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Abstract

Impact Statement

The co-existence of lung cancer (LC) in patients
with heart failure (HF) has become increasingly
common. This study first aimed to highlight the
new understanding of this co-existence. The
association with common pathophysiological
risk factors should be emphasized in addition to
cancer treatment-related cardiotoxicity leading to
HF. Second, among the nine validated hub genes,
the four shared validated genes including SULFT,
C1orf162, VSIG4, and LYVET have the potential to
be biomarkers for the co-morbidity of them. Finally,
functional analysis was performed with particular
emphasis on extracellular matrix organization and
regulation of leukocyte activation which suggests
the basis of the co-pathogenesis of HF and LC is
possibly attributed to the disorders of the immune
system caused by these shared verified genes. And
these genes provide opportunities to further define
the underlying mechanisms and develop crossover
strategies and therapeutic approaches to against the
both pathologic states.

Deaths of non-cardiac causes in patients with heart failure (HF) are on the rise,
including lung cancer (LC). However, the common mechanisms behind the two
diseases need to be further explored. This study aimed to improve understanding
on the co-occurrence of LC and HF. In this study, gene expression profiles of HF
(GSE57338) and LC (GSE151101) were comprehensively analyzed using the Gene
Expression Omnibus database. Functional annotation, protein—protein interaction
network, hub gene identification, and co-expression analysis were proceeded
when the co-differentially expressed genes in HF and LC were identified. Among
44 common differentially expressed genes, 17 hub genes were identified to be
associated with the co-occurrence of LC and HF; the hub genes were verified in
2 other data sets. Nine genes, including ALOX5, FPR1, ADAMTS15, ALOX5AP,
ANPEP, SULF1, C1orf162, VSIG4, and LYVE1 were selected after screening.
Functional analysis was performed with particular emphasis on extracellular
matrix organization and regulation of leukocyte activation. Our findings suggest
that disorders of the immune system could cause the co-occurrence of HF and LC.
They also suggest that abnormal activation of extracellular matrix organization,
inflammatory response, and other immune signaling pathways are essential in
disorders of the immune system. The validated genes provide new perspectives
on the common underlying pathophysiology of HF and LC, and may aid further
investigation in this field.

Keywords: Heart failure, lung cancer, co-occurrence, differentially expressed genes, hub genes, bioinformatics analysis

Experimental Biology and Medicine 2023; 248: 843—-857. DOI: 10.1177/15353702231162081

Introduction

Heart failure (HF) is a complex clinical syndrome,! which
often occurs in combination with other diseases such as
atherosclerosis, diabetes mellitus, and atrial fibrillation.
However, a large proportion of the non-cardiovascular
deaths in these patients are due to cancer;? nevertheless,
this area has been relatively overlooked. As one of the most
common diseases, lung cancer (LC) is also one of the lead-
ing causes of death among cancer patients worldwide.3#
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The mortality associated with many types of cancer has
reduced substantially due to recent improvements in cancer
treatments; however, the co-morbidity burden of oncology
patients has been increasing concomitantly. Cardiovascular
disease is reported to be the most common cause of non-
cancer death in patients with cancer, in whom there is an
increased risk of HF events.5 As this is mainly due to the
cardiotoxicity of anticancer drugs and/or radiotherapy,® it
is essential that the relationship between the two diseases is
investigated in sufficient detail.
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An accumulating body of evidence from experiments and
clinical trials reveals numerous common features between
the biological mechanisms underlying HF and cancer.” In
one study, patients with HF were found to have a higher risk
for developing cancer compared to the controls; among the
site-specific cancers, LC demonstrated a consistently higher
cumulative incidence in patients with HE® In addition to
the experimental and clinical evidence, studies have identi-
fied common risk factors linking cancer with cardiovascular
disease; these include aging and an unhealthy lifestyle (e.g.
smoking, unhealthy diets, physical inactivity, obesity, and
alcohol misuse).? A well-known and modifiable risk factor
for HF and LC is smoking.!? These findings indicate a little-
known but close association between HF and LC.

