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each year (Siegel et al. 2019). Surgical resection of the 
primary lesion combined with chemoradiotherapy are the 
main treatment modalities for OSCC (Bugshan and Farooq 
2020). However, OSCC is prone to early metastasis and 
late diagnosis, resulting in poor prognosis. Over the years, 
the incidence of OSCC has increased gradually, while its 
five-year survival rate continues to remain low (Feng et al. 
2019). However, the occurrence and progression of OSCC 
are poorly understood. Therefore, it is vital to explore the 
potential mechanisms and pathogenesis of OSCC to develop 
potential therapeutic strategies.

Epithelial–mesenchymal transition (EMT) is an impor-
tant biological process in malignant tumor metastasis, 
including OSCC (Yao et al. 2020; Qin et al. 2022). EMT 
of OSCC transforms tumor cells into mesenchymal pheno-
types, leading to invasion, lymphatic metastasis, and even 

Introduction

Head and neck squamous cell carcinoma (HNSC) is one of 
the most common malignant tumors, accounting for 90% of 
all head and neck cancers (Johnson et al. 2020). Oral squa-
mous cell cancer (OSCC), the primary subtype of HNSC, is 
a malignant tumor of the oral and maxillofacial region (Pan-
arese et al. 2019). Approximately 350,000 new OSCC cases 
and 180,000 OSCC-related deaths are reported worldwide 
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Abstract
This study aimed to explore the role of miR-429 on the progression of oral squamous cell carcinoma (OSCC). OSCC cell 
lines were transfected with miR-429 mimic, pcDNA3.1-RUNX1, or pcDNA3.1-ITGB1, and their cell viability, apoptosis, 
migration, and invasion abilities were analyzed by cell counting, terminal deoxynucleotidyl transferase dUTP nick-end 
labeling staining, wound healing, and transwell assays, respectively. Furthermore, luciferase reporter assay, RNA pull-
down, and ChIP were used to assess the regulation of miR-429, RUNX1, and ITGB1 expression in OSCC. Lastly, the 
biological role of the RUNX1/miR-429 feedback loop was explored in nude mice. The results revealed that miR-429 
level was down-regulated, while RUNX1 and ITGB1 levels were up-regulated in OSCC tissues and that miR-429 was 
negatively correlated with RUNX1 and ITGB1 in OSCC tissues. Transfection of miR-429 mimic suppressed OSCC 
cell proliferation, migration, invasion, and epithelial–mesenchymal transition (EMT). Moreover, we found that miR-429 
participated in OSCC progression by directly targeting ITGB1. Additionally, we found that RUNX1 negatively regu-
lated miR-429 expression by binding to its promoter. Our results also revealed that the RUNX1/miR-429 feedback loop 
regulated ITGB1 expression and that RUNX1 overexpression rescued the inhibitory effects of miR-429 mimic on OSCC 
cells. In addition, miR-429 mimic significantly suppressed tumor growth, inflammatory cell infiltration, EMT, and ITGB1 
expression in vivo, which were inhibited by RUNX1 overexpression. Altogether, these results indicate that the RUNX1/
miR-429 feedback loop promoted growth, metastasis, and EMT in OSCC by targeting ITGB1.
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distal metastasis of OSCC (Ling et al. 2021). EMT is char-
acterized by the loss of adhesion molecules and an increase 
in mesenchymal markers (Chaw et al. 2012). Tumor occur-
rence is a complex multi-factor, multi-stage, and multi-step 
process that includes activation of oncogenes, inactivation 
of tumor suppressor genes, and mutation of mismatch repair 
genes (Sarode et al. 2018). Studies have used weighted 
correlation network analysis (WGCNA) to identify early 
diagnostic and prognostic biomarkers for OSCC (Zhang 
et al. 2018a, 2020a, 2021; Feng et al. 2020). For instance, 
Zhang X et al. (Zhang et al. 2018a) identified 10 hub genes 
that could serve as biomarkers and therapeutic targets for 
OSCC. Additionally, previous studies found that long non-
coding RNAs SLC16A1-AS1 and LINC00472 may serve 
as novel diagnostic indicators for OSCC (Feng et al. 2020; 
Liu et al. 2022a).

