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A B S T R A C T

COVID-19 is a pandemic that began to spread worldwide caused by SARS-CoV-2. Lung cancer patients are more
susceptible to SARS-CoV-2 infection. The SARS-CoV-2 enters into the host by the ACE2 receptor. Thus, ACE2 is
the key to understand the mechanism of SARS-CoV-2 infection. However, the lack of knowledge about the
biomarker of COVID-19 warrants the development of ACE2 biomarkers. The analysis of ACE2 expression in lung
cancer was performed using The Cancer Genome Atlas (TCGA). Therefore, we investigated the prognosis, clinical
characteristics, and mutational analysis of lung cancer. We also analyzed the shared proteins between the
COVID-19 and lung cancer, protein-protein interactions, gene-miRNAs, gene-transcription factors (TFs), and the
signaling pathway. Finally, we compared the mRNA expression of ACE2 and its co-expressed proteins using the
TCGA. The up-regulation of ACE2 in lung adenocarcinoma (LUAD) and lung squamous carcinoma (LUSC) was
found irrespective of gender and age. We found the low survival rate in high expression of ACE2 in lung cancer
patients and 16 mutational positions. The functional assessment of targeted 12,671, 3107, and 29 positive genes
were found in COVID-19 disease, LUAD, and LUSC, respectively. Then, we identified eight common genes that
interact with 20 genes, 219 miRNAs, and 16 TFs. The common genes performed the mRNA expression in lung
cancer, which proved the ACE2 is the best potential biomarker compared to co-expressed genes. This study
uncovers the relationship between COVID-19 disease and lung cancer. We identified ACE2 and also its co-
expressed proteins are the potential biomarker and therapy as the current COVID-19 disease and lung cancer.

1. Introduction

A respiratory tract disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has become pandemic around the
world. The first incidence of this SARS-CoV-2 was found in Wuhan,
China, in December 2019 [1]. Among four coronavirus genera α, β, γ,
and δ, SARS-CoV-2 belongs to β-coronavirus. Additionally, the other
two β coronaviruses are middle east respiratory syndrome coronavirus
(MERS-CoV) and SARS-CoV, but SARS-CoV-2 is more identical to SARS-
CoV [2,3].

From the day of first reporting, above 4.5 million cases were con-
firmed globally with more than 2.47 lacs deaths [4,5]. Although im-
mune-compromised patient, older people and people with disease his-
tory may develop dangerous outcome like acute respiratory distress
syndrome (ARDS) [2], many research suggested that cancer patients are
more susceptible to SARS-CoV-2 infection than individuals with COVID-

19 alone because of their systemic immunosuppressive state caused by
the malignancy [6,7]. A retrospective study in a hospital in Wuhan
China, a group of 28 patients with COVID-19 and cancer was taken for
observation. In that study, 10 patients (35.7%) were in stage IV where
lung cancer was the most frequent (7; 25%). As of February 28th, 15
(53.6%) patients have developed severe conditions, 10 (35.7%) patients
have developed the life-threatening condition and 8 (28.6%) patients
died [7]. Metastasis in the lung makes patients seriously vulnerable to
COVID-19 that might result in poor prognosis, pneumonia, and various
lung problem [8]. Several signs and symptoms were found in COVID-19
patients, including invasive lung lesions, fatigue, fever, breathlessness,
cough, and many others [5,9,10]. Due to elevated cytokine levels such
as TNFα, MIP1A, GCSF, IL (2, 7, 10), which may develop into worse
outcomes like pneumonia, respiratory failure, and death have been
described [11]. Lung cancer patients are profoundly affected by SARS-
CoV-2 [6]. Till March 2020, the lung cancer patients who had SARS-
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CoV-2 infection have a mortality rate of 5.6% in China and 15.2% in
outside of China [12].

