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Abstract
Background  Head and neck squamous cell carcinoma (HNSCC) demonstrates insidious onset, high prevalence, and low 
5-year overall survival rate. While downregulation of miR-493-5p is implicated in the development of various cancers, its 
role in HNSCC remains unclear. Here, we explored the association of miR-493-5p with HNSCC progression and elucidated 
the underlying mechanisms.
Methods  The miR-493-5p expression in HNSCC tissues and cells was verified by quantitative reverse transcription poly-
merase chain reaction (qRT-PCR). Cell proliferation and migration were detected by Cell Counting Kit 8, colony formation, 
and wound-healing assay. Dual-luciferase reporter gene assay was used to verify that miR-493-5p targeted hypoxia-
inducible factor (HIF)-1α. Cobalt chloride (CoCl2) was used to induce HIF-1α expression to perform rescue assays. SCC 
VII cells were used to construct the mouse model. After 15 days, the tumour volume was compared. The expression of 
HIF-1α, glycolysis, and epithelial–mesenchymal transition (EMT) proteins were verified by western blotting.
Results  MiR-493-5p expression was low and beneficial to prognosis in HNSCC tumours. MiR-493-5p constrained HNSCC 
cell proliferation and migration and inhibited HIF-1α expression by targeting its 3′ untranslated region directly. CoCl2 
addition reduced miR-493-5p-induced cell proliferation, which may be related to the increased expression of HIF-1α. 
MiR-493-5p decelerated tumour cell growth in mice and was associated with glycolysis and EMT in HNSCC cells.
Conclusions  MiR-493-5p, which targets HIF-1α and inhibits glycolysis and EMT, may be a novel therapeutic target for 
HNSCC.
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1  Introduction

Head and neck cancer is the sixth most common cancer worldwide, according to Global Cancer Statistics 2022 [1]. 
Head and neck squamous cell carcinoma (HNSCC), developing in the mucosal epithelium of the oral cavity, pharynx, 
and larynx, is the most common cancer in the head and neck, with ever-increasing prevalence [2]. Although it can 
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be treated through surgery, radical radiotherapy, and other treatments, the 5-year survival rate of HNSCC is at 50% 
of cases due to late diagnosis and early lymph node metastasis [3]. However, the molecular mechanisms underlying 
HNSCC occurrence and development have not been fully elucidated. Therefore, identifying key molecules involved 
in HNSCC is highly warranted for the prediction of malignant progression, prognosis of patients, newer therapeutic 
targets, and therapeutic responses.

In humans, only about 2% of the ribonucleic acid (RNA) molecules produced through transcription are protein-
coding messenger RNAs (mRNAs), whereas the remaining 98% are called noncoding RNAs (ncRNAs) [4]. MicroRNA 
(miRNA), a class of endogenous ncRNA with a length of approximately 22 nucleotides, can bind to the 3′ untranslated 
region (UTR) of its target mRNA to regulate the biological activity of cells [5]. Abnormal miRNA expression was noted 
to be correlated with cancer occurrence, progression, and patient prognosis for the first time in 2002 [6]. MiR-493-5p 

Table 1   Primer sequences in 
qRT-PCR

Target gene Primer (5′−3′)

