
Frontiers in Oncology | www.frontiersin.org

Edited by:
Tianbao Li,

Geneis (Beijing) Co. Ltd, China

Reviewed by:
Shenglei Li,

Zhengzhou University, China
Xiayun He,

Fudan University, China

*Correspondence:
Chang Chen

chenthoracic@126.com
Chenyang Dai

daichenyang@hotmail.com
Xin Shi

iskysx@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Cancer Genetics,
a section of the journal
Frontiers in Oncology

Received: 15 March 2021
Accepted: 12 April 2021
Published: 29 April 2021

Citation:
Gu C, Chen J, Dang X, Chen C,

Huang Z, Shen W, Shi X, Dai C and
Chen C (2021) Hippo Pathway Core
Genes Based Prognostic Signature
and Immune Infiltration Patterns in
Lung Squamous Cell Carcinoma.

Front. Oncol. 11:680918.
doi: 10.3389/fonc.2021.680918

ORIGINAL RESEARCH
published: 29 April 2021

doi: 10.3389/fonc.2021.680918
Hippo Pathway Core Genes Based
Prognostic Signature and Immune
Infiltration Patterns in Lung
Squamous Cell Carcinoma
Chang Gu1†, Jiafei Chen1†, Xuening Dang2,3†, Chunji Chen4†, Zhenyu Huang2,3,
Weidong Shen5, Xin Shi6*, Chenyang Dai1* and Chang Chen1*

1 Department of Thoracic Surgery, Shanghai Pulmonary Hospital, Tongji University School of Medicine, Shanghai, China,
2 Department of Colorectal and Anal Surgery, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai, China, 3 Shanghai Colorectal Cancer Research Center, Shanghai, China, 4 Department of Thoracic Surgery,
Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai, China, 5 Division of Functional Immunology, Institute
for Genetic Medicine, Hokkaido University, Hokkaido, Japan, 6 Department of Cardiology, Shanghai Chest Hospital,
Shanghai Jiao Tong University, Shanghai, China

Background: We investigated the prognostic effects and their patterns of immune
infiltration of hippo pathway core genes in lung squamous cell carcinoma, in order to
find some clues for underlying mechanisms of LUSC tumorigenesis and help developing
new therapeutic methods.

Methods: The mutational data, transcriptome data and corresponding clinical medical
information of LUSC patients were extracted from The Cancer Genome Atlas (TCGA)
database. Differential expression genes (DEGs) and Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG) analyses were explored. Survival
analysis for the hippo core genes and the prognostic model were performed. Immune
infiltration was estimated by CIBERSORT algorithm and some immune checkpoints-
related genes were further investigated.

Results: Overall, 551 LUSC samples were included in our study, consisting of 502 LUSC
tumor samples and 49 adjacent normal samples, respectively. There were 1910 up-
regulated DEGs and 2253 down-regulated DEGs were finally identified. The top five
mutational hippo pathway core genes were LATS1 (4%), WWC1 (2%), TAOK1 (2%),
TAOK3 (2%), and TAOK2 (2%), respectively. the mutation of LATS2 was highly associated
with co-mutational NF2 (P <0.05) and TAOK1 (P <0.05). In survival analyses, we found
only WWC1 (log-rank p = 0.046, HR = 1.32, 95% CI = 1–1.73) and LATS2 (log-rank p =
0.013, HR = 1.41, 95%CI = 1.08–1.86) had significant prognostic roles. After getting the
three subgroups according to the subtyping results, we demonstrated that T cell gamma
delta (p = 5.78e-6), B cell memory (p = 4.61e-4) and T cell CD4+ memory resting (p =
2.65e-5) had significant differences among the three groups. SIGLEC15 (P <0.01) and
CD274 (P <0.05) also had statistical differences among the three subgroups.
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Conclusions: Our study verified the prognostic roles of WWC1 and LATS2 in LUSC
patients. Immune checkpoints-related genes SIGLEC15 and CD274 had statistical
differences among the three subgroups, which may provide new perceptions on the
molecular mechanisms in LUSC and maybe helpful for precisely selecting specific LUSC
patients with potential immunotherapy benefits.
Keywords: the Hippo pathway, WWC1, LATS2, SIGLEC15, CD274, lung squamous cell carcinoma
INTRODUCTION

Lung cancer remains the first lethiferous neoplasm all around the
world (1–6). The outcomes of patients diagnosed with lung
squamous cell carcinoma (LUSC) are significant poorer than
those with lung adenocarcinoma (LUAD) (7, 8). Although the
number of newly emerging LUSC patients is far less than that of
LUAD patients, LUSC still poses threat to human health, given
the huge population base (9). Besides, unlike LUAD, there has
limited effective treatment for LUSC (10). Therefore, it is urgent
to find and develop novel approaches for the treatment of LUSC.