Angiotensin-converting enzyme 2 (ACE2) is a vital regulator of the
renin-angiotensin system (RAS) expressed in the lung alveolar cell type
II [13,14]. The primary function of ACE2 is to convert angiotensin II
into angiotensin-(1–7). The blocking of the angiogenesis system and the
growth of tumor cells are other roles of ACE2 [15]. SARS-CoV-2 oc-
cupies the ACE2 receptor for its entry by serving as attaching sites for
spike (S) protein [16]. The pro-inflammatory response is an im-
munoreaction of the lung to defend against SARS-CoV-2 viral infection
[17]. This response comprises the cytokine storm, including tumor
necrosis factor-alpha (TNF-α) and interleukin six (IL-6) that play an
essential role in toll-like receptor (TLR) signaling pathway. By acti-
vating T helper cells, these elevated levels of cytokine cause acute re-
spiratory distress syndrome (ARDS) and many organ failures. Besides,
TLR4 is also responsible for immune-pathological exposure of COVID-
19 as it is the most effective innate immune receptor and showed a
strong binding affinity toward surface protein. Some recent investiga-
tions also recorded that TLR1, TLR4, and TLR6 exhibit efficient binding
affinity toward S glycoprotein of SARS-CoV-2 [17,18].

ACE2 is also expressed in other organs like heart, kidney, en-
dothelium, and intestine, but due to the nature of COVID-19 infection,
we choose lung as our target organ. Moreover, the COVID-19 virus has
its primary infection site in the lung and it also shows the worst severity
in the lung [19,20]. As the COVID-19 virus demonstrates its primary
symptom in lung and the infection increase the expression of ACE2,
there is a significant possibility of lung cancer progression due to
COVID-19 infection. In lung cancer angiotensin-(1–7) show an elevated
level of concentration in serum from lung and ACE2 inhibitors showed
an increase in the apoptosis of lung cancer cell in human and rat al-
veolar epithelial cells [21]. Thus, build up the relation between lung
cancer and SARS-CoV-2 infection. Scarcity of ACE2 expression is a
guide to abnormal lung function due to decayed vascular permeability,
neutrophil infiltration, and enhanced lung edema that make the lung
more prone to SARS-CoV-2 infection [22,23]. Maintained level of ACE2
improves patient's survival in lung cancer; enzymatic activity leads to
an inflammatory storm that will help to eliminate SARS-CoV-2 from the
lung by interrupting in gas exchange between alveoli and capillaries.
Elevated or uncontrolled levels of ACE2 expression with S protein en-
hance the chance of SARS-CoV-2 infection [22,23]. Finally, ACE2 could
be identified as a potential biomarker and therapy target in SARS-CoV-2
infection.

Due to a lack of a specific vaccine or drug, it is challenging to face
such a wide-spreading pandemic. In our study, we presented a bioin-
formatics analysis using various web-servers to identify the expression,
clinical characteristics, mutational positions, the survival rate of pa-
tients, and co-expression of ACE2. We also revealed the co-expressed
genes of ACE2 and their possible protein-protein and transcriptional
interaction. Our result uncovered that ACE2 is vitally involved with
both COVID-19 and lung cancer. Our aim is to improve patient survival
and early diagnosis by using ACE2 as a biomarker. A flow chart re-
presenting the overall procedure for the target identification and ana-
lysis has been illustrated in Fig. 1.

2. Methods and materials

2.1. Conducting expression analysis of ACE2

To explore the finding behind the transcriptional expression of
ACE2 in multiple cancer, we applied a publicly available online tool
Gene Expression Profiling Interactive Analysis 2 (GEPIA2) server
(http://gepia2.cancer-pku.cn/#index) using the TCGA (The Cancer
Genome Atlas) datasets [24]. The GEPIA2 server contains data from
9667 tumors and 602 healthy tissues. Furthermore, we studied the
mRNA expression data of ACE2 in lung cancer through the UALCAN
website (http://ualcan.path.uab.edu/index.html) using the TCGA

dataset [25,26]. The control samples were 59 and cancer samples were
515 in lung adenocarcinoma (LUAD) while lung squamous carcinoma
(LUSC) control samples were 52 and cancer samples were 552. Finally,
the mRNA expression of ACE2 was analyzed using the Oncomine tool
(https://www.oncomine.org/resource/main.html) and TCGA datasets
(control samples = 50 and LUAD samples = 226, control samples = 65
and LUSC samples = 27) [27,28]. Oncomine and UALCAN both are
user-friendly web-platforms used to reveal the gene expression of TCGA
data and relative expression of a query gene. We set the threshold of p-
value< 0.05.

