
Page 1/22

MiR-125 family improves the radiosensitivity of
head and neck squamous cell carcinoma
Qi-Wei Wang 

Harbin Medical University
Jiang-Tao Liu 

First A�liated Hospital of Harbin Medical University
Li-Jun Tan 

First A�liated Hospital of Harbin Medical University
Jian-Nan Zhao 

First A�liated Hospital of Harbin Medical University
Xiao-Jie Zhou 

First A�liated Hospital of Harbin Medical University
Tian-Jiao Yu 

First A�liated Hospital of Harbin Medical University
Ya-Nan Sun  (  syn2767@126.com )

Second A�liated Hospital of Harbin Medical University

Research Article

Keywords: head and neck squamous cell carcinoma, prognosis, The Cancer Genome Atlas, laryngeal
squamous cell cancer, radiotherapy

Posted Date: June 23rd, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1767318/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1767318/v1
mailto:syn2767@126.com
https://doi.org/10.21203/rs.3.rs-1767318/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/22

Abstract

Background
MiRNAs can affect the radiosensitization of head and neck squamous cell carcinoma (HNSCC). We
aimed to analyze the function of miR-125 family members in HNSCC using The Cancer Genome Atlas
(TCGA) and determine their effect on radiation in laryngeal squamous cell cancer (LSCC).

Methods
First, we performed survival analysis for patients with laryngeal cancer, conducted pathway enrichment
analysis, and predicted target genes. Then, we performed transfection, cell proliferation assays, reverse
transcription polymerase chain reaction, apoptosis assays, micronucleus tests, and western blotting on
hep-2 cells selected with puromycin.

Results
MiR-125 family members exhibited signi�cantly different expression in HNSCC. MiR-125b-1-3p, miR-
125b-2-5p, and miR-125b-5p expression was signi�cantly associated with tumor–node–metastasis
staging, clinical cancer stages, and early histological grades in HNSCC. Radiation therapy had a
statistically signi�cant effect on the expression of all miR-125 family members, except miR-125a-3p.
Moreover, miR-125a-5p was related to overall survival in LSCC. Thus, we predicted 110 target genes and
seven hub genes of miR-125a-5p. MiR-125a-5p expression was signi�cantly improved after transfection,
and the proliferation rate of cells transfected with lentivirus vector expressing miR-125a-5p was
signi�cantly reduced compared to that of parental and negative control group cells. The radiation effect
was also enhanced in cells transfected with miR-125a-5p. The ratio of apoptotic cells transfected and
exposed to X-rays (10 Gy) was distinctly higher than that of the Ad-control group. Micronucleus assay
results in the Ad-miR-125a-5p group were signi�cantly different from those in the parental and Ad-control
groups. Western blotting analysis revealed that miR-125a-5p upregulated the apoptotic regulators P53
and rH2AX. Thus, miR-125a-5p may increase radiosensitivity in LSCC via upregulation of pro-apoptotic
genes.

Conclusions
MiR-125 family members could be prognostic biomarkers of HNSCC, and miR-125a-5p may substantially
improve HNSCC sensitivity to radiotherapy by activating P53. Upregulating miR-125a-5p via lentivirus
vectors may be a novel strategy to strengthen the effect of radiotherapy on laryngeal cancer.

Background
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Head and neck squamous cell carcinoma (HNSCC) is one of the top ten most common malignancies in
the world, accounting for almost 90% of head and neck malignant tumors [1, 2]. HNSCC may occur in the
oral cavity, nasal cavity, nasopharynx, larynx, and thyroid [3]. Laryngeal squamous cell cancer (LSCC) is
the most common form of HNSCC. Despite signi�cant progress in the multi-modal treatment of HNSCC,
which includes radiotherapy, chemotherapy, and surgery, the survival rate of patients with HNSCC is still
low [4]. As radiotherapy is a key non-surgical approach for HNSCC [5], the sensitivity of HNSCC to
radiotherapy should be urgently improved.

MiRNAs, which are single-stranded RNAs of 18–25 nucleotides, can adjust gene expression in various
ways via mRNA degradation or transcription inhibition [6]. Moreover, miRNAs can either repress or
promote tumor development [7], and can be detected in bodily �uids, where they act as molecular markers
[8]. Several relevant miRNAs related to the pathogenesis of HNSCC have previously been identi�ed.
Moreover, miRNAs have been proven to in�uence the proliferation, invasion, apoptosis, chemosensitivity,
and radiosensitization of HNSCC. Among the miRNAs associated with cancers, the miR-125 family is
composed of �ve paralogs (miR-125a-3p, miR-125a-5p, miR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p)
that have an important function in multiple cancers, and exhibit the same seed sequence and similar
effects in tumors. For example, the miR-125 family plays a role in the survival of patients with non-small
cell lung cancer (NSCLC) [9]. MiR-125 family members can also regulate hematopoietic stem cells [10]
and have been implicated in leukemia and lymphoma [11].

