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Elevation of miR-125b-5p is related to improved prognosis in laryngeal 
squamous cell carcinoma and inhibits the malignancy and glycometabolic 
disorder by targeting MAP3K9 
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Laryngeal squamous cell carcinoma (LSCC) is the most common malignant tumor in the head and neck cancer, with a 
poor prognosis. As we know, microRNAs (miRNAs) play a vital role in the initiation and development of various cancers 
including LSCC. In this study, we explored the role of miR-125b-5p and its downstream regulatory pathway in LSCC. 
Our data demonstrated that miR-125b-5p expression was significantly downregulated in LSCC tissues and cells. LSCC 
patients with high expression of miR-125b-5p had higher overall survival (OS) and were closely related to the clinical stage. 
Overexpression of miR-125b-5p impaired viability and glycolysis, and facilitated apoptosis in LSCC cells. And miR-125b-5p 
silencing had the opposite effects. Bioinformatics website predicted that MAP3K9 was one of the potential target genes 
of miR-125b-5p. Cell experiments demonstrated that miR-125b-5p repressed the MAP3K9 levels by directly targeting 
MAP3K9. Additionally, the negative correlation between miR-125b-5p and MAP3K9 was validated in LSCC tissues. Overex-
pression of MAP3K9 attenuated the inhibitory effect of miR-125b-5p on viability and glycolysis, and the pro-apoptosis 
effect of miR-125b-5p in LSCC cells. Furthermore, in vivo experiments demonstrated that tumor growth was hampered in 
AMC-HN-8 cells transfected with miR-125b-5p mimic. In contrast, the knockdown of miR-125b-5p reduced tumor growth 
in vivo. Meanwhile, the in vivo immunohistochemistry and TUNEL assays suggested that the miR-125b-5p overexpression 
restrained cell proliferation and promoted apoptosis via targeting MAP3K9. Overall, these above results suggested that 
miR-125b-5p suppressed proliferation and glycolysis, and promoted apoptosis by directly targeting MAP3K9 in LSCC cells. 
Thus, miR-125b-5p acts as a tumor suppressor miRNA and the miR-125b-5p/MAP3K9 axis may be a promising candidate 
for LSCC treatment. 
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Squamous cell carcinoma accounts for more than 90% of 
head-and-neck cancer, which is the seventh most frequent 
cancer in the world [1]. And these tumors were commonly 
found in the oral cavity, oropharynx, hypopharynx, and 
larynx [2, 3]. Notably, as the most prevalent form of laryn-
geal cancer, laryngeal squamous cell carcinoma (LSCC) 
constitutes around 25% of head and neck carcinoma world-
wide [4]. Currently, treatments for LSCC include surgical 
resection, radiotherapy, and chemotherapy [3]. Due to the 
lack of diagnostic biomarkers for the early-stage LSCC, 
most diagnosed cases are at the advanced stage with metas-
tasis [5]. Although great progress has been made to improve 
the management of LSCC, the treatment of LSCC remains 
challenging [6]. Therefore, it’s essential to have a better 

understanding of the initiation and progression of LSCC and 
find novel predictive biomarkers and therapeutic targets in 
LSCC therapy.

As is well known, microRNAs (miRNAs) are recently 
discovered non-coding small RNA molecules, which could 
decrease the target gene levels and participate in the develop-
ment of many kinds of malignant tumors [7, 8]. Studies have 
shown that miRNAs account for only 2% of the total number 
of human genes, whereas they regulate more than 30% of 
human gene expression, including cell growth and this 
process involves cell growth, differentiation, apoptosis, and 
other biological functions [9, 10]. Focusing on human laryn-
geal cancer, a variety of studies demonstrated that miRNAs 
are differentially expressed in laryngeal carcinoma to exert 
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a carcinogenic or anti-carcinogenic role [11]. For instance, 
Shuang et al. reported that miR-503 was found to be reduced 
in LSCC, which may play the role of proto-oncogenes by 
directly targeting PDCD4 to promote tumor growth [12]. 
Another study confirmed that miR-204-5p repressed the 
metastasis of LSCC cells through modulating FOXC1, 
indicating that miR-204-5p has the potential to become a 
biological target for LSCC treatment [13]. The miR-125b-5p 
discussed in this study was widely expressed in the body and 
participated in the regulation of tumor cell growth and the 
progression of nerve injury [14, 15]. In cancer, miR-125b-5p 
was demonstrated to be elevated in breast cancer (BC) 
cells and could reduce the tumor cell growth by regulating 
KIAA1522 [16]. In addition, miR-125b-5p restrained the 
metastasis of hepatocellular carcinoma (HCC) cells by 
downregulating TXNRD1 [17]. It is worth noting that one 
previous study discovered that miR-125b-5p impaired cell 
proliferation by inhibiting glycolysis in LSCC [18]. However, 
there are still few studies on miR-125b-5p in LSCC, and more 
related studies are required to comprehensively elaborate its 
functional roles in LSCC.