2.2. Relation of ACE2 expression with clinicopathological parameters in
lung cancer patients

UALCAN is a user-friendly publicly available web-portal that is used
to explore the expression of a query gene and measure the influence of
clinical features on gene expression level. To observe the association of
ACE2 mRNA expression with the patient's gender and age in LUAD and
LUSC, we used the UALCAN web portal (http://ualcan.path.uab.edu/
index.html) [25,26].

2.3. Survival analysis and mutational analysis of ACE2 in lung cancer

The survival analysis of ACE2 in lung cancer was performed using
the Genotype 2 Outcome server. The Genotype 2 Outcome server pro-
vides the Kaplan-Meier plots using the TCGA data. The number of pa-
tient samples was 555. The threshold for statistical significance in the
survival analysis was set at p-value < 0.01 and average HR>1.4
(average HR is based on the mean of HR in the cohort having a higher
HR and 1/HR of the cohort having a lower HR value). In the entire
analysis pathway, none of the samples involved in the training (ROC
analysis) are included in the test (survival analysis) as well [29].
Therefore, we performed the analysis of the mutational position by
cBioPortal (http://cbioportal.org/) in lung cancer through the TCGA
PanCancer Atlas data [30]. The total number of samples was 1053 and
threshold parameters were set to default.

2.4. Identification of COVID-19 genes and co-expression profile of ACE2

To collect the co-related genes of LUAD and LUSC in R2 Genomics
Analysis and Visualization Platform using TCGA datasets [31]. The
COVID-19 genes were downloaded from the Comparative Tox-
icogenomics Database (CTD) [32] and all data was downloaded in text
format. The gathered genes were visualized using FunRich software
(http://funrich.org/index.html) for the Venn diagram [33].

2.5. Protein-protein interaction of commonly co-expressed genes

GeneMANIA provides a very flexible interface for the query of
genomic, proteomic, and gene function data. It is an extensive database
of functional association data, including protein and gene interactions,
pathways, and co-expression [34,35]. For uncovering the vital proteins
and pathways in the gene set, the PPI network of the signature ex-
tracted from GeneMANIA (https://genemania.org/). The figure was
visualized using Cytoscape 3.7.2 software (https://cytoscape.org/)
[36].

2.6. Network analysis of miRNAs and TFs with target genes

The regulatory Network (miRNAs and transcription factors) analysis
with target genes was done by using the Network analyst web tool
(https://www.networkanalyst.ca/) [37]. We employed a comprehen-
sive human transcriptional and post-transcriptional regulatory network
in the identification of transcription factors (TFs) and miRNAs. Changes
in TF and miRNA show a significant change in transcription level and
post-transcription level of the gene ACE2.
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2.7. Functional pathway and gene ontology analysis of common genes with
COVID-19 and lung cancer

Gene ontology was predicted for the computational presentation of

the biological system, mainly of those biological products that are in-
volved in the cellular process. It was also designed to view the func-
tional annotation of genes for various model organisms. That has three
different sectors, such as molecular function, cellular function,

Fig. 1. Schematic representation of the overall workflow of this research.
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biological function [38]. Kyoto encyclopedia of genomes and gene
(KEGG) is a database for utilities of the biological systems and high-
level role, through molecular-level information of genome sequencing
and other high-throughput experimental technologies [18]. Common
co-related genes of COVID-19 and lung cancer were analyzed for their
functional enrichment pathway and gene ontology performed by the
Enrichr web portal [39]. The study of pathway databases was used for
pathway enrichment investigation to assess the potential association of
the signature with pathways.

2.8. Examination of co-expression of common genes in COVID-19 and lung
cancer

The expression analysis of common genes in lung cancer was con-
ducted by the Lung Cancer Explorer Platform (http://lce.biohpc.
swmed.edu/lungcancer/index.php#about) [40]. The Lung Cancer Ex-
plorer is a comprehensive analysis tool for lung cancer microarray data
from the TCGA. The MORPHEUS server (https://software.
broadinstitute.org/morpheus/) was used for the visualization of
mRNA expression via heatmap [41]. Therefore, we also investigated the
mRNA expression of common genes in the Oncomine database through
the TCGA dataset [27,28]. The parameters were set to p-value<0.05
and fold change = 1.

