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ABSTRACT

Severe acute respiratory syndrome, coronavirus 2 (SARS-CoV-2), remains to be a threat across the globe. SARS-CoV-2 entry
into the host is mediated by binding of viral spike protein to the Human angiotensin-converting enzyme 2 (ACE2) receptor.
ACE2 is an essential member of the Renin–Angiotensin system (RAS) involved in maintaining the blood pressure and
vascular remodelling. Although ACE2 receptor is the entry point to the host, recent studies show activation of ACE2 to
modulate the host to develop a suitable environment for its replication. However, the ACE2 activating the immune signals
on SARS-CoV-2 attachment is still under investigation. We have used systems biological approach to construct the host
regulatory network upon SARS-CoV-2 attachment to the ACE2 receptor. Since lungs are the primary infection site, we
integrate human lung gene expression profile along with the host regulatory network to demonstrate the altered host
signalling mechanism in viral infection. Further, the network was functionally enriched to determine immune modulation
in the network. We also used the proteomic database to assess the occurrence of similar signalling events in other human
tissues that exhibit lineage of infection across different organs. The constructed network contains 133 host proteins with
298 interactions that directly or indirectly connect to the ACE2 receptor. Among 133 proteins, 29 were found to be
differentially regulated in the host lungs on SARS-CoV-2 infection. Altered proteins connect multiple proteins in a network
that modulates kinase, carboxypeptidase and cytokine activity, leading to changes in the host immune system, cell cycle
and signal transduction mechanisms. Further investigation showed the presence of similar signalling events in the kidneys,
placenta, pancreas, testis, small intestine and adrenal gland as well. Overall, our results will help in understanding the
immune molecular regulatory networks influenced by the ACE2 mediated interaction in other body tissues, which may aid
in identifying the secondary health complications associated with SARS-CoV-2 infection.
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INTRODUCTION

Recent pandemic of SARS-CoV-2 coronavirus causes an acute
respiratory infection that leads to pneumonia and multi-
organ failure. SARS-CoV-2 transmits from human-to-human
that increases its prevalence day by day worldwide. To date,
there is no definitive medicine or recommended drug for the
treatment for this life-threatening infection. According to the
World Health Organization (WHO) report on January 05, 2021,
there are 8,39,10386 confirmed cases of COVID-19, including
18,39,660 deaths reported from 216 countries, areas or territo-
ries around the world (WHO 2021). Therefore, SARS-CoV-2 con-
tinues to be a threat to the world population (Cascella et al. 2020).
To mitigate the exponential spread of SARS-CoV-2, infected
patients are isolated and treated, later quarantined; these proto-
cols have significantly increased the public’s social and financial
burden.

SARS-CoV-2 is a positive-sense, single-stranded RNA virus
that belongs to the Betacoronavirus lineage (Fehr and Perl-
man 2015). SARS-CoV-2 encodes 24 proteins and is reported
to hijack the human host machinery for its genome synthe-
sis and replication (Viswanathan et al. 2020). The presence of
spike protein projecting from the SARS-CoV-2 surface plays a
vital role in the interaction with the human host, host speci-
ficity, cellular attachment and penetration leading to infection
(Shang et al. 2020; Walls et al. 2020). In a comparative study,
the spike protein of the SARS-CoV-2 virus showed significant
homogeneity with spike proteins of other coronaviruses, sug-
gesting similar or unified fusion events, which takes place in the
process of host–pathogen interaction among the coronaviruses
(Shang et al. 2020a). For instance, the spike protein of HCoV-
NL63 and SARS-CoV binds to ACE2 receptor to enter human
cells (Li et al. 2007). ACE2 gene is localized on chromosome X,
spanning 39.98 kb in human genomic DNA comprising 18 exons
(Samavati and Uhal 2020; Devaux, Rolain and Raoult 2020). ACE2
encodes a glycoprotein comprised of 805 amino acids, which
functionally regulates the RAS (Riordan 2003; Kuba et al., 2010),
a control machinery involved in blood pressure homeostasis
and electrolyte balance (Zaman et al. 2002). Modulation of the
RAS is expected on binding of the SARS-CoV-2 virus with the
ACE2 receptor. In this context, clinical studies report the high
mortality and severity in COVID-19 patients with hypertension
(Yang et al. 2020). Also, studies from the past indicate the asso-
ciation of ACE2/Ang1–7 and ACE2/Ang/1–9/Mas axis control on
the regulation of expression of pro-inflammatory cytokines like
interleukin (IL)-1b, IL-6, TNF-alpha, chemo-attractant protein-
1, monocyte and transforming growth factor-b (TGF-β). These
pro-inflammatory cytokines are responsible for the processes
of vascular remodelling, cardiac, lung fibrosis and pulmonary
hypertension (Iwata et al. 2005; Ferreira et al. 2009; Zeng et al.
2009; Sriramula et al. 2011). Recent study by our group reported
that the binding of SARS-CoV-2 to the ACE2 receptor modulates
the host to develop a suitable environment for the replicating
viral genome (Ahmed et al. 2020). The altered host regulatory
signal and the mechanism mediating the immune process on
SARS-CoV-2 attachment with the ACE2 receptor is still under
investigation.

