
Chen et al. Molecular Cancer          (2021) 20:147  
https://doi.org/10.1186/s12943-021-01451-2

LETTER TO THE EDITOR

STK3 promotes gastric carcinogenesis 
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Main text
Gastric cancer (GC) has long been a major cancer bur-
den. In 2020, it is responsible for 1,089,103 new cases 
and 768,793 deaths globally, with more than 656,349 new 
cases and 435,211 deaths from Eastern Asia [1]. Notably, 
the Hippo pathway shows the critical tumor-suppressor 
function and is frequently dysregulated in GC [2]. The 
protein STK3/MST2 is a serine/threonine-protein kinase, 
a homologue of the Hippo protein in Drosophila, which 
plays an essential role in the Hippo signaling pathway. 
Traditionally, the activated STK3 kinase will undergo 
dimerization and negatively regulate the yes-associated 
protein 1 (YAP1) and WW Domain-Containing Tran-
scription Regulator Protein 1 (TAZ), which trigger the 
expression of proliferation genes and inhibit apoptosis 
[3]. So, STK3 was proposed to exert anti-cancer func-
tions in tumors.

However, we found that the amplification and copy 
number gain of STK3 is a common event in GC cases 
from The Cancer Genome Atlas (TCGA) cohort (Fig. 1a 
and b). Additionally, STK3 mRNA level was upregu-
lated in tumor samples compared with it in normal tis-
sues from both TCGA and Asian Cancer Research Group 
(ACRG) cohorts (Fig.  1c and d). Simultaneously, when 
tumorous samples were paired up with adjacent non-
tumorous tissues, the mRNA expression of STK3 was 
generally elevated (Fig.  1e). Across the five molecular 
subtypes defined by TCGA, STK3 expression was most 
upregulated in EBV-positive and microsatellite-instable 
types of GC (Fig. 1f ). Meanwhile, STK3 was abundantly 
expressed in the intestinal-type (Fig. 1g) and the micro-
satellite-instable subtype of GC cases (Fig. 1h) from the 
ACRG cohort. The STK3 protein levels demonstrated 
increased expression in cancer samples compared with 
the paired normal epithelium samples from Hong Kong 
GC cohort (Fig. 1i). Likewise, in most of the solid tumors, 
the STK3 exhibited high expression from TCGA cohort 
(Additional file 1: Fig. S1) [4]. To further investigate the 
functional role of STK3 in gastric carcinogenesis, we 
employed bioinformatics to analyze the gene expression 
profile of 375 GC patients from TCGA cohort. The cor-
relation heatmap demonstrated that STK3 expression 
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was positively correlated with the expression of cell cycle 
regulators like CDK1, CCNB2 and CCNE2 [5] (Fig.  1j). 
The gene set enrichment analysis (GSEA) revealed that 
genes related to cell cycle progression were positively 
correlated with high STK3 expression (Fig.  1k). Then, 
differentially expressed genes (DEGs, fold change > 2, 
P < 0.05) were distinguished by comparing the 10% sam-
ples with the lowest SKT3 expression (n = 37) and the 
10% samples with the highest STK3 expression (n = 37). 
KEGG pathway analysis showed that these DEGs were 
mainly involved in DNA replication and cell cycle pro-
gression (Fig. 1l). Similarly, the gene ontology (GO) anal-
ysis indicated that DEGs were associated with cell cycle 
checkpoints and cell cycle arrest (Fig.  1m). The results 
in this part indicate that the STK3 is highly expressed in 
GC and might exert oncogenic function. Notably, studies 
have demonstrated that the expression of STK3 was also 
increased in other cancer types such as prostate cancer 
and leukemia, which supported our conclusion [6–8].