In the present study, the clinical significance and 
downstream mechanism of miR-125b-5p in LSCC were 
investigated through various experiments, including 
CCK-8, clone formation, flow cytometry, luciferase reporter, 
xenograft tumor, TUNEL, and immunohistochemical 
assays. These data suggested that miR-125b-5p plays a role 
in suppressing cancer in LSCC, which might be a potential 
diagnostic biomarker.

Patients and methods

Clinical samples. LSCC tissues and paired normal tissues 
were collected from 29 LSCC patients at Eye and ENT 
Hospital of Fudan University. After collection, the tissue 
samples were immediately soaked in RNAfixer solution 
(BioTeke, Beijing, China), and then transferred to the refrig-
erator at –80 °C. This study was based on the principles 
expressed in Helsinki Declaration. All clinical experiments 
were approved by the Ethics Committee of the Eye and ENT 
Hospital of Fudan University Participants provided written 
informed consent to participate in the study and consent for 
publication was obtained from all participants.

Cell culture. Two LSCC cell lines (AMC-HN-8 and 
Tu686) and human normal bronchial epidermal cells 
(16HBE) were obtained from the National Infrastructure of 
Cell Line Resource (Beijing, China). All cells were kept in 
DMEM (Thermo Fisher Scientific, Inc., USA) supplemented 
with 10% fetal bovine serum (FBS; Sigma-Aldrich, USA) in 
a 5% CO2 incubator at 37 °C. Cells in logarithmic phase cells 
were taken for follow-up experimental study.

qRT-PCR. Total RNA was isolated from LSCC tissues, 
normal tissues, and cells by TRIzol reagent. RNA samples were 
reverse transcribed into cDNA through the reverse transcrip-
tion kit (Promega). Subsequently, PCR was performed on 

a 7500 real-time PCR system (Applied Biosystems) using 
SYBR® Green PCR kit (Biotech, China). GAPDH and U6 were 
detected as internal control and data were calculated using the 
2–ΔΔCt method [19]. According to the previous studies [20, 
21], the primers were listed as followed: miR-125b-5p forward 
5’-TCCCTGAGACCCTAACTTGTGA-3’ and miR-125b-5p 
reverse 5’-AGTCTCAGGGTCCGAGGTATTC-3’; MAP3K9 
forward 5’-GAGTGCGGCAGGGACGTAT-3’ and MAP3K9 
reverse 5’-CCCCATAGCTCCACACATCAC-3’; U6 forward 
5’-TGCGGGTGCTCGCTTCGGCAGC-3’ and U6 reverse 
5’-CCAGTGCAGGGTCCGAGGT-3’;  GAPDH  forward 
5’-GAAGGTGAAGGTCGGAGTC-3’ and GAPDH reverse 
5’-GAAGATGGTGATGGGATTTC-3’. The 2-step PCRs 
were performed as followed: 95 °C for 2 min, 40 cycles of 
95 °C (30 s), 60 °C (50 s), and 72 °C (30 min).

Cell transfection. miR-125b-5p overexpression plasmid 
(miR-125b-5p#1 and -#2) and their control (miR-NC), 
miR-125b-5p inhibitor (anti-miR-125b-5p), and corre-
sponding negative control (anti-NC) were obtained from 
the GenePharma Company. The pcDNA-MAP3K9 expres-
sion plasmids (MAP3K9) and empty vector (pcDNA) were 
purchased from ViGene Biosciences (China). LSCC cells 
were incubated into 6-well plates and cultured at the conflu-
ence of 50% prior to transfection. Next, these above plasmids 
were transfected into LSCC cells and Lipofectamine 2000 
(Invitrogen) was used in the transfection procedure. Cells 
were taken for the subsequent experimental studies after 48 h.