In this study, we use systems biological approach to iden-
tify the host regulatory network upon SARS-CoV-2 attachment
to the human ACE2 receptor. Since lungs are the primary site

of SARS-CoV-2 infection, we used human lung expression pro-
file to demonstrate the altered host mechanism in viral infec-
tion. Interestingly, we have identified the proteins mediating
immune signals on SARS-CoV-2 interaction with the ACE2 recep-
tor. Additionally, the generated ACE2 regulatory network will
help in understanding the immune molecular regulatory net-
works influenced by the ACE2 mediated interaction in other
body tissues, which may aid in identifying the secondary health
complications associated with SARS-CoV-2 infection.

METHODOLOGY

Protein interaction

The proteins interacting with the ACE2 receptor were collected
from the databases such as BioGRID (https://thebiogrid.org/),
Intact (https://www.ebi.ac.uk/intact/), Human Proteinpedia (ht
tp://www.humanproteinpedia.org/) and HPRD (https://www.hp
rd.org/). All collected protein interactions were checked for their
expression in lung tissue using Human Proteome Map (http:
//www.humanproteomemap.org/), Proteomics DB (https://www.
proteomicsdb.org/), Human Protein Atlas (https://www.protei
natlas.org/) and HPRD (https://www.hprd.org/). The final lung-
specific regulatory network was developed to capture the possi-
ble downstream signaling events that can be initiated upon the
ACE2 mediated modulation that occurs in the human lungs.

Gene expression analysis

RNA-Seq data was searched in the NCBI, GEO database using
the keyword relating SARS-CoV-2 infection and human lungs.
The relevant dataset, describing the SARS-CoV-2 infection in
primary human lung epithelium (NHBE; GSE147507) was iden-
tified. The raw data containing three controls (GSM4432378,
GSM4432379 and GSM4432380) and three SARS-CoV-2 infected
samples (GSM4432381, GSM4432382 and GSM4432383) were
retrieved. Using shell commands, and scripting with the rele-
vant tools the initial quality control and the RNA-Seq pipeline
was executed by aligning the reads to hg19 genome and dif-
ferential expression genes with P-value < 0.05 were identi-
fied based on DESeq. Further, the involvement of differentially
expressed genes in the regulatory network was determined. Fur-
ther, we searched for the presence of similar regulatory net-
work in other tissues using Human Proteinpedia, Human Pro-
tein Atlas, Human Proteome Map, Human Proteome Browser
and ProteomicsDB databases.

Molecular enrichment

To determine the molecular functions exhibited by the regula-
tory network, we used the BiNGO module in Cytoscape software.
The significantly over represented Gene Ontology (GO) in the
network was confirmed by the hyper-geometric method with a
false discovery rate (FDR) corrected P-values < 0.05. Further, the
molecular pathways associated with the network were identi-
fied using the Reactome database. Among the various enriched
molecular pathways, the over representing pathways associ-
ated with the network was confirmed by FDR corrected P-values
< 0.05.

https://thebiogrid.org/
https://www.ebi.ac.uk/intact/
http://www.humanproteinpedia.org/
https://www.hprd.org/
http://www.humanproteomemap.org/
https://www.proteomicsdb.org/
https://www.proteinatlas.org/
https://www.hprd.org/


Lite et al. 3

RESULTS

ACE2 mediating protein signalling

Regulatory network was constructed, highlighting the ACE2–
protein interaction that represents the modulated host sig-
nalling mechanism initiated upon binding of SARS-CoV-2 with
the ACE2 receptor (Fig. 1). Using a protein interaction database,
several host proteins that connect directly or indirectly with the
ACE2 receptor was obtained. However, to reflect the receptor sig-
nals that occurs in the lungs, all the collected network proteins
were mapped with the in-house lung expression database. The
network comprised of 298 interactions with 133 proteins, which
provide a crucial signalling process in the lungs. Particularly, we
have identified proteins such as AGT (Angiotensinogen), NTS
(Large neuromedin N) and GHRL (Ghrelin and obestatin pre-
propeptide) that directly connect other proteins in the network,
that are assumed to be activated upon viral binding to the ACE2
receptor (Fig. 1).

