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CAV1 is a prognostic predictor for patients with idiopathic
pulmonary fibrosis and lung cancer
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The extremely high mortality of both lung cancer and Idiopathic pulmonary fibrosis (IPF) is a global threat. Early
detection and diagnosis can reduce their mortality. Since fibrosis is a necessary process of cancer, identifying the
common potential prognostic genes involved in these two diseases will significantly contribute to disease pre-
vention and targeted therapy. Microarray datasets of IPF and lung cancer were extracted from the GEO database.
GEO2R was exploited to retrieve the differentially expressed genes (DEGs). The intersecting DEGs were
obtained by the Venn tool. DAVID tools were used to perform GO and KEGG pathway enrichment analysis of
DEGs. Then, the Kaplan—Meier plotter was employed to determine the prognostic value and verify the expression,
pathological stage, and phosphorylation level of the hub gene in the TCGA and GTEx database. Finally, the extent
of immune cell infiltration in lung cancer was estimated by the TIMER2 tool. The Venn diagram revealed 1
upregulated gene and 15 downregulated genes from GSE32863, GSE43458, GSE118370, and GSE75037 of lung
cancer, as well as GSE2052 and GSE53845 of IPF. CytoHubba identified the top three genes [TEK receptor
tyrosine kinase (TEK), caveolin 1 (CAV1), and endomucin (EMCN)] as hub genes following the connectivity
degree. Survival analysis claimed the association of only TEK and CAV 1 expression to both overall survival (OS)
and first progression (FP). Pathological stage analyses revealed the relationship of only CAV1 expression to the
pathological stage and the significant correlation of only CAV1 phosphorylation expression level for lung cancer.
Furthermore, a statistically positive correlation was observed between the immune infiltration of cancer-associ-
ated fibroblasts, endothelial, and neutrophils with the CAV1 expression in lung cancer, whereas the contradictory
result was noted for the immune infiltration of T cell follicular helper. Early detection and diagnostic potential of
lung cancer are ameliorated by the combined selection of key genes among IPF and lung cancer.
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1. Introduction

Lung cancer is highly malignant, and its morbidity and
mortality are increasing at an alarming rate with the
passing years (Qi et al. 2014). Early detection, diagnosis,
and treatment can effectively minimize the mortality rate
of lung cancer (Bade and Dela Cruz 2020). Since the
discovery of cancer biomarkers plays a key role in the
early diagnosis, treatment guidance, and prognostic
monitoring of cancer, it is of prime importance to eluci-
date effective markers for lung cancer (Hoy et al. 2019).
Idiopathic pulmonary fibrosis (IPF) is mainly fibrotic
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lesions in lung tissue resulting from alveolar epithelial
cell damage and abnormal repair, affecting about 3 mil-
lion people worldwide (Martinez et al. 2017; Glass et al.
2020).

A large body of epidemiological evidence substantiates
the positive correlation of IPF to lung cancer (Tzouvelekis
et al. 2019). One study reported the preferential devel-
opment of lung tumors in the immediate vicinity of the
fibrotic area of IPF patients, compared with the non-IPF-
related lung tumors (Kinoshita and Goto 2019). More-
over, Jang et al. documented that the risk of malignancy in
IPF patients is approximately eight times that of the


http://crossmark.crossref.org/dialog/?doi=10.1007/s12038-021-00245-4&amp;domain=pdf
http://www.ias.ac.in//jbiosci

13 Page 2 of 11

general population and determined the impact of the
severity of IPF on the clinical outcome of lung cancer
patients (Jang et al. 2021).

Both IPF and lung cancer are serious lung diseases.
Many studies have reflected several pathogenic similari-
ties, including genetics, epigenetic markers, and biologi-
cal pathways between these two diseases (Karampitsakos
et al. 2017; Kim et al. 2021; Ballester et al. 2019).
Therefore, screening out the target genes shared by these
two diseases and understanding their related pathophysi-
ological mechanisms and molecular pathways are more
conducive to the diagnosis and targeted therapy of
diseases.

GEO (Gene Expression Omnibus) plays a pivotal
role in bioinformatics analysis (Barrett ef al. 2013). The
GEO database was employed in this study to elucidate
the shared hub gene of IPF and lung cancer with
thorough bioinformatics analysis.