CCK-8 assay. Cells (800 cells/well) were seeded in 96-well 
plates and cultured for the indicated time. CCK-8 solution 
(10 μl/well) was added to the cells at 24, 48, and 72 h post-
treatment. Absorbance at 450 nm was detected with a micro-
plate reader (BioTek) after 2 h incubation in the dark.

Colony formation assay. Cells (500 cells/well) were 
seeded into 6-well plates and cultured for 2 weeks at 37 °C. 
Subsequently, 4% methanol and 0.1% crystal violet were 
performed to fix and stain the cells, respectively. At the 
completion of staining, cells were washed with running tap 
water, and the number of colonies formed was counted with 
the ImageJ software (NIH).

Flow cytometry analysis. According to the manufac-
turer’s guidelines, Annexin V-FITC Apoptosis Detection Kit 
(Sigma-Aldrich) was used to assess the cell apoptosis. Briefly, 
cells were treated as indicated and harvested by centrifuga-
tion at 5,000×g for 3 min, followed by pre-cold PBS washed 
twice. Next, the cells were resuspended in the 1× annexin 
binding buffer. Then 5 μl of PI and 5 μl of Annexin V were 
added to the suspension and mixed the solution and cells 
gently. After incubating in the dark for 20 min, flow cytom-
etry was conducted to determine the apoptosis.

Glucose uptake and lactate production. Glucose uptake 
and lactate production were measured using enzyme-linked 
immunosorbent assays (ELISA). Briefly, the lactate produc-
tion and glucose consumption were assessed by the lactate 
colorimetric assay kit and glucose assay kit (Biovision, USA), 
respectively, as previously described [18].
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Western blot. Cells with indicated treatment or tissues 
were lysed on ice using RIPA buffer (Beyotime, China). Total 
proteins were quantified by the Bradford assay (Beyotime, 
China) following the manufacturer’s guidelines. Protein 
samples were separated on SDS-PAGE and then trans-
ferred to the PVDF membrane (Beyotime, China). These 
membranes were blocked in 5% nonfat milk for 1 h, followed 
by the incubation with the primary antibodies (dilution 
1:1000) and then these membranes were incubated with a 
secondary antibody (dilution 1:5000) for 3 h. These protein 
bands were visualized with chemiluminescence substrate 
(Beyotime, China). Primary and secondary antibodies are 
listed as follows: anti-HK2 primary antibody (cat. no. #2867, 
Cell Signaling Technology, USA), anti-MAP3K9 primary 
antibody (cat. no. ab154506, Abcam, USA), anti-GAPDH 
primary antibody (cat. no. #5174, Cell Signaling Technology, 
USA), anti-HRP conjugated goat anti-rabbit secondary 
antibody (cat. no. ab6721, Abcam, USA).

Luciferase reporter assay. Cells were incubated in a 
24-well plate at 70% confluency and were co-transfected with 
miR-NC or miR-125b-5p mimics, and plasmids harboring 
either wild-type (WT) or mutated 3’-untranslated regions 
(UTR) of MAP3K9 using Lipofectamine 2000. After 48 h of 
transfection, the luciferase kit (Promega, USA) was employed 
to determine the luciferase activities.

Immunocytochemistry. Tumor slices were fixed in 
formaldehyde and then embedded in paraffin. Antigen 
retrieval was performed by using a water bath heated to 
90 °C for 30 min, followed by anti-Ki-67 primary antibody 
(1:1000; cat. no. ab16667, Abcam, USA) and co-incuba-
tion overnight at 4 °C. After washing, slices were stained 
with the HRP-labeled secondary antibody (1:5000; cat. no. 
LK-GAR007, Abcam) for 30 min. Finally, DAB was added 
to develop the color. Ki-67 was located in the nucleus, and 
the nuclei stained with brown-yellow were considered to be 
positive.

TUNEL staining. TUNEL apoptosis kit (Roche, Basel, 
Switzerland) was conducted to assess apoptosis following 
the manufacturer’s guidelines. In short, tumor tissue sections 
were incubated with fluorescein (green)-labeled dUTP 
solution at 37 °C for 1 h, and photographed under the BX64 
fluorescence microscope (Olympus, Japan). The number 
of positive cells (green) in the fluorescent image represents 
apoptosis.