The process of tumorigenesis, development and metastasis of
lung cancer associates with dysregulation of many signaling
pathways (11). Of the signaling pathways, the Hippo signaling
pathway, considered as an evolutionarily conserved pathway,
regulates cell differentiation and organ development via
controlling the courses of cell proliferation and apoptosis (12).
The core components of the Hippo signaling pathway are verified
as a kinase cascade, which act directly on the primary downstream
effectors, the yes-associated protein (YAP) and the transcriptional
coactivator with PDZ-binding motif (TAZ) by phosphorylation,
and thereby suppressing transcription process of downstream
targeted genes (13). Recently, it has been proved that the
dysregulation of the Hippo signaling pathway lead to
tumorigenesis, development and metastasis of diverse tumors,
including lung adenocarcinoma (14), breast cancer (15),
hepatocellular carcinoma (16), gastric cancer (17) and so on.
However, fewer studies focus on the effects of the Hippo
signaling pathway on LUSC. Besides, Wang et al. (18) highlighted
the significance of Hippo signaling, including 18 core genes, in
LUSC through comprehensive molecular features. Therefore, it is
important to further explore the underlining mechanisms of hippo
pathway core genes in oncogenesis and progression of LUSC.

In recent years, cancer immunotherapy has been confirmed
and regarded as a vitally important treatment alternative for
cancer patients (19). With the clinical success of immune
checkpoint blockade and chimeric antigen receptor T (CAR-T)
cell therapies, a turning point has been reached in the field of
cancer immunotherapy (20). Given the low targeted-effective-
mutation frequency in LUSC, targeted therapy is not effective
enough for LUSC patients while cancer immunotherapy
provides improved treatment options for LUSC patients. In
this study, we investigated the prognostic effects and their
patterns of immune infiltration of hippo pathway core genes in
lung squamous cell carcinoma, in order to find some clues for
underlying mechanisms of LUSC tumorigenesis and help
developing new therapeutic methods.
2

MATERIALS AND METHODS

Data Acquisition
The mutational data, RNA-seq transcriptome data and
corresponding clinical medical information of LUSC patients
were extracted from The Cancer Genome Atlas (TCGA)
database (https://portal.gdc.cancer.gov/). Overall, 551 LUSC
samples were included in our study, consisting of 502 LUSC
tumor samples and 49 adjacent normal samples, respectively.

Selecting Differential Expression Genes
(DEGs) and Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes
(KEGG) Analyses
The differential expression of mRNAs was obtained by “Limma”
package. An adjusted-P value was used for reducing the false
positive rate. We defined DEGs as adjusted-P value less than 0.05
and the absolute value of log(Fold Change) more than 1. Then,
the DEGs’ corresponding GO and KEGG pathways were further
analyzed using “ClusterProfiler” package for acquiring the
potential targets and enriched pathways (21–23).

Mutational Analysis
There are 18 hippo pathway core genes were identified, including
NF2, WWC1, TAOK1-2, TAOK3, FRMD6, SAV1, STK-4,
MOB1A/B, LATS1-2, YAP1, TAZ, and TEAD1-4 (18). The
somatic mutations of 18 hippo pathway core genes, co-occurrence
patterns (by Fisher’s exact test), oncogenic pathways in LUSC
patients were identified and visualized by maftools package.

Correlation Analysis
Spearman’s correlation analysis was utilized for describing the
correlation between quantitative variables without a normal
distribution. Multi-gene correlation analysis were performed
and visualized by heatmap. P <0.05 was defined having
statistical significance.

Survival Analysis and the Development of
Prognostic Model
All the mRNA expressions of 18 hippo pathway core genes were
calculated and patients were separated by the median expression
level of each gene (high expressed group and low express group).
The Kaplan–Meier (KM) survival analyses were used to compare
the survival difference between low and high expressed groups
based on each hippo pathway core gene group, with log-rank
test. Then, the univariate and multivariate Cox analyses were
performed to predict the prognostic significance for overall
April 2021 | Volume 11 | Article 680918
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survival (OS). After obtaining prognostic hippo pathway core
genes in multivariate Cox analysis, all the prognostic genes and
relevant clinical characteristics were included for the nomogram
modeling, with 1, 2, 3, 5 survival prediction scores. Then, the
calibration curves for each year were also drawn.