MicroRNAs (miRNAs) are short (18–25 nt) endogenous 
non-coding RNAs that have gained increasing attention for 
over two decades (Chen et al. 2019). They have strong gene 
regulation abilities and play essential regulatory functions 
in cancer development (Yao et al. 2020; Jang et al. 2022). 
For instance, the expression of miR-128 is significantly 
down-regulated in OSCC, while its overexpression sup-
presses tumorigenesis and EMT in OSCC (Yao et al. 2020). 
Additionally, miR-485-5p level is significantly associated 
with the invasion and sphere-formation abilities of OSCC-
derived cancer stem cells (Jang et al. 2022). Moreover, 
miR-429 level is associated with the progression of various 
cancers, including pancreatic cancer, bladder cancer, and 
colorectal cancer (Shen et al. 2019; Wu et al. 2018; Sun et 
al. 2014). However, recent studies have shown that miR-
429 acts as a tumor suppressor in OSCC. Lei et al. (Lei et 
al. 2015) showed that miR-429 inhibits OSCC progression 
by targeting ZEB1. However, the regulatory effect and the 
underlying mechanism of miR-429 on OSCC EMT remain 
unclear.

ITGB1 is a laminin receptor protein and fibrinogen that 
negatively regulates cell adhesion and cell migration (Ju et 
al. 2017). Studies have confirmed that ITGB1 is one of the 
key genes that cause EMT in tumor cells (Wang and Chang 
2020; Ren et al. 2020; Guo et al. 2019). Additionally, ITGB1 
is crucial in OSCC progression (Takahara et al. 2017); how-
ever, its effect on the EMT of OSCC cells as well as its clin-
ical significance needs to be further analyzed. RUNX1, a 
transcription factor involved in epithelial cell development, 
binds to the core locus of the promoter 5’-PYGPYGGT-3’ 
to regulate gene transcription (Lin 2022). Moreover, studies 
found that RUNX1 is a proto-oncogene that promotes tumor 
occurrence and EMT progression (Lin 2022; Li et al. 2019).

In this study, we found a RUNX1/miR-429 feedback 
loop in OSCC, resulting in a continuous increase in RUNX1 

level and a decrease in miR-429 level, which ultimately pro-
moted ITGB1 protein expression and EMT of OSCC cells.

Methods

Clinical samples

We collected 50 paired OSCC tissues and adjacent nor-
mal tissues from the Department of Stomatology, General 
Hospital of Ningxia Medical University (Ningxia, China). 
The inclusion criteria were as follows: (1) age: 40–65 years 
old; (2) diagnosis: OSCC with clear pathological data; 
and (3) data availability: complete general data. Patients 
who received treatment for OSCC before enrollment; had 
other malignant tumors and hematological diseases; or 
had diseases associated with infection and immunity were 
excluded from this study. Informed consent was obtained 
from all the participants included in the study. Our study 
was approved by the Ethics Committee of the General Hos-
pital of Ningxia Medical University (Ethics approval num-
ber: KYLL-2021-772).

Immunohistochemistry (IHC) staining

The OSCC sections were treated with 3% hydrogen per-
oxide for 10 min. Thereafter, the sections were incubated 
with anti-RUNX1 (1:100, ab92336, Abcam) or anti-ITGB1 
(1:1000, ab179471, Abcam, USA) antibodies at 4 °C over-
night and secondary antibodies (1:2000, ab205718, Abcam, 
USA) at 37  °C for 1  h. The sections were then observed 
under an optical microscope (BX51, Olympus, Tokyo, 
Japan).

Cell culture

Human oral keratinocytes (HOKs) and oral squamous cell 
carcinoma (CSCC) cell lines (HN6, UM1, CAL27, and 
SCC9) were cultured in Dulbecco’s modified eagle medium 
(DMEM; Gibco, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, USA) at 37 ℃ and 5% CO2.

Cell transfection

The cells were transfected with miR-429 mimic (5’-​U​A​A​U​
A​C​U​G​U​C​U​G​G​U​A​A​A​A​C​C​G​U-3’) and miR-429 negative 
control (NC) mimic (5’-​U​U​U​G​U​A​C​U​A​C​A​C​A​A​A​A​G​U​A​C​
U​G-3’). For overexpression of ITGB1 and RUNX1 expres-
sion, the cDNA sequences of human ITGB1 and RUNX1 
were cloned into the pcDNA3.1 vector. All transfections 
were performed using Lipofectamine 3000 (Thermo, USA), 
according to the manufacturer’s instructions.

1 3

5290



Naunyn-Schmiedeberg's Archives of Pharmacology (2024) 397:5289–5302

Cell counting assay

The CAL27 and SCC9 cells were incubated with 10 µL cell 
counting kit-8 (CCK-8) solution (Beyotime, China) at 37 ℃ 
for 2 h. Thereafter, their optical density was measured using 
a microplate reader at 450 nm.

Terminal deoxynucleotidyl transferase dUTP nick-
end labeling (TUNEL) staining

After transfection, the CAL27 and SCC9 cells were fixed 
and incubated with 50 µl TUNEL test solution (Beyotime, 
China) at 37 ℃ for 1 h in the dark. Thereafter, the cells were 
treated with an anti-fluorescence quenching solution and 
observed under a fluorescence microscope (OLYMPUS, 
Tokyo, Japan).

