European Review for Medical and Pharmacological Sciences 2021; 25: 2409-2414

Gene expression analysis identifies genes
associated with SARS-COV-2 receptors, ACE2
and TMPRSS2, in normal human lung tissues
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Abstract. - The COVID-19 (Corona Virus Dis-
ease 2019) outbreak, which seriously affect-
ed people’s lives across the world, has not
been effectively controlled. Previous studies
have demonstrated that SARS-COV-2 (Severe
acute respiratory syndrome coronavirus 2) in-
fecting host cells mainly rely on binding to re-
ceptor proteins, namely ACE2 and TMPRSS2.
COVID-19 transmission is faster than the se-
vere acute respiratory syndrome (SARS) pneu-
monia outbreak in 2002. This is mainly attribut-
ed to the different pathways of virus-infected
host cells, coupled with patients’ atypical clini-
cal characteristics. SARS-CoV-2 is mainly trans-
mitted through respiratory droplets and con-
tact, infecting lung tissues before damaging
other body organs, such as the liver, brain, kid-
ney and heart. The present study identified po-
tential target genes for SARS-COV-2 receptors,
ACE2 and TMPRSS2, in normal human lung tis-
sue. The findings provide novel insights that will
guide future drug development approaches for
treatment of COVID-19.
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Abbreviations

COVID-19 = Corona Virus Disease 2019; SARS-COV-2
= Severe acute respiratory syndrome coronavirus 2;
GTEx = Genotype-Tissue Expression; ACE2 = An-
giotensin Converting Enzyme 2, Protein Coding; TM-
PRSS2 = Transmembrane Serine Protease 2, Protein
Coding; ZNF385B = Zinc Finger Protein 385B, Protein
Coding; AHCYL2 = Adenosylhomocysteine Like 2,
Protein Coding; SDR16C5 = Short Chain Dehydroge-

nase/Reductase Family 16C Member 5, Protein Coding;
SNX30 = Sorting Nexin Family Member 30, Protein
Coding; RHOBTB2 = Rho Related BTB Domain Con-
taining 2, Protein Coding; TMEM163 = Transmembrane
Protein 163, Protein Coding; TACC2 = Transforming
Acidic Coiled-Coil Containing Protein 2, Protein Cod-
ing; SFTPB = Surfactant Protein B, Protein Coding;
SNX25 = Sorting Nexin 25, Protein Coding; FASN =
Fatty Acid Synthase, Protein Coding; CTSH = Cathepsin
H, Protein Coding; DUOXAI = Dual Oxidase Matura-
tion Factor 1, Protein Coding; FREM2 = FRASI Related
Extracellular Matrix 2, Protein Coding; DUOX1 = Dual
Oxidase 1, Protein Coding; TFCP2L1 = Transcription
Factor CP2 Like 1, Protein Coding)..

Introduction

The COVID-19 outbreak, that turned into
a global pandemic, currently threatens public
health worldwide'. SARS-COV-2, which main-
ly infects? host cells through the assistance of
ACE2 and TMPRSS23¢, is transmitted through
respiratory droplets and contact. Consequent-
ly, the virus infects human lung tissue before
damaging other organs’'’. COVID-19 easily
spreads throughout the world, owing to a lack
of typical clinical symptoms in some infected
patients during early stages of infection'-".
This is one of the main reasons why the dis-
ease became a global pandemic*!®. The Gen-
otype-Tissue Expression (GTEx) database!®!®
contains whole genome sequence information
of normal human tissues, hence represents
a useful tool for identifying genes related to
ACE2 and TMPRSS2 in normal human lung
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Figure 1. Screening the intersection related genes of ACE2
and TMPRSS2.

tissues. Identification of such homologs could
reveal potential therapeutic targets of SARS-
COV-2, thereby set up a platform for future
development of drugs to treat the disease. To
obtain whole genome sequencing information
of normal lung tissues, we downloaded data
from UCSC Xena (https:/xenabrowser.net/dat-
apages/) website'’, then used the Pearson cor-
relation coefficient to understand the relation-
ship between the genes. All data analyses were
performed using packages implemented in R
software (version: 3.6.0), with data followed by
p<0.05 considered statistically significant.
Finally, 288 patients with normal lung tis-
sue were included. Pearson correlation allowed

identification of 78 genes (cor>0.45) that were
statistically significant (Supplementary Table
I). Genes related to TMPRSS2 expression,
with statistical significance, as well as 135
genes (cor>0.65) were also screened (Supple-
mentary Table II). Analysis of genes related
to ACE2 and TMPRSS2 resulted in 15 genes,
that were finally included (Figure 1). Pearson
correlation coefficients and p-values for the
15 genes, as well as ACE2, and TMPRSS2 are
shown in Table I. We also generated scatter
plots of ACE2, TMPRSS2 and the 15-related
genes using R software (Figures 2 and 3). The
15 genes were also subjected to enrichment
analysis, using Gene Ontology (GO)**?! and
Kyoto Encyclopedia of Genes and Genomes
(KEGG)**%, and results are as shown in Figure
4. GO enrichment analysis included Biological
Processes (BP), Cellular Components (CC) and
Molecular Function (MF), which focus on the
biological process of gene pathway, cytological
components of gene mechanism, and molecular
biological function of the genes, respectively.
BP and CC enrichment analyses revealed five,
and three statistically significant pathways and
cytological components, respectively, whereas
MF and KEGG enrichment analyses resulted in
no statistically significant pathways. Moreover,
BP enrichment analysis revealed that the genes
were significantly enriched in the hormone
metabolic process, thyroid hormone genera-
tion, hydrogen peroxide biosynthetic process,
thyroid hormone metabolic process and antibi-
otic biosynthetic pathways. On the other hand,

Table I. The Pearson correlation coefficient and p-value between these 15 genes and ACE2, TMPRSS2.

