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Abstract
Background The late-stage diagnosis and distant metastasis of oral squamous cell carcinoma (OSCC) remain a huge chal-
lenge to clinical treatment for OSCC. During the past decades, targeting glycolysis-inducing factors becomes an attractive 
new strategy in OSCC therapies.
Methods OSCC cells were stimulated with hypoxia or transfected with agomir-199a-5p, antagomir-199a-5p, and siRNA for 
HIF1A, cell proliferation was detected by CCK-8 assay; HIF1α, GLUT1, HK2 and LDHA expression levels were examined 
with western blot; miR-199 expression was determined with RT-PCR; cell migratory and invasive abilities were examined 
using wound healing and transwell assays; the lactate and glucose in culture medium were also determined. Luciferase 
assay or CHIP assay was applied for confirm the binding between miR-199a-5p and HIF1A 3′UTR, or between HIF1α and 
miR-199a promoter.
Results HIF1α showed to be abnormally up-regulated, and miR-199a-5p showed to be abnormally down-regulated within 
OSCC under hypoxia. Hypoxia considerably enhanced OSCC cell proliferation, glycolysis, migratory ability, and invasive 
ability. MiR-199a-5p bound to HIF1A 3′‐UTR and suppressed HIF1A expression; HIF1α targeted miR-199a-5p promoter 
region and downregulated miR-199a-5p expression. Under hypoxia, miR-199a-5p overexpression significantly repressed 
HIF1α up-regulation inresponse to hypoxia, OSCC cell proliferation, glycolysis, migratory ability, and invasive ability.
Conclusion miR-199a-5p and HIF1α form a dual-regulatory axis in OSCC cells; the miR-199a-5p/HIF1α dual-regulatory 
axis contributes to hypoxia-induced aggressive OSCC phenotypes.
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Introduction

Oral squamous cell carcinoma, which arises from the 
mucosal surfaces lining the oral cavity, pharynx, and larynx, 
is one of the most commonly seen malignancies globally [1]. 
Over the long term, the overall 5-year relative survival rate 
of oral cancer patients did not change remarkably [2]. The 
high mortality rate in oral cancer patients could be mainly 
attributed to late stage diagnosis and distant metastasis [3]. 
Developing the understanding of the genetic changes and 

molecular mechanisms of OSCC progression may provide 
new strategies for early diagnosis and targeted therapy.

Hypoxia is one of the main characteristics of solid 
tumors, and has been shown to correlate with aggressive 
behaviors of tumors and impaired prognosis of cancer 
patients. Induced by hypoxia, HIF1α (the hypoxia‐inducible 
transcription factor 1α) acts as a critical molecule involved 
in the modulation of hypoxia and glucose metabolism of 
tumor cells. Together with the GLUT-1 (glucose transporter 
1) and HK2 (Hexokinase 2), these three factors exert criti-
cal effects on tumor cell glycolysis [4] and, subsequently, 
are tightly associated with OSCC nodal metastasis [5, 6]. 
Considering that HIF1α is commonly upregulated in OSCC 
[7, 8], searching for agent that efficiently block HIF1α might 
provide promising strategies for OSCC treatment.

MicroRNAs (miRNAs) are a large group of, small, non-
coding, endogenous RNA molecules, which act as regulators 
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in gene expression [9, 10]. A variety of studies have demon-
strated that miRNAs could perform their functions as tumor 
screening, diagnostic and prognostic biomarkers [11, 12]. 
MiR-199a-5p attracted our attention because of its aberrant 
downregulation and tumor-suppressive role in several can-
cers [13–15]. Given these findings, it is worthwhile to exam-
ine the specific effects of miR-199a-5p on OSCC glycolysis. 
More importantly, by using Targetscan, we identified the 
possible miR-199a-5p binding site in HIF1A; JASPER and 
TransmiR v2.0 predicted the HIF1α binding site in miR-
199a-5p promoter region. Considering these findings, miR-
199a-5p was selected for further study.