3. Results

3.1. Conducting expression analysis of ACE2

Using the GEPIA2 server, we observed the ACE2 expression in
multiple human cancers. The result was illustrated that ACE2 is ex-
pressed in both LUAD and LUSC, which suggests that ACE2 is also in-
volved with lung cancer (Fig. 2). For further examination, interactive
web resources Oncomine and UALCAN were used for mRNA expression
of ACE2 in lung cancer (LUAD and LUSC). Significant up-regulation of
the ACE2 mRNA level was noticed in LUAD and LUSC when contrasted
with healthy control in the TCGA dataset (Fig. 3A). Further,

investigation of ACE2 mRNA data also showed indicatory expression in
LUAD and LUSC as compared with normal cells (Fig. 3B-C). The results
suggested strong and significant evidence regarding the higher ex-
pression of ACE2 in LUAD and LUSC tissues compared to their corre-
sponding normal tissues (Fig. 2-3).

3.2. Association of clinical parameter and ACE2 expression in LUAD and
LUSC

The relation between ACE2 mRNA expression and the clinical
characteristics of LUAD and LUSC was done using the TCGA dataset.
Compared with normal tissues, ACE2 expression was augmented by the
patient's age and gender. Both gender and age's people identified with
up-regulation in both LUAD and LUSC (Table 1). Although more male,
female, young, and older ages samples were identified with high mRNA
expression compared with normal samples in both LUAD and LUSC. The
results also suggest strong and significant evidence regarding the higher
expression of ACE2 in lung cancer.

3.3. Survival-analysis and identification of mutational positions of ACE2 in
human LUAD and LUSC

We investigated the ACE2 survival rate in lung cancer. We found
both overall (OS) and relapse-free survival (RFS) had a low survival rate
in high mRNA expression of ACE2 and higher HR value in lung cancer
patients. In the entire analysis pathway, none of the samples involved in
the training (ROC analysis) are included in the test (survival analysis) as
well (Fig. 4). Therefore, we also investigated the mutational analysis of
ACE2 protein, where in total 16 mutations in lung cancer were observed
- 9 missense mutations in LUAD, while 4 missenses, 2 splice, and 1
frameshift mutations in LUSC (Table 2).

3.4. Employment of COVID-19 and lung cancer-infected genes

Using the comparative toxicogenomics database, R2 genomics
analysis and visualization platform, we collected the genes of COVID-19

Fig. 2. The transcriptional expression of ACE2 in COVID-19 infected human cancer. The red color was representing the cancer cells and the green color was
representing the healthy cells. Abbreviation: LUAD- Lung adenocarcinoma, LUSC- lung squamous carcinoma. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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and used the R2 genomics analysis and visualization platform for
identification of co-expressed genes of ACE2 in LUAD and LUSC. Total
3107 genes of LUAD, 29 genes of LUSC, and COVID-19 genes of 12,671
were found to be co-expressed (Supplementary file 1). To elucidate the
overlapping between COVID-19, LUAD, and LUSC genes, we applied
FunRich analysis tool (Supplementary file 2). The graphical visualiza-
tion depicted eight genes that were marked as co-expressed genes of
COVID-19, LUAD, and LUSC from the Venn diagram (Fig. 5, Supple-
mentary file 2). The 8 genes are angiotensin-converting enzyme 2
(ACE2), human ATP binding cassette gene subtype (ABCA13), uridine
diphosphoglucuronosyltransferase 1A6 (UGT1A6), krüppel-like factors
5 (KLF5), lipocalin-2 (LCN2), tetraspanins-3 (TSPN3), α-aminoadipic
semialdehyde synthase (AASS), and hepatic cytochrome 450 super-
family gene (CYP2C18). The overlapped region points out the com-
monly co-expressed genes in LUAD, LUSC, and COVID-19.