Wound healing assay

The CAL27 and SCC9 cells were inoculated into 6-well 
plates for 24 h. Subsequently, a sterile micropipette tip was 
used to create a wound in the cell monolayer. Thereafter, 
the cells were cultured in fresh medium for 48  h and the 
wound width was observed and photographed to assess the 
cell migration ability.

Transwell assay

CAL27 and SCC9 cells were resuspended in DMEM and 
added to transwell chambers treated with or without Matri-
gel (BD Biosciences, USA) to assess in vitro cell invasion 
and migration, respectively. The culture medium contain-
ing 20% FBS was added into the lower chamber. After 24 h 
of incubation, the cells were stained and observed under an 
optical microscope (BX51, Olympus, Tokyo, Japan).

Luciferase reporter assay

The wild-type (WT) and mutant sequences of ITGB1 and 
RUNX1 were cloned into pGL3 luciferase reporter vec-
tors, which were then transfected into CAL27 cells. The 
luciferase activity was measured using the Dual-Luciferase 
Reporter Assay System (Promega, USA).

Chromatin immunoprecipitation (ChIP) assay

ChIP was conducted using the ChIP IT Express kit (Active 
Motif, USA). Briefly, the chromatin was sheared by soni-
cating the cell lysate and then incubated with anti-RUNX1 
antibodies (ab272456, Abcam, USA). Promoter binding 
was then analyzed by real-time quantitative reverse tran-
scriptase-polymerase chain reaction (RT-qPCR) assay.

RNA pull-down assay

Cell lysates were incubated with miR-429 probe-coated 
beads at 4 ℃ overnight. Thereafter, the RNeasy Mini Kit 
(QIAGEN, Germany) was used to purify the eluted solu-
tion. The enrichment of ITGB1 and RUNX1 was analyzed 
by RT-qPCR.

In vivo experiments

Forty six-week-old female athymic nude mice were housed 
at 18–22 ℃. They were fed an ordinary diet and provided 
sufficient drinking water. The mice were subcutaneously 
injected with tumor cells (CAL27, 5 × 106 cells/mouse) and 
subjected to corresponding treatments. After 28 d, all mice 
were sacrificed and the tumor tissues were obtained for fur-
ther study.

Hematoxylin and eosin (HE) staining

The tumor sections were paraffin-embedded and stained 
with 0.5% hematoxylin solution for 5 min and eosin solu-
tion for 3  min. Subsequently, the sections were observed 
under a light microscope.

Real-time quantitative reverse transcription PCR 
(RT-qPCR) assay

Total RNA was extracted from the tissue and cell samples 
using TRIzol reagent (Invitrogen, USA) and the RNA con-
centration was assessed by NanoDrop (Thermo, USA). The 
RT-qPCR assay was performed using the SYBR-Green kit 
(TaKaRa, Japan). The primers used for RT-qPCR are shown 
in Table 1. The relative gene expression levels were quanti-
fied using the 2−ΔΔCt method and normalized to that of U6 
or GAPDH.

Gene Forward Primer (5’→3’) Reverse Primer (5’→3’)
miR-429 ​A​G​G​T​C​T​C​T​G​A​G​G​G​T​C​A​A​G​C​A ​C​T​G​G​T​T​G​A​A​A​A​G​C​A​T​G​A​G​C​A
RUNX1 ​C​T​T​C​A​C​A​A​A​C​C​C​A​C​C​G​C​A​A​G ​C​A​G​C​T​G​C​T​C​C​A​G​T​T​C​A​C​T​G​A
ITGB1 ​G​T​C​G​T​G​T​G​T​G​T​G​A​G​T​G​C​A​A​C ​T​T​G​C​A​G​A​T​C​T​G​T​C​C​G​T​T​G​C​T
GAPDH ​G​A​G​A​A​G​G​C​T​G​G​G​G​C​T​C​A​T​T​T ​A​G​T​G​A​T​G​G​C​A​T​G​G​A​C​T​G​T​G​G
U6 ​C​T​C​G​C​T​T​C​G​G​C​A​G​C​A​C​A ​A​A​C​G​C​T​T​C​A​C​G​A​A​T​T​T​G​C​G​T

Table 1  Primer sequences for RT-
qPCR assay
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MiR-429 overexpression suppressed OSCC cell 
proliferation, migration, invasion, and EMT