Herein, we examined both HIF1α and miR-199a-5p 
expression within OSCC cells exposed to normoxia or 
hypoxia. Then, hypoxia-induced changes in OSCC cell phe-
notypes, including glycolysis, migration, and invasion were 
monitored. The predicted bindings between miR-199a-5p 
and HIF1A 3′-UTR, and HIF1α and miR-199a-5p promoter 
region were verified. Finally, the dynamic effects of miR-
199a-5p and hypoxia-induced HIF1α on the phenotypes of 
OSCC cells were investigated.

Materials and methods

Cell lineage and cell culture

Human tongue squamous cell carcinoma cell line CAL-27 
(CRL-2095) was collected from ATCC (Manassas, USA) 
and cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM, Gibco, Waltham, USA) supplemented with 10% 
FBS (Invitrogen, Waltham, USA). Human tongue squamous 
cell carcinoma cell line SCC-9 (CRL-1629) was procured 
from ATCC and cultivated within a 1:1 mixture of DMEM 
media and Ham’s F12 media (Gibco) added with 10% FBS 
(Invitrogen). All cells were cultured at 37 °C in a humidified 
atmosphere containing 5%  CO2. For hypoxia treatment, cells 
were grown in airtight chambers with an atmosphere mixed 
of 5%  CO2, 94%  N2 and 1%  O2.

Cell transfection

miR-199a-5p overexpression or miR-199a-5p inhibition 
was achieved by the trasfection of agomiR-199a-5p/antag-
omir199a-5p (GenePharma, Shanghai, China). The small 
interfering RNA targeting HIF1A (si-HIF1A)/HIF1A-
overexpressing vector (HIF1A) was transfected to achieve 
HIF1A knockdown/overexpression [16]. Then, these plas-
mids in target cells were transfected using Lipofectamine 
3000 Reagent (Thermo fisher scientific, Waltham, USA). 
The sequences of si-HIF1A, HIF1A-overexpressing vector, 
agomiR-199a-5p/antagomir199a-5p are listed in Table S1.

Immunoblotting

The total protein was isolated from target cells by centrifuga-
tion and the protein sample content was evaluated accord-
ing to the BCA method. Then, following electrophoresis by 
SDS-PAGE, the separated proteins were electroblotted from 
the gel on PVDF membranes. 5% milk blocking solution 
was employed to block the membranes for 1 h, followed by 
an overnight incubation at 4℃ with the following primary 
antibodies: anti-HIF1α (20960-1-AP, Proteintech, Wuhan, 
China), anti-GLUT1 (21829-1-AP, Proteintech), anti-lactate 
dehydrogenase A (LDHA; 19987-1-AP, Proteintech), anti-
HK2 (MBS475044, MyBioSource, San Diego, USA), anti-
VEGFA (19003-1-AP, Proteintech), anti-EPO (17908-1-AP, 
Proteintech), and anti-β-actin (60008-1-Ig, Proteintech), fol-
lowed by an 1-h incubation at room temperature (RT) with 
secondary antibodies (HRP-labeled goat anti-rabbit IgG and 
goat anti-mouse IgG). The signal was detected using ECL 
chemiluminescence method.

RT‑qPCR

mRNA, lncRNA, and miRNA expression levels were exam-
ined by RT-qPCR. TRIzol reagent was utilized to collect 
total RNA. Then, RNA reversely transcribed into cDNA. 
Using a SYBR-Green Real-time PCR Master Mix, the RT-
qPCR assay was conducted on a real-time PCR amplifica-
tion equipment. β-actin (for mRNA) or U6 (for miRNA) 
was utilized as an internal reference. The primer sequence 
is represented in Table S1.

Wound healing assay for cell migration

Target cells (5 ×  105 cells) were added to each well of 
24-well plates and allowed to grow for 24 h. Next, one 
scratch was made with a pipette tip; the pipette tip was kept 
as perpendicular to the horizontal line as possible. Rinse 
the cells thrice with PBS, add complete media, incubate the 
cells at 37℃ in 5%  CO2 for another 24 h, and then measure 
the migrating width and take pictures. Representative images 
were shown.

