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Purpose: Serine/threonine protein kinase-3 (STK3) is a key molecule in the Hippo pathway, but its biological function in the 
development of oral squamous cell carcinoma (OSCC) remains unclear, we explored the roles of STK3 in OSCC.
Methods: In this study, GEPIA was used to analyse STK3 expression in different types of tumor patients. OSCC patients were then 
collected from Liaocheng People’s Hospital (Shandong, China), to further detect STK3 expression by qRT-PCR and Western blotting. 
To explore the function of STK3, overexpression and knockdown experiment were designed. Cell proliferation, migration and invasion 
were analyzed.
Results: First, STK3 is significantly up-regulated in OSCC patients, and high STK3 expression is associated with poor prognosis. 
Then, in vitro cell proliferation, migration, and invasion tests were used to determine the role of STK3. STK3 overexpression 
significantly promoted the proliferation, migration and invasion of OSCC cells. The downregulation of STK3 inhibited the prolifera-
tion, migration and invasion of OSCC cells. Finally, STK3 was demonstrated to promote oral squamous cell carcinoma by activating 
Ras-MAPK mediated cell cycle progression.
Conclusion: The results showed that STK3 was a potential cancer promoter for OSCC. It plays an important role in promoting the 
progression of oral squamous cell carcinoma. Inhibition of STK3 may prove beneficial as a therapeutic strategy for OSCC treatment.
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Introduction
Oral squamous cell carcinoma (OSCC) is a very common tumor in the all of the world, with approximately 600,000 new 
cases diagnosed each year.1,2 This tumor is characterized by strong local aggressiveness, high incidence of tumor 
recurrence and metastasis (18–76% at 14 months), and low survival rate (42% at 3 years).3 OSCC is a complex and 
heterogeneous disease with multiple etiologies associated with tumor development.4–6 The poor survival of HNSC 
patients is because of failure in the early detection of this disease. The improvement of survival rates in HNSC patients 
largely depends on the early diagnosis of this disease.

Serine/threonine kinase 3 (STK3) is one of a key regulator in the Hippo pathway, controlling cell development, 
proliferation, apoptosis and various stress responses.7 The Hippo pathway was first discovered in fruit flies through 
a genetic screen designed to identify pathways that regulate tissue overgrowth.8–10 The typical core Hippo pathway 
consists of two histone kinases, two scaffold proteins, two coregulatory factors and a family of transcription factors. 
When the Hippo pathway is activated, these signaling elements act in tandem: MST1 and MST2 (also known as STK4 
and STK3; When the Hippo pathway is inactivated, YAP1/TAZ is hypo-phosphorylated and can enter the nucleus, 
interact with TEAD (Sd) family transcription factors, and promote the expression of genes associated with cell survival 
and proliferation. Recently, the mammalian Hippo pathway has been shown to include several LatS1/2-activated kinases, 
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such as MAP4Ks and TAOKs, which can act in parallel with MST1/2, implying added complexity in higher 
eukaryotes.11,12 The specific kinase that phosphorylates LATS1/2 depends on the nature of the stimulus and cell 
type.11,13 For example, in HEK293 cells, MST1/2 represents the major LATS1/2-activating kinase under osmotic stress 
and heat shock conditions.13,14 However, MAP4Ks and/or TAOKs appear to play an equal or greater role in serum 
starvation and contact suppression conditions.11,12 STK3 inhibits the progression of gastric cancer, hepatocellular 
carcinoma and breast cancer by activating Hippo signaling pathway.15–17 STK3 also modulates the immune system 
during infection.18 However, the role of STK3 in oral squamous cell carcinoma remains unclear.

In our research, we explored the role of STK3 in the progression of oral squamous cell carcinoma, and evaluated the 
role of STK3 as a potential new therapeutic target for oral squamous cell carcinoma.

Materials and Methods
OSCC Patient
The study was conducted according to the ethical guidelines of the Declaration of Helsinki. And patients in the current 
study were approved by the institutional ethics committee of the Liaocheng People’s Hospital (No. 2020(35), July 10, 
2020). Informed consent was obtained from each patient.

Bioinformatic Analysis
Gene Expression Profiling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn/index.html) was used to analyze 
STK3 expression in various tumor and normal samples. And the survivor ship curve was produced by Kaplan-Meier 
Plotter (KM plotter, http://kmplot.com/).