One research suggested that cancer is becoming an
increasingly common threat in patients with HE5 The search
for ways to address the co-occurrence of HF and LC should
encourage and include a multidisciplinary approach, such
as close communication between the fields of cardiology and
oncology. However, the scientific evidence to support clinical
decision-making is considerably limited. To overcome these
challenges, two gene expression data sets were obtained
from the Gene Expression Omnibus (GEO) database and
analyzed to determine the common differentially expressed
genes (DEGs) and their functions in HF and LC. Finally, four
genes with the same expression trend were selected after
validating hub genes in the other two data sets. The genes
that were identified to link HF and LC may contribute to
offer unknown evidence to reveal the biological mechanisms
underlying the co-morbidity of the two diseases.

Materials and methods
Data source

As a publicly available database, the GEO (http:/ /www.ncbi.
nlm.nih.gov/geo/)! includes abundant genome sequencing
data sets submitted by researchers. Search for relevant gene
expression data sets from GEO using HF and LC as keywords.
The included data sets should meet the following criteria:
the two used expression profiles were not from the differ-
ent sequencing platform and the included test samples are
of human origin. Data sets containing the largest sample size
were preferentially selected. Finally, two data sets (GSE57338
and GSE151101) were obtained (Affymetrix GPL11532 plat-
form, Affymetrix Human Gene 1.1 ST Array). The GSE57338
data set contained 177 HF and 136 non-HF samples, respec-
tively. The GSE151101 data set was generated from pulmonary
tumor and matched unaffected (henceforth referred to as nor-
mal lung tissue) tissue and contained a total of 237 samples.

GEO2R web application for identifying DEGs

GEO2R (www.ncbi.nlm.nih.gov/geo/ge2r/), based on R
language “LIMMA” package, is a function recently updated
by the GEO."2 It is used to implement sophisticated analysis
of GEO data for calculating and visualizing the differential
expression multiple. GEO2R could filter gene expression in
a timely and more flexible manner for determining the DEGs
between the samples of control and diseased groups. Only
those genes that met the following selection criteria were as

follows: adjusted P values <0.05 and fold change (FC)=1.5
were identified as DEGs. The common DEGs were filtered
by the Sangerbox (http://vip.sangerbox.com/login.html)
which is an online diagram tool.

Enrichment analyses of DEGs

Metascape (https:/ /metascape.org/gp/index.html#/main/
step1) is an effective and efficient tool for gene function anno-
tation analysis, which combines gene annotation, pathway
enrichment, membership analysis, and gene-related protein
network analysis. Analysis reports with analytical resources
and comprehensive gene list annotations are provided to
experimental biologists through the fast one-click Express
analysis interface. The gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichments of DEGs were conducted using the Metascape.
Adjusted P values of <0.01 were considered significant.
Terms with adjusted P values <0.01, an enrichment factor
>1.5, and a minimum count of 3 were bridged and classi-
fied into clusters based on their high clustering similarities.

Protein—protein interaction network establishment

The STRING can be accessed online at https:/ /string-db.
org/. It can build a protein interaction network for research-
ers to integrate the connections between proteins, including
the direct binding relationship and the relationship between
indirect pathways.!® The life of a cell partly depends on a
complex web of functional interactions between biological
molecules. Among these interactions, protein—protein inter-
actions (PPIs) hold a particularly important position because
of their versatility, specificity, and adaptability. A composite
score greater than 0.4 was considered statistically significant
when using STRING to search for interaction evidence.

Filtering and analysis of hub genes

Cytoscape (http:/ /www.cytoscape.org) is a widely sourced
and powerful online platform for network layout and query,
for visualizing the integration of the network with other
molecular states, and connecting the network to databases of
functional annotations using straightforward plug-in archi-
tecture.'* Five common algorithms (Stress, Betweenness,
Degree, Maximum Neighborhood Component, and
Maximal Clique Centrality) were applied to evaluate and
screen hub genes using the cytoHubba plug-in of Cytoscape.
The Molecular Complex Detection plug-in of Cytoscape was
applied to identify densely connected network components.

Construction of a co-expression network

These co-expression networks of hub genes were con-
structed using GeneMANIA (http:/ /www.genemania.org/).
GeneMANIA is a reliable tool for speculating the gene func-
tion, analyzing gene lists, and performing functional assays
and ranking of hub genes.!

Validation of hub gene expression

The GSE76701 and GSE118370 data sets were applied to con-
firm the expression of the selected hub genes. The GSE76701
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data set consists of four HF and non-HF samples each.
GSE118370 consists of six pulmonary tumor tissue and normal
lung tissue samples each. The expression level of the obtained
hub genes was initially tested for normality. If the gene expres-
sion met the normality test, the two sets of data were com-
pared using the t-test; the non-parametric test was used in
other cases. P values of <0.05 were considered significant.