In this study, we probed the relationship between the miR-125 family and HNSCC and then performed an
in-depth analysis of the effect of miR-125a-5p on radiation in LSCC. Therefore, this study provides a new
radiotherapeutic approach for laryngeal cancer.

Methods

The Cancer Genome Atlas (TCGA) analysis
MiRNA-sequencing and clinical data were collected from CGA datasets (https://portal.gdc.cancer.gov/).
Level 3 BCGSC IlluminaHiSeq and miRNA-Seq data were adopted for pan-cancer analysis, including each
tumor subtype. In addition, we downloaded TCGA miRNA-Seq data of HNSCC and all relevant clinical
information. All paired samples were compared using the Wilcoxon signed-rank test. Statistical analyses
were performed with R software (version 3.6.3), and the ggplot2 package (version 2.2.1) was used to
visualize the results. The relationships between the expression of miR-125 family members and
pathological tumor–node–metastasis (TNM) stage, cancer stage, tumor grade, and radiation therapy in
HNSCC were then analyzed. One-way analysis of variance (ANOVA) was used to compare TNM
classi�cation and cancer stages I–IV. The Wilcoxon rank sum test was used to analyze the effect of
radiotherapy, and the Kruskal–Wallis test was used to compare tumor grade. MiRNA expression in LSCC
and relevant clinical information were downloaded from the TCGA database. Overall survival (OS) was
analyzed using the Log-rank (Mantel–Cox) test.

Functional enrichment analysis
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Target genes were predicted using TarBase v.8 (http://carolina.imis.athena-
innovation.gr/diana_tools/web/index.php?r=tarbasev8%2Findex), StarBase
(http://starbase.sysu.edu.cn/), and miRWalk (http://mirwalk.umm.uni-heidelberg.de/). Venn diagrams
were created to determine the intersection of the three datasets using the R package VennDiagram. Gene
ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis of the target genes were performed using the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) (https://david.ncifcrf.gov/). Protein–Protein Interaction (PPI) networks of
the target genes were retrieved from the STRING database (version 11.5) (https://string-
db.org/cgi/input.pl). Cytoscape (version 3.8.0) was used to visualize the network, and the plug-in MCODE
(version 1.5.1) was used to identify the most signi�cant hub genes [12].

Cell culture
Hep-2 cell lines were purchased from the cell resources center of Hunan Fenghui Biotechnology Co., Ltd
(Hunnan,China). The cell vial was removed from liquid nitrogen storage and immediately transferred to a
water bath (37°C), gently agitated, and then completely thawed for 1 min. The cells were then cultivated
at 37°C under 5% CO2 in sterile T25 culture �asks in RPMI 1640 medium. Cells were subcultured after
reaching approximately 80% con�uence.

Lentivirus vector preparation and generation of stable cell
lines
The lentivirus vector miR-125a-5p was prepared as described by Chang et al. [13]. MiRNA-125a-5p kits
were obtained from Sangon Biotech Engineering Co., Ltd. (Shanghai, China). Total RNA was extracted
according to the manufacturer’s instructions. Third-generation hep-2 cells were seeded at 3×104 cells/mL
in 6-well plates and transfected with lentiviral plasmid particles carrying miRNA-125a-5p or an empty
vector. The stably transfected cells were selected with puromycin (1 µg/mL). The hep-2 cells were
classi�ed into three groups: parental group, which was not infected and was cultured under initial
conditions of observation; Ad-miR-125a-5p group, which was transfected with lentiviral particles
containing miRNA-125a-5p; and Ad-control group, which was transfected with lentiviral particles
containing negative control miRNA that did not interfere with any genes.