miR-493-5p F: 5′-GCC​GAG​TTG​TAC​ATG​GTA​GG-3′
R: 5′-CTC​AAC​TGG​TGT​CGT​GGA​-3′

U6 F: 5′- CTC​GCT​TCG​GCA​GCACA −3′
R: 5′- AAC​GCT​TCA​CGA​ATT​TGC​GT-3′

HIF-1α F: 5′- TAT​GAG​CCA​GAA​GAA​CTT​TTA​GGC​ −3′
R: 5′- CAC​CTC​TTT​TGG​CAA​GCA​TCCTG −3′

GAPDH F: 5′- TGA​CTT​CAA​CAG​CGA​CAC​CCA −3′
R: 5′- CAC​CCT​GTT​GCT​GTA​GCC​AAA −3′

Fig. 1   HNSCC tumours 
demonstrate low miR-493-5p 
expression. A Box plot of 
miR-493-5p expression data 
of normal (paracancerous 
tissue of HNSCC patients) 
and tumour tissues in the 
TCGA-HNSC data set. B MiR-
493-5p levels in tumour and 
paracancerous tissue samples 
from patients with HNSCC 
analysed through qRT-PCR (n 
= 20). C MiR-493-5p levels in 
AMC-HN-8, CAL-27, and NP69 
cells analysed through qRT-
PCR. D Kaplan–Meier survival 
curves of HNSCC patients with 
low versus high miR-493-5p 
expression in the TCGA-
HNSCC data set. ** p < 0.005, 
*** p < 0.0005, **** p < 0.0001 D
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can inhibit various cancers, including colorectal cancer [7], glioma [8], non–small-cell lung cancer [9], liver cancer 
[10], laryngeal cancer [11], breast cancer [12] and osteosarcoma [13]. The roles of miR-493-5p in HNSCC, however, 
remain unclear.

Hypoxia-inducible factor (HIF)−1α, a transcription factor crucial in a hypoxic environment, is essential for cancer 
cell development [14]. HIF-1α is strongly expressed in most cancers, such as breast [15], colorectal [16], ovarian [17] 
and oesophageal [18] cancers, where it promotes glycolysis [19–21] and epithelial–mesenchymal transition (EMT) 
[22] in cancer cells. Our gene target site prediction using TargetScan database (http://​www.​targe​tscan.​org/) [23] 
indicated that HIF-1α may be a target of miR-493-5p; however, mechanisms through which miR-493-5p influence 
HNSCC progression by targeting HIF-1α remain unclear.

In the current study, we analysed the expression of miR-493-5p in tissue samples from patients with HNSCC and 
explored the effects of miR-493-5p on HNSCC in vivo and in vitro. We then investigated possible mechanisms by which 
miR-493-5p affects HNSCC by targeting HIF-1α. Our results may provide a new direction for HNSCC treatment research.

Table 2   Clinical characteristics 
of HNSCC patients in the miR-
493-5p low expression group 
and high expression group in 
TCGA dataset

Characteristics Low expression n(%) High expression n(%) P

Age (years) 0.251
  ≤ 65 177 (67.6%) 164 (62.8%)
  > 65 84 (32.1%) 97 (37.2%)
 Unknown 1 (0.4%) 0 (0.0%)

Gender 0.357
 Female 73 (27.9%) 68 (26.1%)
 Male 189 (72.1%) 193 (73.9%)

Clinical stage 0.330
 I 7 (2.7%) 14 (5.4%)
 II 43 (16.4%) 54 (20.7%)
 III 54 (20.6%) 51 (19.5%)
 IV 150 (57.3%) 136 (52.1%)

Unknown 8 (3.1%) 6 (2.3%)
T stage 0.813
 T1 18 (6.9%) 19 (7.3%)
 T2 77 (29.4%) 72 (27.6%)
 T3 71 (27.1%) 67 (25.7%)
 T4 86 (32.8%) 97 (37.2%)
 Tx 7 (2.7%) 5 (1.9%)
 Unknown 3 (1.1%) 1 (0.4%)

N stage 0.441
 N0 113 (43.1%) 130 (49.8%)
 N1 40 (15.3%) 44 (16.9%)
 N2 92 (35.1%) 73 (28.0%)
 N3 4 (1.5%) 5 (1.9%)
 Nx 10 (3.8%) 8 (3.1%)
 Unknown 3 (1.1%) 1 (0.4%)

M stage 0.409
 M0 244 (93.1%) 248 (95.0%)
 M1 5 (1.9%) 1 (0.4%)
 Mx 10 (3.8%) 10 (3.8%)
 Unknown 3 (1.1%) 2 (0.8%)

http://www.targetscan.org/
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2 � Methods

2.1 � Patient sample collection

We collected tumour tissues and matched paracancerous samples, mainly mucosa 5 mm away from the tumour tissues, 
from 20 patients undergoing surgical treatment for HNSCC at the Department of Otolaryngology, Head and Neck Surgery, 
Yantai Yuhuangding Hospital, Qingdao University. All samples were frozen immediately in liquid nitrogen after collection 
and then stored at − 80 °C for preparation. None of the included patients had received local or systemic treatment before 
sample collection. All patients provided written informed consent, and this study was approved by the Ethics Committee 
of Yantai Yuhuangding Hospital (no.: 2024-565)—all consistent with the Declaration of Helsinki. Clinical information for 
HNSCC patients from The Cancer Genome Atlas (TCGA) Head-Neck Squamous Cell Carcinoma Collection (HNSC) dataset 
was downloaded from the CancerMIRNome website (http://​bioin​fo.​jialab-​ucr.​org/​Cance​rMIRN​ome/).

