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Extra spindle pole bodies-like 1 (ESPL1), a cysteine endopeptidase, plays a vital role in
chromosome inheritance. However, the association of ESPL1 with prognosis and immune
infiltration in lung adenocarcinoma (LUAD) has not yet been explored. Here, we analyzed
the expression level, prognostic values, diagnostic value, and immune infiltration level in
LUAD using various databases. Immunohistochemistry (IHC) and quantitative real-time
PCR (gRT-PCR) assays were used to detect the expression of ESPL1 in LUAD tissues
and cell lines. In this study, we found that ESPL1 was upregulated in LUAD and a higher
expression of ESPL1 was correlated with unfavorable prognosis in LUAD. Meanwhile, Cox
hazard regression analysis results suggested that ESPL1 may be an independent
prognostic factor for LUAD. Moreover, we demonstrated that ESPL1 expression was
significantly correlated with immune infiltration of Th2 and dendritic cells in LUAD. We also
confirmed that DNA copy number amplification and DNA hypo-methylation were positively
correlated with ESPL1 expression in LUAD. Additionally, DNA copy number amplification
was significantly associated with adverse clinical outcomes in LUAD. Kyoto Encyclopedia
of Genes and Genomes (KEGG) and gene set enrichment analysis (GSEA) confirmed that
ESPL1 was mainly involved in the DNA replication and glycolysis signaling pathway.
Finally, we revealed that ESPL1 was highly expressed in LUAD tissues and cell lines.
Knockdown of ESPL1 significantly inhibited cell migration and the invasion abilities of
LUAD. Our study comprehensively confirmed that ESPL1 expression may serve as a novel
prognostic biomarker for both the clinical outcome and immune cell infiltration in LUAD.

Keywords: extra spindle pole bodies-like 1, lung adenocarcinoma, prognosis biomarker, DNA methylation,
immune infiltration

Frontiers in Oncology | www.frontiersin.org

1 June 2022 | Volume 12 | Article 930647


https://www.frontiersin.org/articles/10.3389/fonc.2022.930647/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.930647/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.930647/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.930647/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:dingjianyang2022@163.com
mailto:1149155183@qq.com
mailto:chunyan740729@sina.com
https://doi.org/10.3389/fonc.2022.930647
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.930647
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.930647&domain=pdf&date_stamp=2022-06-22

Nie et al.

Role of ESPL1 in LUAD

INTRODUCTION

Lung cancer is the leading cause of cancer-related death
worldwide, according to Cancer Statistics 2022 (1). The
incidence rate of lung cancer ranks second, while the death
rate of lung cancer ranks first (2). Lung cancer includes small cell
lung carcinoma (SCLC) and non-small cell lung carcinoma
(NSCLC). NSCLC includes lung adenocarcinoma (ADC), lung
squamous cell carcinoma (SCC), and large-cell lung carcinoma.
The NSCLC cancer accounts for approximately 85% of all cases
(3). With the development of medical technology, a variety of
treatment methods have emerged, while the 5-year survival rate
and prognosis of LUAD patient remain disappointing (4).
Immune checkpoint inhibitors targeting programmed cell
death protein 1 (PD1) or programmed death ligand 1 (PD-L1)
have already substantially improved the outcomes of patients
with many types of cancer, but only 20%-40% of patients benefit
from these therapies (5). Therefore, it will be helpful for
improving the effect of immunotherapy to find the indicators
of immune infiltration and explore its possible mechanism.

ESPLLI, a cysteine endopeptidase, plays an important role in
modulating the chromosome inheritance (6). It has been
confirmed that ESPL1 was overexpressed in glioma and
associated with the pathological features and poor prognostics
in glioma patients (7). Jiang et al. found that ESPL1 was higher in
chronic HBV infection patients and maybe as a biomarker for
screening HBV-related hepatocellular carcinoma (HCC) and
monitoring recurrence (8). Studies reported that ESPL1 was
elevated in endometrial cancer, and its higher expression
correlated with late stage and higher tumor grade (9).
However, the upstream regulatory mechanisms, the correlation
between ESPL1 and clinical outcomes, and immune cell
infiltration in LUAD patients remain unclear.