The RT-qPCR assay found that the miR-429 level was sig-
nificantly decreased in various CSCC cell lines, including 
CAL27, HN6, UM1, and SCC9, compared with HOKs 
(P < 0.01, P < 0.001, Fig.  2A). Since miR-429 expres-
sion was relatively lower in CAL27 and SCC9 cell lines, 
these two were used in subsequent experiments. Success-
ful transfection of miR-429 mimic was confirmed by the 
RT-qPCR assay (P < 0.001, Fig. 2B). MiR-429 mimic sig-
nificantly suppressed cell viability (P < 0.001, Fig. 2C) and 
significantly increased apoptotic rate of CAL27 and SCC9 
cells (P < 0.001, Fig.  2D). Wound healing assay revealed 
that miR-429 mimic significantly inhibited cell migration 
(P < 0.001, Fig.  2E), while transwell assay showed that 
miR-429 mimic significantly suppressed cell migration and 
invasion of CAL27 and SCC9 cells (P < 0.01, P < 0.001, 
Fig. 2F). Moreover, miR-429 mimic significantly promoted 
E-cadherin and inhibited N-cadherin and vimentin levels 
in CAL27 and SCC9 cells (P < 0.01, P < 0.001, Fig.  2G). 
Based on above, miR-429 overexpression inhibits the pro-
liferation, migration, invasion, and EMT of OSCC cells.

MiR-429 directly targeted ITGB1 in OSCC cells

StarBase, an online bioinformatics database, was used to 
retrieve miR-429-related genes, and the potential binding 
sites between miR-429 and ITGB1 are shown in Fig. 3A. 
Luciferase reporter assay revealed that miR-429 sup-
pressed the luciferase activity of the ITGB1 WT (P < 0.01, 
P < 0.001, Fig.  3B). ITGB1 level was up-regulated in the 
biotin–miR-429 group (P < 0.001, Fig.  3C). Furthermore, 
miR-429 overexpression significantly down-regulated 
mRNA and protein expression of ITGB1 in CAL27 and 
SCC9 cells (P < 0.001, Fig. 3D, E). These findings confirm 
that in OSCC cells, miR-429 directly targets ITGB1.

MiR-429 overexpression suppressed OSCC 
progression by targeting ITGB1

To confirm the functional relevance of ITGB1 in OSCC, we 
targeted miR-429. MiR-429 mimic significantly inhibited 
ITGB1 mRNA and protein expression (P < 0.01, P < 0.001), 
while ITGB1 overexpression significantly promoted ITGB1 
expression (P < 0.01, P < 0.001, Fig. 4A, B). The miR-429 
mimic + NC OE group prominently suppressed CAL27 
cell viability compared with the NC mimic + NC OE group 
(P < 0.001), while the miR-429 NC mimic + ITGB1 OE 
group effectively blocked this effect induced by miR-429 
mimic (P < 0.001, Fig.  4C). TUNEL assay showed that 
transfection with miR-429 mimic significantly increased cell 

Western blot assay

Total protein was extracted from the tissue and cell samples 
using radioimmunoprecipitation assay buffer (Beyotime, 
China). The proteins were separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis and transferred onto 
a polyvinylidene difluoride membrane. The membrane was 
then blocked with bovine serum albumin and incubated with 
anti-E-cadherin (1:1000, ab231303, Abcam, USA), anti-N-
cadherin (1:5000, ab76011, Abcam, USA), anti-vimentin 
(1:1000, ab45939, Abcam, USA), anti-ITGB1 (1:2000, 
ab179471, Abcam, USA), anti-RUNX1 (1:1000, ab229482, 
Abcam, USA), and anti-GAPDH (1:5000, ab8245, Abcam, 
USA) antibodies overnight at 4 ℃. Subsequently, the mem-
branes were incubated with goat anti-rabbit IgG (1:10000, 
ab6721, Abcam, USA) secondary antibodies for 2 h. Lastly, 
the membranes were treated with ECL chemiluminescence 
solution (Beyotime, Shanghai, China) and visualized with 
an enhanced chemiluminescence detection system. The 
development of specific protein blots was finished by treat-
ment with enhanced chemiluminescence (ECL) reagent. 
Image J software (version 1.46r, ImageJ, NIH, Bethesda, 
MD, USA) was utilized to quantify the density of protein 
bands.

Statistical analysis

The data were presented as the mean ± standard deviation. 
One-way analysis of variance followed by Tukey’s post hoc 
test was used to analyze the data among multiple experi-
mental groups. Significant differences between two groups 
were determined using a paired Student’s t-test. Statistical 
significance was set at P < 0.05.