Results
Identification and analysis of DEGs

The flowchart of this research is presented in Figure 1. DEGs
(313 in GSE57338 and 1360 in GSE151101) were identified
using the GEO2R web application (Figure 2(A) and (B)). On
considering the intersection of the Venn diagram, 85 DEGs
shared by HF and LC were obtained (Figure 2(C)). Genes
with different expression trends in GSE57338 and GSE151101
were subsequently excluded (Figure 2(D) and (E) and
Supplementary Table S1) to obtain 8 and 36 up- and down-
regulated DEGs, respectively. A total of 44 genes were com-
mon between HF and LC and had the same expression trend;
these were associated with the co-occurrence of LC and HE.

Functional enrichment analyses of common DEGs

Biological functions and pathways of 44 common DEGs were
enriched for GO and KEGG pathway enrichment analysis
using Metascape. This was useful in revealing the relation-
ship between the two diseases. The GO analysis of Metascape
results revealed that these genes were concentrated in extra-
cellular matrix organization (log10(P)=—8.294), inflammatory
response (log10(P)=-7.266), regulation of defense response
(log10(P)=—6.403), cell chemotaxis (log10(P)=-4.900), and
cellular transition metal ion homeostasis (log10(P)=—-6.286)
(Figure 3(A)). KEGG pathway enrichment analysis dem-
onstrated that these genes were mainly clustered in viral
protein interaction with cytokine and cytokine receptor
(log10(P)=-3.374) and cytokine—cytokine receptor interac-
tion (log10(P)=-3.050) (Figure 3(B)).

PPI network creation and module analysis

The network of the common DEGs, which contained 43 nodes
and 27 edges (Figure 4(A)), was built using the STRING data-
base. The interactions in the network were visualized using
Cytoscape. Genes that were related to each other were clearly
identified (Figure 4(B)). This PPI network showed a corre-
lation between the expression of most genes. One closely
connected gene module was obtained using the Molecular
Complex Detection plug-in of Cytoscape; it included three
common DEGs (Figure 5(A)). As shown in Figure 5(B), the
module analysis was retained as the functional description
of the relevant parts. The functional description was mainly
involved in metalloendopeptidase activity (logl10(P)=-7.3),
metallopeptidase activity (log10(P)=—6.6), and extracellular
matrix organization (log10(P)=-6.1) (Figure 5(B)).

Screening and analysis of hub genes

The top 20 hub genes (Table 1) were identified using the 5
algorithms of the cytoHubba plug-in. After considering the
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same part of the Venn diagrams, 17 shared hub genes were
found and they included CCL2, POSTN, ALOX5, PLA2G2A,
Clorf162, FPR1, ADAMTS15, ADAMTS4, ADAMTS?,
ALOX5AP, ANPEP, FAP, VSIG4, LYVE1, MT1A, STEAP4, and
SULF1 (Figure 6(A)). The GeneMANIA database revealed
the co-expression networks of the above genes and their
related functions. The complex PPI networks showed 50.72%
co-expression, 34.19% prediction, 7.24% physical interaction,
5.33% co-localization, 2.49% shared protein domains, and
0.03% genetic interaction (Figure 6(B)). These genes were
mainly related to extracellular matrix organization, inflam-
matory responses, blood vessel morphogenesis, regulation
of defense responses, cellular homeostasis, and regulation
of leukocyte activation; these processes were evaluated by
GO analysis (Figure 7).

Confirmation of hub gene expression

Among the 17 hub genes, the expression of the 9 genes
including ALOX5, FPR1, ADAMTS15, ALOX5AP, ANPEP,
SULF1, Clorfl62, VSIG4, and LYVEI were found to be sta-
tistically significant in two other databases. The full names
and related functions of the common hub genes are shown in
Table 2.6 The results showed that SULF1 was significantly
up-regulated and Clorf162, VSIG4, and LYVE1 were signifi-
cantly down-regulated in both GSE76701 and GSE118370
compared with normal tissue. These four genes can be
regarded as important genes closely related to the co-mor-
bidity of HF and LC. In addition to the results of enrichment
analysis (Figure 7), the SULF1 correlated with the extracel-
lular matrix (ECM) and the VSIG4 correlated with regulation
of leukocyte activation; this may provide a basis for explor-
ing the causes of co-morbidity between the two diseases.

