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ABSTRACT

The combat against the Corona virus disease of 2019 (COVID-19), has created a chaos among the healthcare institu-
tions and researchers, in turn accelerating the dire need to curtail the infection spread. The already established
entry mechanism, via ACE2 has not yet successfully aided in the development of a suitable and reliable therapy. Taking
in account the constant progression and deterioration of the cases worldwide, a different perspective and mechanistic
approach is required, which has thrown light onto the cluster of differentiation 147 (CD147) transmembrane protein,
as a novel route for SARS-CoV-2 entry. Despite lesser affinity towards COVID-19 virus, as compared to ACE2, this re-
ceptor provides a suitable justification behind elevated blood glucose levels in infected patients, retarded COVID-19
risk in women, enhanced susceptibility in geriatrics, greater infection susceptibility of T cells, infection prevalence
in non-susceptible human cardiac pericytes and so on. The manuscript invokes the title role and distribution of
CD147 in COVID-19 as an entry receptor and mediator of endocytosis-promoted entry of the virus, along with the
“catch and clump” hypothesis, thereby presenting its Fundamental significance as a therapeutic target for potential
candidates, such as Azithromycin, melatonin, statins, beta adrenergic blockers, ivermectin, Meplazumab etc. Thus,
the authors provide a comprehensive review of a different perspective in COVID-19 infection, aiming to aid the re-
searchers and virologists in considering all aspects of viral entry, in order to develop a sustainable and potential
cure for the 2019 COVID-19 disease.
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1. Introduction

The global population is currently facing a significant threat by the un-
controllable spread of the severe corona virus disease of 2019 (COVID-19),
wrecking a havoc worldwide. The 2019 outbreak of corona virus disease
began from Wuhan (China), transforming into a leading pandemic, posing
an immense threat to the global population. Gradual progress in identifica-
tion, diagnosis, clinical studies and management of this virus became a
major concern.

The corona virus tropism is significantly determined by the spike
(S) protein, which facilitates the infection by the virus, by aiding in its bind-
ing to the host cell surface (Hulswit et al., 2016). One of the important host
cell membrane receptors are angiotensin-converting enzyme-2 (ACE2),
which identifies the viral S protein and mediates its infection (Lan et al.,
2020; Hoffmann et al., 2020). This receptor is significantly expressed stom-
ach, colon, liver, kidney, lungs and ileum, but its concentration levels are
lower, primarily in the lungs (M.Y. Li et al., 2020). The homotrimeric spike
(S) glycoprotein is embedded in the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), which interacts with the respective receptors on the
host cells, triggering multiple events, which results in fusion of the mem-
branes of the cell and virus, aiding in its entry (Wrobel et al., 2020), followed
by manipulation of the Raf/MEK/ERK signalling pathway in the host and reg-
ulation of gene transcription and viral replication in the host cell
(Ghasemnejad-Berenji and Pashapour, 2020). On account of extensive infec-
tion spread and risk of COVID-19, it is considered that the viral infection may
depend on other significant receptors, to mediate its infection. Neuropilin-1
has been recognized as a co-factor, associated with SARS-CoV-2 infection,
mediated by ACE2 (Daly et al., 2020; Cantuti-Castelvetri et al., 2020).

Among the significant claims for existence of another receptor, mediat-
ing severe acute respiratory syndrome corona virus-2 (SARS-CoV-2) infec-
tion, cluster of differentiation 147 (CD147) has been identified as the
binding receptor for the viral S protein, along with functional importance
in viral entry (Chan et al., 2016; Chu et al., 2018). The elevated susceptibil-
ity to failed respiratory system and poor detection, worsens the condition in
case of middle-aged patients and geriatric patients (Gorbalenya et al.,
2020). CD147 contributes to the COVID-19 symptoms on account of its ex-
pression in the inflammatory, infected and tumour cells (Chen et al., 2017),
therefore forming the basis of the possible COVID-19 treatment.

Cluster of differentiation 147 (CD147), also referred to as basigin or ex-
tracellular matrix metalloproteinase inducer (EMMPRIN), is a

transmembrane protein, which contributes to the development of tumour,
invasion of Plasmodium and infection mediated by bacteria or viruses (Lu
et al., 2018; Pushkarsky et al., 2001a, 2001b; Zhang et al., 2018; Zhao
et al., 2011; Bernard et al., 2014). Multiple investigations have portrayed
the significant role of CD147 in mediating SARS-CoV-2 infection, and
anti-viral effect of CD147 antagonist peptide-9, as a consequence (Chen
et al., 2005). CD147 has been found to be involved in the indirect interac-
tion between cyclophilin A and viral spike protein, while itself binds di-
rectly to the viral S protein, with a significantly high affinity, as per the
results of surface plasmon resonance, co-immunoprecipitation and
enzyme-linked immunosorbent assay (ELISA) (Shilts et al., 2021). The
role of CD147 as a significant therapeutic target has already been estab-
lished, on account of its role as a receptor for the invasion of malaria-
causing protozoan, Plasmodium falciparum (Crosnier et al., 2011;
Zenonos et al., 2015). CD147 was previously recognized as an epithelial
cell receptor for measles virus (Watanabe et al., 2010a, 2010b). Further-
more, CD147 significantly mediates the SARS-CoV-2-caused cardiovascular
damage.