2.2 � Cell culture

The human laryngeal squamous cell carcinoma cell line AMC-HN-8 and the immortalized normal nasopharyngeal 
epithelial cell line NP69 were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China), 
whereas the human tongue squamous cell carcinoma cell line CAL-27 and the mouse squamous cell carcinoma cell 
line SCC VII were procured from American Type Culture Collection (ATCC). All cells were grown in RPMI-1640 medium 
(Biological Industries, Kibbutz Beit Haemek, Israel) supplemented with 10% foetal bovine serum (Sbjbio, Nanjing, 
China) at 37 °C in a humidified 5% CO2 incubator.

2.3 � Cell transfection

MiR-493-5p mimic, inhibitor, and corresponding control constructs were purchased from GenePharma (Shanghai, China). 
AMC-HN-8 and CAL-27 cells were transfected using Lipofectamine 3000 (Thermo, Waltham, USA), according to the manu-
facturer’s instructions. At 48 or 72 h after transfection, RNAs and proteins were isolated for quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR) and Western blotting.

LV-miR-493-5p (a miR-493-5p overexpression lentivirus) and its control (LV-NC mimic), constructed by GenePharma, 
were transfected into SCC VII cells, according to the manufacturer’s instructions. At 72 h after transfection, the cells were 
selected using 2.5 μg/mL puromycin (Biosharp, Hefei, China). After the construction of a stable cell line, RNA was isolated 
for qRT-PCR.

2.4 � Cobalt chloride treatment

The hypoxia-inducing drug cobalt chloride (CoCl2) was purchased from Damao Chemical Reagent Factory (Tianjin, China). 
AMC-HN-8 and CAL-27 cells were plated in six-well plates and allowed to adhere. Next, the cells were treated with 50 
μM CoCl2 for 24 h directly or after 72 h of miR-493-5p mimic transfection. Finally, proteins were isolated from the cells 
for Western blotting.

2.5 � qRT‑PCR

We used the traditional methods for RNA isolation. In brief, total RNA was isolated from cells or tissues using SparkZol 
Reagent (Sparkjade, Shandong, China), and RNA concentration was measured on a spectrophotometer from Thermo. 
MiRNA and mRNA (1 μg) were inversely transcribed into complementary deoxyribonucleic acid (cDNA) using the miRNA 

Fig. 2   MiR-493-5p inhibits HNSCC cell proliferation and migration. A, B The expression of miR-493-5p in AMC-HN-8 and CAL-27 cells 
between the miR-493-5p-regulated and control groups detected by qRT-PCR. C, D Differences in AMC-HN-8 and CAL-27 cells’ proliferation 
between the miR-493-5p-regulated and control groups measured using CCK-8 assay. E, F Differences in AMC-HN-8 and CAL-27 cells’ col-
ony-forming potential between the miR-493-5p-regulated and control groups measured using colony formation assays. G, H Differences 
in AMC-HN-8 and CAL-27 cells’ migratory abilities between the miR-493-5p-regulated and control groups measured using wound-healing 
assay (magnification, 40 ×). *p < 0.05, **p < 0.005, ***p < 0.0005, ****p < 0.0001

▸
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1 st strand cDNA synthesis kit (AG, Hunan, China) and HiScript II Q RT SuperMix for qPCR (+ gDNA wiper; Vazyme, Nan-
jing, China), respectively. We used the SYBR Green Premix Pro Taq HS qPCR Kit II (AG) to detect miR-493-5p expression 
with U6 as the normalization control [24], and used 2 × SYBR Green qPCR Mix (Sparkjade) to detect HIF-1α expression 
with GAPDH as the normalization control. All primers used here are listed in Table 1. All assays were conducted with the 
FTC-3000 real-time fluorescence quantitative PCR system (Funglyn, Shanghai, China), and the 2−∆∆Ct method was used 
to assess relative gene expression. For each group, at least three independent replicates were used.

