumors [17, 18]. Members of this fam-
ily are recognized for their huge therapeutic 
potential [19, 20]. Interestingly, some studies 
have found that MKNK2 has a higher basal 
activity compared to MKNK1 [21, 22], highlight-
ing the significance of regulating MKNK2 as a 
promising approach to developing therapeutic 
targets for tumors.

MicroRNAs are non-coding single-stranded RNA 
molecules produced by endogenous genes. 
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MicroRNAs can regulate gene expression by 
binding to the 3’-untranslated region (3’-UTR) of 
particular target mRNAs, thereby inhibiting the 
post-transcriptional translation of target genes 
[23-25]. MicroRNAs influence the development 
and progression of various diseases by partici-
pating diverse biological processes, including 
cell death, development, proliferation, differen-
tiation, lipid metabolism, and migration [26-
29]. Cancers, including hepatocellular carcino-
ma, glioblastoma, colorectal cancer, ovarian 
cancer, renal cell carcinoma, and gastric can-
cer, have been linked to the dysregulation of 
microRNAs [30-35].

MiR-125b, the first mammalian homolog of 
miRNA lin-4 identified in Cryptomeria japonica, 
is one of the most important miRNAs regulating 
various physiological and pathological process-
es [36]. MiR-125b has been implicated in a 
variety of cancers as an oncogene or suppres-
sor gene. miR-125b is known to operate primar-
ily through multiple molecular targets that are 
involved in its signaling cascade. It has been 
demonstrated that miR-125b binds to the 3’ 
UTR of APC in triple-negative breast cancer and 
that inhibition of miR-125b activity results in 
reduced intracellular Wnt/β-catenin signaling 
and EMT activity [37]. MiR-125b has also been 
shown to regulate PI3K/Akt [38], STAT-3 [39], 
MAPK [40], NF-κB and p53 [41] signaling path-
ways. However, the mechanism by which miR-
125b functions in MM is currently unclear. By 
exploring the role and mechanism of action of 
miR-125b in osteosarcoma, this study is condu-
cive to the development of new targets for the 
treatment of osteosarcoma, and provides a 
new theoretical basis for the clinical targeted 
therapy of osteosarcoma. It also enriches the 
known miR-125b-related biological network, 
which can further reveal the pathological pro-
cess of osteosarcoma and help find more clini-
cal treatment options.

Materials and methods

Sample source

Twenty pairs of tissue samples from multiple 
myeloma (MM) patients, including MM tissue 
and adjacent non-tumor tissue, were obtained 
from our institution. The tissues were immedi-
ately frozen in liquid nitrogen until usage. Nor- 
mal tissues adjacent to MM tissue served as 
the control. The Ethics Committee at the First 
Affiliated Hospital of Guangxi Medical University 

approved this study, and informed consent was 
obtained prior to the collection of human tis-
sues. The expression of miR-125b and MKNK2 
in MM tissues was assessed.

Cell culture and transfection

MM cancer cell lines (U266 myeloma) were  
provided by Shangen, Wuhan, China. Cells we- 
re cultured in RPMI-1640 medium (Beyotime, 
Shanghai, China) supplemented with 10% heat-
inactivated fetal bovine serum at 37°C in a 
humidified atmosphere containing 5% CO2. 
miR-125b mimics, control miRNA (100 nM), 
miR-125b-inhibitor, inhibitor-NC or MKNK2 
plasmid were transfected into the U266 cell 
line using Lipofectamine 2000 (Invitrogen), and 
the specific operating procedures were per-
formed strictly in accordance with the manu-
facturer’s instructions. The sequences of the 
transfection plasmids are shown in Table 2.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using RNA TRIzol 
(Invitrogen, USA) according to the manufactur-
er’s instructions. cDNA synthesis was per-
formed using the PrimeScript RT Reagent Kit 
(Takara, Dalian, China). Quantification of miRNA 
and mRNA was performed by qRT-PCR experi-
ments using CFX96 PCR system (BioRad), SYBR 
Premix ExTaqTM II (Takara, Dalian, China). The 
relative expression was normalized to the 
expression of U6 or GAPDH and calculated by 
the 2-ΔΔCT method. Each experiment was per-
formed in triplicate. Primer sequences are 
shown in Table 1.