Cell Culture
Human squamous cell carcinoma (HSC-3) cells and mouse oral squamous cell carcinoma (MOC1) cells were derived 
from the cell bank of Shanghai Institute for Biological Studies, China. The cells were cultured in DMEM medium (True 
line, Kaukauna, WI, USA) with 10% FBS (Thermo Fisher Scientific), 1% penicillin/streptomycin (Solarbio, Beijing, P.R. 
China) and 2 mM L-glutamine. The cells were cultured in a 5% CO2, 37°C CO2 incubator.

RNA Isolation and qRT-PCR
Total RNA was isolated using TRIzol reagent (Invitrogen, Waltham, MA, USA). Reverse transcription was carried out using 
cDNA synthesis kit (Thermo Fisher Scientific, Waltham, MA, USA) as instructed by the manufacturer. RT-PCR was 
conducted as follows: 95°C for 10 min then 40 cycles of 95°C for 15s, 60°C for 45s. The 2−ΔΔCt method was used to 
calculate relative gene expression, and GAPDH was used for normalization. Data represent average of three replicates. 
Primers used in this study were as follows: STK3 F 5’-ATGGCTCCTGAGGTGATT−3’, R 5-GTTGGTGGTGGATTTGTG 
−3; GAPDH F 5’-AAT CCCATCACCATCTTC-3’, R 5’-AGGCTGTTGTCATAC TTC-3’.

Western Blot
Full protein lysates were extracted cancer and paracancer tissue samples from OSCC patients using RIPA lysis buffer 
(JRDUN, Shanghai, China) and protease cocktail inhibitor (Roche, Heidelberg, Germany). Protein concentrations 
were tested with an enhanced BCA protein detection kit (Thermo Fisher Scientific). Twenty-five micrograms protein 
was isolated on 10% SDS-PAGE glue. It was transferred to nitrocellutrifiers membrane (Millipore, Billerica, MA, 
USA) and closed with 2% BSA for 2 h. It was then tested overnight at 4°C with primary antibody. PBST was washed 
three times, and then the second antibody was incubated (1:5000; Beyotime, Shanghai, China) at 37°C for 1 hour. 
Protein signal was detected by an enhanced chemiluminescence system (Tanon, Shanghai, P.R. China). The STK3 
(ab52641) antibody was purchased from Abcam. GAPDH (5174) antibody was purchased from Cell Signaling 
Technology.
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Immunofluorescence Histochemistry
A total of 5×104 cells were placed in a 24-well plate with pre-placed sliver, and transfected for 24 h. Cells were fixed in 
4% (v/v) formaldehyde at 4°C for 30 min. And then it’s closed with 3% BSA. Rabbit primary antibody STK3 (Abcam, 
USA) was incubated overnight and then washed three times with PBST. The second antibody, Alexa Fluor®555 Donkey 
Anti-Rabbit IgG (H+L) (Invitrogen, Carlsbad, CA), was treated for 1h, and STK3 expression after transfection was 
detected. DAPI is used to stain the nucleus. The tablets were then sealed with an anti-fluorescence quencher (Beyotime, 
China). The sections were observed under fluorescence microscope (DMI4000B; Leica).

Knockdown and Overexpression
Short interfering RNAs targeting human STK3 (si STK3-1, 5’-ACTGTAATCAGAACATGCAT-3’; si STK3-2, 5’- 
ATGGCTCCTGAGGTGATT-3’; And si STK3-3, 5’-ACCCTTCCCTATGTCCAA-3’) and negative control siRNA 
(siNC, 5’-CGG AGTAATGATCAGGGCATGTGCT-3’) were synthesized by Shanghai Shenggong Biotech of China. 
For the overexpression study, the full-length CDS region of STK3 (NM_006281) was cloned into the overexpression 
plasmid pA4-EGFP, named pA4-STK3-EGFP. Blank plasmid was used as negative control (oeNC).

Cell Transfection
Lipofectamine 2000 was used to transfect plasmids into HSC-3 and MOC1 cells following the manufacturer’s instruc-
tion, and cells were cultured for 48 h prior to analysis.

Cell Proliferation
Cell proliferation was assessed using Cell Counting Kit-8 (CCK-8) assay (Signalway Antibody, Maryland, USA). 
Following 0, 12, 24, 48, and 72 h in culture, cells were incubated with CCK-8 solution (1:10) for 1 h. Quantification 
of cell proliferation was done on a microplate reader (Pulangxin, Beijing, P.R. China) and optical densities (ODs) at 450 
nm wavelength were determined. Each experiment was conducted in triplicates.