In the present study, we determine the expression pattern,
prognostic value, and diagnostic value of ESPL1 by using The
Cancer Genome Atlas (TCGA) and the Gene Expression
Omnibus (GEO) datasets. Functional gene/protein association
network and functional enrichment were analyzed by
GeneMANINA and STRING databases. The TIMER and
TISIDB databases were used to examine the potential
relationship of ESPL1 expression with immune cell infiltration
in LUAD, and Spearman’s correlation was used to evaluate

Abbreviations: ACC, Adrenocortical carcinoma; BLCA, Bladder Urothelial
Carcinoma; BRCA, Breast invasive carcinoma; CESC, Cervical squamous cell
carcinoma and endocervical adenocarcinoma; CHOL, Cholangiocarcinoma;
COAD, Colon adenocarcinoma; DLBC, Lymphoid Neoplasm Diffuse Large B-
cell Lymphoma; ESCA, Esophageal carcinoma; GBM, Glioblastoma multiforme;
HNSC, Head and Neck squamous cell carcinoma; KICH, Kidney Chromophobe;
KIRC, Kidney renal clear cell carcinoma; KIRP, Kidney renal papillary cell
carcinoma; LAML, Acute Myeloid Leukemia; THCA, Thyroid carcinoma;
UCEC, Uterine Corpus Endometrial Carcinoma; UCS, Uterine Carcinosarcoma;
LGG, Brain Lower Grade Glioma; LIHC, Liver hepatocellular carcinoma; LUAD,
Lung adenocarcinoma; LUSC, Lung squamous cell carcinoma; MESO,
Mesothelioma; OV, Ovarian serous cystadenocarcinoma; PAAD, Pancreatic
adenocarcinoma; PCPG, Pheochromocytoma and Paraganglioma; PRAD,
Prostate adenocarcinoma; READ, Rectum adenocarcinoma; SARC, Sarcoma;
SKCM, Skin Cutaneous Melanoma; STAD, Stomach adenocarcinoma; TGCT,
Testicular Germ Cell Tumors; THYM, Thymoma; UVM, Uveal Melanoma.

samples from the TIMER and GEPIA databases. IHC and
qRT-PCR assay were used to detect the expression of ESPLI in
LUAD tissues and cell lines. Transwell and wound healing assays
were used to determine the potential function of ESPL1 on
LUAD cell migration and invasion abilities.

MATERIALS AND METHODS

ESPL1 Expression Level and

Prognosis Analysis

ESPL1 expression data and patient clinical data were
downloaded from the TCGA data portal (website: https://www.
cbioportal.org/; dataset: TCGA, LUAD) (10). In this study, we
used it to analyze the association between ESPL1 expression and
clinical features. Meanwhile, we also explored the diagnostic
value and prognostic value of ESPL1 in LUAD. We used the
Human Protein Atlas (HPA: https://www.proteinatlas.org/)
database to determine the protein level of ESPL1 in lung
cancer and normal tissues (11).

PrognoScan Database Analysis

The PrognoScan database (http://www.abren.net/PrognoScan/)
(12), including various GEO datasets in this study, was used to
determine the overall survival of ESPL1 in different lung cancer-
related GEO datasets. The threshold was Cox p-value < 0.05.

LinkedOmics Database

LinkedOmics (http://www.linkedomics.org/login.php) is a
publicly available portal that includes the multi-omics data of
TCGA pan-cancer. In this study, we used to determine the genes
that were correlated with ESPL1 in LUAD.

Gene-Gene and Protein-Protein
Interaction Network of ESPL1

We constructed the gene-gene and protein—protein interaction
network of ESPL1 by using the STRING database (https://string-
db.org/) and GeneMANIA (http://www.genemania.org) (13, 14).