Western blot analysis

The whole protein from the MM cell line was 
extracted using RIPA lysis buffer that pre-
cooled (Beyotime, Shanghai, China). Protein 
samples were separated using 10% SDS-PAGE 
(Beyotime, Shanghai, China), transferred to 
0.22 m PVDF membranes (Millipore, Temecula, 
CA), and blocked with 5% non-fat milk. Sub- 
sequently, the membranes were treated with 
specific primary antibodies. To identify immu-
noreactive bands, an ECL system (manufac-
tured by Millipore and located in Temecula, 
California) was utilized, and GAPDH antibody 
was used as a control. Image Lab was utilized 
to quantitatively analyze the grayscale of pro-
tein bands. Antibodies against MKNK2, GAPDH, 
and secondary anti-rabbit antibodies were ob- 
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Table 1. Sequences of the real-time PCR primers
Gene Forward Primer (5’ → 3’) Reverse Primer (5’ → 3’)
MKNK2 5’-GTTCGAAGATGTCTATCAGC-3’ 5’-TTCTAGAACATTCCTATGTCCC-3’
GAPDH 5’-GGTCTCCTCTGACTTCAACA-3’ 5’-GTGAGGGTCTCTCTCTTCCT-3’
miR-125b 5’-TCCCTGAGACCCTAACTTGTGA-3’ Universal primer
U6 5’-GCCAGCTCCTACATCTCAGC-3’ 5’-AGCCTGACTTGCTAGTGGATTAT-3’
Ki67 5’-TTACCGGGCGGAGGTATGAA-3’ 5’-GCTGGCTCCTGTTCACGTAT-3’

Table 2. Sequence of the transfection plasmid
Genes Sequences
miR-125b mimics 5’-UCCCUGAGACCCUAACUUGUGA-3’
Control miRNA 5’-UCACAACCCUAGAAAGAGUAGA-3’
miR-125b-inhibitor 5’-UCA CAAGUUAGGGUCUCAGGGA-3’
inhibitor-NC 5’-UCUACUCUUUCUAGGAGGUUGUGA-3’
MKNK2 F: 5’-AAGCTTATGGTGCAGAAGAAACCAGCCGAACTT-3’

R: 5’-TCTAGATCACTCATTCACAGTAACGGTTCTGA-3’

tained from Cell Signaling Technology (Beverly, 
USA).

Detection of apoptosis by flow cytometry

Cell apoptosis rates were measured using 
Annexin-FITC/PI kit (C1062S, Beyotime, China). 
MM cells after intervention with miR-125b mim-
ics or control miRNA were collected and washed 
with PBS, followed by incubation with 10 µl FITC 
and PI in the dark. Finally, the cell apoptosis 
rate was measured by flow cytometry.

Detection of cell proliferation

Kit-8 (CCK-8, Dojindo, Japan) was used to 
detect cell proliferation in accordance with the 
instructions. In brief, 1500 transfected MM 
cells were transplanted into a 96-well plate. 
The absorbance was measured at 450 nm 
after the CCK-8 solution was added at 0, 24, 
48, 72, and 96 hours, and the cells were cul-
tured in the dark for approximately 2 hours. 
Equal numbers of transfected MM cells were 
seeded in 6-well plates and counted every 
other day. After 12 days, colonies were stained 
and photographed.

Colony formation experiments

Following cell transfection, U266 cells were 
seeded into a 6-well plate at 500 cells/well and 
cultured at 37°C and 5% CO2 for 2 weeks. After 
removing the culture medium, the colonies 
were fixed with 4% paraformaldehyde for 15 
minutes, stained with crystal violet for 10 min-
utes, and then photographed and counted 
using a microscope.

Transwell cell invasion assay

The experiment was performed 
using a Transwell chamber (8 
µm, 6.5 mm, Merck, China). 
The transfected U266 cells (5 
× 104) were seeded into the 
upper chamber, while the lower 
chamber was filled with culture 
medium containing 10% FBS. 
After incubation, the migrated 

cells were fixed in methanol and stained with 
0.5% crystal violet for 15 minutes. Finally, a 
microscope was used for photography and cell 
counting.

Luciferase reporter assay

First, pG13 plasmid was introduced with 
MKNK2 fragments with or without anticipated 
miR-125b binding sites (Promega, USA). Next, 
the recombinant vectors miR-125b and scram-
ble were co-transfected with Lipofectamine 
2000 into U266 cells for 48 hours (Invitrogen). 
A dual-luciferase reporter gene assay was 
employed to determine the luciferase activity 
(Promega).

Statistical analysis

Each experiment was performed in triplicate. 
Data were analyzed using GraphPad Prism 8.0 
(California, United States). The data were dis-
played as the mean ± standard deviation. 
Student’s t-test and ANOVA with Turkey’s test 
were utilized for comparisons between the two 
groups or among multiple groups as appropri-
ate. Statistical significance was defined as P < 
0.05.