2. Materials and methods
2.1 Data source

To identify differentially expressed genes and enriched
pathways in lung cancer, we first entered “lung cancer”
and selected “There are 46365 results for “lung can-
cer” in the GEO DataSets Database”. Next, we selected
“Series (2040)”, and further selected “Homo sapiens
(1704)”. Finally, GSE118370, GSE75037, GSE32683,
and GSE43458 were opted. Thereafter, for screening
and isolating the key candidate genes and pathways of
pulmonary fibrosis, we logged into the GEO database
website entering “idiopathic pulmonary fibrosis”, and
GSE53845 and GSE2052 were selected.

2.2 Data processing of DEGs

The GEO2R online analysis tool helped to retrieve the
DEGs (P < 0.05, [logFC| = 1.0) between lung cancer
and normal tissue samples and between IPF and control
samples. Based on adjusted P < 0.05, upregulated and
downregulated genes were initially picked out and
visualized with a volcano map. The Venn tool was then
adopted to identify the intersecting part.

2.3 Enrichment analysis of DEGs

DAVID tools examined the results of GO and KEGG
pathway enrichment analysis of DEGs, which were
finally visualized with the chart function of the excel
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tool. FDR < 0.05 and gene counts > 3 in GO anno-
tation analysis as well as P < 0.05 and gene counts
> 40 in KEGG pathway enrichment analysis were
considered as statistically significant.

2.4 PPI network and hub gene analysis

The potential PPI (protein-protein interaction) rela-
tionship of the DEGs identified from combined lung
cancer vs. normal tissue samples, and IPF vs. control
samples was analyzed. We selected “low confidence
(0.15)” in the “minimum required interaction score”
module in the STRING database and established the
PPI network by Cytoscape. The hub genes were rec-
ognized by CytoHubba (a plugin in Cytoscape).

2.5 Survival analysis of hub genes

In Kaplan—Meier plotter website, the hub genes (TEK
(TEK receptor tyrosine kinase), CAV1 (caveolin 1),
and EMCN (endomucin)) were fed into the “use mul-
tiple genes” module. As to “Smoking history”, we
selected “only those never smoked”.

2.6 Hub gene expression analysis

TIMER?2 and GEPIA2 tools were employed to ascertain
the difference in expression of CAV1 or TEK between
lung cancer and adjacent normal tissues. For differential
pathological stages, violin plots of the CAV1 or TEK
expression were also obtained through GEPIA2. More-
over, the expression level of the total protein or phos-
phoprotein of CAV1 and TEK was explored by the lung
cancer datasets of the UALCAN portal.

2.7 Immune infiltration analysis

The morality between CAV1 expression and immune
infiltrates was investigated by TIMER2. The immune
cells of cancer-associated fibroblasts, endothelial, neu-
trophil, and T cell follicular helper were selected. Finally, a
heatmap and a scatter plot were used to visualize the data.

3. Results
3.1 Identification of DEGs

Differentially expressed genes and enriched pathways
in lung cancer were elucidated by screening four gene
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expression  profiles  (GSE32863,  GSE43458S,
GSE118370, and GSE75037). GSE32863 contained 58
lung cancer tissue specimens (T) and 58 normal tissue
specimens (N), GSE43458 included 40 T and 30 N,
GSE75037 comprised 83 T and 83 N, and GSE118370
encompassed 6 T and 6 N (figure 1A). Furthermore,
GSE2052 and GSE53845 were selected to screen and
identify the key candidate genes and pathways of IPF.
There were 40 IPF samples and eight control samples
in GSE2052, and GSE43458 included 13 IPF speci-
mens and 11 control specimens (figure 1B). First,
upregulated and downregulated genes were picked out
based on adjusted P < 0.05 and visualized via a vol-
cano map (figure 1A, B). Subsequently, based on the
criteria of P < 0.05 and [logFC| > 1.0, we identified
and got the intersection of the DEG profiles by Venn
analysis (figure 1C, D, E).

3.2 Enrichment analysis of DEGs

GO function enrichment analysis (table 1 and figure 2A)
highlighted dominant enrichment of DEGs in BPs,
including angiogenesis (GO:0001525) and negative reg-
ulation of endothelial cell proliferation (GO:0001937),
and also dominant enrichment in CCs, including mem-
brane raft (GO:0045121) and plasma membrane
(GO:0005886). Furthermore, KEGG pathways enrich-
ment analysis (table 2 and figure 2B) revealed that DEGs
were dominantly enriched in the following pathways:
rheumatoid arthritis (hsa05323), cardiac muscle contrac-
tion (hsa04260), bacterial invasion of epithelial cells
(hsa05100), adherens junction (hsa04520), wviral
myocarditis (hsa05416), and ferroptosis (hsa04216).