2.6 � Western blotting

We used RIPA buffer (Sparkjade) and phenylmethylsulfonyl fluoride (PMSF; Sparkjade) to extract total protein from cells for 
30 min. The proteins were quantified using a BCA protein assay kit (Sparkjade). They were then separated through 7.5% 
or 10% sodium dodecyl sulphate polyacrylamide gel electrophoresis (Epizyme, Shanghai, China) and transferred onto 
nitrocellulose filter membranes (Pall, Beijing, China). Antibodies against E-cadherin, N-cadherin, and glucose transporter 
type 1 (GLUT-1) were obtained from Proteintech (Wuhan, China), and antibodies against pyruvate dehydrogenase kinase 
1 (PDHK1) and lactate dehydrogenase A (LDHA) were procured from Cell Signaling Technology (Danvers, USA). β-actin 
(Proteintech) was used as the internal reference. Tris(hydroxymethyl)aminomethane (Tris) buffer (Solarbio, Beijing, China) 
containing 0.1% Tween-20 (Sparkjade) and 5% nonfat milk (Coolaber, Beijing, China) was used to block the membrane 
at room temperature for 1 h. Subsequently, the membranes were cut prior to hybridisation with antibodies, and then 
incubated with primary antibodies against HIF-1α (Santa Cruz Biotechnology, Santa Cruz, USA) or any of the above at 
4 °C overnight, respectively. Next, after rinsing with tris buffered saline with Tween-20 (TBS-T) three times (once every 
ten minutes), we incubated the membranes with horseradish peroxidase–labelled antirabbit (Affinity Biosciences, Cincin-
nati, USA) or antimouse (Abbkine, Wuhan, China) secondary goat immunoglobulin G H&L at room temperature for 1.5 
h. Finally, the membranes were rinsed again, immersed in an ECL reaction solution (Yeasen, Shanghai, China) for colour 
development, and assessed on an enhanced chemiluminescence detection system (Tanon4800; Tanon, Shanghai, China).

2.7 � Cell proliferation and colony formation assay

A Cell Counting Kit (CCK) 8 (Sparkjade) was used to assess cellular proliferation, according to the manufacturer’s instruc-
tions. In brief, 24 h after transfected with miR-493-5p mimic or inhibitor, and corresponding control, cells were inoculated 
into 96-well plates at 3 × 103 cells per well with 100 µL of complete medium per well. After 24, 48, and 72 h, 10 μL of CCK-8 
reagent was added to each well, followed by incubation at 37 °C for additional 2 h. Absorbance was then measured at 
450 nm on a microplate reader (Thermo) to obtain the 450 nm Optical density (OD) value. For rescue assay, cells trans-
fected with miR-493-5p mimic, miR-493-5p mimic and CoCl2 treatment, and corresponding control were inoculated and 
cultured as above. After 24 h, the 450 nm OD value was obtained as above.

For colony formation assay, AMC-HN-8 and CAL-27 cells transfected with miR-493-5p mimic or inhibitor, and corre-
sponding control, were inoculated into six-well plates at 600 cells per well and cultured until visible clones formed. The 
cells were subsequently washed with phosphate-buffered saline (PBS; Servicebio, Wuhan, China), fixed with paraform-
aldehyde (Biosharp), and stained with crystal violet (Coolaber).

2.8 � Wound‑healing assay

AMC-HN-8 and CAL-27 cells transfected with miR-493-5p mimic or inhibitor, and corresponding control, were cultured 
in six-well plates until they reached 90% confluence. A scratch wound was generated using a 1-mL pipette tip. Cells were 
then rinsed with PBS for nonadherent cell removal, and the remaining cells were cultured for 0 and 24 h in a serum-free 
medium. Finally, wound closures were measured at appropriate timepoints and analysed using Image J. % wound closed 
= (wound area at 0 h- wound area at 24 h)/wound area at 0 h × 100%.