Results

Expression of miR-125b and MKNK2 in MM 
tissues

The expression of miR-125b was significantly 
lower in MM tissues than that in non-tumor 
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samples (Figure 1A), while the expression of 
MKNK2 was significantly higher in MM sam- 
ples than that in non-tumor samples (Figure 
1B). Additionally, the expression of MKNK2 in 
MM tissues was inversely correlated with the 
expression of miR-125b (Figure 1C).

miR-125b induced the malignant behaviors of 
MM cells and suppressed apoptosis

We transfected control miRNA (scramble) and 
miR-125b mimics into the U266 cell line, and 
RT-qPCR confirmed the upregulation of miR-
125b expression by the mimic (Figure 2A). In 
addition, we also found that miR-125b overex-

fected into U266 cells together with a miR-
125b mimic or a scramble sequence. The lucif-
erase activity of the WT reporter gene was low-
ered by miR-125b, but the Mut reporter gene 
remained unaffected (Figure 3B). Exogenous 
expression of miR-125b was shown to have a 
suppressive effect on MKNK2 expression in 
U266 cells (Figure 3C, 3D).

MKNK2 was involved in miR-125b-mediated 
cell behavior

qRT-PCR and western blot analyses showed 
that transfection of MKNK2 plasmids up-regu-
lated MKNK2 expression in U266 cells com-

Figure 1. MiR-125b and MKNK2 expression in MM samples. A. miR-125b 
expression was down-regulated in comparison to non-tumor samples (***P 
< 0.001). B. MKNK2 expression was downregulated in non-tumor samples 
(***P < 0.001). C. The expression of MKNK2 was inversely correlated with 
the expression of miR-125b in MM samples (n=20).

pression inhibited the proli- 
feration of U266 cells (Figure 
2B). In contrast, miR-125b 
inhibitors promoted the pro- 
liferation of U266 cells (Fig- 
ure 2J, 2K). Additionally, miR-
125b mimic transfection led 
to a significant reduction in 
Ki-67 expression in U266 ce- 
lls (Figure 2C) and decrea- 
sed colony formation (Figure 
2D, 2E). Furthermore, Tran- 
swell experiments revealed 
that the migration ability of 
U266 cells overexpressing 
miR-125b was significantly re- 
duced (Figure 2F, 2G). Ap- 
optosis experiments showed 
that miR-125b overexpression 
significantly promoted U266 
cell apoptosis (Figure 2H, 2I). 
These results indicate that up-
regulating miR-125b is benefi-
cial to reducing the malignan-
cy of MM cells and promoting 
apoptosis.

MKNK2 is a target gene of 
miR-125b in MM

Using TargetScan, potential 
target genes for miR-125b 
were identified. A potential 
binding site for miR-125b was 
discovered in a conserved 
region of the 3’-UTR of the 
MKNK2 gene (Figure 3A). 
Both wild-type (WT) and mu- 
tant (MUT) MKNK2 luciferase 
reporter genes were co-trans-
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Figure 2. Overexpression of miR-125b significantly reduced proliferation and migration of MM cells. A. Exogenous 
miR-125b mimic increased miR-125b expression in U266 cells. B. miR-125b mimics decreased U266 cell counts 
(**P < 0.01, ***P < 0.001, miR-125b group vs scramble group on the same day). C. miR-125b overexpression 
decreased ki-67 expression. D, E. miR-125b overexpression suppressed colony formation of U266 cells. F, G. miR-
125b mimics suppressed migration of U266 cells (10×), Bar: 100 µm. H, I. U266 cell apoptosis rate was determined 
by the FACS analysis. J. miR-125b inhibitor significantly reduced miR-125b expression. K. miR-125b inhibitor in-
creased U266 cell counts. **P < 0.01 and ***P < 0.001, n=3.

pared to the control vector (Figure 4A-C), and 
MKNK2 overexpression partly rescued the pro-

liferation-suppressive effects induced by miR-
125b mimics (Figure 4D). Additionally, MKNK2 
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Figure 3. Targeted relationship between miR-125b and MKNK2. A. The 3’-UTR of MKNK2 has a conserved area 
with putative miR-125b binding sites. B. Overexpression of miR-125b suppressed the luciferase activity of the WT 
reporter gene but not the Mut reporter gene. C. MKNK2 expression was down-regulated after exogenously transfect-
ing miR-125b into U266 cells. D. Quantification of MKNK2 protein expression. *P < 0.05 and ***P < 0.001, n=3.

overexpression improved miR-125b-induced 
ki-67 expression in U266 cells (Figure 4E). 
Reintroduction of MKNK2 dramatically reduced 
the suppression of cell colony formation in cells 
expressing miR-125b (Figure 4F, 4G). MKNK2 
overexpression markedly mitigated the inhibi-
tion of cell invasion in miR-125b-expressing 
cells (Figure 4H, 4I).