3.5. Construction of protein-protein interaction (PPI) network

To know the depth of the disease and to predict phenotypic-geno-
typic association, sufficient resources were used to construct protein
networks. The protein-protein interaction of ACE2, ABCA13, UGT1A6,
KLF5, LCN2, TSPN3, AASS, and CYP2C18 form a protein network was
consisting themselves and keratin 7 (KRT7), CEA cell adhesion mole-
cule 5 (CEACAM5), transmembrane 4 six family member 4 (TM4SF4),
tripartite motif-containing 31 (TRIM31), glutathione S-transferase Mu 3
(GSTM3), E74 Like ETS transcription factor 3 (ELF3), peptidase in-
hibitor 3 (PI3), olfactomedin 4 (OLFM4), galectin 4 (LGALS4), chro-
mosome 1 open reading frame 106 (C1orf106), Cbl proto-oncogene C

Fig. 3. The mRNA expression of ACE2 in lung cancer. (A) ACE2 expression in lung cancer obtained by using UALCAN web, (B) ACE2 expression in LUAD, and (C)
LUSC using Oncomine online tools compared to healthy cells. The threshold p-value: * < 0.05, ** < 0.01, and *** < 0.001. Abbreviation: LUAD- Lung
adenocarcinoma, LUSC- lung squamous carcinoma. TCGA- The cancer genome atlas.

Table 1
The ACE2 mRNA expression levels of LUAD and LUSC in human gender and age
patients.

Cancer
typea

Type of
samples

Expression of
mRNA

Number of
samples

p-value

LUAD Patient's
gender
Normal ↓ 59
Male ↑ 238 6.10E-04
Female ↑ 276 1.45E-09
Patient's age
Normal ↓ 59
21–40 Yrs ↑ 12 8.32E-01
41–60 Yrs ↑ 90 3.74E-05
61–80 Yrs ↑ 149 2.29E-06
81–100 Yrs ↑ 32 9.72E-03

LUSC Patient's
gender
Normal ↓ 52
Male ↑ 366 4.06E-06
Female ↑ 128 6.17E-04
Patient's age
Normal ↓ 52
21–40 Yrs ↑ 2 5.71E-02
41–60 Yrs ↑ 103 7.70E-03
61–80 Yrs ↑ 361 2.56E-06
81–100 Yrs ↑ 20 1.51E-01

a Down-arrow (↓) indicates the under-expression while up-arrow (↑) in-
dicates the over-expression.
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(CBLC), argininosuccinate synthase 1 (ASS1), serine peptidase inhibitor
kazal type 1 (SPINK1), S100 calcium-binding protein P (S100P), tet-
raspanin 8 (TSPAN8), paraoxonase 1 (PON1), fyn related src family
tyrosine kinase (FRK), ATPase secretory pathway Ca2+ transporting 2
(ATP2C2), suppressor of cytokine signaling 6 (SOCS6), and secretory
leukocyte peptidase inhibitor (SLPI). Other genes that have a relation
with these eight genes are also presented (Fig. 6). The result suggested
that the identified ACE2 and co-expressed genes might be potentially
associated with COVID-19 and lung cancer.

3.6. miRNAs and TFs target genes network investigation

After the construction of miRNAs and TFs target genes network, we
observed that there are a total of 219 miRNAs shared between the 8 co-
expressed genes (Fig. 7A). On the other hand, there are 30 TFs between
the 8 co-expressed genes (Fig. 7B). From the 219 miRNAs ACE2 shares
has-mir-26b-5p with TSPN3 and KLF5, has-mir-10b-5p with KLF5 and
AASS, has-mir-499a with TSPN3, has-mir-100-5p with CYP2C18, has-
mir-520c-3p with KLF5, has-mir-99a-5p with CYP2C18, has-mir-210-3p
with CYP2C18 and has-mir-449a with TSPN3. The correlating TFs of

ACE2 with the other 7 genes are GATA2, MYB, PAX2, PDX1, and
FOXC1. In TFs, we can see that FOXC1 has a relation with almost all the
8 genes except LCN2. TFs and miRNAs relation might indicate the ex-
pression of the genes and disease progression.