CancerSEA Database

CancerSEA (http://biocc.hrbmu.edu.cn/CancerSEA/) is the first
dedicated database that aims to comprehensively explore distinct
functional states of cancer cells at the single-cell level.
CancerSEA portrays a cancer single-cell functional state atlas,
involving 14 functional states (including stemness, invasion,
metastasis, proliferation, EMT, angiogenesis, apoptosis, cell
cycle, differentiation, DNA damage, DNA repair, hypoxia,
inflammation, and quiescence) of 41,900 single cancer cells
from 25 cancer types (15). In this study, we used it to
determine the distinct functional states of ESPL1 at the single-
cell level in LUAD.

DNA Copy Number Variation and DNA
Methylation Analysis

Gene Set Cancer Analysis (GSCA) is an integrated platform,
including the genomic (expression, SNV, CNV, and
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methylation) and clinical information (16). In this study, we used
it to examine the relationship between ESPL1 expression and
CNV and DNA methylation in LUAD. Meanwhile, we used it to
determine the prognostic value of ESPL1 CNV in LUAD.
UALCAN (http://ualcan.path.uab.edu) is a database that
includes the gene expression and survival analyses based on
the TCGA dataset (17). In this study, we used it to analyze the
DNA methylation level of ESPL1 in LUAD.

Immune Cell Infiltration Analysis

TIMER (https://cistrome.shinyapps.io/timer/) is a database that
includes the gene expression and immune cell infiltrations in
human cancers (18); in this study, we used to determine the
correlation between ESPL1 CNV and immune cell infiltrations in
LUAD. We also used the GSVA R package to quantify the LUAD
immune infiltration of 24 tumor-infiltrating immune cells in
LUAD samples via ssGSEA based on the 509 gene signatures of
24 tumor-infiltrating lymphocytes (TILs) (19).

Cell Culture

The BEAS-2B cell line was purchased from the Chinese Academy
of Sciences Cell Bank (CASCB, China), and cultured in BEGM
media (Lonza, CC-3170). Lung cancer cell lines, including H358,
H1650, A549, and H1299, were purchased from CASCB with
STR documents, and were cultured in RPMI-1640 medium
(Corning) supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin.

Constructs, Transfection, Infection, and
qPCR Assay

Independent shRNAs targeting ESPL1 were synthesized and cloned
into the lentiviral plasmid pLKO.1. The lentiviruses were generated
according to the manufacturer’s protocol. Total RNA was extracted
according to the manufacturer’s protocol, and then reverse
transcribed using an RT reagent kit. The primers used in this study
are as follows: B-actin-F: AAGTGTGACGTGGACATCCGC and j3-
actin-R: CCGGACTCGTCATACTCCTGCT; and ESPLI-F:
CCGCCTTGAAGGAGTTCCTG and ESPL1-R:
GGGGTAGACACTAAGTAGCCAT.

Cell Migration and Invasion Assay

Cell migration and invasion assay was performed as previously
documented (20). For transwell assay, 2.5x10* cells in 100 ul of
serum-free medium were plated in a 24-well plate chamber
insert, with medium containing 10% FBS at the bottom of the
insert. Cells were incubated for 24 h, and then fixed with 4%
paraformaldehyde for 20 min. After washing, cells were stained
with 0.5% crystal violet blue. The positively stained cells were
examined under the microscope.

Immunohistochemical Staining

For immunohistochemical staining, the sections were
deparaffinized in xylene and rehydrated through graded
ethanol. Antigen retrieval was performed for 20 min at 95°C
with sodium citrate buffer (pH 6.0). After quenching endogenous
peroxidase activity with 3% H,0O, and blocking non-specific
binding with 1% bovine serum albumin buffer, sections were

incubated overnight at 4°C with the indicated primary
antibodies. Following several washes, the sections were treated
with HRP-conjugated secondary antibody for 40 min at room
temperature, and stained with 3,3-diaminobenzidine
tetrahydrochloride (DAB).