R package “ConsensusClusterPlus” was used for consistency
analysis and the maximum number of clusters is 6. Besides, four
fifth of the total sample is drawn 100 times, clusterAlg = “hc,”
innerLinkage = “ward.D2.” Clustering heatmaps were then drawn
by R package “pheatmap.” The gene expression heatmap retains
genes with SD > 0.1. If the number of input genes is more than
1000, it will extract the top 25% genes after sorting the SD.

Analysis of Immune Infiltration and
Immune Checkpoints-Related Gene
Expression
We estimated immune infiltration by The “Cell type
Identification By Estimating Relative Subsets Of RNA
Transcripts (CIBERSORT)” algorithm, which provides an
Frontiers in Oncology | www.frontiersin.org 3
estimation of the abundances of member cell types in a mixed
cell population (24). The visualization of the results were realized
by “ggplot2” and “pheatmap” packages in R software. We
selected some immune checkpoints-related genes for analysis,
containing CD274, CTLA4, HAVCR2, LAG3, PDCD1,
PDCD1LG2, TIGIT, and SIGLEC15. And the expression of the
eight genes in different LUSC groups were studied.
RESULTS

Overall, 551 LUSC samples were included in our study,
consisting of 502 LUSC tumor samples and 49 adjacent
normal samples, respectively. There were 1910 up-regulated
DEGs and 2253down-regulated DEGs were finally identified.
The volcano plot (Figure 1A) and heatmap (Figure 1B) of DEGs
were constructed. The GO and KEGG analyses were further used
for up-regulated and down-regulated DEGs, respectively. The
top three KEGG pathways in up-regulated DEGs were human
A B

C

FIGURE 1 | Differentially expressed genes (DEGs) in patients with lung squamous cell carcinoma (LUSC). (A) DEGs between tumor and normal tissues; (B) heatmap
for DEGs in all the LUSC samples; (C) the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses for up- and down-regulated
DEGs, respectively.
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papillomavirus infection, cell cycle and RNA transport,
respectively. While the top three KEGG pathways in down-
regulated DEGs were cytokine–cytokine receptor interaction, cell
adhesion molecules (CAMs) and phagosome, respectively. In GO
analyses, the top three GO pathways in up-regulated DEGs were
skin development, nuclear division and organelle fission,
respectively. While the top three GO pathways in down-
regulated DEGs were neutrophil degranulation, neutrophil
activation involved in immune response and second-
messenger-mediated signaling, respectively (Figure 1C).

In mutational analyses, 97 (19.72%) patients contained the
mutational hippo pathway core genes in 492 LUSC patients. The
top five mutational hippo pathway core genes were LATS1 (4%),
WWC1 (2%), TAOK1 (2%), TAOK3 (2%) and TAOK2 (2%),
respectively (Figure 2A). The co-occurrence patterns of the 18
hippo pathway core genes were then analyzed and we found the
mutation of LATS2 was highly associated with co-mutational
NF2 (P <0.05) and TAOK1 (P <0.05) (Figure 2B). Moreover, the
oncogenic pathways were enriched (Figure 2C) and we further
displayed the hippo pathway in oncogenic pathways
(Figure 2D).

Most of the 18 hippo pathway core genes had positive
correlations while four pairs had negative correlations in LUSC
samples (Figure 3). Then, the survival analyses were performed,
we found only WWC1 (log-rank p = 0.046, HR = 1.32, 95%CI =
1–1.73) (Figure 4A) and LATS2 (log-rank p = 0.013, HR = 1.41,
95%CI = 1.08–1.86) had significant prognostic roles in TCGA
database (Figure 4B). Afterward, WWC1, LATS2, and related
clinical factors were all included in Cox analyses. In univariate
Frontiers in Oncology | www.frontiersin.org 4
Cox proportional hazards regression, WWC1, LATS2, pT stage
and pTNM stage were all significant independent prognostic
factors for overall survival (OS). We built a nomogram for LUSC
patients, with the c index as 0.644 (p <0.001, 95%CI = 0.569–
0.719) (Figure 5).

In subtyping analyses, we selected k = 3 as the cutoff value to
develop subtyping groups (Figure 6). After getting the three
subgroups according to the subtyping results, the immune
infiltration of the three groups were compared by CIBERSORT
algorithm. We demonstrated that T cell gamma delta (p = 5.78e-
6), B cell memory (p = 4.61e-4) and T cell CD4+ memory resting
(p = 2.65e-5) had significant differences among the three groups
(Figure 7A). Besides, the proportions of 22 types of immune cells
were shown for each LUSC patient by a histogram (Figure 7B).
At last, we explored the expressed differences based on 8 immune
checkpoints-related genes, which indicated that SIGLEC15
(P <0.01) and CD274 (P <0.05) had statistical differences
among the three subgroups (Figure 8).
DISCUSSION