3.7. Functional pathway and gene ontology

For integrative analysis of enrichment pathways, we used the
Enrichr web tool. At first, eight co-expressed genes that were shared
between COVID-19 and lung cancer used for functional pathway ana-
lysis. The KEGG pathways are involved in the serotonergic synapse,
drug metabolism, IL-17 signaling pathway, protein digestion, and ab-
sorption, metabolism of xenobiotic, steroid hormone biosynthesis, ABC
transporter, and renin-angiotensin system (Fig. 8A, Supplementary file
3). The Reactome pathway involved in phase II conjugation, metabo-
lism of Homo sapiens, peptide hormone metabolism, iron uptake, and
transport (Fig. 8B, Supplementary file 4). Gene ontology was also per-
formed by Enrichr that involved transferase activity, transferring

Fig. 4. Survival plot of lung cancer patients associated with differential ACE2 expression. (A) Overall survival and (B) relapse-free survival in lung cancer. The red
color was indicating the high expression and black color was indicating the low expression. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Table 2
The ACE2 mutational types and positions in human LUAD and LUSC obtained
from the TCGA dataset.

Cancer type Sample ID Protein change Mutation type Sample

LUAD TCGA-95-7948-01 I256M Missense 142
TCGA-44-2659-01 R219P Missense 396
TCGA-44-7670-01 G211W Missense 1017
TCGA-69-7980-01 L320F Missense 737
TCGA-73-4658-01 D693N Missense 323
TCGA-99-7458-01 H34N Missense 437
TCGA-55-8205-01 T798P Missense 473
TCGA-55-8506-01 V670L Missense 1583
TCGA-62-A46R-01 A99S Missense 170

LUSC TCGA-22-1016-01 V491L Missense 315
TCGA-39-5035-01 G147V Missense 137
TCGA-43-6770-01 X233_splice Splice 202
TCGA-33-4587-01 Y633Lfs*2 Frame Shift 206
TCGA-56-7731-01 G395V Missense 325
TCGA-92-7341-01 W477R Missense 154
TCGA-L3-A524-01 X195_splice Splice 299 Fig. 5. Identification of commonly co-expressed genes with lung cancer and

COVID-19 performed by the FunRich software. Abbreviation: LUAD- Lung
adenocarcinoma, LUSC- lung squamous carcinoma.
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hexosyl, UDP-glycosyltransferase, and metalloexopeptide activity
(Fig. 9 Supplementary file 5). Our data claim that the common co-ex-
pressed genes of ACE2 are significantly involved with many biological
processes of the cell.

3.8. Importance of ACE2 selection for LUAD and LUSC

Through the Oncomine server, we collected the fold change value of
ACE2 for LUAD and LUSC. The result showed that high fold change
value in LUAD and low at LUSC compared to other co-expressed genes.
The fold change value indicates the ACE2 is the best potential

biomarker and other co-expressed genes also potentials biomarkers in
COVID-19 infected lung cancer (Table 3).

3.9. Investigation of co-expression of ACE2 associated genes

To address the impact of each gene expression on another expres-
sion, we used the Lung Cancer Explorer server. The heatmap depicted
that the eight co-expressed genes were expressed. There is the influence
of the one gene expression on another gene expression (Fig. 10). The
result suggested that the identified co-expressed genes of ACE2 might
be potentially associated with lung cancer.

Fig. 6. Protein-protein interaction of commonly co-expressed genes in lung
cancer and COVID-19 performed by the GeneMANIA server and visualized
in Cytoscape 3.7.2 software. The yellow color was representing the com-
monly co-expressed genes and blue color representing the interacting genes
with commonly co-expressed genes. Abbreviation: LUAD- Lung adeno-
carcinoma, LUSC- lung squamous carcinoma. (For interpretation of the re-
ferences to color in this figure legend, the reader is referred to the web
version of this article.)