Statistical Analyses

All statistical analyses were performed using GraphPad Prism
7.0, and ROC curves were used to detect ESPL1 cutoff values
using pROC packages. p-values were calculated by either
unpaired or paired two-tailed Student’s t-test, *p < 0.05, **p <
0.01, and ***p < 0.001.

RESULTS

Expression Pattern and Prognostic Value
of ESPL1 in Pan-Cancers
We first determine ESPLI1 expression in TCGA pan-cancer.
Results suggested that a higher ESPL1 expression was observed
in 13 tumors: BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM,
LIHC, LUAD, LUSC, PRAD, READ, and UCEC (Figure 1A).
Furthermore, we explore the prognostic significance of ESPL1
in various human cancer types. Results show that ESPL1 is a risk
factor for ACC, KIRP, LGG, LIHC, MEAO, PAAD, SARC, and
SKCM (Figures 1B, C).

ESPL1 Was Upregulated in

Lung Adenocarcinoma

We further found that ESPL1 was highly expressed in LUAD and
LUSC than adjacent normal tissues based on the TCGA database
(Figures 2A, D). Moreover, IHC results confirmed that ESPL1
was upregulated in lung cancer tissues compared with normal
lung tissues (Figure 2E). Given the crucial role of ESPLI in
LUAD, we examined the potential correlation between ESPL1
expression and clinical features, including multiple
clinicopathological characteristics and survival of LUAD
patients. Results suggested that higher expression of ESPL1 was
significantly correlated with higher clinical stage, TNM stage,
gender, age, residual tumor, smoker, OS event, and DSS event in
patients with LUAD (Figures 2F, G and Table 1).

Knockdown of ESPL1 Inhibits Lung

Cancer Cell Migration and Invasion

IHC assay confirmed that ESPL1 was upregulated in lung cancer
tissues compared with normal lung tissues (Figures 3A, B). We
also found that ESPL1 was increased in LUAD cell lines
compared with the normal lung epithelial cell line (BEAS2B)
(Figure 3C), which is consistent with the online database we
discovered. Given that ESPL1 was upregulated in LUAD, we then
inhibited the ESPL1 expression using shRNA, and knockdown
efficiency of ESPL1 was verified by real-time RT-PCR assay
(Figure 3D). Then, we evaluated the effects of ESPLI on
LUAD cell migration and invasion capacities by wound healing
and transwell migration assays. We showed that downregulation
of ESPLI significantly decreased the migratory and invasion
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FIGURE 1 | The expression level and prognosis of ESPL1 in pan-cancer. (A) Pan-cancer expression of ESPL1 between tumor tissues from the TCGA database.
(B, C) Kaplan—Meier overall survival of ESPL1 in pan-cancers. NS: p > 0.05, *p <0.01; **p <0.001.

capabilities of LUAD cells (Figures 3E-H). Collectively, these
results confirmed that ESPLI was highly expressed in LUAD
cells and significantly affected their migration and invasion.

Analysis of the Diagnostic and Prognostic
Value of ESPL1 in LUAD

The Kaplan-Meier curve method was conducted to examine the
relationship between ESPL1 expression level and overall survival
(OS), disease-specific survival (DSS), and progression-free
survival (PFS) in patients with LUAD. We found that patients
in the higher ESPLI class had a shorter probability of OS, DSS,
and PFS compared to the low ESPL1 group (Figures 4A-C).
Then, receiver operating characteristic (ROC) curve analysis
suggested that the ESPL1 may be used to differentiate LUAD
patients from normal control (AUC = 0.973) (Figure 4D).
Moreover, we also investigated the prognostic role of ESPL1
across several independent GEO clinical datasets. Results
suggested that upregulated ESPL1 expression was associated
with adverse clinical outcomes in patients with lung cancer
(Figures 5A-C).