Transwell assay for cell invasion

Matrigel was diluted 1:5 with serum-free DMEM. After 
the addition of 80 μl mixture into the Transwell plate, the 
transwells were inserted into 24-well plates, followed by 
a 5-h incubation at 37℃ to solidify. After being digested 
with 0.25% trypsin, target cells were suspended in serum-
free medium. Then, 200 μl cell suspension at a density of 
5 ×  105 cells/ml was planted to the top chamber, while 600 µl 
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DMEM media containing 10% FBS was introduced into the 
bottom chamber. Following a 24-h incubation, a cotton swab 
was employed to remove the non-migrated cells upon the 
upper side of the membrane, and anhydrous methanol was 
applied to fix the remaining cells for 30 min, followed by a 
2-h staining with 0.4% crystal violet. An optical microscope 
was employed to assess cell invasion across basement mem-
brane [17].

Dual‑luciferase reporter assay

The wild-type reporter vector (wt-HIF1A) was generated 
by fusing HIF1A 3′-UTR sequence with the binding sites of 
miR-199a-5p into luciferase reporter constructs (psicheck2 
vector, Promega, Madison, USA); meanwhile, the mutant-
type reporter vector (mut-HIF1A) was generated by using 
site-directed mutagenesis to mutate HIF1A 3′-UTR sequence 
containing the miR-199a-5p binding sites into luciferase 
reporter construct. Subsequently, using Lipofectamine 3000, 
293T cells were co-transfected with agomiR-199a-5p/antag-
omiR-199a-5p with the reporter vectors and the luciferase 
activity was determined using Dual-Luciferase Reporter 
System (Promega) [18].

Wild- and mutant-type miR-199a-5p promoter reporter 
vectors were constructed, namely psicheck2-promiR-
199a-5p and psicheck2-promiR-199a-5p-mut, for the bind-
ing between HIF1α and miR-199a-5p promoter. psicheck2-
promiR-199a-5p/psicheck2-promiR-199a-5p-mut and 
HIF1α/vector were employed to co-transfect 293T cells. The 
luciferase activity was determined using Dual-Luciferase 
Reporter System (Promega).

Chromatin immunoprecipitation (ChIP)

The Pierce Agarose ChIP Kit (Pierce, Rockford, USA) 
was utilized as directed by the manufacturer’s protocol to 
conduct the ChIP assay. 293T cells were transfected with 
HIF1α/vector. Cross-linking was carried out in 1% for-
maldehyde, followed by cell lysis and nuclei preparation. 
Micronuclease digestion was employed to shear chromatin. 
Subsequently, anti-HIF1α antibody was applied to incubate 
sheared DNA. Normal immunoglobulin G (IgG) was utilized 
as a negative control. DNA was purified and analyzed using 
real-time PCR. Each primer is presented in Table S1.

Culture medium lactate and glucose levels

Lactate Assay Kit II (Eton Bioscience Inc., San Diego, USA) 
was employed to perform colorimetric assays as per the 
manufacturer’s protocol, subsequently analyzing the levels 
of lactate secreted into the medium. A Glucose Assay Kit 
(S0201S; Beyotime, Shanghai, China) was utilized as per the 
instructions to examine glucose levels in the culture media.

Cell counting kit‑8 (CCK8) assay

CAL-27 and SCC-9 cells were planted onto 96-well plates 
(5 ×  103 cells/well), followed by incubation at 37 °C. Follow-
ing transfection and exposure to either normoxic or hypoxic 
conditions, each well was supplemented with 10 μl CCK-8 
reagent (Beyotime), followed by 2-h incubation. The optical 
density (OD) of each well, indicative of cell viability, was 
determined with a microplate reader (BioTek, Winooski, 
USA) at 450 nm [19].

Statistical analysis

Statistical analyses were performed using SPSS 21.0 
(IBM, Armonk, NY, USA). Data were presented in terms 
of means ± standard deviation (SD) of experimental results 
from at least three repetitions. Kolmogorov–Smirnov test 
showed whether the data were in normal distribution. A 
Student’s t test was carried out for comparisons between 
groups. One-way analysis of variance (ANOVA) followed 
by LSD test or Dunnett T3 test for comparisons among 
multi-groups. Not normally distributed data were analyzed 
by Kruskal–Wallis test. A P value of less than 0.05 was 
regarded as significant.