In vivo experiment. Twelve BALB/c mice were purchased 
from Slyke Jingda Company and randomly divided into two 
groups. For the experimental group (n=6), AMC-HN-8 cells, 
which were stably transfected with miR-125b-5p overexpres-
sion or knockdown lentivirus plasmids, were subcutaneously 
injected into both flanks of each mouse. As for the control 
group (n=6), AMC-HN-8 cells transfected with control 
lentivirus were injected subcutaneously. The tumor size 
was monitored by calipers for about 27 or 22 days, respec-
tively. After inoculation, tumor tissues were removed from 
the mice and weighed. Tumors were subjected to analysis 

by qRT-PCR and western blotting. The remaining tumor 
tissues were refrigerated for a follow-up experimental study. 
Animal experiments were performed in accordance with the 
National Institutes of Health (NIH) guidelines.

Statistical analysis. All data in the present study were 
analyzed using GraphPad Prism 8 (GraphPad 8, USA). 
Quantitative data are presented as mean ± standard deviation 
(SD). Student’s t-tests were used to identify the significance 
in cell experiments, and one-way ANOVA was performed 
to determine the p value between different groups followed 
by a Tukey post hoc test. Kaplan-Meier (K-M) curves were 
performed to exhibit overall survival (OS) in LSCC patients 
and Log-Rank was carried out to evaluate the difference 
between the two groups. If p<0.05, the differences were 
considered significant.

Results

miR-125b-5p expression was significantly reduced 
in LSCC tissues and cells. We first studied the expression 
of miR-125b-5p in LSCC, as shown in Figure 1A, through 
the GEO database (GEO: GSE116994) (https://www.ncbi.
nlm.nih.gov/geo/) analysis. miR-125b-5p expression was 
downregulated in LSCC tissues compared to control. 
Meanwhile, in our study, compared with normal tissues, 
miR-125b-5p expression in LSCC tissues was remarkably 
decreased (Figure 1B). Moreover, miR-125b-5p levels of both 
LSCC cell lines were significantly lower than those in normal 
cells (Figure 1C). In addition, we also analyzed the clinical 
relevance of miR-125b-5p in LSCC. Low expression of 
miR-125b-5p could bring a better prognosis to patients with 
LSCC (Figure 1D). In clinical aspects, the lower miR-125b-5p 
level was significantly related to the clinical stage, but not age, 
gender, lymph node metastasis, and differentiation (Table 1). 
The above results indicated the decreased miR-125b-5p 
expression may impair LSCC progression.

miR-125-5p served as a tumor suppressor role in LSCC 
cell growth and glycolysis. To understand the specific effect 
of miR-125b-5p in LSCC, miR-125b-5p mimic was intro-
duced into AMC-HN-8 and Tu686 cells. As presented in 
Figure 2A, miR-125b-5p expression in the miR-125b-5p#2 
group was highest compared with other groups, suggesting 
a successful transfection, and miR-125b-5p#2 was selected 
for the next study. Then, the effect of miR-125b-5p on cell 
proliferation was investigated by the CCK-8 assay. The 
viability of both AMC-HN-8 and Tu686 cells was lower 
in the miR-125b#2 group than that of the miR-NC group 
(Figures  2B, 2C). The flow cytometry and colony forma-
tion assay further confirmed the suppression effect of 
miR-125b-5p in LSCC. As shown in Figure 2D, the overex-
pression of miR-125b-5p significantly enhanced the apoptosis 
of AMC-HN-8 and Tu686 cells. Likewise, the clonogenicity 
of miR-125b-5p overexpressing AMC-HN-8 and Tu686 cells 
decreased significantly (Figure 2E). Subsequently, lactate 
production and glucose uptake were measured by ELISA 
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Figure 1. miR-125b-5p expression was significantly reduced in LSCC tissues and cells. A) The data set of miR-125b-5p expression in LSCC from the 
Gene Expression Omnibus (GEO) database. B) The expression of miR-125b-5p in LSCC tissues (n=29) and corresponding adjacent normal tissues 
(n=29) was measured by qRT-PCR. *p<0.05. C) Expression of miR-125b-5p in LSCC cells (AMC-HN-8 and Tu686) and normal cell (16HBE) was mea-
sured by qRT-PCR. *p<0.05 vs. 16HBE. D) Kaplan-Meier analysis of overall survival of LSCC patients with high vs. low expression of miR-125b-5p.