Clinical Stratification

We also determine the overall survival of ESPL1 in different
clinical subgroups, including stage I-II, T1/T2, T3/T4, NO/N1,
MO, RO, age>65, female, and smoker. Results confirmed that
lower ESPL1 expression had better survival outcomes than those
with highly expressing ESPL1 in patients with LUAD
(Figures 6A-C). Logistic regression analysis suggested that T
stage (T2 and T3 and T4 vs. T1), N stage (N1 and N2 and N3 vs.
NO), M stage (M1 vs. M0), pathologic stage (Stage III and Stage
IV vs. Stage I and Stage II), and gender (Male vs. Female) were
significantly correlated with ESPL1 expression in LUAD patients
(Table 2). To examine the potential prognostic factors for OS
and DSS of LUAD patients, univariate regression analysis and a
multivariate model have shown significant prognostic
significance of ESPLI expression, pathological stage, and TNM
stage for OS and DSS (Tables 3, 4).

CNV and DNA Methylation Analysis
Given that CNV and DNA methylation play crucial roles in

modulating gene expression and are involved in cancer
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DSS event

progression (21), we used the GSCA database to determine the
correlation between CNV and DNA methylation and ESPL1
expression in LUAD. We found that CNV may be the reason for
ESPLL1 overexpression in LUAD (Figure 7A). We also confirmed

TABLE 1 | Correlation between ESPL1 expression and clinicopathological features in TCGA-LUAD.

a positive correlation between CNV and ESPL] mRNA
expression in LUAD (Figure 7B). Next, we assessed the
prognostic value of ESPL1 CNV in terms of LUAD and overall
survival. Results confirmed that the ESPL1 copy-number-altered

Characteristic

Low expression of ESPL1

High expression of ESPL1 p
n 267 268
T stage, n (%) 0.008
T 107 (20.1%) 68 (12.8%)
T2 128 (24.1%) 161 (30.3%)
T3 24 (4.5%) 25 (4.7%)
T4 7 (1.3%) 12 (2.3%)
N stage, n (%) 0.002
NO 187 (36%) 161 (31%)
N1 43 (8.3%) 52 (10%)
N2 24 (4.6%) 50 (9.6%)
N3 0 (0%) 2 (0.4%)
M stage, n (%) 0.016
MO 184 (47.7%) 177 (45.9%)
M1 6 (1.6%) 19 (4.9%)
Pathologic stage, n (%) <0.001
Stage | 168 (31.9%) 126 (23.9%)
Stage I 56 (10.6%) 67 (12.7%)
Stage Il 30 (5.7%) 54 (10.2%)
Stage IV 7 (1.3%) 19 (3.6%)
Gender, n (%) <0.001
Female 165 (30.8%) 121 (22.6%)
Male 102 (19.1%)

147 (27.5%)
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group was associated with poorer OS and PFS in LUAD
(Figures 7C, D). Then, we further investigated the potential
association between DNA methylation and ESPL1 expression.
We utilized the UALCAN database to explore the DNA
methylation level of ESPL1 in human cancer. Results showed
that in LUAD, ESPL1 DNA methylation level was significantly
lower in tumor tissues than in normal tissues (Figure 7E).
Meanwhile, we revealed that ESPL1 DNA methylation levels
significantly decreased in accordance with the progression of
LUAD stage I to stage II (Figure 7F). We also demonstrated a
negative correlation between DNA methylation and ESPL1
expression in LUAD (Figure 7G).

Identification of ESPL1-Interacting Genes
and Proteins and Single-Cell

Functional Analysis

We used the GeneMania database to construct the gene-gene
interaction network of ESPLI. Results suggested that the 20 most
frequently altered genes were closely correlated with ESPLI,
including PTTG1, SMCI1B, and CCNB1 (Figure 8A). A
protein-protein interaction (PPI) network of ESPL1 was
generated by using the STRING database. We found that 20
proteins were closely correlated with ESPL1, including CDK1,
CDK2, CCNB1, NDC80, SMC3, and BUBI1 (Figure 8B). Next,
we used CancerSEA, a single-cell database to explore the

Frontiers in Oncology | www.frontiersin.org

June 2022 | Volume 12 | Article 930647


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

Nie et al.