Results

Hypoxia increases HIF1α and decreases miR‑199a‑5p

Firstly, we determined HIF1α and miR-199a-5p expression 
within CAL-27 and SCC-9 cells upon hypoxia to validate 
hypoxia-induced deregulation of these two factors. Under 
1%  O2 exposure, the protein levels of HIF1α were increased 
(Fig. 1A), whereas miR-199a-5p expression showed to be 
reduced within CAL-27 and SCC-9 cell lines (Fig. 1B). 
Thus, hypoxia induces HIF1α and miR-199a-5p deregula-
tion within oral cancer cells.

Hypoxia enhances the glycolysis, migration, 
and invasion of oral cancer cell

Secondly, we examined the effects of hypoxia upon CAL-27 
and SCC-9 cell glycolysis, migration, and invasion. Under 
hypoxia condition (1%  O2), GLUT1, HK2, and LDHA pro-
tein contents were all dramatically increased, as compared to 
those under normal oxygen (Fig. 2A). Meanwhile, hypoxia 
condition increased lactate levels and decreased glucose 
levels in culture medium, compared with those under nor-
moxia condition (Fig. 2B, C). Moreover, hypoxia exposure 
significantly promoted cell migration and invasion of both 
cell lines, compared with that under normoxia condition 
(Fig. 2D, E).



1247International Journal of Clinical Oncology (2024) 29:1244–1254 

The dual‑regulatory axis consists of miR‑199a‑5p 
and HIF1α

Since hypoxia induces the alterations in oral cancer cell 
phenotypes and miR-199a-5p and HIF1α levels, next, the 
regulation between miR-199a-5p and HIF1α was examined. 
AgomiR-199a-5p or antagomiR-199a-5p was transfected 
into cells to achieve miR-199a-5p overexpression or inhibi-
tion in CAL-27 and SCC-9 cell lines, as confirmed by qRT-
PCR (Fig. 3A). In CAL-27 and SCC-9 cells, miR-199a-5p 
overexpression decreased, whereas miR-199a-5p inhibition 
elevated HIF1α proteins (Fig. 3B). To validate the negative 
regulatory effect of miR-199a-5p on HIF1α, dual-luciferase 
reporter assay was conducted. We constructed wild- and 
mutant-type HIF1A luciferase reporter vectors, and co-
transfected them into 293T cells with agomiR-199a-5p/
antagomiR-199a-5p; the predicted miR-199a-5p binding 
site in HIF1A was mutated. When co-transfected with wt-
HIF1A, miR-199a-5p overexpression inhibited, while miR-
199a-5p inhibition enhanced the luciferase activity of wt-
HIF1A; when co-transfected with mut-HIF1A, miR-199a-5p 
caused no significant changes in luciferase activity (Fig. 3C).

As for HIF1α regulation of miR-199a-5p, HIF1α-
overexpressing vector (HIF1α) or small interfering RNA tar-
geting HIF1α (si-HIF1α) was transfected to achieve HIF1α 
overexpression and knockdown in CAL-27 and SCC-9 cells, 
and Immunoblotting was carried out to verify the transfec-
tion efficiency (Fig. 3D). Within CAL-27 and SCC-9 cell 

lines, HIF1α overexpression downregulated, while HIF1α 
knockdown upregulated miR-199a-5p expression (Fig. 3E). 
As for predicted binding between HIF1α and the promoter 
region of miR-199a-5p, ChIP assay was performed within 
HIF1α/vector-transfected 293T cells using anti-IgG/anti-
HIF1α. miR-199a-5p promoter levels within anti-HIF1α 
immunoprecipitate showed to be significantly higher as 
compared to anti-IgG immunoprecipitate, and miR-199a-5p 
promoter levels within HIF1α-transfected 293T cells showed 
to be significantly higher as compared to vector-transfected 
293T cells (Fig. 3F). Furthermore, we conducted dual-lucif-
erase reporter assay. We constructed wild- and mutant-type 
miR-199a-5p luciferase reporter vectors, namely psicheck2-
promiR-199a-5p or psicheck2-promiR-199a-5p-mut, and 
co-transfected these reporter vectors into 293T cells with 
HIF1α/vector. When co-transfected with psicheck2-promiR-
199a-5p, HIF1α overexpression significantly suppressed 
psicheck2-promiR-199a-5p luciferase activity; when co-
transfected with psicheck2-promiR-199a-5p-mut containing 
mutated HIF1α binding site, HIF1α failed to change lucif-
erase activity (Fig. 3G).