Although many novel biomarkers and prognostic models for
lung cancer have been validated and applied, there still have
limited effective treatment strategy for lung squamous cell
carcinoma (10, 25–27). In this study, we explored the 18 hippo
pathway core genes in LUSC cohort and demonstrated WWC1
and LATS2 had significant prognostic roles and a nomogram has
been developed based on the above two genes and relevant
A B

C D

FIGURE 2 | Mutation patterns of LUSC patients. (A) Oncoplot displays the mutational patterns of 18 hippo core genes in 97 LUSC patients; (B) the co-expression
patterns of 18 hippo core genes in LUSC patients; (C) the enriched oncogenic pathways; (D) the hippo pathway in enriched oncogenic pathways.
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clinical factors. After subtyping, there has significant differences in
the immune infiltration among the three subgroups and CD274
and SIGLEC15 may acted as potential immunotherapeutic targets
for high-risk LUSC patients.

In survival analyses, WWC1 (log-rank p = 0.046, HR = 1.32,
95%CI = 1–1.73) and LATS2 (log-rank p = 0.013, HR = 1.41, 95%
Frontiers in Oncology | www.frontiersin.org 5
CI = 1.08–1.86) had significant prognostic roles. WWC1, WW
and C2 domain containing 1 (also named KIBRA), binds with
NF2 and helps NF2 to regulate LATS1/2 in vitro (28). Besides,
WWC1 has been proved to have vital role in various cancers.
Knight et al. (29) identified WWC1 as a primary factor leading to
the effects of 5q loss on the processes of growth and metastasis in
A B

FIGURE 4 | Survival curves according to the expression of (A) WWC1; (B) LATS2.
FIGURE 3 | Correlation analysis among 18 hippo core genes in LUSC patients.
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A B

C D

FIGURE 6 | Identification of consensus clusters according to the expression similarity of hippo core genes. (A) Cumulative distribution function (CDF)(k = 2–6);
(B) Relative change in area under CDF curve (k = 2–6); (C) the matrix of consensus clustering (k = 3); (D) heatmap of m6A-related gene expression in different
subgroups, red represents high expression while blue represents low expression.
A B

C D

FIGURE 5 | The identification of prognostic factor for OS and the development of nomogram. (A) Univariate Cox analysis; (B) multivariate Cox analysis;
(C) nomogram for OS in LUSC patients; (D) the calibration curves for each year.
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A

B

FIGURE 7 | Immune infiltration estimated by CIBERSORT algorithm. (A) Immune cell score heat map; (B) the proportions of 22 types of immune cells were shown
for each LUSC patient by a histogram. *p < 0.05, **p < 0.01, ***p < 0.001.
FIGURE 8 | The expression distributions of 8 immune checkpoints-related genes in LUSC subgroups. *p < 0.05, **p < 0.01.
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triple-negative breast cancer (TNBC). Moleirinho et al. (30)
demonstrated that WWC1 deficiency showed epithelial-to-
mesenchymal transition (EMT) features, with decreased
phosphorylation of YAP and LATS. In addition, they also
found low WWC1 expression was associated with poor
outcomes in primary breast cancer. In our study, the high
expression of WWC1 displayed a worse prognosis when
compared with those with low WWC1 expression in LUSC
patients . LATS2, large tumor suppressor kinase 2,
phosphorylates and inactivates YAP/TAZ (31). In non-small
cell lung cancer (NSCLC) cells, the expression and
transcription of LATS2 was suppressed by long non-coding
RNA AGAP2-AS1, thereby inhibited NSCLC development and
progression (32). Similar results was obtained by another
research, 73 NSCLC and 22 normal tissues were collected and
immunohistochemistry was used for further analysis. They
found LATS2 acted as an independent prognostic factor for
NSCLC patients and the higher expressed group had significant
better survival (33). However, in this study, we found an opposite
result, that is patients with high LATS2 expression had worse OS.
The reasons would be the following: (1) the objects of the above
two researches were all NSCLCs, but in our study, only LUSC
cohort was enrolled. LUAD accounted for the majority of
NSCLC and the high expression of LATS2 acted as a
protective factor for OS in LUAD patients (log-rank p = 3.9e-
9, HR = 0.47, 95%CI = 0.36–0.6. Data obtained by K-M plotter
and it was not shown). The effects of LATS2 in LUAD may
neutralize that in LUSC when the whole NSCLC patients were
included; (2) a great heterogeneity is existed in lung cancer,
especially in advanced-stage lung cancer, which may cause
some bias.