Fig. 3   HIF-1α is a target of miR-493-5p. A Putative binding sites of miR-493-5p on HIF-1α 3′-UTR. B, C HIF1 A mRNA expression in AMC-HN-8 
and CAL-27 cells from the miR-493-5p-regulated and control groups. D, E HIF-1α expression in AMC-HN-8 and CAL-27 cells from the miR-
493-5p-regulated and control groups. F Dual-luciferase reporter gene assay verifying the binding relationship of miR-493-5p and HIF-1α. 
*p < 0.05, **p < 0.005, ***p < 0.0005

▸
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2.9 � Dual‑luciferase reporter gene assay

The TargetScan database was used to identify a putative miR-493-5p binding site in wild-type (WT) 3′-UTR fragment 
of HIF1 A mRNA, after which luciferase reporter plasmids HIF-1α-WT and HIF-1α-mutant (MUT) were generated and 
separately cloned into psiCHECK2 vector (Sangon, Shanghai, China). The cells were then transfected with the reporter 
plasmid and miR-493-5p mimic or control using Lipofectamine 3000 (Thermo). After 48 h, cells were collected, and a Dual 
Luciferase Reporter Assay kit (Vazyme) was used for luciferase activity determination, according to the manufacturer’s 
instructions.

2.10 � Animal experiments

All animal experiments, consistent with laboratory animal welfare protocols, were approved by the Committee on Animal 
Ethics of Yantai Yuhuangding Hospital, and all procedures were conducted in accordance with to NIH Guidelines for the 
Care and Use of Laboratory Animals. In total, 5-week-old male C57BL6/J mice (n = 14; weight at the beginning of the study 
= 19.40 ± 0.51 g) were purchased from Beijing Vital River Laboratory Animal Technology (China) and divided into two 
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Fig. 4   CoCl2 induces HIF-1α expression in AMC-HN-8 and CAL-27 cells and reverses cell proliferation reduction. A HIF-1α overexpression 
in CoCl2-treated AMC-HN-8 and CAL-27 cells. B HIF-1α expression rescued in miR-493-5p mimic-transfected AMC-HN-8 and CAL-27 cells. C 
COCl2 treatment rescued cell proliferation in miR-493-5p mimic-transfected AMC-HN-8 and CAL-27 cells. *p < 0.05, **p < 0.005, ***p < 0.0005, 
****p < 0.0001
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groups (n = 7 per group): LV-NC mimic and LV-miR-493-5p. All mice were maintained at 25 °C ± 2 °C in a clean atmosphere 
with 50% relative humidity under a 12-h dark–light cycle. The mice had ad libitum access to food and water. SCC VII cells 
stably transfected with LV-NC mimic or LV-miR-493-5p (2 × 106 cells in 100 μL of PBS) were injected subcutaneously into 
the right underarm of each mouse [25]. Tumour width and length were assessed every 1 or 2 days, and tumour size was 
calculated as volume (mm3) = [length (mm) × width (mm)2]/2. Mice were sacrificed through cervical dislocation 15 days 
after cancer cell inoculation. The maximal tumour size/burden was not exceeded 2000 mm3 in the present study, which 
was permitted by the Committee on Animal Ethics of Yantai Yuhuangding Hospital.

2.11 � Statistics analysis

Statistical analyses were performed via SPSS (version 25.0, IBM Corp.) and GraphPad Prism (version 9). The clinical 
characteristics of the two groups in HNSCC were assessed by the χ2 test or Fisher’s exact test. Paired tissue samples 
were subjected to Paired Samples t-test. Other data were subjected to Student’s t test. All data are expressed as the 
mean ± standard deviation (mean ± SD), and p < 0.05 was considered to indicate statistical significance.