Dysregulated genes

All proteins in the regulatory network were evaluated to deter-
mine their changes in the SARS-CoV-2 infection. The analysis of
RNA-Seq data showed, 2126 genes were found to be significantly
( p < 0.05) altered in the lungs on SARS-CoV-2 infection. Among
which, 133 genes were found to be associated with regulatory
network, in that 29 were differentially expressed. This highlights
the hijacking of the host regulatory network by the SARS-CoV-
2 for their downstream process (Table 1). Among the differen-
tially expressed genes, in particular, AGTR2, PIK3CB and MME
are predicted to be important genes regulated in the host, con-
sidering their established role in the viral replication machinery
and immune response.

Functional enrichment

The regulatory network was further enriched by gene ontol-
ogy using the BiNGO module in Cytoscape. The Gene Ontol-
ogy (GO) based on the molecular function confirmed multi-
ple host processes ( p < 0.001) related to hydrolase, pro-
tein kinase, carboxypeptidase, metallopeptidase and cytokine
activity (Fig. 2). Besides this, molecular function such as type 1
angiotensin receptor binding (AGTR1), G-protein coupled recep-
tor, insulin receptor, ribonucleotide, chemokine and cytokine
receptor binding were observed to be altered by the modulation
in the regulatory network. The pathway analysis using the Reac-
tome database revealed the association of regulatory network
with several biological pathways (adjusted p < 0.05) responsi-
ble for the disease, immune system, autophagy, cell cycle, pro-
grammed cell death, transcription, DNA repair and signal trans-
duction (Fig. 3). We captured the immune signals in the net-
work influenced by the ACE2 receptor. In the regulatory net-
work, interestingly there were around 47 proteins, identified to
be linked with immune signalling. For instance, upon recep-
tor modulation, the ACE2 was found to directly influence the
AGT, AGTR2 and AGRT1 through which the immune proteins
such as THOP1, GRB2, NOS3 and PRCP were signalled (Fig. 4).
THOP1, GRB2, NOS3 and PRCP proteins play a vital role in anti-
gen presentation, activation of cytokine production and inflam-
matory response. We have also identified the presence of reg-
ulatory network across tissues using the Human Protein Atlas,
Human Proteome Browser, Human Proteome Map, Proteomics
and Human Proteinpedia databases. Of the analysed tissues, the

kindney, placenta, pancreas, testis, small intestine and adrenal
gland showed immune signalling proteins that are found to be
deregulated on binding of the SARS-CoV-2 with the ACE2 recep-
tor; however lung tissue harbored more immune molecules than
other tissues (Fig. 5).

DISCUSSION

A recent study using single-cell RNA-sequencing of humans’
nasal epithelial cells revealed the expression of SARS-CoV-2
entry factors together with innate immune genes (Sungnak
et al. 2020). Thus, suggesting for a potential tropism involved
between the viral entry factors and associated genes involved
in innate immunity, highlighting potential role in modulation
of the host immune environment for the SARS-CoV-2 infection
and spread. Interactome data from the current study reveals
that ACE2 is found to interact with AGT directly mediated by
AGTR2, NTS and GHRL. These proteins form secondary inter-
action with PI3K, PIK3R1 and MME. AGTR2 is implicated in the
immune-mediated response leading to inflammation and fibro-
genesis in cardiovascular system and liver (Okada et al. 2006).
Thus, suggesting that the role of AGTR2 not only restricted to
the hemodynamic regulation, but also render proinflammatory
and fibrogenic functions. Even though the key role of AGTR2 is
associated with vascular tone and blood pressure regulation, it
was also being reported with function associated with cellular
immune responses through a calcineurin-dependent pathway
(Nataraj et al. 1999). NTS has been reported to involve in the
regulation of immunity and inflammation. NTS and its recep-
tors are expressed by macrophages, T lymphocytes and den-
dritic cells. Besides, NTS also regulates neutrophil chemotaxis,
cytokine synthesis, mast cell activation and nitric oxide (NO)
generation (Otten et al. 1994; Vega et al. 2003). Apart from the
well-studied role of ghrelin in energy balance and metabolic
functions, studies investigated and reported the functional asso-
ciation of ghrelin on multiple organ systems such as central
nervous, cardiovascular and immune systems (Dixit and Taub
2005). Both in vitro and in vivo experiments describe ghrelin as
an anti-inflammatory agent and immunoregulatory hormone or
cytokine (Baatar, Patel and Taub 2011). MME has been reported
with functions such as inflammatory response and insulin sig-
nalling (Ramirez et al. 2019). Patients with immune cell defects
have studied to contain loss-of-function mutations in PIK3R1
gene (Conley et al. 2012). From the knowledge which is gath-
ered from the available literature, it can be conceived that the
functional hubs involved in ACE2/AGT-axis not only modulated
host environment for viral entry and replication, but also sec-
ondarily can lead to inadvertent signalling leading to exagger-
ated immune response. Further studies have to be undertaken
to decipher the role of ACE2/Ang-axis involvement with the
immune system in detail. Based on the annotation of genes
interacting with ACE2 receptor from our current study, it can be
observed that ACE2 interacting genes are essential for host-virus
interaction and essential for replication, survival and spread of
the virus mediated through the deregulated host immune sig-
nalling.