Role of ESPL1 in LUAD

(¢}
o

=3

> > > -

=084 £ =038 3

3 3 3 k 081

3 064 3 8 061 [

o ¥ 2 o ¥ i

= iy iy £ 06+

T 04+ 3 T 044 >

g : : - H

@ 0.2 Overall Survival @ 0.2 Disease Specific Suvival @ 0.2 Progress Free Interval' ' 2 0.4 LUAD
HR = 1.66 (1.24-2.22) HR = 1.73 (1.20-2.50) HR = 1.36 (1.04-1.77) @

004 P=0001 004 P=0004 004 P=0023 L ESPL1
— — — 02 AUC: 0.973
0 50 ) 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 Cl: 0.944-1.000
Time (months) Time (months) Time (months)

High p61 30 5 4 2 0 High p39 26 4 3 - 0

o
o

T T T
02 04 0.6 08 1.0

=4
o

High pé1 25 3 3 2 0

1-Specificity (FPR)

FIGURE 4 | Prognostic and diagnostic values of ESPL1 in LUAD. (A-C) Correlation between ESPL1 expression and OS, DSS, and PFS in patients with LUAD
examined by the TCGA datasets. (D) ROC curve analysis of the diagnostic values of ESPL1 in LUAD.

potential role that ESPL1 might play in single LUAD cells.
Results suggested that ESPL1 was found to be mainly involved
in cell cycle, DNA damage, EMT, DNA repair, and cell
proliferation (Figure 8C).

KEGG and GSEA Enrichment Analysis

We identified genes with positive co-expression with ESPL1
using the TCGA database and obtained the top 300 genes that
are positively correlated with ESPL1 in LUAD (Figures 9A-D).
To determine the potential molecular function by which ESPL1
modulates LUAD progression, we conducted Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) enrichment using the 300 genes that were
positively related to ESPLI in pan-cancers, respectively. As
shown in Figures 9E-H, for the biological process, these genes
were mainly enriched in chromosome segregation, DNA
replication, and mitotic nuclear division (Figure 9E). For the
cellular component, these genes were mainly enriched in
chromosomal region, spindle, condensed chromosome, and
microtubule (Figure 9F). For the molecular function, these
genes were mainly enriched in ATPase activity, tubulin
binding, helicase activity, and DNA helicase activity
(Figure 9G). Moreover, KEGG pathway analysis suggested that

ESPL1 was associated with signaling pathways related to the cell
cycle, RNA transport, DNA replication, and cellular
senescence (Figure 9H).

Moreover, GSEA was performed to determine the activated
signaling pathways correlated with ESPL1 in LUAD. The
signaling pathways activated in ESPL1 overexpressed
phenotype, including apoptosis, p53 signaling pathway, IL6-
JAK-STATS3 signaling pathway, IL3-STAT5 signaling pathway,
MYC targets, hypoxia, glycolysis, TNFa signaling pathway, G2/
M checkpoint, fatty acid metabolism, PI3K-AKT signaling
pathway, EMT, and DNA repair (Figures 10A-D).

Immune Analysis of ESPL1 in LUAD

Next, the association between ESPL1 expression and tumor
immune infiltration was analyzed. Results indicated that ESPL1
expression was significantly upregulated in the C2 subtype of
LUAD (Figure 11A). TIMER database analysis results suggested
that the copy number of ESPL1 was significantly correlated with
the TILs in LUAD (Figure 11B). We used the ssGSEA method to
analyze the correlation between ESPLI expression and immune
infiltration. Results indicated that ESPL1 expression was
positively correlated with the infiltration levels of Th2 cells,
and negatively associated with infiltration levels of mast cells,
iDC, DC, and CD8 T cells in LUAD (Figures 11C-E).
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Finally, we examined the relationship between ESPLI

expression, immunostimulators, immunoinhibitors, chemokines,

and MHC molecules by using the TISIDB database. Spearman’s
correlation analysis results suggested that ESPL1 expression was
negatively correlated with immunostimulators (CD40LG, HHLA2,
TMEM173, and tnfsf13), immunoinhibitors (KD2 and TGFBI1),
chemokines (CCL14, CCL17, CCL19, CXCL1, CXCL16, and
CXCL17), and MHC molecules (HLA-DMA, HLA-DMB, HLA-
DOA, and HLA-DOB) in LUAD (Figures 12A-D).