assay to evaluate the effect of miR-125b-5p on glycolysis. 
As shown in Figures 2F and 2G, the overexpression of 
miR-125-5p significantly reduced lactate production and 
glucose uptake in the miR-125b-5p#2 group compared with 
the miR-NC group. Hexokinase 2 (HK2), an essential enzyme 
in glucose metabolism, was detected by western blotting. 
Results showed that miR-125b-5p overexpression markedly 
downregulated the protein level of HK2 in both AMC-HN-8 
and Tu686 cells (Figure 2H). In addition, the expression of 
miR-125b-5p was knocked down in AMC-HN-8 and Tu686 
cells. As shown in Figure 2I, the expression of miR-125b-5p 
in the anti-NC group was significantly lower than that in the 
anti-miR-125b-5p group. Results of the CCK-8 assay showed 
that knockdown of miR-125b-5p significantly promoted the 
proliferation of AMC-HN-8 and Tu686 cells (Figure  2J). 
Meanwhile, miR-125b-5p knockdown significantly increased 
the protein expression of HK2 (Figure 2K). To sum up, 
these findings indicated that miR-125b-5p overexpression 
suppressed the growth and glycolysis of LSCC cells, and 
miR-125b-5p knockdown had the opposite effects.

MAP3K9 was the direct target of miR-125b-5p. 
To further understand the inhibitory mechanism of 

miR-125b-5p on LSCC cell proliferation and glycolysis, 
the downstream targets of miR-125b-5p were predicted by 
using online tools (ENCORI and miRDB). The predicted 
results revealed MAP3K9 was one of the potential targets 
of miR-125b-5p (Figure 3A). Only one study reported 
that miR-125b-5p promoted the progression of LSCC by 
targeting TRIB2 [22]. MAP3K9 plays a tumor-promoting 
role in various tumors except for LSCC. However, there is 
no research regarding the expression and regulatory mecha-
nism of MAP3K9 in LSCC. Therefore, through compre-
hensive analysis, we finally determined MAP3K9 as the 
target gene of miR-125b-5p in the present study. Then, 
the luciferase analysis was deployed to verify the relation-
ship between miR-12b-5p and MAP3K9. AMC-HN-8 and 
Tu686 cells were co-transfected with plasmids containing 
MAP3K9-WT or Mut and miR-125b-5p mimic or miR-NC. 
In AMC-HN-8 and Tu686 cells co-transfected with 
MAP3K9 3’-UTR WT and miR-125b-5p mimic, we found 
that the luciferase activity was significantly decreased, but 
the luciferase activity remained unchanged in cells co-trans-
fected with MAP3K9 3’-UTR Mut and miR-125b-5p mimic 
(Figures 3B, 3C). Next, MAP3K9 expression in LSCC tissues 
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and cells was evaluated by qRT-PCR and western blotting. 
Compared with the normal tissues, the mRNA and protein 
levels of MAP3K9 in LSCC tissues were significantly 
upregulated (Figures 3D, 3E). Besides, compared with the 
16HBE cells, the mRNA and protein levels of MAP3K9 in 
both cells were also increased significantly (Figures 3F, 3G). 
Moreover, correlation analysis of 29 LSCC samples showed 
that miR-125b-5p could negatively modulate MAP3K9 
expression (Figure 3H). To sum up, these data hinted that 
miR-125b-5p directly targeted MAP3K9 and negatively 
regulated its expression in LSCC.

miR-125b-5p inhibited LSCC cell growth and glycol-
ysis by downregulating MAP3K9. Based on these above 
findings, we hypothesized that MAP3K9 may mediate the 
effect of miR-125b-5p in LSCC. To verify the hypothesis, the 

overexpression plasmid of MAP3K9 (pcDNA-MAP3K9) was 
synthesized, and the transfection efficiency was detected by 
qRT-PCR and western blotting. As presented in Figures 4A 
and 4B, overexpression of miR-125b-5p significantly reduced 
MAP3K9 expression in both cells, and these changes were 
partially reversed by MAP3K9 overexpression, suggesting a 
successful transfection. CCK-8 assay, apoptosis, and colony 
formation assays revealed miR-125b-5p overexpression 
remarkably inhibited AMC-HN-8 and Tu686 cell prolifera-
tion while promoting apoptosis, which was all alleviated by 
the overexpression of MAP3K9 (Figures 4C–4F). In addition, 
the glycolysis was assessed by ELISA and western blotting 
to determine glucose uptake, lactate production, and HK2 
expression. Results showed the inhibition of miR-125b-5p 
overexpression on glucose uptake, lactate production, and 