Dynamic effects of the miR‑199a‑5p/HIF1α 
dual‑regulatory axis upon cancer cell phenotypes

Since the miR-199a-5p-HIF1α axis was reported to exert 
a dual-regulatory effect, next, we determined the dynamic 
effects of the axis upon the phenotypes of oral cancer cells. 

Fig. 1  Hypoxia increases HIF1α and decreases miR-199a-5p. CAL-
27 and SCC-9 cells were exposed to 1%  O2 and examined for the 
protein levels of HIF1α by Immunoblotting (A) and miR-199a-5p 

expression by qRT-PCR (B). Data are analyzed using unpaired Stu-
dent’s t test. n = 3 in each group, ** P < 0.01, as compared to nor-
moxia group
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We transfected CAL-27 and SCC-9 cells with agomir-NC/
agomiR-199a-5p, exposed to 1% or 20%  O2, and examined 
for related indexes. When compared to normoxia condition, 
hypoxia significantly induced cancer cell proliferation; under 
normoxia or hypoxia conditions, miR-199a-5p overexpres-
sion notably inhibited cell proliferation; hypoxia treatment 
partially offseted the effect of miR-199a-5p overexpression 
on cell proliferation (Fig. 4A). As for glycolysis, hypoxia-
induced miR-199a-5p inhibition increased HIF1α, GLUT1, 

HK2, and LDHA protein contents (Fig. 4B), increased cul-
ture medium lactate contents (Fig. 4C), and decreased cul-
ture medium glucose contents (Fig. 4D); conversely, miR-
199a-5p overexpression reduced HIF1α, GLUT1, HK2, and 
LDHA protein contents (Fig. 4B), decreased culture medium 
lactate contents (Fig. 4C), and increased culture medium 
glucose contents (Fig. 4D). Moreover, under hypoxia, miR-
199a-5p overexpression partially reversed hypoxia-induced 
changes in glycolysis (Fig. 4B–D). As for cell migration 

Fig. 2  Hypoxia promotes the glycolysis, migration, and invasion of 
oral cancer cell. CAL-27 and SCC-9 cells were exposed to 1%  O2 
and examined for the protein levels of GLUT1, HK2, and LDHA by 
Immunoblotting (A); lactate levels in culture medium (B); glucose 

levels in culture medium (C); cell migration by Wound healing assay 
(D); cell invasion by Transwell assay (E). Data are analyzed using 
unpaired Student’s t test. n = 3 in each group, * P < 0.05, ** P < 0.01, 
as compared to normoxia group
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and invasion, hypoxia-induced miR-199a-5p inhibition 
enhanced, while miR-199a-5p overexpression inhibited oral 
cancer cell migration and invasion; similarly, under hypoxia, 
miR-199a-5p overexpression partially reversed hypoxia-
induced changes in cell migration and invasion (Fig. 4E, F).

Discussion

The present study found the aberrant increase of HIF1α and 
the abnormal reduction of miR-199a-5p in OSCC under 
hypoxia. Hypoxia dramatically enhanced the glycolysis, 
migratory ability, and invasive ability of OSCC cells. MiR-
199a-5p bound to HIF1A 3′‐UTR and suppressed HIF1A 
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expression; HIF1α targeted miR-199a-5p promoter region 
and down-regulated miR-199a-5p level. Under hypoxia, 
miR-199a-5p overexpression significantly repressed 
HIF1α up-regulation in response to hypoxia, the prolif-
eration, glycolysis, migratory ability, and invasive ability 
of OSCC cells.