We then asked if STK3 still possesses oncogenic prop-
erties at in  vitro level. As expected, STK3 was overex-
pressed substantially in the nine GC cell lines (Fig.  2a). 
By siRNA-medicated knockdown, the mRNA expres-
sion (Fig.  2b) and protein level (Fig.  2c) of STK3 were 
decreased. Knocking down STK3 inhibited cell growth, 
monolayer colony formation, migration, and invasion of 
GC cells (Fig. 2d, e, f, and g), which indicated that STK3 
plays a promoting role in GC. To further investigate the 
downstream signalings of STK3 in gastric tumorigen-
esis, we employed GSEA, GO, and KEGG analysis. GSEA 
revealed that STK3 depletion inhibited cell cycle and 
DNA replication signatures (Fig. 2h and i). Interestingly, 
we found that in the siSTK3 transfectants, the MAPK 
and Ras signaling pathways were significantly suppressed 
(Fig.  2j and k). Similarly, both KEGG and GO enrich-
ment analysis revealed that the above pathways were 
affected when STK3 was knocked down (Fig. 2l and m). 
To further confirm that Ras-MAPK serves as the crucial 
downstream pathway of STK3 to support tumor develop-
ment, we performed pull-down assay and Western blot 
analysis. The Ras-GTP (active Ras form) demonstrated 
decreased level in STK3 knockdown cells (Fig. 2n). At the 

same time, the p-ERK was consequently dephosphoryl-
ated (Fig. 2o), suggesting STK3 tightly regulates the Ras-
MAPK pathway. Multiple studies have confirmed that 
Ras mediates the activation of MAPK signaling pathway 
and plays an essential role in carcinogenesis [9, 10], which 
literally supports STK3 serves as an oncogene in GC. In 
the STK3-depleted cells, the cell cycle checkpoints such 
as CDK4 and CDK6 were downregulated, while p21, an 
inhibitor of cell cycle regulator CDK2, was activated [11]. 
In addition, the levels of cleaved PARP and caspase 7, 
both involved in the process of apoptosis, were increased 
in STK3-depleted cells (Fig.  2p). By functional tests, we 
also observed that STK3 knockdown significantly sup-
pressed the GC-derived organoid growth (Fig.  2q). All 
the data support that STK3 promotes gastric carcinogen-
esis, which is mediated by the Ras-MAPK pathway.

To further reveal the oncogenic role of STK3 and 
the STK3-related downstream signalings in a spatial 
and temporal manner, we employed a single-cell RNA 
sequencing (scRNA-seq) dataset and identified the GC 
cell population [12]. Surprisingly, we found the STK3 
exhibited high expression in cancer cells, endothelial 
cells, and cancer associated fibroblasts (Fig.  3a and b). 
The abundance of STK3 in cancer cells and stromal cells 
consolidates that STK3 is a potent oncogene in GC. 
Meanwhile, the cancer cell populations with high expres-
sion of STK3, CDK4, and CCND2 were almost over-
lapped, suggesting a positive correlation among these 
genes in GC development (Fig.  3c). Strikingly, the cell 
populations with high STK3 expression demonstrated 
extremely high activities in cell cycle regulation, Ras sign-
aling pathway, and MAPK signaling pathway, reinforcing 
the linkage between STK3 activation and tumor progres-
sion (Fig.  3d). To further support the notion that STK3 
promotes cancer cell proliferation and activates oncogen-
esis pathways, we employed GO enrichment and GSEA 
to analyze the DEGs between two clusters, STK3 high- 
and low-expressing GC cells. As shown in Fig. 3e and f, 
DEGs were enriched in cell division and mitotic regula-
tion, especially in the regulation of the mitotic cell cycle 
checkpoint (P < 0.001). More importantly, in the early 
state of tumor development, STK3 demonstrated high 