From the over representing pathways associated with regula-
tory network across different human tissues, highlighted testis
to express specific immune molecules, which can interact with
ACE2 receptor. Studies report high ACE2 expression levels in
testicular cells such as spermatogonia, seminiferous duct, Ser-
toli and Leydig cells (Wang and Xu 2020). Thus, it has been
suggested that it could act as an underlying factor that men
are more susceptible to reproductive dysfunction when/after



4 Pathogens and Disease, 2021, Vol. 79, No. 2

Figure 1. ACE2 interacting protein network in the lungs. Network describing the attachment of SARS-CoV-2 with ACE2 receptor (highlighted in blue), that modulate
the signalling of 133 proteins (highlighted in yellow), that form 298 interaction (black edges) in the lungs. The arrow edges indicate direct interacting proteins with the

ACE2 receptor.

infected with COVID-19 (Fan et al. 2020; Shen et al. 2020). Ley-
dig cells are located close to the testis’s seminiferous tubules,
responsible for the production of testosterone on induction by
the luteinizing hormone (LH; Wang et al. 2017). A recent study
report the low testosterone levels in the majority of men infected
with COVID-19, who are admitted to an Intensive Care Unit
(ICU) at the University Hospital Hamburg-Eppendorf, Germany
(Schroeder et al. 2020), considering the hormonal and reproduc-
tive function of the Leydig cells in men, together with existing
knowledge on viral-induced mutation and immuno-modulation
in testis. Therefore, it urges the need for carrying follow up
study in recovered individuals, especially in men, evaluating
the hormonal and reproductive endpoints. Since the SARS-CoV-
2 infection could affect both the semen integrity and likely
transmission into the subsequent generation (Dejucq and Jegou
2001). Thus, the viral-induced long-term effect on male geni-
tal tract and their effect on reproductive system should be con-
sidered as the potential future health risk in COVID-19 recov-
ered patients of active reproductive age. Based on the expres-
sion levels of ACE2 interacting immune factors in various human
tissues, next to testicular cells, stomach, small intestine, colon

and duodenum has shown to express ACE2 receptor inducible
immune molecules in higher amount when compared to the
other tissues. Recent research found that SARS-CoV-2 can infect
and multiply in the cells of the intestine by utilizing cell cul-
ture models of the human intestine (Lamers et al. 2020). Apart
from the symptoms of fever and respiratory illness, COVID-19
infected patients also presented with signs of diarrhoea, vom-
iting and abdominal pain accounting for gastrointestinal symp-
toms (Wong, Lui and Sung. 2020). In line with our results show-
ing higher expression of regulatory network in stomach and
intestine, therefore future should study the impact of COVID-19
infection on intestinal function and adverse effect on patients
with gastrointestinal problems from an immunological perspec-
tive. In this work, we would also like to highlight few genes
like insulin-like growth factor (IGF), G protein-coupled recep-
tor kinases 2 (GRK2) and Phosphoinositide-3-Kinase Regulatory
Subunit 1 (PI3KR1), which are well studied to have roles in
insulin signalling mechanism, that were shown have to interact
with the regulatory network. Further study has to be undertaken
to dissect the functional role of ACE2/Ang-axis interaction with
the insulin signalling pathway’s genes.