Hypoxia-induced HIF1α, which is essential for adap-
tive responses of the cells to hypoxia, inducing conforma-
tional changes under varying oxygen levels [20], serves 
as an oncogenic transcriptional factor in multiple cancers. 
Besides, hypoxia-regulated factor, VEGFA [21], GLUT1 
[22], LDHA [23], and EPO [24], are also related to mul-
tiple tumor progression. The role of HIF1α in tumor pro-
gression is controversial, the increased protein level of 
HIF1α is frequently observed and correlated with poor 
prognosis in many cancer types, a long-lasting concept 
believes that HIF1α plays an oncogenic role in tumor 
growth [25, 26]. However, some studies challenged this 
concept. HIF1α deficiency apparently inhibited tumor 
growth and enhanced tumor invasion in microenvironment 

with sufficient oxygen supply [27]. HIF1α stabilization 
due to loss of VHL decreased tumor growth [28]. HIF1α 
can act as a tumor suppressor gene in murine acute mye-
loid leukemia [29]. In OSCC, several studies indicated 
the association of higher HIF1α levels with poorer prog-
nosis [30, 31]. Consistently, here, we found the aberrant 
upregulation of HIF1α protein levels in OSCC cells under 
hypoxia, suggesting the oncogenic effect of HIF1α on 
OSCC cells. Notably, miR-199a-5p expression was dra-
matically reduced upon hypoxia within OSCC. The simul-
taneous alterations in miR-199a-5p and HIF1α expression 
suggest that these two factors might mediate OSCC cell 
phenotypes upon hypoxia.

HIF1α upregulation often accompanies highly aggres-
sive tumor cell phenotypes. Herein, we observed hypoxia-
induced increases in GLUT1, HK2, and LDHA levels. 
GLUT1 is a transmembrane protein facilitating the trans-
port of glucose across a membrane [32]. HK2 is a major 
glycolytic enzyme that controls the first step of glycolysis 
and shows to be over-expressed within many malignancies 
[33]. LDHA, one of the glycolytic enzymes, helps in the 
rapid conversion of pyruvate to lactate and is correlated 
with cancer progression [34, 35]. Together with increased 
lactate levels and decreased glucose levels in the culture 
medium, these indexes demonstrated hypoxia-induced 
glycolysis by OSCC cells. In the meantime, hypoxia sig-
nificantly promoted OSCC cell migration and invasion, 
further indicating hypoxia-induced aggressive phenotypes 
of OSCC cells.

miR-199a-5p has been revealed to serve as an antitumor 
miRNA within OSCC via binding to FDZ4 [13], SOX4 [14], 
or IKKβ [36]. Herein, miR-199a-5p targeted HIF1A and 
inhibited HIF1A expression. More importantly, as a tran-
scriptional factor, HIF1α could activate or inhibit the tran-
scription of downstream targets. For example, Li et al. [37] 
reported the direct binding of HIF1α to the HIF response 
element region of miR-21 under hypoxia. Herein, signifi-
cantly higher miR-199a-5p promoter levels in anti-HIF1α 
immunoprecipitate compared with anti-IgG suggested 
the direct binding of HIF1α to the HIF response element 
region in miR-199a-5p. Within OSCC, HIF1α negatively 
modulated miR-199a-5p expression. Thus, miR-199a-5p and 
HIF1α form a dual-regulatory axis, negatively regulating 
each other. Since we already demonstrated hypoxia-induced 
aggressive OSCC cell phenotypes, secondly, the dynamic 
effects of the miR-199a-5p/HIF1α dual-regulatory axis on 
hypoxia-stimulated OSCC cells were examined. After over-
expressing miR-199a-5p, hypoxia-induced OSCC cell prolif-
eration, glycolysis, migration, and invasion were all partially 