(See figure on next page.)
Fig. 1  STK3 is upregulated in GC patients (***, P < 0.001). a The STK3 genetic alterations (gene amplification, deep deletion, or somatic mutation) 
and mRNA expression in primary GC samples from the TCGA cohort (total alteration rate: 24%). b The positive correlation of STK3 copy-number 
alterations with its mRNA expression. c, d STK3 mRNA expression is upregulated in the tumor tissues compared with it in normal tissue group 
from TCGA and ACRG cohorts. e STK3 is upregulated in tumor samples compared with paired adjacent nontumorous samples. f The STK3 mRNA is 
differently expressed across five molecular subtypes in TCGA cohort. STK3 was significantly upregulated in EBV-positive and microsatellite-instable 
types of GC (P < 0.001). g STK3 mRNA expression is abundantly expressed in intestinal-type GCs compared with diffuse-type GCs. h The STK3 mRNA 
expression in four molecular subtypes proposed by ACRG cohort (P < 0.001). i The STK3 protein expression is increased in GC samples compared 
with the paired normal controls. j The expression of STK3 is positively correlated with cell cycle genes from TCGA cohort. k The cell cycle-related 
pathways are positively correlated with high STK3 expression by GSEA (P < 0.05). l STK3-related DEGs (|Fold Change| > 2, P < 0.05) were enriched 
in cell cycle and DNA replication through KEGG enrichment analysis (FDR < 0.001). m STK3-related DEGs were enriched in cell cycle progression 
through GO enrichment analysis (FDR < 0.001)
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Fig. 1  (See legend on previous page.)
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Fig. 2  STK3 promotes GC by activating the Ras-MAPK signaling pathway (*, P < 0.05; **, P < 0.01; ***, P < 0.001). a The heatmap of STK family 
members in nine GC cell lines. STK3 is abundantly expressed, especially in NCI-N87 and MKN28 cells. b, c The STK3 mRNA and protein expression 
were significantly decreased after siSTK3 transfection in NCI-N87 and MKN28 cells. d STK3 knockdown suppressed GC cell proliferation. e Depletion 
of STK3 inhibited monolayer colony formation of the cancer cells. f, g GC cell migration and invasion abilities were impaired with the siSTK3 
transfection. h, i, j, k GSEA demonstrated that the STK3 depletion was negatively correlated with cell cycle checkpoint, DNA replication, MAPK 
pathway, and Ras pathway. l, m In STK3-depleted cells, the DEGs (|Fold Change| > 1.5, P < 0.05) were enriched in the Ras-MAPK signaling pathway, 
cell cycle, and DNA replication through KEGG and GO enrichment analysis. n STK3 knockdown blocked the Ras activation in MKN28 cells. o The 
ERK is dephosphorylated and inactivated in the siSTK3 transfectants. p Knocking down STK3 induced G1 phase cell cycle arrest and apoptosis, 
which were confirmed by the downregulation of CDK4, CDK6, and p-Rb, and activation of cleaved-caspase 7 and cleaved-PARP. q STK3 depletion 
significantly suppressed the GC-derived organoid growth. Scale bar = 100 μm
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expression level, and the proliferation-associated genes, 
such as E2F1, CCND1, CDK4, and PCNA, followed simi-
lar kinetic trends with STK3, which was revealed by func-
tional pseudotime analysis from a scRNA-seq dataset 
(Fig. 3g). However, the early state from the single-cell res-
olution indicates the tumor cell evolution process instead 
of the clinicopathological tumor staging. As we know, 
GC is a highly heterogeneous tumor. In each tumor stage, 
the cancer cells might be distributed in early, middle or 
late states in terms of their evolution lifespan. In terms of 
the clinicopathological stage, we only observed that the 
high expression of STK3 was associated with lymph node 
metastasis, suggesting the promoting role of STK3 in GC 
metastasis.

However, in the general concept, YAP1 phosphoryla-
tion by upstream kinases such as STK3 inhibits the trans-
location of YAP1 from cytoplasm into nucleus, which 
quenches the activation of YAP1 target oncoproteins [3, 
13]. So why does STK3 depletion cause growth inhibi-
tion? Indeed, some reports indicated that YAP1 is not 
always an oncoprotein, and it may process more complex 
roles in tumorigenesis than anticipated [14–16]. Nota-
bly, overexpressing the mutant YAP1 (S127A), suppress-
ing LATS1/2 kinases that phosphorylate S127 on YAP1, 
or inhibiting upstream kinases STK3/4, all could lead to 
growth suppression in lung cancer [15]. It suggested that 
the tumor-suppressive effects of STK3 may be related to 
the phosphorylation sites on YAP1. In addition, we even 
found that, from the transcriptional level, high STK3 
expression was positively correlated with YAP1 signature 
(target genes) by GSEA (Additional  file  2: Fig. S2). Our 
current results support that STK3 predominantly acti-
vates the non-classical pathway, Ras-MAPK, to drive GC 
progression. The mechanisms will be further validated by 
high-throughput screening in the future studies.