As shown in Figure 8, ALOX5, FPR1, and ADAMTS15
were significantly down-regulated in LC compared with
normal tissue. ALOX5AP and ANPEP were significantly
down-regulated in HF; these genes may be related to the
eventual disease outcome in patients. The findings are sum-
marized in Figure 9.

Discussion

HF and cancer, two of the most dangerous diseases to human
health, cause a large number of deaths. The co-occurrence of
cancer and HF has been described, and it significantly affects
clinical outcomes.” However, the reason for this co-occur-
rence is unclear. The common risk factors between cancer
and HF may partly explain their association.!” Imaging and
laboratory results or drugs may help detect unknown can-
cers in patients with HF during diagnosis and treatment.?
However, the above explanation for co-occurrence is limited
by the lack of comprehensive research. Fortunately, the link
between cancer and HF is gaining attention. In this context, a
study has shown a causal relationship between HF and colon
cancer. The study concluded that the presence of HF led to
a significantly increased intestinal tumor load in APCM in
mice.?° However, the pathways and underlying mechanisms
were not fully elucidated and warrant further exploration.
As the leading cause of cancer deaths worldwide,* the cumu-
lative incidence of LC in HF patients remains at a high level
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DEGs with combined score >0.4
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network were visualized by
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One closely connected gene modules
were obtained through Molecular
Complex Detection plug-in of
Cytoscape.

v
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Molecular Complex Detection
component independently

17 hub genes were obtained through
five algorithms (Stress,
Betweenness, Degree, MNC, MCC) of
the cytoHubba plugin of cytoscape.

A gene co-expression analysis

was obtained through the
GeneMANIA database.

KEGG and GO enrichment analyses of
the bub genes were performed by
Metascape software.
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The expression levels of hub genes
were verified in GSE76701 and
GSE118370.

Nine genes were statistically
significant in the two datebases.

v

_>

ALOX5, FPR1, ADAMTS15 were significantly
down-regulated in LC. ALOX5AP and ANPEP
were significantly down-regulated in HF.

Four genes were common to HF and LC
including SULF1, C1orf162, VSIG4 and
LYVE1.

Figure 1. Research design flowchart.

We identified 44 DEGs in both diseases, of which 17 were
hub genes. The analysis showed that the 44 genes were clus-
tered on ECM organization, inflammatory responses, blood
vessel morphogenesis, regulation of defense responses,

compared with other cancers.® In order to reveal the under-
lying mechanisms and internal relationships responsible for
the co-occurrence of HF and LC, this study attempted to
explore their relationship using microarray data analysis.
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cellular homeostasis, and regulation of leukocyte activa-
tion. Using hub gene enrichment analysis, this study dem-
onstrated a common signaling pathway between HF and
LC and provided new evidence for the association between
the two diseases. Nine statistically significant genes were
finally found via validation of hub genes in the other two
data sets. The result in Figure 9 suggested that changes in the
expression of ALOX5, FPR1, and ADAMTS15 may contribute
to disease progression in LC and ALOX5AP and ANPEP
may contribute to disease progression in HF. Four genes

including SULF1, Clorf162, VSIG4, and LYVE1 were found
to be common between HF and LC; this may offer a break-
through in the search for mechanisms responsible for the
concomitance of HF and LC.

SULF1 is a heparin-degrading endosulfatase.?” Signaling
processes modulated by SULF1 have been reported to be
of close relevance for the development and expansion of
cancer.?8 SULF1 also exerted tumor suppressive effects in
various cancer models, with downregulation in hepatocel-
lular carcinoma,? breast cancer,* gastric cancer,? and renal
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Figure 3. Common DEG enrichment analysis results. Enrichment analysis results of GO ontology (A) and KEGG pathways (B).

cancer.’? However, one study offers conflicting result.3!
Rosen and Lemjabbar-Alaoui®' analyzed the data from the
ONCOMINE microarray database and found that SULF1
was clearly overexpressed in breast cancer, brain cancer,
colorectal adenocarcinoma, and LC. More research is needed
to explain this conflicting carcinogenic effect. This study also
found higher SULF1 expression in the tissue from HF and
LC than in normal tissues; other studies have also confirmed
its role in HFE.32 One study suggested that SULF1 is required
for cardiac fibroblast activation and serves as a myofibro-
blast marker for myocardial fibrosis and HE3* Another study
established heparan sulfate-editing Sulf as a key inducer
of postinfarction angiogenesis and identified heparan sul-
fate sulfation as a direction of treatment for ischemic tis-
sue repair;* this may serve as a foundation for research to
identify molecular targets for the prevention of chronic HE.
Based on the findings from these studies, we hypothesized
that SULF1 could be a key gene in HF and LC, and that its
high expression in one of the conditions may be used as a
biomarker for predicting the other disease.