Lite et al. 5

Table 1. Differentially expressed genes in BAL cells infected with SARS-CoV-2, which are predicted to interact with ACE2 receptor.

S. No. Gene
Differentially

expressed p-value

1 Membrane Metallo-Endopeptidase Down-regulated 0.004
2 Prolylcarboxypeptidase (angiotensinase c) Down-regulated 0.002
3 Phosphoinositide-3-kinase, regulatory subunit 1 (alpha) Down-regulated 0.005
4 Fibronectin 1 Down-regulated 0.004
5 Eukaryotic translation elongation factor 1 alpha 1 Down-regulated 0.046
6 Shc (src homology 2 domain containing) transforming protein 1 Down-regulated 0.027
7 Proliferating cell nuclear antigen Down-regulated 0.018
8 Lyn proto-oncogene, src family tyrosine kinase Down-regulated 0.002
9 Ruvb-like aaa atpase 2 Down-regulated 0.021
10 Actin, beta Down-regulated 0.033
11 Methylenetetrahydrofolate dehydrogenase (nadp + dependent) 1,

methenyltetrahydrofolate cyclohydrolase, formyltetrahydrofolate synthetase
Down-regulated 0.054

12 Aldehyde dehydrogenase 3 family, member a2 Down-regulated 0.004
13 Nicotinamide nucleotide transhydrogenase Down-regulated 0.044
14 Heat shock 27kda protein 1 Down-regulated 0.047
15 Fatty acid amide hydrolase Down-regulated 0.025
16 Protein disulfide isomerase family a, member 5 Down-regulated 0.004
17 Methyltransferase like 7a Down-regulated 0.000
18 Endothelin 1 Up-regulated 0.000
19 Heat shock 70kda protein 8 Down-regulated 0.043
20 ATPase, h+/k + transporting, nongastric, alpha polypeptide Down-regulated 0.020
21 Interleukin-1 receptor-associated kinase 2 Up-regulated 0.000
22 Utrophin Down-regulated 0.033
23 Solute carrier family 9, subfamily a (nhe3, cation proton antiporter 3), member 3

regulator 1
Down-regulated 0.029

24 DNAJ (hsp40) homolog, subfamily b, member 12 Down-regulated 0.035
25 Nuclear casein kinase and cyclin-dependent kinase substrate 1 Down-regulated 0.049
26 Timp metallopeptidase inhibitor 3 Down-regulated 0.001
27 Microtubule associated tumor suppressor 1 Down-regulated 0.001
28 Laminin, alpha 1 Down-regulated 0.022
29 Chemokine (c-x-c motif) ligand 10 Up-regulated 0.020

Figure 2. Molecular enrichment of the ACE2 network. Functional Enrichment analysis of 133 proteins in the lung protein network showed the molecular functions
related to hydrolase, protein kinase, carboxypeptidase, metallopeptidase and cytokine activity. Found to modulate type 1 angiotensin receptor binding (AGTR1), G-
protein coupled receptor, insulin receptor, ribonucleotide, chemokine and cytokine receptor binding. Circumference of the circle represents number proteins associated

with molecular function. An increase in color intensity and circumference of the circle in the network represents the number of proteins involved in the respective
molecular function. Arrow represents the functional connectivity between the functional nodes.
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Figure 3. Pathway analysis of ACE2 network. The pathway analysis based on Reactom database suggests most of the proteins in the ACE2 network were found to be
associated with functions such as the disease, immune system, autophagy, cell cycle, programmed cell death, transcription, DNA repair and signal transduction.

Figure 4. Immuno-modulation influenced by the ACE2 network in the SARS-CoV-2 infection. The network visualizes the immune signals that are modulated by the

binding of the SARS-CoV-2 with the ACE2 receptor. The dotted lines highlight the interaction of immune molecules influenced by the ACE2 receptor. Red nodes
represent immune molecules altered in SARS-CoV-2 infection, whereas the unaltered immune molecules are represented by the green nodes.
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Figure 5. ACE2 interacting immune molecules in human tissues. The bar represents the number of genes associated with ACE2 mediated immune response in tissues.