In light of the overexpression of STK3 in GC 
patients, we finally investigated the clinical associa-
tions of STK3 in GC by TCGA cohort (n = 375) and 
our in-house Hong Kong cohort (n = 263). Through the 

tissue microarray immunohistochemistry, we observed 
that positive STK3 was predominantly localized in 
the cytoplasm of the tumor tissues, while the adja-
cent nontumorous tissues exhibited negative expres-
sion (Fig.  3h). High STK3 expression was detected in 
a proportion of tumor samples, both intestinal (29.8% 
positive) and diffuse-types (21.2% positive) (Fig.  3i). 
Kaplan-Meier survival curves demonstrated that high 
STK3 expression was associated with worse survival in 
both TCGA and Hong Kong cohorts (P = 0.035, TCGA 
cohort, Fig.  3j; P < 0.001, Hong Kong cohort, Fig.  3k). 
To detailed evaluate the clinical significance of STK3 
in GC, we re-analyzed its expression in intestinal-type 
and diffuse-type respectively, and found that abun-
dantly expressed STK3 was associated with unfavora-
ble clinical outcome trends in both types (Fig.  3l, m, 
n, and o). In addition, high expression of STK3 was 
correlated with poor prognosis in other cancer types 
as well (P < 0.05, Additional  file  3: Fig. S3) [17], sup-
porting the potential oncogenic role of STK3 in solid 
tumors. By univariate analysis, high STK3 expression 
was associated with lymph node metastasis (P = 0.047) 
and marginally linked with elder age (P = 0.058) (Addi-
tional  file  4: Table  S1). Multivariate analysis indi-
cated that STK3 serves as an independent prognosis 
marker to predict worse survival in GC patients (Addi-
tional  file  5: Table  S2). So, can we employ small mol-
ecules to directly target STK3?

Indeed, XMU-MP-1, an STK3/4-specific inhibi-
tor, has been used in some studies. It is suggested that 
XMU-MP-1 could augment organ repair in mice [18], 
supporting the suppressive role of STK3/4 in tissue 
regeneration. On the contrary, a recent study indi-
cated that XMU-MP-1 slows cancerous cell prolifera-
tion, Matrigel invasion, and tumor spheroid growth in 
prostate cancer [6]. Very interestingly, STK3 was found 
frequently amplified in prostate cancer, which was con-
cordant with our findings.

(See figure on next page.)
Fig. 3  STK3 promotes tumorigenesis by activating the Ras-MAPK pathway and serves as an independent prognostic biomarker. a, b STK3 was 
highly expressed in cancer cells, endothelial cells, and cancer associated fibroblasts. c The t-SNE plots of high and low expression populations of 
STK3, CDK4, and CCND2 in GC single-cell resolution. d The activities of cell cycle regulation, Ras signaling pathway, MAPK signaling pathway in 
GC cells. e In single-cell level, DEGs (in rows, q-value < 10− 10) between STK3 high and low expression were enriched in cell proliferation-related 
pathway by GO enrichment analysis. f Regulation of mitotic cell cycle was positively correlated with high expression of STK3 through GSEA from 
single-cell resolution (P < 0.001). g The proliferation and apoptosis biomarkers along with the functional pseudotime in GC development. STK3 
was co-upregulated with proliferation biomarkers in the early state of tumor development. h Representative images of IHC staining of STK3 from 
GC tissue microarray. STK3 was predominantly localized in the cytoplasm of the cancer cells, while it demonstrated negative expression in the 
adjacent epithelium tissue. i STK3 was highly expressed in both intestinal-type and diffuse-type GC samples. j, k Overexpressed STK3 was associated 
with poor disease-specific survival in primary GCs (TCGA cohort, n = 375, P = 0.035; Hong Kong cohort, n = 263, P < 0.001). l, m STK3 abundance 
predicted poor disease-specific survival in intestinal-type GC patients (TCGA cohort, n = 164, P = 0.162; Hong Kong cohort, n = 141, P < 0.001). n, 
o In diffuse-type GCs, the upregulation of STK3 was associated with unfavorable clinical outcomes (TCGA cohort, n = 73, P = 0.331; Hong Kong 
cohort, n = 122, P < 0.001)
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Fig. 3  (See legend on previous page.)
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Overall, our findings fully support that STK3 serves 
as a potent oncogene in gastric carcinogenesis and 
serves as an independent prognostic biomarker in GC.

Conclusions
Collectively, STK3 is overexpressed in a proportion 
of GC, and its abundance predicts unfavorable clini-
cal outcomes. STK3 promotes cell cycle progression 
by activating the Ras-MAPK signaling pathway, and 
its depletion exerts anti-tumor effects. Our studies not 
only revealed the oncogenic role of STK3 kinase but 
also provided a therapeutic target for GC.