Fig. 7. (A) Regulatory interacting network of the miRNAs-target genes. Herein, the square shape indicates the gene symbols while diamond shape indicates the
miRNA symbols. (B) The interacting regulatory network of the TFs-target genes. Herein, the square shape indicates the gene symbols while diamond shape indicates
the TF symbols.
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4. Discussion

COVID-19 is now the number one public health issue in the world as
it was declared a pandemic by the World Health Organization [42].
This research aims to possibly establish a relationship between lung
cancer and COVID-19 using a commonly expressed gene ACE2. The
relation between lung cancer and COVID-19 patients would indicate
that ACE2 can be a biomarker for COVID-19 cases. It will deescalate the
risk factor of lung cancer patients with SARS-CoV-2 infection and im-
prove the patient's survival rate.

In our study, we observed that ACE2 mRNA expression in human
cancer and COVID-19 infected lung cancers by analyzing in GEPIA2,
Oncomine, and UALCAN servers. The interesting fact about this is, in
COVID-19 infected cases, the ACE2 gene is up-regulated, where in both
LUAD and LUSC cases, the gene was also up-regulated. The spike pro-
tein of COVID-19 uses ACE2 as a host receptor for entry into a host cell.

It has been proven in rat or mouse models [43–45]. The upregulation of
ACE2 is common in LUAD and LUSC; the tumor growth observation in
various studies correlated with ACE2 overexpression [46,47]. The up-
regulation of ACE2 can be explained as COVID-19 inhibits RAS, which
is the main pathway of ACE2 peptide [48]. There has been a correlation
between smoking and the upregulation of ACE2 in LUAD and LUSC
patients. It puts those patients at high risk of SARS-CoV-2 infection and
possibly deadly outcome [13,49,50]. Our study showed an increased
rate of expression of ACE2 in an elderly male patient in the age group of
60–80 who has LUAD or LUSC. Recent research on COVID-19 patients
in Italy and United States (US) suggested that patients in the age group
of 60–80 are highly susceptible to this disease and their mortality rate is
also high [51–53]. So, it might correlate COVID-19 patients and lung
cancer patients via the overexpression of ACE2. We also conducted a
prognostic analysis of ACE2 in lung cancer. In both OS and RFS, we
found that ACE2 mRNA is highly expressed; this correlates with studies

Fig. 8. The functional pathways of common co-expressed genes with lung cancer and COVID-19 performed by the Enricher online tool: (A) KEGG pathway, and (B)
Reactome pathway.
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that indicate poor survival of COVID-19 patients with lung malignancy
[54,55]. ACE2 has been proven to be an essential regulator in tumor-
igenesis. For instance, ACE2 inhibits breast cancer angiogenesis
through suppressing VEGFa/VEGFR2/ERK pathway [56] and reduces
cell invasion and migration in NSCLC cells [57]. Furthermore, we also
found 16 mutations in the ACE2 gene in lung cancer patients that may
aid in COVID-19 virus entry or disease severity depending on the mu-
tations type and position [58].

This study also associates eight genes in positive co-expressed in
LUAD, LUSC, and COVID-19 patients via the Venn diagram. The eight
genes protein-protein interaction analysis showed 20 other genes that
interact with these eight co-expressed genes; this was done by
GeneMANIA server. Human ATP binding cassette gene subtype
(ABCA13) up-regulates when exposed to cigarette smoke, which in-
creases the risk factor of LUAD and LUSC [59]. Another peptide Uridine
diphosphoglucuronosyltransferase 1A6 (UGT1A6) is responsible for the
detoxification of carcinogenic agents from lung cells [60]. Nevertheless,
in our finding, we observed that UGT1A6 is significantly less expressed
when ACE2 expression is high. Krüppel-like factors 5 (KLF5) is another
gene that is expressed along with ACE2, KLF5 inhibits non-small cell