Results

MiR-429 level was down-regulated and RUNX1 and 
ITGB1 levels were up-regulated in OSCC tissues

The RT-qPCR assay showed that miR-429 level was sig-
nificantly decreased in OSCC tumor tissues (P < 0.001, 
Fig. 1A), while the IHC and RT-qPCR assays showed that 
RUNX1 and ITGB1 levels were significantly increased in 
OSCC tumor tissues (P < 0.001, Fig.  1B–E). Moreover, 
the results revealed that miR-429 level was significantly 
inversely associated with RUNX1 (P < 0.001) and ITGB1 
(P < 0.05) levels in OSCC tissues (Fig.  1F, G). All these 
revealed that the down-expression of miR-429 and up-
expression of RUNX1 and ITGB1 in OSCC tissues.
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assay revealed that RUNX1 was precipitated by miR-429 
probe (P < 0.001, Fig.  5C). In addition, miR-429 signifi-
cantly decreased RUNX1 expression (P < 0.01, P < 0.001, 
Fig. 5D, E). Furthermore, ITGB1 overexpression increased 
miR-429 level in OSCC cell line, CAL27 cells trans-
fected with pcDNA3.1-ITGB1. The transfection efficiency 
of RUNX1 overexpression was also verified (P < 0.001, 
Fig. 5F, G). RUNX1 overexpression significantly decreased 
miR-429 level (P < 0.01, Fig. 5H). JASPAR database was 
used to estimate RUNX1 binding sites on the miR-429 
promoter region (Fig.  5I), and the results revealed that 
RUNX1 could target a region upstream of the pre-miR-429 
promoter (Fig.  5J). RUNX1 overexpression significantly 
increased the luciferase activity in the WT miR-429 pro-
moter (P < 0.001), while miR-429 knockdown significantly 
decreased this effect (P < 0.01, Fig. 5K, L). Altogether, these 

apoptosis (P < 0.001), while transfection with pcDNA3.1-
ITGB1 returned such phenomenon (P < 0.01, Fig.  4D). 
Furthermore, transfection with pcDNA3.1-ITGB1 reversed 
miR-429-induced migration, invasion, and EMT (P < 0.05, 
P < 0.01, P < 0.001, Fig. 4E–G). These results indicate that 
miR-429 mimic participates in OSCC progression by target-
ing ITGB1.

RUNX1 regulated miR-429 expression via a feedback 
loop

StarBase also showed a complementary pairing region 
between miR-429 and RUNX1 that is located at the 3’-UTR 
of RUNX1 (Fig.  5A). Luciferase reporter assay revealed 
that miR-429 significantly decreased the luciferase activity 
of RUNX1 WT (P < 0.001, Fig. 5B), while RNA pull-down 

Fig. 1  MiR-429 level was down-regulated and RUNX1 and ITGB1 
levels were up-regulated in OSCC tissues. A MiR-429 mRNA expres-
sion in OSCC tumor tissues and adjacent tissues measured by RT-
qPCR assay (n = 50). B RUNX1 protein level in OSCC tumor tissues 
and adjacent tissues assessed by IHC staining. C RUNX1 mRNA 
expression in OSCC tumor tissues and adjacent tissues measured by 
RT-qPCR assay (n = 50). D ITGB1 protein level in OSCC tumor tis-

sues and adjacent tissues assessed by IHC staining. E ITGB1 mRNA 
expression in OSCC tumor tissues and adjacent tissues measured by 
RT-qPCR assay. (n = 50). F Pearson correlation analysis of miR-429 
and RUNX1 expression in clinical samples of OSCC patients (n = 50). 
G Pearson correlation analysis of miR-429 and ITGB1 expression in 
clinical samples of OSCC patients (n = 50). ***P < 0.001 vs. Adjacent 
tissues group
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overexpression (P < 0.05, P < 0.001, Fig. 6A, B), suggest-
ing that RUNX1/miR-429 feedback loop regulated ITGB1 
expression. Therefore, RUNX1 overexpression rescued the 
miR-429 mimic-induced inhibition on OSCC cell viability, 
anti-apoptosis, cell migration, invasion, and EMT (P < 0.01, 
P < 0.001, Fig.  6C–G). Together, RUNX1/miR-429 feed-
back loop regulates ITGB1 expression and is involved in 
OSCC progression.

results indicate that RUNX1 binds to the miR-429 promoter 
and negatively regulates its expression.

RUNX1/miR-429 feedback loop regulated ITGB1 
expression and was associated with OSCC 
progression

Next, we determined whether RUNX1/miR-429 feedback 
loop was involved in OSCC progression. MiR-429 mimic 
remarkably suppressed RUNX1 and ITGB1 expression 
(P < 0.001), which was significantly inhibited by RUNX1 

Fig. 2  MiR-429 overexpression suppressed OSCC cell proliferation, 
migration, invasion, and EMT. A MiR-429 mRNA expression in 
OSCC cell lines (including CAL27, HN6, UM1, and SCC9) and HOKs 
measured by RT-qPCR assay. **P < 0.01, ***P < 0.001 vs. HOKs group. 
MiR-429 mimic and miR-429 NC mimic were transfected into CAL27 
and SCC9 cells. B MiR-429 mRNA expression in CAL27 and SCC9 
cells measured by RT-qPCR assay. C Cell viability of CAL27 and 