After getting the three subgroups according to the subtyping
results, the immune infiltration of the three groups were
compared by CIBERSORT algorithm. We demonstrated that T
cell gamma delta (p = 5.78e-6), B cell memory (p = 4.61e-4) and
T cell CD4+ memory resting (p = 2.65e-5) had significant
differences among the three groups. The above results meant
the three subgroups divided by 18 hippo pathway core genes had
good ability to distinguish patients with different immune status.
Furthermore, it would be helpful for precise selection of LUSC
patients who need immunotherapy. We also explored the
expressed differences based on 8 immune checkpoints-related
genes, which indicated that SIGLEC15 (P <0.01) and CD274
(P <0.05) had statistical differences among the three subgroups.
CD274 (ligand programmed death-ligand 1, PD-L1) can
negatively modulate T-cell antitumor activity via binding to
the PD-1 receptor on the T cells (34). Therefore, anti-PD-1
therapy has an extensive use in almost all types of cancer. It has
been verified that PD-L1 expression was associated with T-cell
infiltration (35). In our study, we found a synchronous
significant differences in PD-L1 expression and T-cell
infiltration among the three subtypes, which was similar to
previous studies. Overexpression of PD-L1 in tumor
microenvironment is the main immune evasion mechanism in
some cancer patients. SIGLEC15, acted as an immune
suppressor, inhibits antigen-specific T cell responses in vitro
Frontiers in Oncology | www.frontiersin.org 8
and in vivo and its expression was mutually exclusive to PD-L1,
which means SIGLEC15 could be a promising target in patients
with noneffective PD-L1 therapy (36).

There are still some limitations in this study. First, although
the data of LUSC patients were extracted from TCGA, the
number of patients is still limited; second, all the patients were
from Western populations and the molecular features of Eastern
populations are still unknown. Third, there is no validation by
our own LUSC cohort.

In conclusions, our study verified the prognostic roles of
WWC1 and LATS2 in LUSC patients. After subtyping by hippo
core genes, T cell gamma delta, B cell memory and T cell CD4+
memory resting had significant differences among the three
subgroups. Immune checkpoints-related genes SIGLEC15 and
CD274 had statistical differences among the three subgroups,
which may provide new perceptions on the molecular
mechanisms in LUSC and maybe helpful for precisely selecting
specific LUSC patients with potential immunotherapy benefits.
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories
and accession number(s) can be found in the article/
Supplementary Material.
AUTHOR CONTRIBUTIONS

Conception and design: CG, CC, CD, and XS. Administrative
support: CC and CD. Collection and assembly of data: CG, JC,
ZH, and CJC. Data analysis and interpretation: CG, JC, ZH, and
CJC. Manuscript writing: all authors. All authors contributed to
the article and approved the submitted version.
FUNDING

This work was funded by the National Natural Science Foundation
of China (81900280) and Shanghai Sailing Program
(19YF1431600), the National Natural Science Foundation of
China (81802256), the “Chen Guang” project supported by
Shanghai Municipal Education Commission and Shanghai
Education Development Foundation (18CG19) and the
“Outstanding Young Talent” project supported by Shanghai
Pulmonary Hospital (FKYQ1907), Shanghai Rising Star
Program (20QA1408300), Clinical Research Plan of Shanghai
Hospi ta l Development Center (SHDC2020CR4028,
SHDC2020CR1021B), National Key Research and Development
Project (2019YFE0101200), Fundamental Research Funds for the
Central Universities (22120180607), Shanghai Science and
Technology Committee (20YF1441100 & 20XD1403000 &
18DZ2293400), Shanghai Municipal Health Commission
(2019SY072 & 2018ZHYL0102), Shanghai Pulmonary Hospital
April 2021 | Volume 11 | Article 680918

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gu et al. Hippo Core Genes in LUSC
Innovation group project (Shanghai pulmonary hospital
Innovation group project–“Chang Chen”) the Clinical Research
Project of Shanghai Pulmonary Hospital (FK18001 & FK1904 &
FKGG1805 & FK1936 & FK1943 & FKLY20007 & FKCX1906),
Clinical Research Foundation of Shanghai Pulmonary Hospital
(FK1944), and the “Outstanding young talent” project supported
by Shanghai Pulmonary Hospital (FKYQ1907).
Frontiers in Oncology | www.frontiersin.org 9
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.680918/
full#supplementary-material

Supplementary Table 1 | The gene matrix of LUSC patients in TCGA database.
REFERENCES
1. Gu C, Huang Z, Dai C, Wang Y, Ren Y, She Y, et al. Prognostic Analysis of