Abbreviations
GC: Gastric cancer; STK3: Serine/threonine kinase 3; YAP1: Yes-associated 
protein 1; TAZ: WW domain-containing transcription regulator protein 1; 
N: Normal; T: Tumor; TCGA​: The cancer genome atlas; ACRG​: Asian cancer 
research group; scRNA-seq: Single-cell RNA sequencing; GSEA: Gene set 
enrichment analysis; GO: Gene ontology; KEGG: Kyoto encyclopedia of genes 
and genomes; IHC: Immunohistochemistry; PARP: Poly (ADP-ribose) polymer-
ase; TNM: Tumor-node-metastasis.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12943-​021-​01451-2.

Additional file 1. 

Additional file 2. 

Additional file 3. 

Additional file 4. 

Additional file 5. 

Acknowledgements
We acknowledge the TCGA Research Network (http://​cance​rgeno​me.​nih.​
gov/), GEPIA (http://​gepia.​cancer-​pku.​cn/), and The Human Protein Atlas 
(http://​www.​prote​inatl​as.​org) for providing the datasets and analysis. We also 
acknowledge the technical support from Core Utilities of Cancer Genomics 
and Pathobiology of Department of Anatomical and Cellular Pathology, The 
Chinese University of Hong Kong.

Authors’ contributions
WK and KFT designed the experiments, provided direction and guidance 
on the whole project. BC, XL, JZ, YW, AHKC, AKYC, RCKC, YD, KTL, and YP 
conducted the experiments and analyzed the results. WNC and CWM 
performed bioinformatics analysis. BC and CWM drafted the manuscript. 
HK, LL, ZZ, CCW, WKKW, ASLC, JY and KWL reviewed the manuscript and 
made significant revisions. The final manuscript has been approved by all 
authors.

Funding
This manuscript is supported by Research Grants Council of the Hong Kong 
Special Administrative Region, China (GRF Project No.: CUHK 14100019 and 
14118518), National Nature Science Foundation of China (NSFC Reference No. 
81871900 and 81903019), and CUHK Direct Grant for Research (2019.001 and 
2020.001) from The Chinese University of Hong Kong.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The use of human samples was approved by Joint Chinese University of Hong 
Kong-New Territories East Cluster Clinical Research Ethics Committee, Hong 
Kong.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Anatomical and Cellular Pathology, State Key Laboratory 
of Translational Oncology, Prince of Wales Hospital, The Chinese University 
of Hong Kong, Shatin, Hong Kong, SAR, People’s Republic of China. 2 Institute 
of Digestive Disease, State Key Laboratory of Digestive Disease, The Chinese 
University of Hong Kong, Hong Kong, SAR, People’s Republic of China. 3 Li 
Ka Shing Institute of Health Science, Sir Y.K. Pao Cancer Center, The Chinese 
University of Hong Kong, Hong Kong, SAR, People’s Republic of China. 
4 Department of Pediatrics, The Chinese University of Hong Kong, Hong Kong, 
SAR, People’s Republic of China. 5 Department of Pathology, National Cancer 
Center, National Clinical Research Center for Cancer, Cancer Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical College, Beijing, Peo-
ple’s Republic of China. 6 Department of Respiratory and Critical Care Medicine, 
China National Center of Gerontology, Bejing Hospital, Beijing, People’s Repub-
lic of China. 7 Department of Pathology, Nanfang Hospital and Basic Medical 
College, Southern Medical University, Guangdong Province Key Laboratory 
of Molecular Tumor Pathology, Guangzhou, People’s Republic of China. 8 State 
Key Laboratory of Genetic Engineering, School of Life Sciences, Zhongshan 
Hospital, Fudan University, Shanghai, People’s Republic of China. 9 Department 
of Anaesthesia and Intensive Care, The Chinese University of Hong Kong, 
Hong Kong, SAR, People’s Republic of China. 10 School of Biomedical Sciences, 
The Chinese University of Hong Kong, Hong Kong, SAR, People’s Republic 
of China. 11 Department of Medicine and Therapeutics, The Chinese University 
of Hong Kong, Hong Kong, SAR, People’s Republic of China. 

Received: 14 September 2021   Accepted: 27 October 2021

References
	1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 

Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;(71):209–49.

	2.	 Qiao Y, Li T, Zheng S, Wang H. The hippo pathway as a drug target in 
gastric cancer. Cancer Lett. 2018;420:14–25.

	3.	 Patel SH, Camargo FD, Yimlamai D. Hippo signaling in the liver 
regulates organ size, cell fate, and carcinogenesis. Gastroenterology. 
2017;152:533–45.