lung cancer cell by HIF-1α [61]. Our co-expression study indicates low
expression of KLF5 in LUAD when ACE2 expression is high, but for
LUSC the expression is significantly higher. Lipocalin-2 (LCN2) showed
significant radioresistance in other studies for oral and lung carcinoma
[62]. So, in our study, the moderated co-expression of LCN2 still bears
significance in the clinical outcome of LUAD and LUSC because of non-
responsiveness to radiotherapy. The other three genes Tetraspanins-3
(TSPN3), α-Aminoadipic Semialdehyde Synthase (AASS), and hepatic
cytochrome 450 superfamily gene (CYP2C18) show little relation to
lung carcinoma and their co-expression with ACE2 is also low. There is
a significant lack of study considering these 3 genes concerning lung
cancer, but they might also correlate with lung cancer. So, 5 out of 8
genes (ACE2, ABCA13, UGT1A6, KLF5, LCN2) are significantly related
to COVID-19 and Lung cancer. That further correlates these co-ex-
pressed genes with ACE2. It also up-regulates in LUAD and LUSC de-
velopment. So, ACE2 helping in the entry of the COVID-19 virus into
the cell may lead to lung cancer, as evident in the co-expressed genes
contributing to lung cancer progression and its upregulation in LUAD
and LUSC. The co-expressed genes also aid in the progression of lung
cancer and COVID-19 by suppressing the immune system and resisting
therapy. Moreover, transcription factor (TF) controls the rate of tran-
scription [63] and miRNA plays a role in RNA silencing and regulation
of gene expression at the post transcription level [64]. In this regard,
this study uncovers the relationship shared between the co-expressed
genes and their respective TFs and regulatory miRNAs. The functional
pathway analysis of commonly co-expressed genes was done by En-
richer online tool, where the KEGG pathway indicates IL-17 signaling
pathway significant for the commonly expressed genes. That concludes
the hyper-inflammatory state of COVID-19 patients upon infection
compared with normal inflammation in viral infection [65]. This cy-
tokine storm leads to prolonged alveolar damage and excessive neu-
trophil migration. The damage caused in severe condition effect gas
exchange, as a result, there is difficulty in breathing among patients
[66]. The selection of ACE2 is important for LUAD and LUSC as a
biomarker. We observed high fold change value in LUAD and low at
LUSC compared to other co-expressed gene. The fold change value in-
dicates the ACE2 is the best potential biomarker and others co-ex-
pressed genes also potential biomarker in COVID-19 infected lung
cancer.

Finally, the ACE2 overexpression, enforcing the viral entry, and
cytokine storm is the reason for the higher susceptibility and fatality
rate in lung cancer patients with COVID-19. So, this research shines a

Fig. 9. The functional gene ontology analysis of commonly co-expressed genes in lung cancer and COVID-19 was performed by the Enricher online tool.

Table 3
The fold changes value on common co-expressed genes in lung cancer patients
from the Oncomine database.

Gene name Types of cancer Samples of patients Fold change p-value

Normal Cancer

ACE2 LUAD 20 226 2.039 1.36E-11
LUSC 65 27 1.169 1.00E-02

UGT1A6 LUAD 390 65 1.037 9.24E-04
LUSC 65 27 11.927 2.04E-11

KLF5 LUAD 10 86 1.864 5.83E-04
LUSC 17 21 5.029 4.95E-05

ABCA13 LUAD 390 261 1.127 7.75E-25
LUSC 65 27 4.012 2.65E-06

TSPAN3 LUAD 20 226 1.28 1.63E-06
LUSC 2 34 1.82 1.94E-01

CYP2C18 LUAD 17 132 1.337 2.69E-01
LUSC 17 21 3.128 1.00E-02

LCN2 LUAD 65 45 1.663 1.00E-02
LUSC 2 11 1.831 1.47E-01

AASS LUAD 59 77 1.079 3.78E-10
LUSC 5 13 2.866 1.07E-01
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light on the fact that ACE2 can be a biomarker for COVID-19 in lung
cancer patients.

5. Conclusion

Currently, COVID-19 is an ongoing pandemic in the world, and it is
spreading rapidly. Intense research into the virus receptor ACE2's mo-
lecular mechanism may aid in the diagnosis, prevention, and therapy
for this disease. Form this study; we have gained knowledge about
transcriptional expression, survival rate, mutational positions, PPI,
miRNAs, TFs, gene ontology, and signaling pathways in human lung
cancer. We also conclude that the overexpression of ACE2 may lead to
lung carcinoma progression. Therefore, we can assume that the high
expression of ACE2 may lead to higher susceptibility of lung cancer
patients toward COVID-19, and ACE2 can serve as the best potential
biomarker for this disease compared to co-expressed genes. However, a
more in-depth research is needed to confirm our findings through wet-
lab experiments.
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