DISCUSSION

Tumor microenvironment (TME) plays an important role in the
dynamic regulation of tumor progression, and strategies to
therapeutically target the TME have emerged as a promising
approach for cancer treatment (22). Immunotherapy, which has
been approved or is being evaluated in clinical trials, has a wide
application prospect (23). A comprehensive analysis of tumor-

infiltrating immune cells will help to clarify the mechanism of

TABLE 2 | Logistic regression analyzed the correlation between ESPL1 expression and clinicopathological characteristics in LUAD.

Characteristics

T stage (T2 and T3 and T4 vs. T1)
N stage (N1 and N2 and N3 vs. NO)

M stage (M1 vs. MO)

Pathologic stage (Stage Il and Stage IV vs. Stage | and Stage )

Gender (Male vs. Female)
Age (>65 vs. <=65)

Total (N)

532
519
386
527
535
516

Odds Ratio (OR)

1.959 (1.358-2.842
1.808 (1.245-2.624
3.292 (1.357-9.211
2.290 (1.484-3.584,
1.965 (1.394-2.779
(

)
)
)
)
)
0.733 (0.518-1.036)

p-value

<0.001
0.002
0.013
<0.001
<0.001
0.079

Frontiers in Oncology | www.frontiersin.org

June 2022 | Volume 12 | Article 930647


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

Nie et al.

Role of ESPL1 in LUAD

TABLE 3 | Univariate regression and multivariate survival model of overall survival in patients with LUAD.

Characteristics Total (N)
Hazard ratio (95% CI)

Pathologic stage 518

Stage | and Stage |l 411

Stage lll and Stage IV 107 2.664 (1.960-3.621)
T stage 504

T 175

T2 and T3 329 1.658 (1.1756-2.341)
N stage 508

NO 343

N1 and N2 165 2.645 (1.977-3.539)
M stage 377

MO 352

M1 25 2.136 (1.248-3.653)
Gender 526

Female 280

Male 246 1.070 (0.803-1.426)
ESPLA1 526 1.233 (1.090-1.395)

Univariate analysis

Multivariate analysis

p-value Hazard ratio (95% CI) p-value
<0.001 1.927 (1.177-3.155) 0.009
0.004 1.643 (1.050-2.570) 0.030
<0.001 1.728 (1.136-2.627) 0.011
0.006 1.004 (0.460-2.191) 0.992
0.642

<0.001 1.162 (1.125-1.354) 0.0453

tumor immune escape and provide opportunities for the
development of new therapeutic strategies. ESPL1 is an
etiological factor that regulates many biological processes, such
as hematopoietic differentiation and cell proliferation (7).
Nevertheless, there is still no research examining whether
ESPLL1 is correlated with LUAD progression or whether it can
be a prognostic and diagnostic biomarker for LUAD.

In this study, we first analyzed ESPL1 expression in diverse
cancers. We found that ESPL1 expression was significantly
higher in BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM,
LIHC, LUAD, LUSC, PRAD, READ, and UCEC. Higher
expression of ESPL1 was correlated with adverse OS in ACC,
KIRP, LGG, LIHC, MEAO, PAAD, SARC, and SKCM.