Limited Resection Versus Lobectomy in Stage Ia Small Cell Lung Cancer
Patients Based on the Surveillance, Epidemiology, and End Results Registry
Database. Front Genet (2018) 9:568. doi: 10.3389/fgene.2018.00568

2. Gu C, Pan X, Chen Y, Yang J, Zhao H, Shi J. Short-Term and Mid-Term
Survival in Bronchial Sleeve Resection by Robotic System Versus
Thoracotomy for Centrally Located Lung Cancer. Eur J Cardiothorac Surg
(2018) 53(3):648–55. doi: 10.1093/ejcts/ezx355

3. Gu C, Wang R, Pan X, Huang Q, Zhang Y, Yang J, et al. Sublobar Resection
Versus Lobectomy in Patients Aged </=35 Years With Stage IA non-Small
Cell Lung Cancer: A SEER Database Analysis. J Cancer Res Clin Oncol (2017)
143(11):2375–82. doi: 10.1007/s00432-017-2499-y

4. Gu C, Wang R, Pan X, Huang Q, Luo J, Zheng J, et al. Comprehensive Study
of Prognostic Risk Factors of Patients Underwent Pneumonectomy. J Cancer
(2017) 8(11):2097–103. doi: 10.7150/jca.19454

5. Chen J, Gu C, Chen X, Dai C, Zhao S, Xie H, et al. Clinicopathological and
Prognostic Analyses of 86 Resected Pulmonary Lymphoepithelioma-Like
Carcinomas. J Surg Oncol (2021) 123(2):544–52. doi: 10.1002/jso.26276

6. Chen C, Zhang X, Gu C, Wang Y, Liu K, Pan X, et al. Surgery Performed
At Night by Continuously Working Surgeons Contributes to a Higher
Incidence of Intraoperative Complications in Video-Assisted Thoracoscopic
Pulmonary Resection: A Large Monocentric Retrospective Study. Eur
J Cardiothorac Surg (2020) 57(3):447–54. doi: 10.1093/ejcts/ezz253

7. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer J Clin
(2020) 70(1):7–30. doi: 10.3322/caac.21590

8. Gu C, Pan X, Wang R, Li Y, Shen X, Shi J, et al. Analysis of Mutational and
Clinicopathologic Characteristics of Lung Adenocarcinoma With Clear Cell
Component. Oncotarget (2016) 7(17):24596–603. doi: 10.18632/oncotarget.
8258

9. Huang Y, Wang R, Pan Y, Zhang Y, Li H, Cheng C, et al. Clinical and Genetic
Features of Lung Squamous Cell Cancer in Never-Smokers. Oncotarget (2016)
7(24):35979–88. doi: 10.18632/oncotarget.8745

10. Yuan Y, Huang Q, Gu C, Chen H. Disease-Free Survival Improved by Use of
Adjuvant EGFR Tyrosine Kinase Inhibitors in Resectable non-Small Cell Lung
Cancer: An Updated Meta-Analysis. J Thorac Dis (2017) 9(12):5314–21. doi:
10.21037/jtd.2017.12.58

11. Gu C, Shi X, Huang Z, Chen J, Yang J, Shi J, et al. A Comprehensive Study of
Construction and Analysis of Competitive Endogenous RNA Networks in
Lung Adenocarcinoma. Biochim Biophys Acta Proteins Proteom (2020) 1868
(8):140444. doi: 10.1016/j.bbapap.2020.140444

12. Yu FX, Guan KL. The Hippo Pathway: Regulators and Regulations. Genes Dev
(2013) 27(4):355–71. doi: 10.1101/gad.210773.112

13. Tapon N, Harvey KF, Bell DW, Wahrer DC, Schiripo TA, Haber D, et al.
Salvador Promotes Both Cell Cycle Exit and Apoptosis in Drosophila and is
Mutated in Human Cancer Cell Lines. Cell (2002) 110(4):467–78. doi:
10.1016/S0092-8674(02)00824-3

14. Gu C, Huang Z, Chen X, Liu C, Rocco G, Zhao S, et al. TEAD4 Promotes
Tumor Development in Patients With Lung Adenocarcinoma Via ERK
Signaling Pathway. Biochim Biophys Acta Mol Basis Dis (2020) 1866
(12):165921. doi: 10.1016/j.bbadis.2020.165921

15. Mussell A, Shen H, Chen Y, Mastri M, Eng KH, Bshara W, et al. Usp1
Regulates Taz Protein Stability Through Ubiquitin Modifications in
Breast Cancer. Cancers (Basel) (2020) 12(11):3090. doi: 10.3390/cancers
12113090