Transwell Assay
Migration and invasion tests were conducted in the Transwell chamber (Corning, Inc. USA). The migration assay was 
performed with 1 × 104 cells per well. Cells were first starved serum-free for 24 h, then suspended in 200 μL serum-free 
RPMI-1640 medium and added to the upper cavity of transwell chamber. Five hundred microlitres RPMI-1640 medium 
containing 10% FBS was added into the inferior cavity. In the invasion test, the transwell chamber was first coated with 
a thin layer of matrix glue (cat. No. 356234; BD BioSciences). Then, 1 × 104 cells per well were added to the upper 
chamber and 500 μL of RPMI-1640 medium containing 10% FBS was added to the lower chamber.

The transwell chamber was incubated at 37°C for 48 h and fixed at room temperature with 4% formaldehyde for 15 
min. After PBST cleaning, it was stained with 1% crystal purple solution for 5 min. After cleaning, drying, images were 
taken with an optical microscope (magnification, ×200).

Statistical Analysis
Statistical analysis was conducted using GraphPad Prism Software Version 7.0 (La Jolla, CA, USA). Data are shown as 
mean ± SD for at least three samples. Statistical analysis for multiple comparisons was done using one-way ANOVA. A p 
value of <0.05 was considered statistically significant.

Results
High Expression of STK3 in OSCC Clinical Samples Correlated with Poor Patient 
Prognosis
The expression level of STK3 in different tumors is different or even opposite. To investigate the expression level of 
STK3 in OSCC, we first analyzed STK3 protein expression in 31 kinds of tumor tissue expression data of clinical 
patients included in the GEPIA database. As shown in Figure 1A, the STK3 expression was significantly downregulated 
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Figure 1 STK3 expression in human normal tissue and oral squamous cell carcinoma tissue. (A) STK3 is expressed in UCEC, PCPG, TGCT, COAD and KIRC in the GEPIA 
database. (B) STK3 is expressed in CHOL, PAAD, STAD, THYM and GBM in the GEPIA database. (C) STK3 is expressed in HNSC in the GEPIA database. (D) Kaplan–Meier 
survival analysis revealed that overall survival is poorer in HNSC patients with a high expression of STK3 in the GEPIA datasets. (E) The mRNA expression level of STK3 in 
adjacent normal tissue and oral squamous cell carcinoma tissues was determined by RT-qPCR. (F) Western blotting analysis of STK3 expression levels in adjacent normal 
tissues and oral squamous cell carcinoma tissues from patients. (G) Quantification of related STK3 proteins expression in normal and oral squamous cell carcinoma tissues. 
Statistical significance relative to N or control group, *P < 0.05, **P < 0.01, ***P < 0.001.
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in Uterine Corpus Endometrial Carcinoma (UCEC), Pheochromocytoma and Paraganglioma (PCPG) and Testicular 
Germ Cell Tumors (TGCT) cancers. And the STK3 expression was significantly upregulated in six kinds of cancers, such 
as Cholangio carcinoma (CHOL), Pancreatic adenocarcinoma (PAAD), Stomach adenocarcinoma (STAD), Thymoma 
(THYM), Head and Neck squamous cell carcinoma (HNSC) and Glioblastoma multiforme (GBM) (Figure 1B and C). 
We also investigated whether the STK3 expression was correlated with prognosis in HNSC patients. In the GAPIA 
dataset, which included 499 samples of HNSC, the high STK3 expression was associated with poorer overall survival 
and progression-free survival prognosis (P value = 0.0022) (Figure 1D). As we known, HNSC is rather than a general 
cancer than OSCC. To confirm the result, then, we collected four OSCC patient in hospital to detect STK3 expression in 
OSCC. The qRT-PCR and Western blot result showed that STK3 is highly expression in OSCC cancer of patient rather 
than normal tissues (Figure 1E–G). These results showed that high expression of STK3 in OSCC cancer and correlated 
with poor patient prognosis.