In addition to the findings from GO enrichment analysis
(Figure 7), SULF1 was found to be jointly involved in ECM
organization (as shown in Figure 5(B)). The ECM is a sophis-
ticated and dynamic construct, which provides signals to
cells and regulates their behavior; it can maintain normal
organs growth and tissue stability by triggering various

biological activities, which are essential for living organ-
isms.3> ECM remodeling is essential for regulatory mor-
phogenesis of intestines, lungs, and other organs; abnormal
remodeling of the ECM may be one of the predisposing
factors leading to various pathological states including
fibrosis and cancer.3¢ Under stress conditions, ECM mac-
romolecules can lead to ventricular dysfunction and HF by
acting as an indispensable role in driving cellular biological
responses.?” A better understanding on the mechanisms by
which the ECM moderates organ structure and function
and the ways in which ECM reshaping impacts disease pro-
gression will help advance the process of developing new
therapeutic approaches. In addition to the direct targeting
of tumor cells, which has received considerable attention
in the field of cancer treatment, the interest in ECM tar-
geting has also been increasing rapidly.?® Research has
shown that heparinase (which regulates the structure and
function of heparan sulfate proteoglycan) and sulfatase
(which removes 6-O-sulfate residues from heparan sulfate
and modulates its binding to many cytokines and growth
factors) can change the properties of ECM proteoglycans.4
However, there is no firm evidence for the relationship
between SULF1 and ECM,; this requires further research. In
this context, modulation of the ECM may be regarded as a
possible strategy for controlling the properties of the tumor
microenvironment.
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Table 1. Rank of the top 20 hub genes in cytoHubba.

Maximal clique Maximum neighborhood Degree Stress Betweenness
centrality component

cCL2 ADAMTS15 cCL2 ALOX5 ccL2
POSTN ADAMTS4 POSTN CcCL2 ALOX5
ALOX5 ADAMTS9 ALOX5 ALOX5AP POSTN
PLA2G2A LYVE1 PLA2G2A C1orf162 ALOX5AP
C1orf162 MT1A C1orf162 POSTN Ctorf162
FPR1 STEAP4 FPR1 FPR1 PLA2G2A
PTX3 SULF1 PTX3 FAP FPR1
ADAMTS15 ALOX5 ADAMTS15 ANPEP FAP
ADAMTS4 ccL2 ADAMTS4 VSIG4 PTX3
ADAMTS9 PLA2G2A ADAMTS9 PTX3 ANPEP
ALOX5AP ALOX5AP ALOX5AP PLA2G2A VSIG4
ANPEP Clorf162 ANPEP MXRA5 MXRA5
FAP ANPEP FAP HAS2 HAS2
VSIG4 FAP VSIG4 LYVE1 LYVE1
MXRA5 CD24 MXRA5 MT1A MT1A
HAS2 VSIG4 HAS2 STEAP4 STEAP4
LYVE1 FPR1 LYVE1 ADAMTS15 ADAMTS15
MT1A IL1RL1 MT1A ADAMTS4 ADAMTS4
STEAP4 POSTN STEAP4 ADAMTS9 ADAMTS9

SULF1 CXCL14 SULF1 SULF1 SULF1
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V-set immunoglobulin-domain-containing 4 (VSIG4), is  of C3b-opsonized pathogens by binding the complement
a membrane protein of the immunoglobulin superfamily?®  component, C3b.4! VSIG4 can also bind to unidentified T-cell
and a complement receptor. VSIG4 may mediate clearance  ligands or receptors to inhibit interleukin-2 production and
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Figure 7. GO enrichment analysis of the hub genes.

Table 2. Details of the validated genes.