The authors invoke the significance of CD147 as an alternative receptor
for SARS-CoV-2, with evidences displaying its critical involvement in the
COVID-19 disease, thereby suggesting it to be used as an optimum target
for the development of a therapeutic regimen. In addition to this, the au-
thors portray the significance of CD147 receptor, in providing suitable ex-
planations behind the elevated blood sugar levels, in patients, infected
with COVID-19, more susceptibility of T cells towards COVID-19 infection,
alleviated infection risks in women and greater susceptibility in geriatrics
and middle-aged population, prevalence of COVID-19 infection in non-
susceptible human cardiac pericytes etc. Thus, the manuscript provides a
comprehensive data based upon the highlights if COVID-19 disease, entry
mechanisms via ACE2 and CD147, as a novel route, role of CD147 as a re-
ceptor for malaria-causing plasmodium, its involvement in mediating
viral entry via endocytosis, the catch and clump hypothesis, and its signifi-
cance as a target for suitable therapeutic candidates, like melatonin, statins,
meplazumab, ivermectin, azithromycin, and so on.

2. Getting a grasp of the COVID-19 disease
The COVID-19 infected patients depict greater WBC number, enhanced

plasma levels of pro-inflammatory cytokines and irregular respiratory find-
ings. A case report elaborated cough, heavy breathing sounds and a body
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temperature of 102° Fahrenheit from 5 days, along with sputum samples of
the patient depicting positive real time PCR findings, evidently supporting
COVID-19 infection (Lei et al., 2020). The laboratory profile showed high
PCR and D-dimer accompanied with 16.16 mg/L of blood G-reactive pro-
tein levels (Lei et al., 2020). The analysis suggested condition of leucopenia
in the patients (Lei et al., 2020). Recent results have reported the occur-
rence of thromboembolism in serious COVID-19 patients (Srivastava and
Kumar, 2021). RNAemia and pneumonia are associated with this virus,
with clinical results elaborating ground glass opacities and acute cardiac in-
jury (Huang et al., 2020). Moreover, the patients exhibited high levels of cy-
tokines and chemokines in blood and a few with enhanced levels of pro-
inflammatory cytokines, contributing to the severity of the disease. Clinical
features revealed grand — glass opacities in the sub — pleural regions of the
lungs of infected patients (Lei et al., 2020). This leads to an immune re-
sponse mediated inflammatory event in the infected patient. Infiltration
of upper part of lungs was observed after chest radiography in patients,
leading to hypoxemia and dyspnoea (Phan et al., 2020). The COVID-19 dis-
ease is caused by SARS CoV - 2, which expresses genetic similarity with
SARS HCoV-1. SARS-CoV - 2 is a beta coronavirus (coronaviridae family)
possessing a ssSRNA sequence (Lu et al., 2020; COVID-19 Current Chal-
lenges and Future Perspectives, 2021).