Figure 2. miR-125-5p served as a tumor suppressor role in LSCC cell growth and glycolysis. A) The efficiency of miR-125b-5p overexpression was mea-
sured by qRT-PCR after 48 h of transfection. B) Cell viability was assessed by the CCK-8 assay in AMC-HN-8 cells transfected with miR-NC or miR-
125b-5p#2. C) Cell viability was assessed by the CCK-8 assay in Tu686 cells transfected with miR-NC or miR-125b-5p#2. D) Apoptosis was detected 
by flow cytometry assay. E) The relative number of clones was measured by colony formation assay in AMC-HN-8 and Tu686 cells transfected with 
miR-NC or miR-125b-5p#2. F) Lactate production was measured by ELISA assay. G) Glucose uptake was measured by ELISA assay. H) The expres-
sion of HK2 was measured by western blotting in AMC-HN-8 and Tu686 cells transfected with miR-NC or miR-125b-5p#2. *p<0.05 vs. miR-NC. I) 
The efficiency of miR-125b-5p knockdown was measured by qRT-PCR after 48 h of transfection. *p<0.05 vs. anti-NC. J) Cell viability was assessed by 
the CCK-8 assay in AMC-HN-8 cells transfected with anti-NC or anti-miR-125b-5p. *p<0.05 vs. anti-NC. K) The expression of HK2 was measured by 
western blotting in AMC-HN-8 and Tu686 cells transfected with anti-NC or anti-miR-125b-5p. *p<0.05 vs. anti-NC.
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HK2 expression were reversed by MAP3K9 overexpres-
sion (Figures 4G, 4H). Overall, these results suggested that 
miR-125b-5p could inhibit the growth and glycolysis of 
LSCC cells via directly targeting MAP3K.

miR-125b-5p exerted cancer-inhibiting properties in 
tumor growth in vivo. Finally, we explored the effects of 
miR-125b-5p in vivo. Compared with the miR-NC group, 
the average tumor volume of the miR-125b-5p group signifi-
cantly slowed down (Figure 5A). And the mean tumor weight 
of the miR-NC group was about twice as much as that of the 
miR-125b-5p group (Figure 5B). Additionally, the expres-
sion level of miR-125b-5p was upregulated in tumor tissues 

(Figure 5C) and MAP3K9 expression was downregulated in 
tumor tissues by overexpressing miR-125b-5p (Figures 5D, 
5E). Next, immunohistochemistry results showed that the 
increase of miR-125b-5p significantly suppressed cell prolif-
eration-related protein Ki-67 (Figure 5F). TUNEL staining 
results demonstrated miR-125b-5p could effectively facili-
tate apoptosis (Figure 5G). Knockdown of miR-125b-5p has 
a promoting effect on tumor growth in vivo. As shown in 
Figures 5H and 5I, miR-125b-5p knockdown reduced the 
tumor volume and size. Additionally, as shown in Figures 
5J and 5K, miR-125b-5p knockdown downregulated the 
expression of miR-125b-5p and MAP3K9 compared with 

Figure 3. MAP3K9 was the direct target of miR-125b-5p. A) Diagram of the putative miR-125b-5p-binding site in the MAP3K9 3’-UTR was predicted 
by ENCORI (http://starbase.sysu.edu.cn/) and miRDB (http://mirdb.org/) websites. B) The effect of miR-125b-5p on luciferase activities of 3’-UTR-WT 
or 3’-UTR-MUT reporter was determined by luciferase assay kit. *p<0.05 vs. miR-NC. C) The effect of miR-125b-5p on luciferase activities of 3’-UTR-
WT or 3’-UTR-MUT reporter was determined by luciferase assay kit. *p<0.05 vs. miR-NC. D) MAP3K9 mRNA expression was measured by qRT-PCR 
in LSCC tissues (n=29) and normal tissues (n=29). *p<0.05 vs. adjacent normal. E) MAP3K9 protein expression was measured by western blotting in 
LSCC tissues and normal tissues *p<0.05 vs. adjacent normal. F) MAP3K9 mRNA expression was measured by qRT-PCR in LSCC cells (AMC-HN-8 
and Tu686 cells) and normal cells (16HBE). *p<0.05 vs. 16HBE. G) MAP3K9 protein expression was measured by western blotting in LSCC cells (AMC-
HN-8 and Tu686 cells) and normal cells (16HBE). *p<0.05 vs. 16HBE. H) The correlations between the expression of MAP3K9 and miR-125b-5p were 
analyzed by Spearman’s rank correlation analysis.
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the untreated tumor tissues. Collectively, miR-125b-5p 
obviously inhibited LSCC progression through regulating 
MAP3K9 in vivo.