	4.	 Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer 
and normal gene expression profiling and interactive analyses. Nucleic 
Acids Res. 2017;45:W98–w102.

	5.	 Gavet O, Pines J. Progressive activation of CyclinB1-Cdk1 coordinates 
entry to mitosis. Dev Cell. 2010;18:533–43.

	6.	 Schirmer AU, Driver LM, Zhao MT, Wells CI, Pickett JE, O’Bryne SN, et al. 
Non-canonical role of hippo tumor suppressor serine/threonine kinase 3 
STK3 in prostate cancer. Mol Ther. 2021;S1525-0016(21)00423-8.

	7.	 Wermke M, Camgoz A, Paszkowski-Rogacz M, Thieme S, von Bonin M, 
Dahl A, et al. RNAi profiling of primary human AML cells identifies ROCK1 
as a therapeutic target and nominates fasudil as an antileukemic drug. 
Blood. 2015;125:3760–8.

	8.	 Park J, Kim GH, Lee J, Phuong BTC, Kong B, Won JE, et al. MST2 silencing 
induces apoptosis and inhibits tumor growth for estrogen recep-
tor alpha-positive MCF-7 breast cancer. Toxicol Appl Pharmacol. 
2020;408:115257.

https://doi.org/10.1186/s12943-021-01451-2
https://doi.org/10.1186/s12943-021-01451-2
http://cancergenome.nih.gov/
http://cancergenome.nih.gov/
http://gepia.cancer-pku.cn/
http://www.proteinatlas.org


Page 8 of 8Chen et al. Molecular Cancer          (2021) 20:147 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Mittal S, Subramanyam D, Dey D, Kumar RV, Rangarajan A. Cooperation 
of notch and Ras/MAPK signaling pathways in human breast carcinogen-
esis. Mol Cancer. 2009;8:128.

	10.	 Huang D, Ding Y, Luo WM, Bender S, Qian CN, Kort E, et al. Inhibition of 
MAPK kinase signaling pathways suppressed renal cell carcinoma growth 
and angiogenesis in vivo. Cancer Res. 2008;68:81–8.

	11.	 Du WW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. Foxo3 circular RNA 
retards cell cycle progression via forming ternary complexes with p21 
and CDK2. Nucleic Acids Res. 2016;44:2846–58.

	12.	 Sathe A, Grimes SM, Lau BT, Chen J, Suarez C, Huang RJ, et al. Single-cell 
genomic characterization reveals the cellular reprogramming of the 
gastric tumor microenvironment. Clin Cancer Res. 2020;26:2640–53.

	13.	 Harvey KF, Zhang X, Thomas DM. The hippo pathway and human cancer. 
Nat Rev Cancer. 2013;13:246–57.

	14.	 Pearson JD, Huang K, Pacal M, McCurdy SR, Lu S, Aubry A, et al. Binary 
pan-cancer classes with distinct vulnerabilities defined by pro- or anti-
cancer YAP/TEAD activity. Cancer Cell. 2021;39:1115–1134.e1112.

	15.	 Huang H, Zhang W, Pan Y, Gao Y, Deng L, Li F, et al. YAP suppresses lung 
squamous cell carcinoma progression via deregulation of the DNp63-
GPX2 Axis and ROS accumulation. Cancer Res. 2017;77:5769–81.

	16.	 Luo SY, Sit KY, Sihoe AD, Suen WS, Au WK, Tang X, et al. Aberrant large 
tumor suppressor 2 (LATS2) gene expression correlates with EGFR muta-
tion and survival in lung adenocarcinomas. Lung Cancer. 2014;85:282–92.

	17.	 Uhlen M, Zhang C, Lee S, Sjöstedt E, Fagerberg L, Bidkhori G, et al. A 
pathology atlas of the human cancer transcriptome. Science. 2017;357.

	18.	 Fan F, He Z, Kong LL, Chen Q, Yuan Q, Zhang S, et al. Pharmacological tar-
geting of kinases MST1 and MST2 augments tissue repair and regenera-
tion. Sci Transl Med. 2016;8:352ra108.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	STK3 promotes gastric carcinogenesis by activating Ras-MAPK mediated cell cycle progression and serves as an independent prognostic biomarker
	Main text
	Conclusions
	Acknowledgements
	References