3.3  PPI network and hub gene analysis

The protein interactions among the DEGs were
explored by STRING tools and visualized by Cytos-
cape software. The results documented a total of 16
nodes and 31 edges present in the PPI network (fig-
ure 3A). According to the degree of connectivity, the
top three most prominent genes identified in the PPI
network included TKE (50), CAV1 (40), and EMCN
(31) (figure 3B).

3.4 Survival analysis of hub genes

Eliminating the smoking factor, we tried to explore the
impact of the hub genes on the survival and prognosis
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of lung cancer patients. Therefore, the three potential
hub genes were considered to assess the prognostic
values of lung cancer with never smoking. A total of
141 lung cancer patients with never smoking were
retrieved for the analysis of first progression (FP). As
illustrated in figure 4A, the low expression of TEK,
CAV1, and EMCN was associated with unfavorable FP
of lung cancer patients who have never smoked.

Furthermore, we also retrieved 141 lung cancer
patients who have never smoked and were subjected to
the overall survival (OS) analysis. After analysis, we
reported the correlation of only the low expression of
TEK and CAV1 among the selected three hub genes to
the unfavorable OS in lung cancer patients who had
never smoked (figure 4B).

3.5 CAVI and TEK genes expression analysis

The expression status of CAV1 and TEK in LUAD
(Lung adenocarcinoma) and LUSC (Lung squamous
cell carcinoma) of TCGA was estimated by the
TIMER2 tool. As substantiated by figure 5A, the
expression levels of CAV1 and TEK in LUAD and
LUSC (P < 0.001) were found to be lower than the
corresponding  control  tissues. Similar results
(P < 0.05) were obtained for match TCGA normal and
GTEx data, as evident in figure 5SB. Moreover, a
mutual correlation was reflected only between CAV1
expression and the pathological stages of LUSC (fig-
ure 5C, D). Figure 5E claimed significant differences in
all the CAV1 phosphorylation sites (S9, S37, Y25, and
T46) and total protein levels. However, TEK exhibited
no phosphorylation sites, but the total protein level
highlighted the significant differences.

3.6 Analysis of CAVI gene immune infiltration

Tumor-infiltrating immune cells, integral components
of the tumor microenvironment, significantly con-
tribute to tumor diagnosis, survival outcome, and
clinical therapeutic sensitivity. The present study
examined the relationship between CAV1 expression
and the infiltration level of cancer-associated fibrob-
lasts, endothelial, neutrophils, and T cell follicular
helper across LUAD and LUSC in TCGA. Heat maps
based on all or most algorithms, illustrated in figure 6,
confirmed that the immune infiltration of cancer-asso-
ciated fibroblasts, endothelial, and neutrophils mani-
fested a statistically positive correlation to the CAV1
expression in LUAD and LUSC, whereas the opposite
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«Figure 1. Identification of DEGs and Venn diagram of
DEGs common to all six GEO datasets. (A) DEGs among
lung cancer vs. normal tissues. (B) DEGs among IPF vs.
control. (C) Upregulated genes and downregulated genes
among lung cancer vs. normal tissues. (D) Upregulated
genes and downregulated genes among IPF vs. control.
(E) Upregulated genes and downregulated genes among the
intersection gene of lung cancer and IPF. DEGs, differen-
tially expressed genes; GEO, Gene Expression Omnibus;
IPF, idiopathic pulmonary fibrosis.

result was observed for the immune infiltration of T cell
follicular helper. Figure 6 also demonstrated the scat-
terplot data of LUAD and LUSC generated with one
algorithm based on the most correlation.

4. Discussion

Lung cancer is a malignant tumor, seriously endan-
gering human health (Qi ef al. 2014). IPF is an inter-
stitial disease with insidious onset and gradually
deteriorating condition (Tang et al. 2019). The pro-
gressive lung scar formation of IPF aggravates the risk
for lung cancer (Kinoshita et al. 2019). The significant
similarities between IPF and lung cancer in terms of
pathophysiological pathways and potential pathogenic
factors (Karampitsakos et al. 2017; Kim et al. 2021;
Ballester et al. 2019) motivated the scientists in the
present study to identify the hub genes shared by the
above two diseases with the goal to determine new
targeted therapies for lung cancer.