Alteration in the expression of ACE2 receptor transcriptional
activity has been reported with chronic heart failure, hyperten-
sion and lung injury (Tikellis and Thomas 2012). Modulation of
lung ACE2 expression is associated with alteration in the Ang
II and Ang1–7 levels, which lead to hypoxia and inflammation
(Sodhi et al. 2018). Thus, ACE2 is implicated to play a protec-
tive and beneficial role against lung diseases. ACE serves as a
rate-limiting factor for the production of Ang II protein, which
is reported roles in vasoconstriction and mitogenic action (Lip-
worth and Dagg 1994). Besides, Ang II playing a causative role
in the initiation of inflammatory response involving bradykinin,
nitric oxide (NO), endothelin-1 (ET-1), cyclooxygenase-2 (COX-2)
and epoxyeicosatrienoic acids (EETs) signal transduction path-
ways (Cheng, Vapaatalo and Mervaala 2005), Ang II also mod-
ulates the cellular oxidative stress, mediated by AT1 recep-
tors which increases the reactive oxygen species (ROS). Thus,
enhanced oxidative stress leads to cellular dysfunction and
inflammation by activating the redox-sensitive transcription
factors (NF-kappaB), leading to the production of chemokines
and cytokines (Husain et al. 2015). In our study, the compu-
tational prediction of genes interacting with the ACE2 recep-
tor comprised of signalling molecules from the NF-kappaB and
NOS signal transduction pathways, mainly connected through
the membrane ACE2/AGT/AGTR1/MME hub. Recently, the func-
tion of membrane MME in preadipocytes has been linked with
inflammatory response and insulin signalling (Ramirez et al.
2019). Additionally, hypoxia itself demonstrated to influence the
expression levels of MME in lung cancer cells (Leithner et al.
2014). However, at this moment it is imperative to extend our
understanding of how COVID-19 infection could alter membrane
MME levels, either through ACE-dependent mechanism, or mod-
ulated by the hypoxic condition resulting from the compromised
lung function resulting from the SARS-CoV-2 infection, which
warrants further clinical and experimental elucidation.

In a prospective cohort study investigating the biomarkers of
host defense and RAS in bronchoalveolar lavage (BAL) fluid from
neonates, children, adults and older adults who had acute res-
piratory distress syndrome (ARDS), highlighted that the activ-
ity of ACE and ACE2 remind unchanged. However, their expres-
sion was found to be altered between the age groups. Also,
there is a significant alteration in the levels of myeloperoxi-
dase, interleukin (IL)-6, IL-10 and p-selectin, which increased in
an age dependent-manner (Schouten et al. 2019). Severe cases

of COVID-19 were reported to develop ARDS, in a sub-group of
patients with cytokine storm syndrome and hyper inflamma-
tion. The clinical outcome of ARDS has now well supported
by the reports from patients with COVID-19 disease severity,
observed with increased interleukin (IL)-2, IL-7, macrophage
inflammatory protein 1-α, interferon-γ inducible protein 10,
granulocyte-colony stimulating factor, monocyte chemoattrac-
tant protein 1, ferritin and tumor necrosis factor-α levels, result-
ing from viral induced hyperinflammation (Huang et al. 2020). In
the present study protein–protein interaction network of ACE2
receptor found to influence the chemokine and cytokine activity,
cytokine and chemokine receptor binding and bradykinin recep-
tor binding mediated through a major hub involving ATR/G-
protein coupled receptors (GPCR). In the over representing path-
ways, compared with other tissues in the human body, lungs
contained the highest number of immune molecules, which can
functionally interact with the ACE2 receptor. This could be an
underlying reason for the SARS-CoV-2 infection to profoundly
affect the lower respiratory tract over other tissues in the body.
Future clinical and in vitro studies should investigate the SARS-
CoV-2 induced immuno-modulatory outcomes in body tissues
other than lungs, investigating the regulatory network to find
the secondary complications associated with SARS-CoV-2 infec-
tion.

CONCLUSION

Overall from present study, the interactome data revealed that
AGT (Angiotensinogen), LAMAS (Laminin Subunit Alpha 1), NTS
(Neurotensin) and GHRL Ghrelin and (Obestatin Prepropeptide)
acting as direct mediators through which the interconnected
proteins hubs, which are assumed to be activated upon viral
binding of the SARS-CoV-2 with the ACE2 receptor. The path-
way analysis using the Reactome database revealed the asso-
ciation of regulatory network with several biological pathways
(adjusted p < 0.05) responsible for the disease, immune sys-
tem, autophagy, cell cycle, programmed cell death, transcrip-
tion, DNA repair and signal transduction. The functional enrich-
ment analysis with tissue over representation studies revealed
the presence of ACE2 inducible immune factors across different
tissues types, but very profound in the lungs, compared to other
tissues, thus making it more sensitive and could be a molecular
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underlying factor for the over active immune response leading
to respiratory illness.
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