Talking about SARS-CoV-1, it binds to the ACE - 2 enzyme via 14 bind-
ing residues, 8 of which have been detected in novel coronavirus (Fehr and
Perlman, 2015). Such a resemblance between SARS-CoV-1 and SARS-CoV-
2 can depict a more detailed picture of pathophysiology of the virus, which
is not yet completely illustrated due to pending trials, and provide a valid
explanation for the inflammatory response and pneumonia occurrence in
infected patients (Fehr and Perlman, 2015). The pathogenetic events in
SARS and Middle East respiratory syndrome-corona virus-2 (MERS-CoV)
infected models reveal the generation of significant inflammatory and im-
mune responses, activating a “cytokine storm”, promoting endothelial
and epithelial cell apoptosis, aberrant T cell response, vascular leakage, in-
duction of acute lung injury/acute respiratory diseases (ALI/ARDS) or
other alterations leading to death (Zhang et al., 2018). The COVID-19 in-
fected patients also experience the cytokine storm similar to the previous
members of corona virus family, along with an exceptional increase in the
levels of interleukins, interferons, interferon inducible protein 10 and
monocyte chemoattractant protein 1, unlike SARS and MERS-CoV forms
(Zhang et al., 2018). The immune function is disoriented in COVID-19 in-
fected patients, accompanied with lymphopenia, neutropenia, excessive in-
flammation, retarded cluster of differentiation 8 (CD8) + T cell levels and
hypo-albuminemia (Huang et al., 2020). Dendritic and epithelial cells are
activated in the initial stages of infection, mediating the release of pro-
inflammatory cytokines and chemokines, overproduction of which aids in
disease progression (Cheung et al., 2005). T-helper-2 produces interleukin-
10 (IL-10), whose production decreases in an infected individual on account
of its anti-viral property (Fehr et al., 2016). However, in some patients the
infection might enhance IL-10 levels (Huang et al., 2020). A clinical ap-
proach is essential to study the “behind the scenes” events of the infection.
Other than the common pneumonia and cough symptoms, many patients
complaint about unusual adverse effects like, lethargy, nausea, diarrhoea,
vomiting, headache, confused state of mind, sneezing, rhinorrhoea, nasal
congestion, pleurisy and sore throat (N. Chen et al., 2020; Y. Chen et al.,
2020). A group of middle aged 41 Chinese patients proclaimed the appear-
ance of symptoms like, cough (76%), dyspnoea (55%), fever (98%), head-
ache (8%), diarrhoea (3%), haemoptysis (5%) and fatigue (44%) (Huang
et al.,, 2020). Gastrointestinal symptoms like anorexia, stomach pain,
vomiting and diarrhoea are observed in a case study of 204 patients, out
of which 7 patients were only experiencing GIT symptoms and no respira-
tory problems (Pan et al., 2020). A temperature cut off of 100 degrees
Fahrenheit is recommended by U.S. Centres for Disease Control and Preven-
tion, in order to facilitate rapid identification of infected patients (CDC,
2019). Acute respiratory distress syndrome (ARDS) may occur in about
17-29% patients (Huang et al., 2020), and various other problems, like
heart injury, secondary bacterial infection, septic shock, coagulation dys-
function, multiple organ failure and ventilator-associated pneumonia, may
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occur simultaneously (N. Chen et al., 2020; Y. Chen et al., 2020). Even in
children infected with the virus, certain adverse effects were observed
like, lowered blood pressure, mental regression, tachypnoea, oliguria and
body temperature variation (WHO, 2020). The physical examination results
of COVID-19 infected patients focused on pulmonary and hemodynamic in-
dications of the disease progression. Irregular respirations and tachypnoea
are associated with severe cases of infection.

3. Environmental impact of the COVID-19 strengthens the need to find
a suitable treatment

Amidst the health effects, the COVID-19 disease has exerted, the disease
has also exhibited environmental effects, which make it extremely neces-
sary to retard the infection progression. Since the outbreak, there has
been a significant increase in the production of medical waste, posing criti-
cal threat to environment as well as human health (Rume and Ul Islam,
2020). The diagnosis, treatment and infection procedures result in the gen-
eration of tremendous amount of waste materials from the hospitals
(Somani et al., 2020; Zambrano-Monserrate et al., 2020). For instance, in
Wuhan, about 240 metric tons of medical was generated every day, which
exceeded the normal limit by 190 metric tons (Zambrano-Monserrate
et al., 2020).

Safety equipment, such as face masks, hand gloves etc., is being used at
a global level, which also adds on to the medical waste (Rume and Ul Islam,
2020). It has been revealed that the trash amount has been elevated in the
USA, due to the elevated domestic use of PPE (Calma, 2020). Also, the use
of plastic-PPE has been increased across the world (Singh et al., 2020),
which has accelerated the environmental pollution and is the prime source
of microplastic fibres in the environment (Fadare and Okoffo, 2020). The
Tyvek used in gloves, face shields and protective suits, as well as polypro-
pylene used in the production of N-95 masks, release dioxin, on account
of its long persistence in the environment, thereby releasing toxic chemicals
(Singh et al., 2020). Lack of knowledge of disposal of infectious waste has
promoted the dumping of medical waste in open areas and neighbourhoods
(Rahman et al., 2020), leading to water way clogging and lang pollution
(Singh et al., 2020; Zambrano-Monserrate et al., 2020).

Furthermore, the elevated use of disinfectants, to alleviate the risk of in-
fection, might cause damage to non-targeted beneficial species, thereby
disrupting the ecological balance (Rume and Ul Islam, 2020). Also, viral
particles were detected in faeces of patients, as well as municipal waster
water (Ahmed et al., 2020; Nghiem et al., 2020; Mallapaty, 2020). This es-
tablishes a dire need of proper waste management and development of a
suitable treatment to terminate the pandemic across the globe. Therefore,
this intensifies the need to develop a cure to terminate the disease spread,
as the disastrous impact of the virus on the human population is already a
Herculean task to control, thus environmental deterioration would make
things more worse.