It has been confirmed that ESPL1 was highly expressed as a
prognostic biomarker in glioma and LIHC (7, 8). In our study,
we found that ESPL1 was upregulated in LUAD and LUSC, and
clinical feature analysis suggested that higher expression of
ESPL1 was significantly correlated with higher clinical stage,

TNM stage, gender, age, residual tumor, smoker, OS event, and
DSS event in patients with LUAD. The Kaplan-Meier curve
shows that patients in the higher ESPL1 class had a lower
probability of OS, DSS, and PFS compared to the low ESPL1
group. Then, ROC analysis suggested that the ESPL1 may be
used to differentiate LUAD patients from normal control.
Univariate regression analysis and a multivariate model have
shown significant prognostic significance of ESPL1 expression,
pathological stage, and TNM stage for OS and DSS in LUAD.
Studies have shown that higher ESPLI1 expression was
associated with poor prognosis and advanced stage in luminal
B breast cancers, and it as a candidate oncogene for BRCA (24).
In our study, we confirmed that ESPL1 was upregulated in lung
cancer and cell lines, which is consistent with the online database
we discovered. We showed that downregulation of ESPL1
significantly decreased the migratory and invasion capabilities
of LUAD cells. Collectively, these results confirmed that ESPL1
was highly expressed in LUAD cells and significantly affected

TABLE 4 | Univariate regression and multivariate survival model of disease-specific survival in patients with LUAD.

Characteristics Total (N) Univariate analysis Multivariate analysis
Hazard ratio (95% CI) p-value Hazard ratio (95% ClI) p-value
Pathologic stage 483
Stage | and Stage |l 389
Stage Il and Stage IV 94 2.436 (1.645-3.605) <0.001 1.319 (0.700-2.484) 0.392
T stage 473
T 168
T2 and T3 305 1.815 (1.169-2.819) 0.008 1.652 (0.936-2.914) 0.083
N stage 473
NO 327
N1 and N2 146 2.755 (1.909-3.975) <0.001 2.059 (1.230-3.446) 0.006
M stage 344
MO 323
M1 21 2.455 (1.269-4.749) 0.008 1.782 (0.734-4.327) 0.202
Gender 491
Female 262
Male 229 0.989 (0.687-1.424) 0.954
ESPLA1 491 1.285 (1.097-1.504) 0.002 1.219 (1.006-1.478) 0.044
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their migration and invasion. In addition, it was reported that c-
MYB is a crucial transcriptional regulator that modulates the
expression of ESPLI in chronic myeloid leukemia (25). In this
study, we show that DNA copy amplification and DNA hypo-
methylation were two vital mechanisms of ESPL1 upregulation
and were associated with poor prognosis.

Previously, several studies have reported that ESPL1 mainly
enriched in the cell cycle pathway in endometrial cancer (9). In
our study, we found that ESPL1 was mainly involved in
apoptosis, p53 signaling pathway, IL6-JAK-STAT3 signaling
pathway, IL3-STATS5 signaling pathway, MYC targets, hypoxia,
glycolysis, TNFo signaling pathway, G2/M checkpoint, fatty acid
metabolism, PI3K-AKT signaling pathway, EMT, and
DNA repair.

Increasing lines of evidence have shown that TME plays an
important role in cancer metastasis, immune escape, and
immunotherapy resistance (26, 27). In our findings, we
revealed that ESPL1 expression was significantly upregulated in
the C2 subtype of LUAD. TIMER database analysis results
suggested that the copy number of ESPL1 was significantly
correlated with the TILs in LUAD. Upregulated ESPL1
expression was positively correlated with the infiltration levels
of Th2 cells, and negatively associated with infiltration levels of
mast cells, iDC, DC, and CD8 T cells in LUAD. Finally, we show
that ESPL1 expression was negatively correlated with
immunostimulators (CD40LG, HHLA2, TMEM173, and
tnfsf13), immunoinhibitors (KD2 and TGFB1), chemokines
(CCL14, CCL17, CCL19, CXCL1, CXCL16, and CXCL17), and
MHC molecules (HLA-DMA, HLA-DMB, HLA-DOA, and
HLA-DOB) in LUAD.
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