ACE2 TMPRSS2

Parameters cor p-value cor p-value
AHCYL2 0.450 9.52E-16 0.651 3.68E-36
CTSH 0.480 4.93E-18 0.667 2.23E-38
DUOX1 0.488 1.26E-18 0.724 5.69E-48
DUOXA1 0.485 2.30E-18 0.705 1.43E-44
FASN 0.479 5.97E-18 0.678 4.44E-40
FREM2 0.487 1.36E-18 0.672 3.46E-39
RHOBTB2 0.457 3.00E-16 0.748 6.95E-53
SDR16C5 0.450 9.08E-16 0.707 6.21E-45
SFTPB 0.471 2.83E-17 0.700 9.92E-44
SNX25 0.474 1.42E-17 0.724 5.49E-48
SNX30 0.450 9.15E-16 0.652 2.89E-36
TACC2 0.471 2.78E-17 0.714 3.78E-46
TFCP2L1 0.493 4.88E-19 0.656 7.65E-37
TMEM163 0.468 4.32E-17 0.680 2.00E-40
ZNF385B 0.450 8.67E-16 0.701 7.56E-44



https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-10468.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-10468.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-10468.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-10468.pdf

AHCYL2 expression

FREM2 expression

SNX30 expression

15

1.0

0.5

0.0

Cor=0.45 (p-value=9.52e-16)

0.0

T T T T T T
05 10 15 20 25 30

ACE2 expression

Cor=0.487 (p-value=1.362¢-18)

ACE2 expression

Cor=0.45 (p-value=9.147e-16)

T T T
05 10 15 20 25 30

ACE2 expression

CTSH expression

RHOBTB2 expression

TACC2 expression

Cor=0.48 (p-value=4.929¢-18)

Cor=0.488 (p-value=1.256e-18)

IS
s i
- 2 -
o
g
3 i
X
o
>
=} i
. e
T T T T T T T T T T T T T T
00 05 10 15 20 25 30 00 05 10 15 20 25 30
ACE2 expression ACE2 expression
Cor=0.457 (p-value=2.995e-16) Cor=0.45 (p-value=9.078e-16)
< i
S
7}
]
S
£
H i
0
Q
=l
4
o} i
@
. e
T T T T T T T T T T T T T T
00 05 10 15 20 25 30 00 05 10 15 20 25 30
ACE2 expression ACE2 expression
Cor=0.471 (p-value=2.775e-17) Cor=0.493 (p-value=4.878e-19)
.
<
o
2
<4
S
s
o
i
S
o
O
w
=

T T T T T T
05 10 15 20 25 30

ACE2 expression

ACE2 expression

DUOXAT1 expression

SFTPB expression

TMEM163 expression

8 10 12 14

6

Cor=0.485 (p-value=2.302e-18)

ACEZ2 expression

00 05 10 15 20 25 30
ACE2 expression
Cor=0.471 (p-value=2.827e-17)
.
e
T T T T T T T
00 05 10 15 20 25 30
ACE2 expression
Cor=0.468 (p-value=4.316e-17)
.
L4
T
3.0

FASN expression

SNX25 expression

ZNF385B expression

Cor=0.479 (p-value=5.965e-18)

T T
05 10 15 20 25

ACE2 expression

Cor=0.474 (p-value=1.421e-17)

T
3.0

T
0.0

T T T T T
05 10 15 20 25

ACE2 expression

Cor=0.45 (p-value=8.67e-16)

T
3.0

20 25

ACE2 expression

3.0

Figure 2. A scatter plot indicating the correlation between ACE2 and the 15 related genes.
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Figure 3. A scatter plot indicating a correlation between TMPRSS2 and the 15 related genes.
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Figure 4. Gene Ontology enrichment analysis.

CC enrichment revealed that lamellar body,
endosome lumen and multivesicular body may
be regulating SARS-COV-2’s ability to infect
host cells (Table II).

Correlation between ACE2 and TMPRSS2
expression revealed a significant positive cor-
relation among the following genes: ZNF385B,
AHCYL2, SDR16C5, SNX30, RHOBTB2,
TMEMI163, TACC2, SFTPB, SNX25, FASN,
CTSH, DUOXAI1, FREM2, DUOX1 and TF-

Table Il. Results of GO enrichment analysis.

CP2L1. This indicates that inhibiting expression
of the 15 genes may downregulate ACE2 and
TMPRSS2, thereby arrest SARS-COV-2’s abili-
ty to infect cells and slow down its rate of trans-
mission. Screening for co-expressed genes may
help to identify potential gene therapy targets,
and boost development of new targeted drugs
as well as formulation of new clinical treatment
plans**. This will be of great importance in
saving people’s lives and ending the COVID-19
pandemic.

Conclusions

Our results indicate that ZNF385B, AHCYL2,
SDR16C5, SNX30, RHOBTB2, TMEMI63,
TACC2, SFTPB, SNX25, FASN, CTSH,
DUOXAI1, FREM2, DUOX1 and TFCP2L1
genes are significantly correlated with expres-
sion of ACE2 and TMPRSS2, in normal human
lung tissues, hence may be potential targets for
developing treatment therapies against SARS-
COV-2.
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