Log10(P)

Gene Ontology

extracellular matrix organization
@ inflammatory response
@ blood vessel morphogenesis
@ regulation of defense response
@ cellular homeostasis

regulation of leukocyte activation

1

ALOX5

FPR1

ADAMTS15

ALOX5AP

ANPEP

Clorf162

VSIG4

LYVE1

SULF1

Arachidonate 5-lipoxygenase

Formyl peptide receptor 1

A disintegrin and metalloproteinase

with thrombospondin motifs 15; ADAM
metallopeptidase with thrombospondin type
1 motif 15

Arachidonate 5-lipoxygenase-activating
protein; required for leukotriene biosynthesis
by ALOX5 (5-lipoxygenase)

Alanyl aminopeptidase, membrane;
aminopeptidase N

Transmembrane protein C1orf162,
chromosome 1 open reading frame 162
V-set and immunoglobulin domain-containing
protein 4

Lymphatic vessel endothelial hyaluronic acid
receptor 1

Extracellular sulfatase Sulf-1

Catalyzes the first step in leukotriene biosynthesis, and thereby plays a role in
inflammatory processes; belongs to the lipoxygenase family®

fMet-Leu-Phe receptor; high affinity receptor for N-formyl-methionyl peptides
(fMLPs), which are powerful neutrophil chemotactic factors. Binding of fMLP to the
receptor stimulates intracellular calcium mobilization and superoxide anion release.
This response is mediated via a G-protein that activates a phosphatidylinositol-
calcium second messenger system'”

Anchors ALOX5 to the membrane. Binds arachidonic acid, and could play an
essential role in the transfer of arachidonic acid to ALOX5. Binds to MK-886, a
compound that blocks the biosynthesis of leukotrienes;'8 belongs to the MAPEG
family (a.k.a. FLAP, Q5VV04, AY619687)

Broad specificity aminopeptidase'® which plays a role in the final digestion

of peptides generated from hydrolysis of proteins by gastric and pancreatic
proteases. Also involved in the processing of various peptides including peptide
hormones, such as angiotensin Il and IV, neuropeptides, and chemokines.
May also be involved the cleavage of peptides bound to major histocompatibility
complex class Il molecules of antigen presenting cells.2 May have a role in
angiogenesis and promote cholesterol crystallization; aminopeptidases

Phagocytic receptor, strong negative regulator of T-cell proliferation and I1L2
production. Potent inhibitor of the alternative complement pathway convertases,
immunoglobulin-like domain containing?®'

Ligand-specific transporter trafficking between intracellular organelles (TGN)

and the plasma membrane. Plays a role in autocrine regulation of cell growth
mediated by growth regulators containing cell surface retention sequence binding
(CRS).22 May act as a hyaluronan (HA) transporter,? either mediating its uptake
for catabolism within lymphatic endothelial cells themselves or its transport into the
lumen of afferent lymphatic vessels for subsequent re-uptake and degradation in
lymph nodes

Exhibits arylsulfatase activity and highly specific endoglucosamine-6-sulfatase
activity.?* It can remove sulfate from the C-6 position of glucosamine within specific
subregions of intact heparin. Diminishes HSPG (heparan sulfate proteoglycans)
sulfation, inhibits signaling by heparin-dependent growth factors, diminishes
proliferation, and facilitates apoptosis in response to exogenous stimulation

MAPEG: Membrane-Associated Proteins in Eicosanoid and Glutathione metabolism.
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T-cell proliferation.?! It can negatively regulate innate inflam-
matory responses.*? The data from a study suggested that
deficiency of VSIG4 in high-fat diet-induced obesity and
hepatitis mouse model accelerated the severity of the inflam-
matory response.*’ Inflammation has been well documented
as an influential trigger for the development and progression
of HF* and LC.#> VSIG4 maybe a prospective target for treat-
ing HF and LC caused by dysregulation of inflammatory
responses.

As shown in Figure 7, VSIG4 was found to be involved in
the regulation of leukocyte activation; this may be related to
its role in HF and LC. Leukocytes, as immune cells derived
from hematopoietic stem cells of the bone marrow, play
certain functions in inflammation and immune responses.
All immune cells recruited to the site of action play critical
roles in the microenvironment and can participate in tumor
development and progression.#” The interaction between
tumor cells and immune cells can lead to the aggregation of
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tumor cells; this also explains the differences in host protec-
tion and tumor-shaping functions of the immune system
in cancer.*® The existing literature suggests that leukocytes
reduce damage and protect the host through multiple and
elaborate mechanisms during inflammation.*’ Several links
between leukocyte driven inflammation and cardiac fibrosis
ultimately lead to adverse outcomes such as HF, with an
increase in mortality.®® We hypothesized that this may be
attributed to the low expression of VSIG4, which partially
affects leukocyte activation and leads to immune disorders;
the antitumor and heart-defending effects are not balanced
in these patients. The exact underlying mechanisms and
effects of VSIG4-leukocyte interaction in the development
and progression of HF and LC remain unclear. Further stud-
ies are necessary to bridge the knowledge gap regarding
VSIG4 with regulation of leukocyte activation.