Over Expression of STK3 Promotes the Proliferation of OSCC Cancer Cells
To further explore the role of STK3 in OSCC progression in vitro, we construction STK3 overexpression and knockdown 
system on the Human squamous cell carcinoma (HSC-3) and mouse oral squamous cell carcinoma (MOC1) cell line. 
Firstly, we detected STK3 mRNA transcript and protein expression by qRT-PCR and Western blot. The result showed that 
STK3 mRNA was downregulated by siRNA and overexpressed by specific overexpression vector in HSC-3 cell line 
(Figure 2A and B) and MOC1 cell line (Figure 2C and D). Then, we determined the effect of STK3 on the proliferation of 
OSCC in HSC-3 and MOC1 cell lines. The results showed that, compared with the control group, the proliferation of HSC-3 
and MOC1 were significantly induced by overexpressing STK3, and reduced by knockdown of STK3 (Figure 2E and F).

Over Expression of STK3 Improves the Migration and Invasion of OSCC Cancer Cells
Then, to analyze the function of STK3 in OSCC progression in in vitro, migration and invasion assay were carried out. As 
shown in the result, compared with the control group, the migration and the invasion of HSC-3 and MOC1 were significantly 
induced by overexpressing STK3, and reduced by knockdown of STK3 in HSC-3 cell line (Figure 3A and B) and in MOC1 
cell line (Figure 3C and D). The result suggested that over expression of STK3 can induce OSCC migration and invasion. In 
contrast, downregulated of STK3 can inhibit OSCC migration and invasion.

STK3 Promoted Cells Proliferation and Invasion by Inducing RAS/MAPK Signal 
Pathway
It is reported that STK3 induce RAS/MAPK signal pathway to participate cell proliferation in gastric cancer, and colon 
Cancer.19,20 To identified the molecular mechanism of STK3 regulated OSCC cell proliferation, migration and invasion, 
we use qRT-PCR analysis relative genes transcript. AS shown in the result, RAS, RAF, ERK and MAPK genes transcript 
are all upregulated by STK3 overexpression. And these genes transcript are all downregulated by STK3 knockdown 
(Figure 4A–D). We also detected the biomarker gene of cell proliferation genes (Ki67 and PCNA) and cell migration/ 
invasion biomarker genes (E-cadherin, Occludin and Vimentin) (Figure 4E–I). The data confirmed that STK3 can 
promote OSCC cell proliferation, migration and invasion, by inducing RAS/MAPK signal pathway.

Discussion
Recent studies have shown that key molecules of Hippo signal transduction pathway play an important role in inhibiting 
the occurrence and development of malignant tumors.21 Serine/threonine kinases (STKs) are key molecules in the Hippo 
pathway. STKs control organ growth and reduce tumor progression through their effect on Hippo pathway.22 Through 
bioinformatics analysis, this study found that STK3 expression level was high in oral squamous cell carcinoma tissues, 
and the high expression of STK3 was closely related to poor prognosis of ovarian cancer patients. As an important 
component of the Hippo pathway, STK3 is involved in the progression of many types of cancer. For example, the 
expression of STK3 is decreased in gastric cancer and lowest in tumors of patients with lymph node metastasis.23 

Deletion of STK3 gene in hepatocytes also leads to the occurrence of hepatocellular carcinoma.24 However, STK3 is 
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Figure 2 STK3 promotes cell growth by inducing cell cycle arrest. (A and B) IF staining and RT-PCR analyses of STK3 expression in siRNA, overexpression vector 
treatment-HSC-3 cells. (C and D) IF staining and RT-PCR analyses of STK3 expression in siRNA, overexpression vector treatment-MOC1 cells. (E) Cell proliferation rate as 
measured by CCK8 in siRNA, overexpression vector treatment-HSC-3 cells. (F) Cell proliferation rate as measured by CCK8 in siRNA, overexpression vector treatment- 
MOC1 cells. Statistical significance relative to NC group, **P < 0.01, ***P < 0.001.
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overexpressed in breast cancer tissues, promoting the proliferation of breast cancer cells and tumor progression.25 

Increasing evidence suggests that STK3 expression may be regulated by genetic or epigenetic changes. For example, 
hypermethylation of the STK3 gene promoter region contributes to downregulation of STK3 expression in soft tissue 
sarcomas.26 However, this study found that in oral squamous cell carcinoma, the high expression of STK3 promoted the 
proliferation, migration and invasion of tumor cells. Therefore, we suggest that STK3 may be a potential target for oral 
squamous cell carcinoma.