Detection of transfection e�ciency using RT-PCR
According to the instructions for the Rneasy Plus Mini Kit (74134 and 74136, Qiagen, Germany), total
RNA was extracted from the Ad-control group and Ad-miR-125a-5p group using Trizol solution and
reverse-transcribed into cDNA. RT-PCR was performed using Faststart Universal SYBR Green Master
(Roche) on the PCR detection system QuantStudio®3 in a reaction volume of 20 µL, including 10 µL
SYBR Green  (Roche), 1 µL template (100 ng/µL), 1 µL upstream primer (10 pm), 1 µL downstream
primer (10 pm), and 7 µL water, under a standard three-step procedure. The reaction included 40 cycles,
and the conditions were as follows: 95 ℃ for 15 s, 60 ℃ for 1 min, and 50 ℃ for 2 min. The sequences
of the primers used were as follows: U6 forward sequence: 5'-CTCGCTTCGGCAGCACA-3', reverse
sequence: 5'-AACGCTTCACGAATTTGCGT-3'; MiR-125-a-5p primers: GTCGTATCCAGTGCAG
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GGTCCGAGGTATTCGCACTGGATACGACTCACAG, MiR-125-a-5p forward sequence: 5 '-
CGCCGTCCCTGAGACCCTTTAAC-3', MiR-125a-5p reverse sequence: 5 '-ATCCAGTGCAGGGTCCGAGG-3'
(both from Sangon Biotech Engineering Co., Ltd. Shanghai, China). The relative expression of miR-125a-
5p was calculated by the 2 -Δ Δ Ct method. U6 snRNA was used as the reference gene.

MTT assay
The three groups of hep-2 cells were inoculated in 96-well plates and cultured for 96 h and then harvested
for the MTT assay. After adjusting the cell concentration to 1×103 cells/well at 37°C, the hep-2 cells were
added to the 96-well plates, and 100 µL of cell medium was added for routine culture in an incubator with
5% CO2. Each group was set with eight double wells, and each plate had a single well containing only cell
culture medium without cell background control. After culturing for 24, 48, 72, and 96 h, we added 20 µL
of MTT (5 mg/mL with phosphate-buffered saline) into each well and cultured the cells for 4 h. Once the
culture was terminated and the supernatant was carefully absorbed, we added 150 µL of dimethyl
sulfoxide into each well and oscillated the mixture or 10 min to ensure that all crystals were fully
dissolved. Absorbance values were measured on the iMark microplate reader (BioRad) at 490 nm and the
results were recorded. GraphPad Prism 8.0 software was used to analyze the results of the paired t-test.

Colony formation assay
The hep-2 cells in the log phase were digested with 0.25% trypsin and used to make a single-cell
suspension of 100 cells/mL, which was then subjected to a dilution gradient using 1640 medium. The
hep-2 cells were plated in Petri dishes at 500, 1,000, 2,000, 4,000, 8,000, and 16,000 cells/well and
radiated via X-ray at 0, 2, 4, 6, 8, and 10 Gy for 2–4 weeks at 37°C. The culture was terminated when
colonies were macroscopically visible in the culture dish. The surviving cells were �xed with methanol for
15 min, stained with Giemsa for 20 min, and then counted as colonies. The colony formation rate of the
0-Gy group was used as the control to calculate the cell survival fraction (SF) under different irradiation
doses. The plating e�ciency (PE) and SF were calculated as follows: PE = number of clones/number of
cells inoculated × 100%; SF = number of clones in experimental group/(number of inoculated cells × PE).
GraphPad Prism 4.0 software was used to analyze the data, and the SF was obtained from the multi-
target/single-hit model: SF = 1−(1 − e-D/D0) N.

Apoptosis and �ow cytometry analyses
The hep-2 cells were planted in 60-mm dishes, and the Ad-control group and Ad-miR-125a-5p group were
exposed to X-ray doses of 10 Gy. After 48 h, the cell suspension was prepared in the logarithmic growth
phase by trypsin digestion and then centrifuged at 2,000 rpm for 5 min; the supernatant was discarded.
Then, 500 µL of binding buffer was added, 100 µL of the cell suspension was collected, 5 µL of Annexin V
was added to the �uorescent label, and the cells were cultured at 37 ℃ in the dark for 15 min. The cells
were washed once with the binding buffer. Following centrifugation at 2,000 rpm for 5 min, 200 µL
binding buffer was added to revitalize the cells. Then, 5 µL of propidium iodide was added and mixed
thoroughly. Finally, the ratio of apoptosis was analyzed by �ow cytometry (BD FACS Calibur, USA) and
Cell Quest Software (Mod�t LT for Mac 3.0). The differences between the Ad-control group and Ad-miR-
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125a-5p group without irradiation and the Ad-control group and Ad-miR-125a group with irradiation were
determined using SPSS statistical software (version 23, IBM, SPSS), and the results were analyzed by
paired t-test.