SCC9 cells assessed by CCK-8 assay. D Cell apoptosis of CAL27 and 
SCC9 cells assessed by TUNEL staining. E Cell migration of CAL27 
and SCC9 cells assessed by wound healing assay. F Cell migration and 
invasion of CAL27 and SCC9 cells assessed by transwell assay. G The 
protein levels of EMT-related markers (E-cadherin, N-cadherin, and 
vimentin) detected by western blot assay. **P < 0.01, ***P < 0.001 vs. 
NC mimic group
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Discussion

Due to the lack of effective diagnostic biomarkers, several 
OSCC patients are diagnosed with intermediate or advanced 
cancer at initial diagnosis (Bugshan and Farooq 2020). 
Many studies have highlighted the potential of tumor-related 
genes as non-invasive biomarkers for cancer diagnosis and 
therapeutics (Zhang et al. 2018a). For instance, a previous 
study used WGCNA to build a co-expression network and 
found two modules (turquoise and brown modules) and 10 
hub genes (MMP1, TNFRSF12A, PLAU, FSCN1, PDPN, 
KRT78, EVPL, GGT6, SMIM5, and CYRST1) that were 
associated with OSCC tumorigenesis (Zhang et al. 2018a). 
A previous study found the presence of abnormally methyl-
ated differentially expressed genes and pathways in OSCC, 
thus shedding light on the underlying molecular processes 
in OSCC (Zhang et al. 2018b). A recent study reported that 
aspirin inhibits OSCC proliferation, increases apoptosis, and 
reduces migration and invasion via the PI3K-Akt and focal 
adhesion pathways (Zhang et al. 2018c). It is well estab-
lished that OSCC invasion and metastasis are important 
factors leading to poor prognosis and that EMT of OSCC 
cells transforms tumor cells into interstitial phenotypes, 
leading to distal metastasis of OSCC (Ling et al. 2021). In 
this study, we found that the RUNX1/miR-429 feedback 
loop regulated ITGB1 expression and OSCC proliferation, 
migration, invasion, and EMT.

Aberrant expression of miR-429 in cancer cells con-
tributes to cancer progression (Zhang et al. 2020b). For 

RUNX1/miR-429 feedback loop regulated OSCC 
progression in vivo

To explore the biological role of RUNX1/miR-429 feed-
back loop in OSCC progression, CAL27 cells with cor-
responding treatments were injected into nude mice. The 
results revealed that miR-429 mimic significantly sup-
pressed tumor growth (P < 0.01), which was inhibited by 
RUNX1 overexpression (P < 0.001, Fig. 7A–C). Moreover, 
HE staining showed that RUNX1 overexpression partially 
rescued the miR-429 mimic-induced inhibitory effects on 
inflammatory cell infiltration (Fig. 7D). However, RUNX1 
overexpression impaired miR-429-induced inhibition of 
RUNX1 and ITGB1 expression (Fig.  7E). The RT-qPCR 
assay suggested that miR-429 mimic increased miR-429 
level and decreased RUNX1 and ITGB1 levels (P < 0.001), 
while RUNX1 overexpression decreased miR-429 level and 
increased RUNX1 and ITGB1 levels (P < 0.01, P < 0.001, 
Fig.  7F). Furthermore, RUNX1 overexpression impaired 
the miR-429 mimic-induced inhibition of EMT-related pro-
tein expression (P < 0.001, Fig. 7G). These above indicate 
RUNX1/miR-429 feedback loop regulates OSCC progres-
sion in vivo.

Fig. 3  MiR-429 directly targeted ITGB1 in OSCC cells. A StarBase 
was used to predict the binding sites of miR-429 on 3’-UTR of ITGB1. 
B The interaction between miR-429 and ITGB1 assessed by lucifer-
ase reporter assay. C The interaction between miR-429 and ITGB1 
assessed by RNA pull-down assay. D The effect of miR-429 mimic on 

ITGB1 mRNA expression detected by RT-qPCR assay. E The effect 
of miR-429 mimic on ITGB1 protein expression detected by western 
blot assay. **P < 0.01, ***P < 0.001 vs. NC mimic group or Biotin-NC 
group
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significantly inhibited the growth and metastasis of OSCC. 
These results are consistent with the findings of Lei W (Lei 
et al. 2015) and Sun et al. (2021a), who found that miR-
429 played an inhibitory role in OSCC carcinogenesis. 
EMT is a typical feature of malignant tumors originating 
from epithelial cells and is characterized by the loss of cell-
to-cell adhesion and the acquisition of spindle morphology 
to establish a motile and invasive phenotype (Joseph et al. 
2018). EMT of OSCC cells can transform tumor cells into 
mesenchymal phenotypes, leading to invasion, lymphatic 
metastasis, and even distal metastasis of OSCC (Joseph et 