16. Hao WC, Zhong QL, Pang WQ, Dian MJ, Li J, Han LX, et al. MST4 Inhibits
Human Hepatocellular Carcinoma Cell Proliferation and Induces Cell Cycle
Arrest Via Suppression of PI3K/AKT Pathway. J Cancer (2020) 11(17):5106–
17. doi: 10.7150/jca.45822

17. Tiffon C, Giraud J, Molina-Castro SE, Peru S, Seeneevassen L, Sifre E, et al. Taz
Controls Helicobacter Pylori-Induced Epithelial-Mesenchymal Transition
and Cancer Stem Cell-Like Invasive and Tumorigenic Properties. Cells
(2020) 9(6):1462. doi: 10.3390/cells9061462

18. Wang Y, Xu X, Maglic D, Dill MT, Mojumdar K, Ng PK, et al. Comprehensive
Molecular Characterization of the Hippo Signaling Pathway in Cancer. Cell
Rep (2018) 25(5):1304–17.e5. doi: 10.1016/j.celrep.2018.10.001

19. Hegde PS, Chen DS. Top 10 Challenges in Cancer Immunotherapy. Immunity
(2020) 52(1):17–35. doi: 10.1016/j.immuni.2019.12.011

20. Yang Y. Cancer Immunotherapy: Harnessing the Immune System to Battle
Cancer. J Clin Invest (2015) 125(9):3335–7. doi: 10.1172/JCI83871

21. Shi X, Huang T, Wang J, Liang Y, Gu C, Xu Y, et al. Next-Generation
Sequencing Identifies Novel Genes With Rare Variants in Total Anomalous
Pulmonary Venous Connection. EBioMedicine (2018) 38:217–27. doi:
10.1016/j.ebiom.2018.11.008

22. Shi X, Cheng L, Jiao X, Chen B, Li Z, Liang Y, et al. Rare Copy Number
Variants Identify Novel Genes in Sporadic Total Anomalous Pulmonary Vein
Connection. Front Genet (2018) 9:559. doi: 10.3389/fgene.2018.00559

23. Gu C, Shi X, Dang X, Chen J, Chen C, Chen Y, et al. Identification of Common
Genes and Pathways in Eight Fibrosis Diseases. Front Genet (2020) 11:627396.
doi: 10.3389/fgene.2020.627396

24. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods
(2015) 12(5):453–7. doi: 10.1038/nmeth.3337

25. Gu C, Chen C. Methylation in Lung Cancer: A Brief Review.Methods Mol Biol
(2020) 2204:91–7. doi: 10.1007/978-1-0716-0904-0_8

26. Gu C, Shi X, Dai C, Shen F, Rocco G, Chen J, et al. Rna m6A Modification in
Cancers: Molecular Mechanisms and Potential Clinical Applications.
Innovation (2020) 1(3):100066. doi: 10.1016/j.xinn.2020.100066

27. Gu C, Shi X, Qiu W, Huang Z, Yu Y, Shen F, et al. Comprehensive Analysis of
the Prognostic Role and Mutational Characteristics of M6a-Related Genes in
Lung Squamous Cell Carcinoma. Front Cell Dev Biol (2021) 9:661792. doi:
10.3389/fcell.2021.661792

28. Park J, Kim JS, Nahm JH, Kim SK, Lee DH, Lim DS. WWC1 and NF2 Prevent
the Development of Intrahepatic Cholangiocarcinoma by Regulating Yap/Taz
Activity Through LATS in Mice.Mol Cells (2020) 43(5):491–9. doi: 10.14348/
molcells.2020.0093

29. Knight JF, Sung VYC, Kuzmin E, Couzens AL, de Verteuil DA, Ratcliffe CDH,
et al. Kibra (Wwc1) Is a Metastasis Suppressor Gene Affected by Chromosome
5q Loss in Triple-Negative Breast Cancer. Cell Rep (2018) 22(12):3191–205.
doi: 10.1016/j.celrep.2018.02.095

30. Moleirinho S, Chang N, Sims AH, Tilston-Lunel AM, Angus L, Steele A, et al.
KIBRA Exhibits MST-independent Functional Regulation of the Hippo
Signaling Pathway in Mammals. Oncogene (2013) 32(14):1821–30. doi:
10.1038/onc.2012.196

31. Gu Y, Wang Y, Wang Y, Luo J, Wang X, Ma M, et al. Hypermethylation of
LATS2 Promoter and Its Prognostic Value in IDH-Mutated Low-Grade
Gliomas. Front Cell Dev Biol (2020) 8:586581. doi: 10.3389/fcell.2020.586581