3 � Results

3.1 � MiR‑493‑5p expression is low and beneficial to prognosis in HNSCC

To investigate the role of miR-493-5p in HNSCC pathogenesis, we first determined the expression levels of miR-493-5p 
based on TCGA-HNSC dataset. miR-493-5p expression was significantly lower in HNSCC tissues than in normal tis-
sues (Fig. 1A). We then verified the miR-493-5p expression status in our collected samples (n = 20) through qRT-PCR. 
These results also demonstrated that miR-493-5p expression was significantly lower in HNSCC tissue samples than 
in the matched paracancerous tissue samples (Fig. 1B). Subsequently, qRT-PCR results showed that the expression of 
miR-493-5p was lower in HNSCC cell lines than in normal epithelial cells (Fig. 1C). In addition, patients from the TCGA-
HNSC data set were divided into low and high expression groups based on the median miR-493-5p expression level. 
Kaplan–Meier survival curves revealed that HNSCC patients with higher miR-493-5p expression had better prognosis 
(Fig. 1D). And the prognostic difference of HNSCC patients between the high and low miR-493-5p expression group 
was not influenced by age, gender, clinical stage and TNM stage (Table 2).

3.2 � MiR‑493‑5p inhibits HNSCC cell proliferation and migration

Because miR-493-5p expression was significantly lower in HNSCC tissues than in the adjacent tissues, it may have 
a tumour-repressive role in HNSCC. To study the effects of miR-493-5p on HNSCC cell function, we transfected the 
laryngeal squamous cell carcinoma cell line AMC-HN-8 and tongue squamous cell carcinoma cell line CAL-27 with a 
miR-493-5p mimic or inhibitor. The expression of miR-493-5p in transfected AMC-HN-8 and CAL-27 cells was detected 
by qRT-PCR to verify the effect of miR-493-5p mimic and inhibitor (Fig. 2A, B). Subsequent cell experiments revealed 
that the miR-493-5p mimic reduced cell proliferation significantly, whereas the miR-493-5p inhibitor promoted it 
(Fig. 2C, D). These findings were corroborated by our colony formation assay results: the miR-493-5p mimic sup-
pressed the colony‑forming potential of the AMC-HN-8 and CAL-27 cells, but the miR-493-5p inhibitor did not (Fig. 2E, 
F). Moreover, the wound-healing assay revealed that the miR-493-5p mimic considerably restrained cell migratory 
properties, whereas the miR-493-5p inhibitor led to contradictory results (Fig. 2G, H).

3.3 � MiR‑493‑5p represses HIF‑1α expression by targeting HIF‑1α

We used the TargetScan database to identify the binding sites between miR-493-5p and HIF-1α and found that miR-
493-5p and the 3′-UTR of HIF1 A mRNA have two potential complementary regions (Fig. 3A). Subsequently, we noted 
that in AMC-HN-8 and CAL-27 cells, increased miR-493-5p expression led to HIF1 A mRNA downregulation, whereas 
repression of miR-493-5p expression resulted in its upregulation (Fig. 3B, C). Similarly, Western blotting revealed 
that the miR-493-5p mimic reduced HIF-1α expression, whereas the miR-493-5p inhibitor upregulated it (Fig. 3D, 
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E). Moreover, the dual-luciferase reporter gene assay results demonstrated that induced miR-493-5p expression 
significantly reduced the luciferase activity of cells with HIF-1α-WT; however, this effect was not significant in cells 
with HIF-1α-MUT (Fig. 3F). Thus, miR-493-5p may target and downregulate HIF-1α expression.

3.4 � MiR‑493‑5p regulates HNSCC cell proliferation by targeting HIF‑1α

We initially assessed the HIF-1α-targeting effects of miR-493-5p by incubating AMC-HN-8 and CAL-27 cells with 
CoCl2, a HIF-1α inducer, for 24 h. CoCl2 was noted to induce significant HIF-1α expression (Fig. 4A). Next, miR-493-5p 
mimic-transfected cells were treated with CoCl2 similarly. The results indicated that CoCl2 rescued miR-493-5p-down-
regulated expression of HIF-1α (Fig. 4B). Subsequent cell experiments further illustrated that CoCl2 addition rescued 
the miR-493-5p mimic-induced decrease in cell proliferation, which may be related to increased HIF-1α expression 
(Fig. 4C).