Discussion

The pathogenesis of LSCC has been a concern of an 
increasing number of researchers in recent years. Fu et al. 
found that miR-155 regulated LSCC cell proliferation and 

apoptosis through modulating p27Kip1 [23]. Rastogi et al. 
showed that suppression of miR-377 facilitated the migra-
tion and invasion of LSCC cells via regulating HDAC9 [24]. 
Additionally, Wang et al. demonstrated that miR-139-5p 
restrained the occurrence and progress of LSCC by 
modulating HOXA9 [25]. The above studies indicated that 
exploring the LSCC-associated miRNAs is of great signifi-
cance to the clinical diagnosis and treatment of LSCC 
diseases. In the present study, miR-125b-5p expression was 

Figure 4. miR-125b-5p inhibited LSCC cell growth and glycolysis by downregulating MAP3K9. A) The efficiency of MAP3K9 overexpression was 
measured by qRT-PCR after 48 h of transfection. B) The efficiency of MAP3K9 overexpression was measured by western blotting after 48 h of trans-
fection. C) Cell viability was assessed by the CCK-8 assay in AMC-HN-8 cells co-transfected with miR-125b-5p#2 and MAK3P9. D) Cell viability was 
assessed by the CCK-8 assay in Tu686 cells co-transfected with miR-125b-5p#2 and MAK3P9. E) Apoptosis was detected by flow cytometry assay in 
AMC-HN-8 and Tu686 cells co-transfected with miR-125b-5p#2 and MAK3P9. F) The relative number of clones was measured by colony formation 
assay in AMC-HN-8 and Tu686 cells co-transfected with miR-125b-5p#2 and MAK3P9. G) Lactate production was measured by ELISA assay in AMC-
HN-8 and Tu686 cells co-transfected with miR-125b-5p#2 and MAK3P9. H) Glucose uptake was measured by ELISA assay in AMC-HN-8 and Tu686 
cells co-transfected with miR-125b-5p#2 and MAK3P9. I) The expression of HK2 was measured by western blotting in AMC-HN-8 and Tu686 cells 
co-transfected with miR-125b-5p#2 and MAK3P9. *p<0.05.
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downregulated in LSCC tissues and cells. And miR-125b-5p 
could participate in the progression of LSCC and play an 
inhibitory role in LSCC by targeting MAP3K9.

miR-125b-5p was poorly expressed in major tumors, 
including BC, HCC, and malignant melanoma exerts a 

biological function in inhibiting cancer progression [16, 
17, 26]. Now, Lian et al. proved that miR-125b-5p in LSCC 
cells was decreased, and the tumor cell progression could 
be inhibited by regulating glycolysis [18]. Subsequently, 
Liu et al. reported that lncRNA XIST promoted LSCC cell 