Fig. 3  The dual-regulatory axis consists of miR-199a-5p and HIF1α. 
A miR-199a-5p overexpression and inhibition was achieved in CAL-
27 and SCC-9 cells by transfecting agomiR-199a-5p or antagomiR-
199a-5p. The overexpression and inhibition of miR-199a-5p were 
confirmed by qRT-PCR. B CAL-27 and SCC-9 cells were transfected 
by agomiR-199a-5p or antagomiR-199a-5p and examined for the 
protein levels of HIF1α by Immunoblotting. C The binding sites of 
miR-199a-5p and HIF1α were predicted by TargetScanHuman 8.0 
online database (https:// www. targe tscan. org/ vert_ 80/). Then, Wild- 
and mutant-type HIF1A luciferase reporter vectors were constructed 
and co-transfected to 293T cells with agomiR-199a-5p or antagomiR-
199a-5p. Luciferase activity was determined. Data are analyzed using 
one-way ANOVA followed LSD test. n = 3 in each group; * P < 0.05, 
** P < 0.01, as compared to agomir-NC group; # P < 0.05, ## P < 0.01, 
as compared to antagomir-NC group. D HIF1α overexpression and 
knockdown were achieved in CAL-27 and SCC-9 cells by transfect-
ing the HIF1α-overexpressing vector (HIF1α) or small interfering 
RNA targeting HIF1α (si-HIF1α). The overexpression and inhibition 
of HIF1α was confirmed by Immunoblotting. E CAL-27 and SCC-9 
cells were transfected by HIF1α or si-HIF1α and examined for miR-
199a-5p expression by qRT-PCR. Data are analyzed using one-way 
ANOVA followed LSD test. n = 3 in each group; **  P < 0.01, as 
compared to vector group; ## P < 0.01, as compared to si-NC group. 
F ChIP assay was performed in 293T cells transfected with vector 
or HIF1α using anti-IgG or anti-HIF1α. The levels of miR-199a-5p 
promoter in immunoprecipitate were determined by real-time PCR. 
Data are analyzed using unpaired Student’s t test. n = 3 in each group; 
** P < 0.01, as compared to IgG group; ## P < 0.01, as compared to 
anti-HIF1α group. G Wild- and mutant-type miR-199a-5p luciferase 
reporter vectors, psicheck2-promiR-199a-5p or psicheck2-promiR-
199a-5p-mut, were constructed and co-transfected to 293T cells 
with vector or HIF1α. The luciferase activity was determined. Data 
are analyzed using unpaired Student’s t test. n = 3 in each group, 
** P < 0.01, ## P < 0.01 as compared to corresponding group

◂

https://www.targetscan.org/vert_80/
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reversed, indicating the involvement of miR-199a-5p/HIF1α 
dual-regulatory axis in hypoxia-induced aggressive pheno-
types of OSCC cells.

However, the limitations of this study remain to be con-
sidered. Firstly, the HIF1A usually forms complexes with 
other genes, like HIF-beta [38], HDAC1 [39], p300 [40] 
and so on, to transcriptionally activates hundreds of genes 
promoting the adaptation to hypoxia that is implicated in 
tumor development. Hence, there could be other co-sup-
pressors complex with HIF1A to regulate miR-199a-5p 
expression. Moreover, since all our experiments were car-
ried out in cells, in future studies, we may employ experi-
ments in animal models such as mice or rabbits.
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Fig. 5  A schematic diagram 
showing miR-199a-5p/HIF1α 
dual-regulatory axis participat-
ing in hypoxia-induced aggres-
sive phenotypes of OSCC cells

Fig. 4  Dynamic effects of the miR-199a-5p/HIF1α dual-regula-
tory axis on cancer cell phenotypes. CAL-27 and SCC-9 cells were 
transfected with agomir-NC or agomiR-199a-5p, exposed to 1% or 
20%  O2, and examined for cell proliferation by CCK-8 assay (A); 
the protein levels of HIF1α, GLUT1, HK2, and LDHA by Immu-
noblotting (B); lactate levels in culture medium (C); glucose levels 
in culture medium (D); cell migration by Wound healing assay (E); 
cell invasion by Transwell assay (F). Data are analyzed using one-
way ANOVA followed LSD test. n = 3 in each group; *  P < 0.05, 
**  P < 0.01, compared with the Normoxia + agomir-NC group; 
## P < 0.01, compared with the Hypoxia + agomiR-199a-5p group

◂ Conclusion

Altogether, miR-199a-5p and HIF1α form a dual-regulatory 
axis in OSCC cells; the miR-199a-5p/HIF1α dual-regulatory 
axis participates in hypoxia-induced aggressive phenotypes 
of OSCC cells (Fig. 5).

https://doi.org/10.1007/s10147-024-02555-7
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