Micronucleus assay
The production of micronuclei in irradiated cells was detected by cell division arrest micronucleus assay.
Three groups of cells were collected in the logarithmic growth phase, and 1×105 cells/well were added
into 6-well plates with cell medium. Routine culture was performed in a 5% CO2 incubator at 37 ℃. The
three groups were irradiated at 0, 4, and 10 Gy and treated with 1 µg/mL of cytochalasin B immediately at
37 ℃, 5% CO2, and saturated humidity. After 24 h, the culture medium was discarded and cells were
cleaned with phosphate-buffered saline. Cells were then �xed with the modi�ed cell �xator
(methanol:glacial acetic acid = 9:1) for 20 min and dried at room temperature. The cells were stained with
Giemsa for 5 min, and the frequency of micronuclei formation in cells was calculated by examining 500
bi-nucleus cells. The micronucleated cell rate was calculated using the micronucleus frequency, which is
the number of micronucleated cells divided by the number of binucleated cells. The data were analyzed
by one-way ANOVA using GraphPad Prism 8.0 software.

Antibodies and western blotting
The three groups of hep-2 cells were exposed to different X-ray doses after 24 h. Total protein was
extracted with RIPA buffer solution (Solarbio PMSF, Beijing, China), and the protein concentration was
measured by bicinchoninic acid assay. SDS-PAGE Protein Loading Buffer was added to the protein
samples, which were then heated in boiling water for 5 min, centrifuged at 12,000 rpm and 4°C for 10 min,
and cooled to room temperature. SDS-PAGE and membrane transfer (nitrocellulose membrane,
microporous) were then conducted. After washing the membrane with TBS-T for 10 min, the membrane
was transferred to 10% bovine serum albumin and sealed in TBS-T buffer. After shaking at room
temperature for 2 h, the membrane was closed and placed in a pouch containing primary antibody
diluent; the speci�c primary antibodies were rH2AX (microporous, 1:1,000), P53 (Abcam,1:1,000), and
GAPDH (Zsbio, 1:5,000). After incubation with primary antibodies, the membrane was incubated in TBS-T
containing 5% fetal bovine serum at 4°C overnight. The TBS-T membrane was then washed three times
by Western wash, for 5 min each time, and the secondary antibody diluent was added (Zsbio, 1:5,000).
After rewashing the TBS-T membrane, a ChemiDoc-XRS system was used for analysis and a western
blotting experiment was performed. Protein imaging was performed via a gel imaging system. With
GAPDH as a reference, Gelpro32 was used to quantitatively analyze the grey values of protein bands.
SPSS statistical software was used to identify the difference between the Ad-control group and Ad-miR-
125a-5p group without irradiation and the Ad-control group and Ad-miR-125a-5p group with irradiation.

Results

Pan-cancer analysis of miR-125 family members
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In the pan-cancer analysis, miRNA expression of miR-125 family members in 17 types of tumors was
compared with that in normal tissues (Fig. 1). Paired t-test analysis indicated a signi�cant difference in
the expression of miR-125 family members in HNSCC tumor tissue (Fig. 1F). MiR-125a-3p expression was
higher in tumor tissue than in normal tissue, and the difference between the two groups was 0.268
(0.004–0.532), with statistical signi�cance (t = 2.050, P = 0.047). The expression of the other members of
the miR-125 family was lower in tumor tissue than in normal tissue.

Diagnostic value of miR-125 family in the TNM stage of
HNSCC
For the TNM stage of HNSCC, the difference in miR-125a-5p and miR-125a-3p expression between
normal and tumor tissues was not statistically signi�cant at the T stage (Fig. 2A–E). However, miR-125b-
1-3p, miR-125b-2-3p, and miR-125b-5p expression was signi�cantly decreased in tumor tissue at T1, T2,
T3, and T4 compared to that in normal tissue. For miR-125b-5p, the average expression level at T3 was
lower than that at T1, that at T4 was lower than that at T1, and that at T3 was lower than that at T2. In N
staging, the Bonferroni method was used to correct the signi�cance level of the multiple hypothesis test
(Game–Howell post-hoc test), which revealed that average miR-125 expression levels were lower in tumor
tissue than in normal tissue at N0, N1, and N2 (Fig. 2F–J). No other comparisons were statistically
signi�cant. In M staging, miR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p were signi�cantly
downregulated in tumor tissue at M1 and M2 (Fig. 2K).

Association of different miR-125 family members with
clinicopathological parameters in HNSCC
Regarding clinical cancer stages (Fig. 3A–E), the Bonferroni multiple hypothesis test (Tukey’s honestly
signi�cant difference (HSD) post-hoc test) revealed that miR-125a-3p and miR-125a-5p showed no
statistical difference between tumor and normal tissues at each stage. Conversely, miR-125b-1-3p, miR-
125b-2-3p, and miR-125b-5p expression exhibited statistically signi�cant differences at stages I–IV (P < 
0.05).