Figure 5. miR-125b-5p exerted cancer-inhibiting properties in tumor growth in vivo. A) Tumor volume in mice was monitored every third day for 4 
weeks. Tumor growth curves were measured by the average volume of tumors for each group. ANOVA was performed to analyze significant values. 
*p<0.05. B) Surgically removed tumor tissues from BALB/c mice of each group 27 days post-inoculation. The tumor weights of the two groups were 
measured 27 days post-inoculation. C) Expression of miR-125b-5p was determined by qRT-PCR in tumors of two groups. *p<0.05. D) Effect of miR-
125b-5p overexpression on the mRNA expression level of MAP3K was measured by qRT-PCR in tumors of two groups. *p<0.05. E) Effect of miR-125b-
5p overexpression on MAP3K9 protein expression was measured by western blotting in tumors of the two groups. *p<0.05. F) Proliferation-related 
protein (Ki-67) of tumor tissues from mice in each group was assessed by immunohistochemical staining. *p<0.05 vs. miR-NC. G) Apoptosis was 
assessed by a TUNEL assay of tumor tissues from mice in each group. *p<0.05. H) Tumor volume in mice was monitored every third day for 22 days. 
Tumor growth curves were measured by the average volume of tumors for each group. ANOVA was performed to analyze significant values. *p<0.05. 
I) Surgically removed tumor tissues from BALB/c mice of each group 22 days post-inoculation. The tumor weights of the two groups were measured22 
days post-inoculation. J) Expression of miR-125b-5p was determined by qRT-PCR in tumors of two groups. *p<0.05. K) Effect of miR-125b-5p knock-
down on MAP3K9 protein expression was measured by western blotting in tumors of the two groups. *p<0.05.
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degeneration through sponging miR-125b-5p [22]. In recent 
research, miR-125b-5p was confirmed to be closely associ-
ated with tumor growth, clinical stage, and lymph node 
metastasis in patients with LSCC, suggesting the anti-tumor 
effect of miR-125b-5p in LSCC [27]. However, there are still 
few studies on miR-125b-5p in LSCC, and more studies 
are needed to clarify the different functions and regulatory 
mechanisms of miR-125b-5p in LSCC. In this study, the 
expression of miR-125b-5p was reduced in LSCC tissues 
and cells, and downregulation of miR-125b-5p could signifi-
cantly prolong OS in patients. Moreover, miR-125b-5p 
overexpression effectively restrained the LSCC cell prolif-
eration and induced apoptosis, and reduced the growth of 
tumor in vivo in mice. These results are consistent with the 
previous studies [22, 27]. In addition, glycolysis is the main 
energy-producing mode of tumor cells under the condi-
tion of adequate oxygen supply, and the abnormalities of 
lactate production and hexokinase (HK) are closely associ-
ated with the glycolysis pathway [28–30]. Notably, HK-2, as 
a member of the HK family, has been elevated in a variety 
of tumors and promoted glucose metabolism in tumor cells 
[31]. One previous research has shown that miR-125b-5p 
reduced LSCC cell glycolysis by inhibiting HK-2 expres-
sion, and then arrested cell growth [18]. In this study, consis-
tent with the above research, miR-125b-5p overexpression 
repressed lactate production, glucose uptake, and HK-2 
levels. These results further confirmed the suppressive role of 
miR-125b-5p on LSCC progression.

To understand the molecular mechanism of miR-125b-5p 
regulating LSCC and bioinformatics data predicted that 
MAP3K9 was the target gene of miR-125b-5p. MAP3K9, also 
known as MLK1, is also an upstream activator of mitogen-
activated protein (MAPK) signaling, and its abnormal 
expression is closely related to the tumor progression [32, 33]. 
In lung cancer, MAP3K9 mutations could positively activate 
the EMK/ERK pathway and then target to reduce the prolif-
eration of lung cancer cells [34]. In cutaneous squamous 
cell carcinoma, miR-148a-3p repressed the invasion of 
tumor cells by downregulating MAP3K9 expression [35]. 
Interestingly, in pharyngolaryngeal cancer, overexpression 
of miR-490-5p repressed cell proliferation and metastasis 
through directly targeting MAP3K9, indicating the impor-
tant regulatory role of MAP3K9 in laryngeal carcinoma [36]. 
However, no research has shown the function and concrete 
regulatory mechanism of MAP3K9 in LSCC. This study 
showed that MAP3K9 was upregulated in LSCC tissues and 
cells. Meanwhile, MAP3K9 was a target gene of miR-125b-5p, 
and their expression was negatively correlated. Overexpres-
sion of MAP3K9 could alleviate the inhibition of prolifera-
tion and glycolysis-related protein levels, and the promotion 
of apoptosis in miR-125b-5p overexpressing LSCC cells. To 
sum up, these results indicate that miR-125b-5p plays an 
anti-tumor effect in LSCC cells by targeting MAP3K9, which 
is characterized by inhibiting tumor cell proliferation and 
glycolysis, and inducing apoptosis.

However, there are still some limitations in this study. For 
instance, whether miR-125b-5p could reduce the progres-
sion of LSCC disease by regulating some classical pathways 
and the regulation of downstream target genes of MAP3K9 
in LSCC needs to be investigated in subsequent experiments.

In conclusion, the current research showed that 
miR-125b-5p was lowly expressed in LSCC tissues and cells. 
High expression of miR-125b-5p was significantly associ-
ated with favorable OS in LSCC patients. miR-125b-5p effec-
tively repressed the proliferation and glycolysis of LSCC cells 
and enhanced apoptosis by inhibiting MAP3K9. These data 
indicated that miR-125b-5p/MAP3K9 axis might be a poten-
tial diagnostic biomarker for LSCC treatment.
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