3.5 � MiR‑493‑5p suppresses HNSCC progression in vitro and in vivo

Our qRT-PCR results demonstrated that LV-miR-493-5p led to effective construction of miR-493-5p-overexpressing 
stable SCC VII cells (Fig. 5A). Cell proliferation and colony formation assays revealed that LV-miR-493-5p consider-
ably reduced cell proliferation in vitro (Fig. 5B, C). Western blotting revealed that the LV-miR-493-5p reduced HIF-1α 
expression in SCC VII cells (Fig. 5D). Then, we evaluated the suppressive activity of miR-493-5p in vivo by using mice 
models constructed using treated SCC VII cell lines (Fig. 5E). The results demonstrated that LV-miR-493-5p signifi-
cantly reduced tumour volume and weight in vivo (Fig. 5F–H). However, it did not affect the body weight of the mice 
significantly (Fig. 5I).

3.6 � MiR‑493‑5p may associate with glycolysis in HNSCC

To explore the association among miR-493-5p, HIF-1α and HNSCC further, we used Western blotting for glycolysis pro-
teins. In both AMC-HN-8 and CAL-27 cells, miR-493-5p mimic transfection was associated with significant reductions 
in GLUT1, LDHK and PDHK1 levels (Fig. 6A), whereas miR-493-5p inhibitor transfection was the opposite (Fig. 6B). Thus, 
these results suggested that miR-493-5p may regulate HIF-1α, thereby involving in glycolysis activity in HNSCC cells.

3.7 � MiR‑493‑5p may associate with EMT in HNSCC

E-cadherin expression upregulated and N-cadherin expression downregulated in miR-493-5p mimic-transfected 
AMC-HN-8 and CAL-27 cells (Fig. 7A), which was opposite in cells transfected with miR-493-5p inhibitor (Fig. 7B).This 
result suggested the presence of another mechanism where miR-493-5p may associate with EMT in HNSCC cells.

4 � Discussion

Although many recent studies have focused on HNSCC pathogenesis and treatment, the prognosis of the affected 
patients has not improved significantly [26]. Therefore, clarifying the mechanisms underlying HNSCC is essential 
for improving patient prognosis and prolonging survival. Studies have shown that miRNAs, such as miR-96-5p [27], 

Fig. 5   MiR-493-5p suppresses HNSCC cell proliferation in  vivo and in  vitro. A MiR-493-5p overexpression in SCC VII cells. B Differences in 
SCC VII cell proliferation between the LV-miR-493-5p and LV-NC mimic groups measured using CCK-8 assay. C Differences in colony-forming 
potential of SCC VII cells between the LV-miR-493-5p and LV-NC mimic groups measured using colony formation assay. D HIF-1α expres-
sion in SCC VII cell between the LV-miR-493-5p and LV-NC mimic groups. E Schematic representation of our animal experiments. Mice were 
divided into LV-NC mimic and LV-miR-493-5p groups. Tumour volume was estimated using a vernier calliper over postinjection days 6–15. 
Representative images of tumours isolated from C57BL6/J mice are presented. F Tumour growth curves of LV-miR-493-5p and LV-NC mimic 
group. G Scatter plot of tumour volume at the time the mice were sacrificed on day 15 in the LV-miR-493-5p and LV-NC mimic groups. H 
Scatter plot of tumour weight at the time the mice were sacrificed on day 15 in the LV-miR-493-5p and LV-NC mimic group. I C57BL6/J mice 
body weight curve of the LV-miR-493-5p and LV-NC mimic groups. *p < 0.05, **p < 0.005, ***p < 0.0005, ****p < 0.0001
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miR-30a/e-3p [28], miR-34a [29], miR-411-5p [30], and miR-34a-5p [31], can regulate HNSCC progression. However, 
the impact of miR-493-5p on HNSCC has not been explored thus far. Here, we detected miR-493-5p downregulation 
in HNSCC tissues. Mechanistically, this miRNA, which can suppress HNSCC cell migration and proliferation by target-
ing HIF-1α, may be related to glycolysis and EMT. Taken together, these results highlight the miR-493-5p/HIF-1α axis 
as a viable therapeutic target for HNSCC.