As one of the most abundant glycosaminoglycans in
ECM, lymphatic vessel endothelial hyaluronan receptor 1
(LYVEL) is a type I integral membrane protein.>' The lack
of LYVEL1 in mice prevented docking of leukocyte docking,

which can worsen chronic inflammation and long-term
deterioration of cardiac function.? A study has shown that
LYVE1 functions to maintain vascular homeostasis® by
binding to hyaluronic acid expressed in smooth muscle
cells; this work underscores the tremendous complexity and
plasticity of recruiting and resident cardiac macrophages
in this state of stability, especially within infarcted tissue.
Therefore, a loss of LYVE1 + macrophages may disrupt
adaptive healing mechanisms, impairing the opportunity
for effective cardioprotection; this results in the develop-
ment of HE. All these studies demonstrate that LYVE1 exists
as an essential constituent of cardiac function. Findings
from previous studies also suggest that LYVE1 may be
involved in lymphatic hyaluronan transport and partici-
pate in tumor metastasis.> The results from this study
suggest that LYVE1 expression was down-regulated in LC
tissue. It is worth noting that a previous study reported an
association between LYVE1 and clinicopathological factors
and survival.®® The role of LYVE1 in HF and LC therefore
needs further investigation.



At present, data pertaining to Clorfl162 are extremely
limited; these need to be supplemented in future studies.
Although four validated genes related to HF and LC (besides
Clorf162) have been explored separately in previous stud-
ies, the common molecular mechanisms between them have
been less studied by bioinformatics approaches. With the
high co-morbidity rate of HF and LC, we studied and char-
acterized for the first time the common DEGs and pivotal
genes for both pathological states. Four validated genes were
finally obtained; they helped to further clarify the common
underlying mechanisms between HF and LC.

Certain limitations exist in this study. First, this was a
retrospective analysis; as the scope of retrospective analyses
is limited, external verification will be needed to verify our
findings. Second, sufficient sample size is necessary; more
HF and LC samples will be needed to validate our findings.
Third, preclinical models mimicking the human scenario of
co-existence of both pathologies will be needed for future
studies. Finally, the function of the four validated genes
needs further verification in vitro model; this will be a prior-
ity for our future work.

In conclusion, we found numerous close but obscure con-
nections between HF and LC, that may be mediated by the
validated genes. Based on the results of GO enrichment anal-
ysis, HF and LC co-occurrence is possibly related to the dis-
orders of the immune system. In this context, the abnormal
activation of ECM organization, inflammatory response, and
other immune signaling pathways needs particular atten-
tion. The findings suggest that crosstalk within the immune
system may be responsible for cell cycle changes in differ-
ent organs. The common validated genes have potential for
use as biomarkers for the co-occurrence of the two diseases.
This means that by monitoring the abnormal expression
of these genes, we can predict whether a disease is likely
to develop into a combination of two diseases. Patients
with high expression of SULFI gene and low expression of
Clorf162, VSIG4, and LYVEI1 genes may be predicted to have
a higher chance of co-morbidity HF and LC. Similarly, the
ALOXb5, FPR1, and ADAMTS15 genes may be predicted to
partially beneficial in the disease progression of LC, and the
ALOX5AP and ANPEP genes may partially contribute to
the disease progression of HE. In addition to clinical data,
scientific experiments based on preclinical models (mimick-
ing the human scenario of co-existence of both pathologies)
are urgently needed to verify the potential biomarkers we
screened. Once these genes can be validated, they can be
used as indicators to predict disease diagnosis and prog-
nosis. In the future, based on the common validated genes
between LC and HEF, it is possible to provide specific drug or
therapeutic target sites to treat the co-morbidities of the two
diseases, or to guide clinical drug use, thus providing occa-
sions for developing the crossover strategies and treatments
to fight both diseases.
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