instance, down-regulation of miR-429 promotes prolif-
eration, invasion, and EMT in breast cancer (Zhang et al. 
2020b). However, miR-429 plays an inhibitory role in pan-
creatic cancer (Shen et al. 2019). Previous studies found 
that miR-429 can serve as a potential diagnostic, thera-
peutic, and prognostic biomarker in certain cancers (Guo 
et al. 2020; Garajei et al. 2023). In our study, we reported 
that miR-429 expression was decreased in OSCC tissues, 
indicating that the dysregulation of miR-429 expression 
may be associated with OSCC development and metasta-
sis. Additionally, we found that miR-429 overexpression 

Fig. 4  MiR-429 overexpression suppressed OSCC progression by 
targeting ITGB1. CAL27 cells were co-transfected with miR-429 
mimic or/and pcDNA3.1-ITGB1. A ITGB1 mRNA expression in 
CAL27 cells measured by RT-qPCR assay. B ITGB1 protein expres-
sion in CAL27 cells measured by western blot assay. C Cell viability 
of CAL27 cells assessed by CCK-8 assay. D Cell apoptosis of CAL27 
cells assessed by TUNEL staining. E Cell migration of CAL27 cells 

assessed by wound healing assay. F Cell migration and invasion of 
CAL27 cells assessed by transwell assay. G The protein levels of 
EMT-related markers (E-cadherin, N-cadherin, and vimentin) detected 
by western blot assay. **P < 0.01, ***P < 0.001 vs. NC mimic + NC OE 
group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. miR-429 mimic + NC OE 
group
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(Liu et al. 2022b). A study found that miR-429 inhibits 
osteosarcoma development by targeting ZEB1 (Deng et al. 
2017). Another study found that miR-429 suppresses gas-
tric cancer development and invasion by targeting FSCN1 
(Zhang et al. 2016). In this study, we used StarBase to pre-
dict miR-429-related target genes, and the results revealed 
that ITGB1 may interact with miR-429. Indeed, our results 
revealed that miR-429 directly targeted ITGB1 in OSCC. 
Furthermore, ITGB1 expression was increased, while miR-
429 levels were decreased in the clinical samples of OSCC 
patients, indicating a negative correlation between ITGB1 
and miR-429 in OSCC. Moreover, our results revealed that 
miR-429 suppressed the invasion and metastasis of OSCC 
by targeting ITGB1. Previous studies showed that ITGB1 

al. 2018). MiR-429 dysregulation has been implicated in the 
EMT of several types of cancers (Shen et al. 2019; Sun et 
al. 2021b). For instance, Sun Y et al. reported that miR-429 
was significantly down-regulated in colorectal carcinoma 
tissues and that it reversed the TGF-β1-induced variations 
in the expression of EMT-related marker genes (Sun et al. 
2021b). However, information about the effect of miR-429 
on the EMT process in OSCC is limited. In our study, we 
found that miR-429 overexpression significantly promoted 
E-cadherin and inhibited N-cadherin and vimentin levels in 
OSCC cells. These results indicate that miR-429 suppressed 
cell proliferation, migration, invasion, and EMT in OSCC.

MiRNAs modulate cancer cell function by directly tar-
geting mRNAs and negatively regulating mRNA expression 

Fig. 5  RUNX1 regulated miR-429 expression via a feedback loop. A 
StarBase was used to predict the binding sites of miR-429 on 3’-UTR 
of RUNX1. B The interaction between miR-429 and RUNX1 assessed 
by luciferase reporter assay. C The interaction between miR-429 and 
RUNX1 assessed by RNA pull-down assay. D The effect of miR-429 
mimic on RUNX1 mRNA expression detected by RT-qPCR assay. E 
The effect of miR-429 mimic on RUNX1 protein expression detected 
by western blot assay. F The transfection efficiency of RUNX1 over-
expression verified by RT-qPCR assay. G The transfection efficiency 

of RUNX1 overexpression verified by western blot assay. H MiR-429 
mimic expression in CAL27 cells transfected with pcDNA3.1-RUNX1 
assessed by RT-qPCR assay. I The binding sites of the miR-429 pro-
moter region on RUNX1 predicted using the JASPAR database. J The 
interaction between RUNX1 and miR-429 assessed by ChIP assay. K, 
L The miR-429 promoter-driven luciferase activity in CAL27 cells 
transfected with pcDNA3.1-RUNX1 and miR-429 inhibitor assessed 
by luciferase reporter assay. **P < 0.01, ***P < 0.001 vs. NC mimic 
group or Biotin-NC group; ##P < 0.01 vs. RUNX1 OE group
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bioinformatics analysis based on clinical samples indicated 
that RUNX1 was overexpressed in OSCC and was asso-
ciated with poor prognosis of OSCC patients (Feng et al. 
2021). In this study, we found that RUNX1 expression was 
up-regulated in OSCC and that RUNX1 and miR-429 levels 
were inversely associated with OSCC.