Hypoxia commonly occurs during tumour development and progression and promotes HIF activation [32]. HIF-1α, the 
most important HIF, activates hypoxia-related transcriptional responses [33]. Identifying miRNA target genes is vital to 
understanding how they affect oncogenic processes. Subsequent analyses revealed the ability of miR-493-5p to bind to 
the 3′-UTR of HIF1 A mRNA, suggesting a potential mechanism whereby this miRNA may influence oncogenic processes. 
After transfection into two HNSCC cell lines, the miR-493-5p mimic led to HIF-1α knockdown at both the mRNA and 
protein levels. Moreover, miR-493-5p regulated a luciferase reporter harbouring a WT, but not a mutant version, of the 
HIF1 A mRNA 3′-UTR, consistent with the ability of this miRNA to suppress HIF-1α expression directly. To our knowledge, 
this is the first study to demonstrate the ability of miR-493-5p to suppress HNSCC oncogenesis via targeting HIF-1α.

Abnormal glucose metabolism is one of the major metabolic changes occurring in cancer cells compared with normal 
cells; most cancer cells exhibit significantly increased glucose uptake and glycolysis rate to meet their need for rapid 
proliferation and metastasis [34]. HIF-1α promotes glycolytic metabolism in tumour cells, which can promote the shift 
to glycolysis through PDHK1 upregulation, leading to PDHK1-dependent glucose metabolism reprogramming [19–21]. 
In the current study, we found that the expression of some glycolysis proteins including PDHK1, LDHA, and GLUT-1, was 
decreased in HNSCC cells transfected with miR-493-5p mimic, while their expression was increased in cells transfected 
with miR-493-5p inhibitor. Therefore, miR-493-5p may be involved in the glycolysis in HNSCC.

Hypoxia can also induce EMT—a cellular programme crucial for embryogenesis, wound healing, and malignant pro-
gression. EMT confers cancer cells with the potential to increase tumorigenesis and metastasis [35, 36]. Promotion of 
HIF-1α expression leads to a hypoxic tumour microenvironment, which then induces EMT and thus enhances tumour 
invasion and migration ability [22]. In the current study, we found that miR-493-5p expression was correlated with the 
expression of EMT-related proteins including E-cadherin and N-cadherin. Therefore, miR-493-5p may also be related to 
EMT in HNSCC.

However, our study has some limitations. Firstly, we only focused on immediate or short-term outcomes to investigate 
the inhibitory effects of miR-493-5p on HNSCC in vivo and in vitro. Secondly, although widely used for HNSCC in vivo 
studies, the origin of SCC VII cells is somewhat controversial and may not originate from the oral cavity. Finally, we did 
not further explore the specific mechanism by which miR-493-5p/HIF-1α regulates EMT and glycolytic processes. There-
fore, we plan to design experiments to verify the long-term effect and therapeutic effects of targeting miR-493-5p on 
HNSCC, perform more extensive in vivo, as well as to further explore the processes of hypoxia, EMT, and glycolysis. In 
the future, we will focus on translational research of miR-493-5p for clinical application, and we believe that miR-493-5p 
may become a viable target for HNSCC diagnosis and treatment.

5 � Conclusions

In summary, our results highlighted miR-493-5p as a novel mediator of anticancer activity in HNSCC, which can suppress 
HIF-1α by targeting it, to impair cell proliferation and migration, and may be associated with glycolysis and EMT. The 
miR-493-5p/HIF-1α/glycolysis or miR-493-5p/HIF-1α/EMT axis may thus represent a potential target for HNSCC treatment.

Fig. 6   MiR-493-5p affects glycolysis-associated protein expression. A GLUT1, LDHK and PDHK1 expression downregulated in miR-493-5p 
mimic-transfected AMC-HN-8 and CAL-27 cells. B GLUT1, LDHK and PDHK1 expression upregulated in miR-493-5p inhibitor-transfected 
AMC-HN-8 and CAL-27 cells. *p < 0.05, **p < 0.005
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Fig. 7   MiR-493-5p affects 
EMT-associated protein 
expression. A E-cadherin 
expression upregulated 
and N-cadherin expression 
downregulated in miR-493-5p 
mimic-transfected AMC-HN-8 
and CAL-27 cells. B E-cadherin 
expression downregulated 
and N-cadherin expression 
upregulated in miR-493-5p 
inhibitor-transfected AMC-
HN-8 and CAL-27 cells. *p < 
0.05
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