Regarding early histological grades (Fig. 3F–J), the Bonferroni multiple hypothesis test (Tukey's HSD
post-hoc test) revealed that miR-125a-3p expression was higher at stage G3 than at stage G1; however,
there were no differences in miR-125a-5p expression between different grades (P > 0.05). The results of
miR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p expression according to the Bonferroni correction
signi�cance level of multiple hypothesis testing (Tukey's HSD post-hoc test) revealed a signi�cantly lower
average expression level at stages G1, G2, and G3 in tumor tissue than in normal tissue. Moreover, miR-
125b-5p expression was higher at G3 and G4 than at G1, higher at G3 than at G2, higher at G4 than at G2,
and higher at G4 than at stage G3. Furthermore, the expression of all miR-125 family members, except
miR-125a-3p, was signi�cantly lower in the radiation therapy group than in normal tissue group (Fig. 3K).
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Prognostic value of miR-125a family members in LSCC
patients
Survival analysis of miR-125a family members in LSCC revealed that only the expression levels of miR-
125a-5p were correlated with OS (P = 0.026, Fig. 4); therefore, we performed further analysis on this
mRNA. The intersection of the target genes of miR-125a-5p determined using public databases, such as
Starbase, miRWalk, and Tarbase, revealed a total of 110 target genes (Fig. 4F).

Functional enrichment analysis of miR-125a-5p
To further analyze the function of the target genes of miR-125a-5p, we performed GO and KEGG pathway
enrichment analyses (Fig. 5). The molecular functions included protein binding, protein
homodimerization activity, and enzyme binding (Fig. 5B). The biological processes included transcription,
negative regulation from the RNA polymerase II promoter, and viral processes (Fig. 5A). The cellular
components included cytosol, membrane, and nucleoplasm (Fig. 5C). KEGG pathway analysis further
underscored the signaling pathways of cells, including the MAPK signaling pathway, viral carcinogenesis,
proteoglycans in cancer, hepatitis C, the VEGF signaling pathway, and apoptosis (Fig. 5D). A PPI network
was generated by the STRING database, and visualization of the network was performed by Cytoscape
software. The following seven hub genes were identi�ed by MCODE, an application in Cytoscape
software: P53, VEGFA, FGFR1, STAT3, CFLAR, TNFRSF1B, and TNFRSF10B (Fig. 5E–F).

MiR-125a-5p inhibits the proliferation of hep-2 cells and
enhances cellular radiosensitivity and X-ray-induced
apoptosis
We proved that the expression level of miR-125a-5p in hep-2 cells transfected with the lentivirus vector
was signi�cantly higher than that in the un-transfected parental group (Fig. 6A). Next, we demonstrated
the function of miR-125a-5p in cell proliferation. Initially, there was no obvious difference in the cell
growth rate between Ad-control and Ad-miR-125a-5p (Fig. 6B). However, over time, the proliferation rate of
cells transfected with lentivirus vector of miR-125a-5p markedly decreased compared with that of the
parental cells and cells of the negative control group transfected with lentivirus. These results revealed
that the proliferation of hep-2 cells was controlled by miR-125a-5p.

Next, colony formation assay demonstrated the effect of miR-125a-5p on radiotherapy (Fig. 6C). The SF
decreased signi�cantly, and the decline in Ad-miR-125a-5p expression with increasing radiation dose was
more pronounced than that in the other two groups (Fig. 6D). We also detected the effect of X-ray
exposure on apoptosis using �ow cytometry. The rate of apoptotic cells was substantially increased
(from 1.10–12.46%) after transfection with miR-125a-5p (Fig. 6E, F). The X-ray effects were further
enhanced in cells transfected with miR-125a-5p mimics (Fig. 6F). Additionally, exposure to 10 Gy of X-ray
radiation increased the apoptosis rate (from 1.10–6.30%) (Fig. 6E, G). Under the same radiotherapy
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conditions, the rate of apoptosis increased (from 6.30–18.15%) in mock-transfected cells compared to
that in cells transfected with miR-125a-5p mimics (Fig. 6G, H). These results con�rmed that miR-125a-5p
substantially increased cell sensitivity to radiotherapy.

MiR-125a-5p induces chromosome damage in hep-2 cells
and enhances the expression of apoptosis genes
We used micronucleus technology to detect chromosome damage. MiR-125a-5p induced chromosomal
damage when the cells were exposed to X-ray doses of 0, 4, or 10 Gy (Fig. 7A). In the triple-dose
experiments, we observed statistically signi�cant radiosensitization-induced dose-dependent increases in
the Ad-miR-125-5p group compared with those in the parental and Ad-control groups (Fig. 7B). At the
highest X-ray dose (10 Gy), the micronucleation rate in Ad-miR-125-5p group was approximately twice
that in the Ad-control group. Therefore, we concluded that miR-125a-5p can increase the
radiosensitization of hep-2 cells by inducing chromosome damage.