Increasing evidence suggests that miRNA expression 
is regulated by transcription factors, which bind by recog-
nizing specific sequences of gene promoters to promote or 
inhibit transcription levels (Jiang et al. 2016). Studies have 
also shown that RUNX1 can regulate the expression of both 

expression is regulated by miRNAs and is involved in can-
cer growth and metastasis (Ding et al. 2017; Zhang et al. 
2019). Ding et al. (2017) showed that miR-9-3p inhibited 
EMT of nasopharyngeal carcinoma cells by targeting ITGB1 
protein expression, while Zhang et al. (2019) reported that 
miR-3653 inhibited EMT by targeting ITGB1 inhibition, 
thus reducing the risk of liver cancer metastasis.

StarBase also showed a complementary pairing region 
on RUNX1 (located at its 3’-UTR) that could bind to 
miR-429. Our results confirmed that miR-429 directly tar-
geted and reduced RUNX1 expression in OSCC cells. A 

Fig. 6  RUNX1/miR-429 feedback loop regulated ITGB1 expres-
sion and was associated with OSCC progression. CAL27 cells were 
co-transfected with miR-429 mimic and/or pcDNA3.1-RUNX1. A 
RUNX1 and ITGB1 mRNA expression in CAL27 cells detected by 
RT-qPCR assay. B RUNX1 and ITGB1 protein expression in CAL27 
cells detected by western blot assay. C Cell viability of CAL27 cells 
assessed by CCK-8 assay. D Cell apoptosis of CAL27 cells assessed 

by TUNEL staining. E Cell migration of CAL27 cells assessed by 
wound healing assay. F Cell migration and invasion of CAL27 cells 
assessed by transwell assay. G The protein levels of EMT-related 
markers (E-cadherin, N-cadherin, and vimentin) detected by western 
blot assay. **P < 0.01, ***P < 0.001 vs. NC mimic + NC OE group; #P 
< 0.05, ##P < 0.01, ###P < 0.001 vs. miR-429 mimic + NC OE group
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Additionally, RUNX1 knockdown increases miR-101 level 
and increases miR-101 promoter-driven luciferase activity 
in lung cancer cells, suggesting that RUNX1 inhibits miR-
101 transcription by directly binding to miR-101 promoter. 
This phenomenon was also observed in breast cancer, 
wherein RUXN1 negatively regulates miR-378 transcrip-
tion, while miR-378 inhibits the expression of RUXN1 
(Browne et al. 2016). These studies indicate the presence 
of a feedback loop between RUNX1 and miRNAs. Consid-
ering that RUNX1 is an important transcription factor that 
participates in cancer progression, it is necessary to verify 
whether RUNX1 feedback regulates miR-429 transcription 

protein-coding genes and noncoding genes such as miR-
NAs in several biological processes (Cheng et al. 2017). For 
instance, up-regulation of RUNX1 reduces miR-93 level in 
pancreatic cancer cells, thus promoting cancer progression 
(Cheng et al. 2017). Another study showed that RUNX1 reg-
ulates miR-582-5p to suppress clear cell renal cell carcinoma 
progression (Xue et al. 2021). Recent studies have clarified 
the mechanism of RUNX1/miRNA feedback regulation in 
several cancers (Wang et al. 2015). Wang et al. (Wang et al. 
2015) found that the expression of miR-101 and RUNX1 is 
negatively correlated in lung cancer and that miR-429 tar-
gets and regulates RUNX1 at the post-transcriptional level. 

Fig. 7  RUNX1/miR-429 feedback loop regulated OSCC progression in 
vivo. CAL27 cells with corresponding treatments were subcutaneously 
injected into nude mice. A The tumor volume = (length × width2)/2) 
was recorded once every week. B Images of the isolated tumors of the 
indicated group. C The weights of the isolated tumors of the indicated 
groups. D Histopathology of tumor sections stained with HE staining. 
E ITGB1 and RUNX1 protein expression in the tumor tissues detected 

by IHC staining. F MiR-429, ITGB1, and RUNX1 mRNA expression 
in the tumor tissues measured by RT-qPCR assay. G The protein levels 
of EMT-related markers (E-cadherin, N-cadherin, and vimentin) in the 
tumor tissues detected by western blot assay. **P < 0.01, ***P < 0.001 
vs. NC mimic + NC OE group; ##P < 0.01, ###P < 0.001 vs. miR-429 
mimic + NC OE group
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