This study used the GEO database to screen out the
DEGs between IPF or lung cancer and healthy lung
tissue. Overall, we identified 16 DEGs that were shared
among IPF and lung cancer. Enrichment analysis based
on the above 16 DEGs revealed that these DEGs were

Table 1. Significantly enriched GO terms of DEGs
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concerned with GO BP and CC terms (plasma mem-
brane GO: 0005886 and membrane raft GO: 0045121).
Predominant enrichment of these DEGs was witnessed
in rheumatoid arthritis, cardiac muscle contraction,
viral myocarditis, and Ferroptosis, as per KEGG anal-
ysis. PPI network analysis determined the relationship
between DEGs, and three hub genes, including TEK
(connectivity degree = 50), CAV1 (connectivity
degree = 40), and EMCN (connectivity degree = 31),
were elucidated according to the degree of connectiv-
ity. Subsequently, the survival analysis claimed that the
low expression of all the hub genes was involved in the
first progression of lung cancer patients with the
Kaplan-Meier plotter online tool. Nonetheless, only the
low expression of TEK and CAV1 were unfavorable
factors for the overall survival of lung cancer patients.
Immediately afterward, the low expression of TEK and
CAV1 in lung cancer tissues in the TCGA and GTEx
databases were verified, and association of the only
CAV1 with the pathological stage of LUSC
(P = 0.0285) was documented. Additionally, the
UALCAN portal confirmed that only CAV1 showed
significant alterations in phosphorylation sites between
primary tumor and normal tissues. CAV1 was thus
selected for further analysis. Finally, tumor immune
cell infiltration analysis indicated a statistically positive
correlation of the immune infiltration of cancer-asso-
ciated fibroblasts, endothelial, and neutrophils to the
CAV1 expression in LUAD and LUSC, while the
opposite result was obtained for the immune infiltration
of T cell follicular helper.

The main component of caveolin is Caveolin 1
(CAV1), which is involved in the regulation of cell
signal transduction and endocytosis and is a potential
target for the treatment of fibrotic diseases. Research
has validated the down-regulation of inflammasomes
activity and prevention of bleomycin-mediated

Category Term Description Genes FDR
BP term GO:0001525 Angiogenesis TMEMI100, ACVRLI1, PTPRB, EMCN, CAV1, SIPR1, 3.99E—06
TEK
BP term GO:0001937 Negative regulation of ACVRLI1, CAV1, SULFI 0.037
endothelial cell
proliferation
CC term GO:0045121 Membrane raft SDPR, CAV1, S1PR1, TEK, SULF1 0.001
CC term GO:0005886 Plasma membrane TMEM100, ACVRL1, EMCN, TMEM204, CAV1, 0.009

SLCO2A1, S1PR1, SLC39A8, TEK, STXBP6, SULF1

FDR, false discovery rate; BP, biological process; CC, cellular component; GO, Gene ontology; DEGs, differentially expressed

genes.
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Significantly enriched KEGG pathways of DEGs
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Figure 2. GO and KEGG enrichment analysis of the overlapping DEGs. (A) The significantly enriched GO terms of down-
and upregulated DEGs. The x-axis signifies the adjusted P value, bubble size represents the number of DEGs involved in GO
terms, and the y-axis indicates the terms of the significant enriched GO function. (B) KEGG pathway enrichment analysis of
down-and upregulated DEGs. The x-axis represents the P value, and the y-axis denotes the terms of the significant KEGG
pathway, and the y-axis from bottom to top indicates a gradual increase in the enrichment number of DEGs involved in
KEGG terms. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Table 2. Significantly enriched KEGG pathways of DEGs

Category Term Description Count P value

KEGG hsa04216 Ferroptosis 40 0.023
pathway

KEGG hsa05416 Viral myocarditis 57 0.033
pathway

KEGG hsa04520 Adherens junction 72 0.041
pathway

KEGG hsa05100 Bacterial invasion 74 0.042
pathway of epithelial cells

KEGG hsa04260 Cardiac muscle 82 0.047
pathway contraction

KEGG hsa05323 Rheumatoid 87 0.049
pathway arthritis

KEGG, Kyoto Encyclopedia of Genes and Genomes.