Next, western blotting analysis con�rmed that the expression of P53 and γH2AX in all groups was
increased after radiation treatment (P < 0.05) (Fig. 7C). After subjecting to X-ray radiation at 0 or 10 Gy,
the expression of P53 was markedly higher in the Ad-miR-125a-5p group than in the Ad-control group
(Fig. 7D). Moreover, the expression of γH2AX in the Ad-miR-125a-5p group was considerably higher than
that in the Ad-control group (Fig. 7E). These results con�rmed that miR-125a-5p can induce chromosomal
damage by promoting p53 activity. Thus, overexpression of miR-125a-5p may increase radiosensitivity by
promoting the expression of p53.

Discussion
HNSCC development is a complicated process involving multi-factor participation, and miRNA plays a
critical role in the regulation of HNSCC. Radiotherapy is a crucial method for the treatment of HNSCCs,
including LSCC. Therefore, elucidating the radiotherapy mechanism in LSCC could reveal novel
diagnostic and therapeutic approaches. The identi�cation of new and effective radiation-related genes is
also key to the successful treatment of LSCC. Thus, it is imperative to uncover novel molecules that will
be bene�cial in predicting the prognosis and radiotherapy response of laryngeal carcinomas. Ultimately,
this will lead to more customized treatment and improved outcomes for patients with HNSCC [14].

The miR-125 family is related to the development and treatment of cancers and may even impact the
survival outcomes of patients with NSCLC [9]. Speci�cally, miR-125a-3p has been related to many tumors,
including breast cancer, renal cancer, hepatocellular carcinoma, colorectal cancer and colon cancer [15–
19]. Moreover, sponging miR-125a-3p in HNSCC may promote tumor growth through the regulation of
FGFR1 expression [20]. Another study indicated that miR-125b-1-3p had anticancer effects in lung cell
carcinoma and was a diagnostic marker for pancreatic cancer [21, 22]. MiR-125b-2-3p is related to the
prognosis of hepatocellular carcinoma and may predict chemotherapy outcomes in patients with
colorectal cancer [23, 24]. Furthermore, miR-125b-2-3p inhibits the TNM-based progression of HNSCC
[25]. MiR-125b-5p plays an essential role in suppressing cancer progression and invasion in bladder
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cancer, LIHC, BRCA, and lung cancer, and is also related to drug resistance in colon cancer [26–29]. MiR-
125b-5p may also promote the progression of LSCC and is an essential drug target [30, 31].

In this study, we �rst systematically studied the miR-125a family using the TCGA database and then
performed pan-cancer analysis on all members of the family. MiR-125 expression differences were
statistically signi�cant in many cancers. All members of the miR-125 family exhibited signi�cantly
different expression levels in HNSCC. We then conducted a comprehensive and systematic analysis of
the clinical parameters related to HNSCC, including the TNM stage, clinical stage, histologic grade, and
effect of radiation therapy. MiR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p were clinically signi�cant for
the diagnosis of T staging and M staging. Furthermore, all members of the miR-125 family, except miR-
125a-5p, had diagnostic signi�cance at the N1 and N2 stages but no diagnostic signi�cance at the N3
stage. MiR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p were signi�cantly related to all cancer stages and
tumor grades, except G4, in HNSCC. Furthermore, radiation therapy had a statistically signi�cant effect on
the expression of all members of the miR-125 family, except miR-125a-3p. Subsequently, we conducted a
survival analysis of patients with LSCC and found that miR-125a-5p was related to the survival time of
LSCC. Therefore, we further analyzed the correlation between miR-125a-5p and LSCC sensitivity to
radiotherapy.