The expression level of STK3 in different tumors is different or even opposite. Known reports have shown that STK3 
expression is relatively low in glioblastoma, pancreatic cancer and non-small cell lung cancer tissues, and it can inhibit 
the progression of these tumors.27–29 However, it has been reported in liver cancer that the expression of STK3 in tumor 
tissues is higher than that in normal tissues, which can promote the occurrence of liver cancer.24 This implies that STK3 
is expressed in different amounts in different types of tumors, and its role is different or even opposite. In this study, 
bioinformatics analysis was used to find that among the 31 kinds of tumor tissue expression data of clinical patients 
included in the GEPIA database, there were 6 kinds of tumors with significantly high expression of STK3 compared with 
normal tissues, 3 kinds with significantly low expression, and 22 kinds with no significant difference in expression. 
However, STK3 is significantly highly expressed in oral squamous cell carcinoma, and our study data further confirmed 
that the high expression of STK3 can promote the proliferation, migration and invasion of oral squamous cell carcinoma. 
This indicates that STK3 is an oncogenic gene in oral squamous cell carcinoma.

STK3 promotes oral squamous cell carcinoma proliferation and migration by RAS/RAF/MAPK signaling pathway. 
The Hippo pathway is highly conserved from Drosophila to mammals. Mammalian Hippo orthologs MST1/2 belong to 
the group II germinal center kinases. MST1/2 form heterodimers with SAV1 (Sav ortholog) through their C-terminal 
SARAH (sav/Rassf/Hpo) domains, and this interaction is required for MST1/2 to phosphorylate SAV1, MOB1 (Mats 

Figure 3 STK3 promotes OSCC cells migration and invasion. (A) STK3 promoted HSC-3 cells migration and invasion; Transwell assays showed in upper line and cell 
invasion assays showed in down line (bar = 100 μm). (B) Quantifications of transwell and invasion assays. (C) STK3 promoted MOC1 cells migration and invasion; Transwell 
assays showed in upper line and cell invasion assays showed in down line (bar = 100 μm). (D) Quantifications of transwell and invasion assays. Statistical significance relative 
to NC group, *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4 STK3 promoted cells proliferation and invasion by inducing RAS/MAPK signal pathway. (A–D) relative expression of RAS, RAF, ERK and MAPK mRNA after STK3 
overexpression or knockdown. (E and F) Relative expression of Ki67 and PCNA mRNA by RT-PCR. (G–I) Relative expression of E cadherin, Occludin and Vimentin mRNA 
by RT-PCR. Statistical significance relative to NC group, *P < 0.05, **P < 0.01, ***P < 0.001.
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ortholog), and LATS1/2 kinase (Wts ortholog).30–32 LATS1/2 directly phosphorylate the Yki orthologs YAP (yes- 
associated protein) and TAZ (WW domain–containing transcription regulator protein 1) at multiple sites, thereby 
inhibiting their nuclear localization.33,34 Mechanistically, phosphorylated YAP/TAZ bind to 14–3–3 and are sequestered 
in the cytoplasm, resulting in YAP/TAZ inhibition. Further phosphorylation of YAP/TAZ by casein kinase 1 leads to β- 
TrCP–mediated ubiquitination and proteasomal degradation.33,35,36 However, the function and mechanism of MST3 is 
rarely little. It reports that STK3 expression is relatively low in glioblastoma, pancreatic cancer and non-small cell lung 
cancer tissues, and it can inhibit the progression of these tumors.27–29 In this study, we found that STK3, a novel 
oncogene in oral squamous cell carcinoma. It can promote cell proliferation through the MAPK signaling pathway 
mediated by RAS-RAF-MAPK axis. Our findings underscore the crucial roles of STK3 in oral squamous cell carcinoma 
growth and provide STK3 as a new target for developing targeting therapy of oral squamous cell carcinoma. The 
limitation of this study is that we have only 4 patient samples for analyze STK3 expression, which is a very small sample 
size. In our further study, we will collect more oral squamous cell carcinoma patient to confirm the results, and furtherly 
revealed the mechanism of STK3 in oral squamous cell carcinoma.

Conclusion
STK3 was upregulated in human oral squamous cell carcinoma and related to tumor stage. STK3 silencing could 
effectively slow down the growth rate of oral squamous cell carcinoma cells proliferation and accelerate cell apoptosis 
via activating MAPK signaling pathway mediated by RAS-RAF-MAPK axis. Overexpression of STK3 can promote 
cancer profession. This study provides evidence of a promising therapeutic target for patients with oral squamous cell 
carcinoma.
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