32. Li W, Sun M, Zang C, Ma P, He J, Zhang M, et al. Upregulated Long non-
Coding RNA Agap2-AS1 Represses LATS2 and KLF2 Expression Through
Interacting With EZH2 and LSD1 in non-Small-Cell Lung Cancer Cells. Cell
Death Dis (2016) 7:e2225. doi: 10.1038/cddis.2016.126

33. Wu A, Li J, Wu K, Mo Y, Luo Y, Ye H, et al. LATS2 as a Poor Prognostic
Marker Regulates non-Small Cell Lung Cancer Invasion by Modulating
MMPs Expression. BioMed Pharmacother (2016) 82:290–7. doi: 10.1016/
j.biopha.2016.04.008
April 2021 | Volume 11 | Article 680918

https://www.frontiersin.org/articles/10.3389/fonc.2021.680918/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.680918/full#supplementary-material
https://doi.org/10.3389/fgene.2018.00568
https://doi.org/10.1093/ejcts/ezx355
https://doi.org/10.1007/s00432-017-2499-y
https://doi.org/10.7150/jca.19454
https://doi.org/10.1002/jso.26276
https://doi.org/10.1093/ejcts/ezz253
https://doi.org/10.3322/caac.21590
https://doi.org/10.18632/oncotarget.8258
https://doi.org/10.18632/oncotarget.8258
https://doi.org/10.18632/oncotarget.8745
https://doi.org/10.21037/jtd.2017.12.58
https://doi.org/10.1016/j.bbapap.2020.140444
https://doi.org/10.1101/gad.210773.112
https://doi.org/10.1016/S0092-8674(02)00824-3
https://doi.org/10.1016/j.bbadis.2020.165921
https://doi.org/10.3390/cancers12113090
https://doi.org/10.3390/cancers12113090
https://doi.org/10.7150/jca.45822
https://doi.org/10.3390/cells9061462
https://doi.org/10.1016/j.celrep.2018.10.001
https://doi.org/10.1016/j.immuni.2019.12.011
https://doi.org/10.1172/JCI83871
https://doi.org/10.1016/j.ebiom.2018.11.008
https://doi.org/10.3389/fgene.2018.00559
https://doi.org/10.3389/fgene.2020.627396
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1007/978-1-0716-0904-0_8
https://doi.org/10.1016/j.xinn.2020.100066
https://doi.org/10.3389/fcell.2021.661792
https://doi.org/10.14348/molcells.2020.0093
https://doi.org/10.14348/molcells.2020.0093
https://doi.org/10.1016/j.celrep.2018.02.095
https://doi.org/10.1038/onc.2012.196
https://doi.org/10.3389/fcell.2020.586581
https://doi.org/10.1038/cddis.2016.126
https://doi.org/10.1016/j.biopha.2016.04.008
https://doi.org/10.1016/j.biopha.2016.04.008
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gu et al. Hippo Core Genes in LUSC
34. Lee LH, Cavalcanti MS, Segal NH, Hechtman JF, Weiser MR, Smith JJ, et al.
Patterns and Prognostic Relevance of PD-1 and PD-L1 Expression in
Colorectal Carcinoma. Mod Pathol (2016) 29(11):1433–42. doi: 10.1038/
modpathol.2016.139

35. Shanes ED, Friedman LA, Mills AM. Pd-L1 Expression and Tumor-
infiltrating Lymphocytes in Uterine Smooth Muscle Tumors: Implications
for Immunotherapy. Am J Surg Pathol (2019) 43(6):792–801. doi: 10.1097/
PAS.0000000000001254

36. Wang J, Sun J, Liu LN, Flies DB, Nie X, Toki M, et al. Siglec-15 as an Immune
Suppressor and Potential Target for Normalization Cancer Immunotherapy.
Nat Med (2019) 25(4):656–66. doi: 10.1038/s41591-019-0374-x
Frontiers in Oncology | www.frontiersin.org 10
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Gu, Chen, Dang, Chen, Huang, Shen, Shi, Dai and Chen. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
April 2021 | Volume 11 | Article 680918

https://doi.org/10.1038/modpathol.2016.139
https://doi.org/10.1038/modpathol.2016.139
https://doi.org/10.1097/PAS.0000000000001254
https://doi.org/10.1097/PAS.0000000000001254
https://doi.org/10.1038/s41591-019-0374-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Hippo Pathway Core Genes Based Prognostic Signature and Immune Infiltration Patterns in Lung Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Data Acquisition
	Selecting Differential Expression Genes (DEGs) and Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) Analyses
	Mutational Analysis
	Correlation Analysis
	Survival Analysis and the Development of Prognostic Model
	Analysis of Immune Infiltration and Immune Checkpoints-Related Gene Expression

	Results
	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