Several experiments have con�rmed that miR-125a-5p in�uences tumor growth in cancers, such as COAD,
LIHC, BRCA, PRAD, and cervical cancer [32–36]. In HNSCC, miR-125a-5p may inhibit growth, progression,
and metastasis by targeting ERBB3 and promoting cell apoptosis [37]. MiR-125a-5p was signi�cantly
differentially expressed between tumor tissue and normal tissue and was related to the occurrence,
growth, and invasion of LSCC; thus, it may represent a new biomarker for biotherapy [38]. Our research
corroborates these conclusions and reveals the function of miR-125a-5p in laryngeal carcinoma for the
�rst time. Our results demonstrated that the growth and invasion ability of hep-2 cells were decreased,
and the radiosensitivity was increased through the overexpression of miR-125a-5p; therefore, miR-125a-
5p may function as an antineoplastic gene in hep-2 cells. The GO terms con�rmed that differentially
expressed target genes were related to signal transduction by the p53 class mediator, resulting in cell
cycle arrest and DNA damage response (DDR). In the KEGG analysis, apoptosis was signi�cantly
enriched. The results of the KEGG enrichment analysis were consistent with those of the GO enrichment
analysis. Seven hub genes were obtained by Cytoscape. Among them, p53 is very highly correlated with
human tumors. P53 expression not only promotes apoptosis, but also inhibits the growth of tumors.
When cancer develops further, p53 gene mutations are inactivated and apoptosis is inhibited. After
radiotherapy, p53-mediated apoptosis is initiated.

Radiotherapy can induce cell apoptosis and chromosomal damage. Typical biochemical changes during
radiation-induced apoptosis include single-chain breaks, endonuclease activation, and DNA double-strand
breaks (DSBs), which play an important role in radiotherapy [39]. The radiosensitivity of tumor cells is
closely related to the radiation effect. Micronucleus experiments demonstrated that the micronucleation
rate in the Ad-miR-125a-5p group increased after radiotherapy, and the overexpressed miR-125a-5p
promoted nuclear damage, resulting in apoptosis. Radiation therapy can lead to DNA double-strand
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damage in tumor cells, triggering DDR, initiating the cell's own DNA repair mechanism, and activating
multiple related intracellular signal transduction pathways [39]. During the repair of DNA DSBs, the DNA
damage sensors H2AX, RNF8, RAD50, ATM, ATR, and XRCC4, as well as many other molecules, play
important roles in the DDR process [39]. Moreover, miRNA regulates the expression of target genes in the
DDR pathway at the post-transcriptional level [40]. The DNA repair mechanism of tumor cells is one of the
main reasons for tumor radiation resistance. Indeed, some researchers have proposed that genes acting
on DNA repair proteins, which thereby affect cellular DNA repair, may enhance the e�cacy of radiation
therapy for tumors [39].

Increasing evidence supports the hypothesis that miRNAs are involved in the regulation of DNA repair
proteins, thereby affecting the sensitivity of tumor cells to radiotherapy. For example, miR-101 targets
DNA-PKCs and ATM, making tumors more sensitive to radiation [40]. Moreover, miR-210 and miR-373 are
upregulated in hypoxic cells and regulate the DNA damage repair pathway [41]. In this study, miR-125-5p
reduced the repair ability of DNA damage by regulating the expression of rH2AX when DNA double-strand
damage occurred. H2AX is a histone located in the nucleus of cells and is phosphorylated to form rH2AX
when DNA strand damage is followed by DSB [39]. rH2AX level decreases with DNA repair and is then
dephosphorylated when repair is complete. rH2AX is therefore, an index of reactive DNA repair. In this
study, we con�rmed that, in cells overexpressing miR-125a-5p, rH2AX level was signi�cantly increased,
DNA repair was inhibited, DSBs were promoted, cell apoptosis was inhibited, and tumor growth was
inhibited under X-ray radiation at 10 Gy, which enhanced tumor sensitivity to radiotherapy. In the course
of tumor radiotherapy, p53 plays an important role in apoptosis. By activating or inhibiting a series of
genes, wild-type p53 can promote tumor cell apoptosis and enhance the sensitivity of tumors to
radiotherapy by inhibiting the tumor cell cycle and the repair of radiation damage in tumor cells [41].
Thus, the wild-type p53 gene plays an important role in the control of cell cycle arrest, DNA repair, and
apoptosis. However, after mutation, the p53 gene loses its normal function, and the apoptosis process of
tumors is inhibited after radiotherapy, resulting in resistance to radiotherapy [41]. Many studies have
shown that wild-type p53 can increase the radiosensitivity of HNSCC, lung cancer, BRCA, and many other
tumors [39].