pulmonary fibrosis resulting from gene transfer of
CAV1 (Lin et al. 2019). Fibrosis is generally regarded
to be a precursor to lung cancer. It is worth noting that,
as far as human risk assessment is concerned, fibrosis is
an intermediate step in microparticle-induced lung
cancer (Gvaramia et al. 2013). Furthermore, CAV1
with two isoforms of o and [ is a complete oncogenic
membrane protein related to extracellular matrix tissue,
cell migration, and signal transduction. It is engaged in
a variety of cellular functions, such as vesicle transport
and cell adhesion, and the regulation of signal trans-
duction during growth and survival (Quest ef al. 2013).
Previous studies have highlighted the alteration of

CAV1 in several cancer types, and it also affects the
occurrence or onset of tumors by controlling metabo-
lism (Nwosu et al. 2016). On the contrary, some reports
have documented the activity of CAV1 as a tumor
suppressor (Diaz et al. 2020; Sanhueza et al. 2020;
Zhou et al. 2018), such as CAV1 inhibits tumor for-
mation by impeding unfolded protein responses (Diaz
et al. 2020), and its mediated tumor suppression is
associated with HIFlaS-nitrosylation and decreased
transcriptional activity under hypoxia (Sanhueza et al.
2020). Usually, the presence of CAV1 on the plasma
membrane is essential for its tumor suppressor activity.
The tumor suppressor activity of this protein is also
believed to mediate through the interaction of CAV1
with a variety of proteins (Diaz et al. 2020). Hence-
forth, more and more evidence has established the role
of CAV1 as a clinical biomarker of cancer progression.
However, there are limited studies on CAV1 as a
prognostic factor of lung cancer. Air dust particles are
an important factor followed by smoking that induces
pulmonary fibrosis. In our study, compared with nor-
mal lung tissue, CAV1 expression was found to be low
in lung cancer, and it was related to the overall survival
of lung cancer patients who exclude smoking. This
justifies that CAV1 could be a more important target
factor.

Immune cell infiltration is found to be closely associ-
ated with the clinical outcome, and thus, it is mostly
targeted by drugs to improve the survival rate of patients.
Tumor tissues are not pure tumor cells but also immune-
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Figure 3. Protein-protein interaction (PPI) network construction and hub gene identification. (A) PPI network constructed
with the DEGs. Note: green nodes represent downregulated genes. (B) Top three hub genes (TEK, CAV1, and EMCN) with a
higher degree of connectivity. Note: green nodes denote downregulated genes. The nodes colors of TEK, CAV1, and EMCN
symbolize the degree of connectivity.
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Figure 4. The Kaplan—Meier plotter was employed to perform a series of survival analyses, including (A) FP and (B) OS,
via the expression level of CAV1, EMCN, and TEK genes in lung cancer cases.
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Figure 5. Expression levels of CAV1 and TEK genes in LUAD and LUSC and pathological stages, and phosphorylation
analysis. (A) The expression status of CAV1 and TEK genes in LUAD and LUSC were assessed through TIMER?2.
**%P < 0.001. (B) Match TCGA normal and GTEx data; the box plot data were supplied. *P < 0.05. Log2 (TPM + 1) was
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in the schematic diagram of CAV1 protein.
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its behavior are regulated by various factors secreted by
numerous tumor immune cells, such as macrophages, T
cells, NK cells, endothelial, neutrophils, T cell follicular
helper, etc. (Gu-Trantien et al. 2013; Ino et al. 2013;
Domingues et al. 2016). In this study, based on all or
most algorithms, we found a statistically positive corre-
lation of the immune infiltration of cancer-associated
fibroblasts, endothelial, and neutrophils with the CAV1
expression in LUAD and LUSC, whereas the opposite
result was witnessed for the immune infiltration of T cell,
follicular helper. This is beneficial to study the mecha-
nism of CAV1 in lung cancer.

The present study exploited a variety of bioinfor-
matics analyses to identify the most noteworthy hub
gene CAV1, which may be nurtured as an effective
therapeutic target for the early diagnosis and prevention
of IPF and lung cancer. However, biological experi-
ments are required to corroborate these findings, and
further research is essential to decipher the underlying
molecular etiology.
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