Discussion

Although it has been revealed that certain 
microRNAs are dysregulated in multiple myelo-
ma (MM), the precise mechanism by which 
microRNAs influence carcinogenesis is not  
yet completely understood [42]. Our research 
found that the expression of miR-125b was 
decreased, while that of MKNK2 was up-regu-
lated in MM. Additionally, there was an inverse 
relationship between the expression of MKNK2 
and miR-125b in MM tissues. In MM cells, 
MKNK2 was proved to be a direct target gene 
of miR-125b. MiR-125b overexpression inhibit-
ed MM cell proliferation and invasion. Fur- 
thermore, we demonstrated that MKNK2 is 
involved in the proliferation and invasion of MM 
cells regulated by miR-125b. Our study demon-
strates that miR-125b functions as a tumor 
suppressor in multiple myeloma by suppress-
ing MKNK2 expression.

MicroRNAs are a type of gene that can either 
promote or restrict cell growth and are involved 
in a wide variety of cellular processes, includ- 
ing differentiation, proliferation, migration, and 
invasion [43]. In addition, an increasing body of 
evidence suggests that several miRNAs are 
responsible for regulating drug resistance [44]. 
MiR-125b is highly conserved throughout a 
wide range of organisms, including humans 
and nematodes, for example. It has been dis-
covered that certain forms of cancer express 
miR-125b in an aberrant manner, which is 
strongly linked to resistance to treatment [45-
47]. For instance, in anaplastic thyroid carcino-
ma, miR-125b inhibits cell migration and inva-
sion by targeting PIK3CD [48], while in ovarian 
cancer, it suppresses epithelial-mesenchymal 
transition signaling to prevent tumor progres-
sion [49]. In addition, past research suggests 
that an aberrant expression of miR-125b is 
linked to chemotherapy resistance. Through 
the induction of DNA topoisomerase II deletion 
by doxorubicin and the regulation of miR-125b 
production by DNMT1, chemoresistance can 
be established in cells with positive anaplastic 
lymphoma kinase (ALK) [50]. In addition, miR-
125b’s interaction with Foxp3 makes it possi-
ble to trigger autophagy in thyroid cancer [51]. 
However, very little is known about the function 
that miR-125b plays in MM. According to the 
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results of our study, the expression of miR-
125b was significantly decreased in MM tissue 
samples. In addition, overexpression of miR-
125b inhibited MM cell proliferation, colony for-
mation, and invasion, suggesting its tumor-sup-
pressive role in MM.

Our molecular analysis revealed MKNK2 as a 
direct target of miR-125b in MM cells. MNKN2 
is an oncogene that contributes to the progres-
sion of breast cancer as well as glioblastoma 

[52, 53]. miR-125b is highly correlated with 
MKNK2 in MM and serves as an essential regu-
lator of the proliferation of tumor cells. Recent 
studies have shown that MKNK2 is responsible 
for the increased drug resistance seen in pros-
tate cancer patients [54]. According to our find-
ings, MKNK2 is a direct target of miR-125b in 
MM. TargetScan identified a potential binding 
site for miR-125b in a conserved region of 
MKNK2’s 3’-UTR, critical for its protein activity. 
In luciferase reporter gene assay, ectopic pro-

Figure 4. MKNK2 was engaged in the cellular activity regulated by miR-125b. A, B. MKNK2 protein expression 
detected by WB. C. Expression of MKNK2 mRNA was measured using qRT-PCR. D. The CCK-8 technique was used 
to detect the cell growth in each group. E. qRT-PCR was used to detect Ki-67 mRNA expression. F. Colony formation 
assays. G. The relative colony counts. H. Overexpression of MKNK2 significantly increased the invasion of cells 
expressing miR-125b (10×), Bar: 100 µm. I. The relative invasive cells were illustrated. *P < 0.05, **P < 0.01 and 
***P < 0.001, n=3.
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duction of miR-125b inhibited the luciferase 
activity of the WT reporter gene, while having 
no effect on the activity of the Mut reporter 
gene. Moreover, overexpression of miR-125b 
led to downregulation of MKNK2 expression in 
U266 cells. In addition to this, we discovered 
that the expression of MKNK2 was decreased 
in MM, inversely correlated with miR-125b 
expression. Additionally, it was found that 
MKNK2 is involved in the proliferation, colony 
formation, and invasion of MM cells regulated 
by miR-125b.

In exploring the role of miR-125b in MM, we 
found beneficial new targets for the treatment 
of MM and this can provide new directions for 
clinical treatment of MM. However, our study 
still has some limitations. This study is merely 
based on cellular experiments, without verify-
ing its role in MM through animal experiments. 
Therefore, in-depth research on the precise 
mechanism by which miR-125b regulates the 
MKNK2 gene are required.

Conclusion

MiR-125b is down-regulated in multiple myelo-
ma tissues. By reducing MKNK2 expression, 
miR-125b overexpression significantly impedes 
MM cell growth, colony formation, and invasion. 
Our findings indicate that miR-125b works as a 
tumor suppressor gene in multiple myeloma by 
inhibiting MKNK2 expression.
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