A recent study found that the wild-type p53 gene induces apoptosis in 30% of tumor cells and reduces
proliferation in 80% of tumor cells [40]. Moreover, the experimental results showed that miR-125a-5p
could improve the sensitivity of tumor cells to radiotherapy by upregulating p53 and enhancing apoptosis
in lung cancer. Similarly, a previous study found that miR-125a-5p contributes to p53 activation [42].
Following radiation therapy-induced DSB, two repair pathways are activated: homologous recombination
and nonhomologous end joining (NHEJ); of these, the most important pathway is NHEJ, which catalyzes
the random connection of the two ends of DSBs through DNA-PKCs, Ku70, Ku80, and XRCC4 to repair
DNA [39]. However, the p53 gene can inhibit the NHEJ repair system, so that the double-stranded broken
DNA cannot be repaired and tumor cells can undergo apoptosis. Control of the cellular response to
radiotherapy by inhibiting DDR has been a focus of current radiotherapy research. In this study, we found
that apoptosis of hep-2 cells was signi�cantly increased by radiation treatment after upregulation of miR-
125a-5p, indicating that miR-125a-5p has a radiotherapy sensitization effect. P53 activation plays an
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important role in DNA damage transduction and a pivotal role in processing "sub-nodes" in the DNA
damage signal network. Our study proved that miR-125a-5p can upregulate rH2AX and P53 and inhibit
DNA damage repair. Under the condition of radiotherapy, DNA damage and miR-125a-5p can induce
DSBs and rH2AX phosphorylation in tumors, as well as activate p53 through the DDR pathway, thereby
inhibiting tumor cell repair and enhancing the radiotherapy effect of tumor cells.

Conclusions
In this study, we preliminarily determined the clinical value of the miR-125 family in HNSCC. According to
the analysis results, the function of miR-125a-5p in LSCC was further veri�ed by experiments, and we
proved that miR-125a-5p can enhance the sensitivity of LSCC to radiotherapy by regulating the
expression of p53. This has important implications for improving the effect of radiotherapy during
treatment for laryngeal cancer.
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Figure 1

Expression of miR-125 family members in 17 different types of cancer (TCGA database). Differences
were compared using the Wilcoxon signed-rank test (A–E). P < 0.05. Signi�cant changes in the
expression of miR-125 family members between HNSCC tissue and normal tissue (F).
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Figure 2

Relationship between miR-125 expression and TNM stages. MiR-125b-1-3p, miR-125b-2-3p, and miR-
125b-5p expression was signi�cantly correlated with clinical T and M stages (C–E, K). The expression of
all members of the miR-125 family, except miR-125a-5p, was signi�cantly correlated with N1 and N2
stages (F–J). 
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Figure 3

Relationship between miR-125 expression and different clinical stages and grades of patients with
HNSCC. As the tumor stage increased, the expression of miR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p
in tumor tissue was lower than that in normal tissue (C–D). The same results were observed in grades
G1–G3 (H–J). A signi�cant relationship was observed between the expression levels of miR-125a-5p,
miR-125b-1-3p, miR-125b-2-3p, and miR-125b-5p and radiation therapy (K).
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Figure 4

Prognostic value of the expression of miR-125 family members in LSCC. Generally, upregulation of miR-
125a-5p was signi�cantly related to a favorable OS of patients with LSCC (B). However, other miR-125
family members exhibited no correlation with prognosis in LSCC (A, C–E). The target genes of miR-125a-
5p were predicted using public databases (Starbase, miRWalk, and Tarbase), and 110 common genes
were generated for further analysis (F). 
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Figure 5

Predicted functions and pathways of target genes. GO terms for LIHC, LUAD, and LUSC, and KEGG
pathway analysis: BP (A), MF (B), CC (C), and KEGG (D). Seven hub genes were revealed by the Cytoscape
plug-in MCODE (F).
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Figure 6

miR-125a-5p may inhibit hep-2 cell proliferation and heighten the effect of radiotherapy and X-ray-
induced apoptosis. Reverse transcription polymerase chain reaction analysis was used to measure the
total RNA of miR-125a-5p in the Ad-miR-125a-5p or Ad-control group (A). The MTT assay con�rmed that
the relative number of cells was markedly reduced after transfection with miR-125a-5p (B). Photograph of
hep-2 cells irradiated with different X-ray doses (C). Differences were signi�cant between the parental
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cells and Ad-control or Ad-miR-125a-5p cells (P < 0.05) (D). Ad-control (E, G) and Ad-miR-125a-5p (F, H)
cells subjected to 10 Gy of X-ray radiation (G, H) or untreated (E, F) and harvested after 24 h. Flow
cytometry was used to measure the ratio of apoptotic cells (E–H). A signi�cant difference was observed
between the Ad-control and Ad-miR-125a-5p groups (I) (P < 0.05).

Figure 7

miR-125a-5p may induce chromosomal damage and enhance the expression of apoptosis genes.
Micronucleus assay results of chromosomal damage in the nucleus (A). Percentage of cells with
chromosomal damage (B). Western blotting results con�rmed that overexpression of miR-125a-5p can
signi�cantly promote p53 and rH2AX expression (P < 0.05) (C, D, E).