4. Host cell entry of SARS-CoV-2

One of the key aspects of the study designs of COVID-19 is the detailed
understanding of the entry mechanism of novel corona virus (COVID-19
Current Challenges and Future Perspectives, 2021). The corona viruses be-
long to the category of RNA viruses, which are not segmented, resulting in
enzootic infections, especially in mammals and birds, which is extremely
dangerous to the human kind (Wang et al., 2020a). The four structural pro-
teins that the virus encompasses of are envelope (E), membrane (M), nucle-
ocapsid (N) and spike (S) proteins, where the last one is a fundamental
component to aid in the entry of SARS-CoV-2 into the host cell (Rota
et al., 2003; Hulswit et al., 2016), via ACE-2, expressed in multiple tissues
(Donoghue et al., 2000; Harmer et al., 2002). The spike (S) protein of
SARS-CoV-2 is responsible for the viral entry into the host cell, where it is
activated by proteases, mainly transmembrane serine protease 2 (TMPRSS2)
(Hoffmann et al., 2020). The spike (S) glycoproteins of SARS-CoV-2 com-
prises of protrusions, which confer their specificity for some receptors of
the host cell (Rodrigues-Diez et al., 2020). It comprises of 2 subunits, namely
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S1, containing receptor binding domain (RBD) which identifies receptors at
the cell surface, and S2, significant for fusion of membrane (Rodrigues-Diez
et al., 2020).

The virus has been reported to interact directly with cluster of dif-
ferentiation 147 (CD147) (H. Ulrich and Pillat, 2020), a type 1 trans-
membrane protein, which belongs to the immune-globulin
superfamily, playing a critical role in the development of tumour,
entry of plasmodium and infection mediated by viruses (Kuba et al.,
2010). Pulmonary edema and vascular penetrability is elevated by
CD147 and ACE-2 in lung disorders, activating the renin-angiotensin-
aldosterone system (RAAS), aiding in destruction of the lungs (Kuba
et al., 2010). Therefore, ACE-2 and CD147 are the two receptors, via
which SARS-CoV-2 enters the host cell (Wang et al., 2020b; Yan et al.,
2020) (Fig. 1). The virus invades, when its spike protein binds to
CD147 or ACE2 on the host cell, followed by dissemination of the
virus. The common similarity between SARS-CoV-1 and SARS-CoV-2
is same structure of spike proteins in both and the binding receptor,
i.e. ACE-2 (Wang et al., 2020a; Yan et al., 2020). Recently, it has been
demonstrated that besides ACE-2, CD147 is another receptor to which
the SARS-CoV-2 virus binds and enters into the host cell (Wang et al.,
2020a). In a study, Meplazumab (an anti-CD147 humanized antibody),
has been used along with, ELISA, immune electron microscopy and co-
immunoprecipitation, to portray the novel route of viral entry, via
CD147-spike protein. This, thereby provides a prime target for develop-
ment of drugs to treat the COVID-19 infection (Ulrich and Pillat, 2020).

The Raf/MEK/ERK signalling pathway is activated by the S protein in
the host cell (Ghasemnejad-Berenji and Pashapour, 2020). Manipulation
of the ERK1/2 signalling pathway in the host supports the
replication of the virus (Ghasemnejad-Berenji and Pashapour, 2020) and
cyclooxygenase-2 (COX-2) induction, aiding in inflammation (Liu et al.,
2007). The viral inhibition is inhibited by blockage of ERK1/2, via siRNAs
(Cai et al., 2007) Therefore, the drug which hinders the viral proteins and
their interaction to cell receptors are suitable candidates for COVID-19
treatment.

Science of the Total Environment 808 (2022) 152072

The ORF1 downstream regions of all forms of corona virus consists of
special protein encoding genes for spikes and nucleotide production and
viral replication (Van Boheemen et al., 2012). The virus attaches itself to
the host cell surface via glycoprotein spikes on the outer membrane, and
may attaché to multiple hosts on account of the loosely linked receptor-
binding domain (Raj et al., 2013). SARS-CoV-1 and MERS - CoV forms of
corona virus recognize exopeptidases enzymes as primary receptors
favouring viral entry into the human cell, unlike other forms which mainly
recognize carbohydrates and aminopeptidases for the same (Wang et al.,
2013). The cellular proteases like cathepsins, human airway trypsin like
protease and transmembrane protease serine 2, significantly regulate the
entry mechanisms of the virus via inducing penetration favouring alter-
ations in the virus structure (Wu et al., 2020).

4.1. ACE 2 mediated entry of COVID-19 virus

Dipeptidyl peptidase 4 (DPP4) and ACE2 are the key receptors for MERS
and SARS-CoV-1 respectively (Wang et al., 2013). The life cycle of novel co-
rona virus begins with ACE-2 receptor binding of S-protein of the viral ge-
nome leading to S-protein conformational alteration mediated fusion of
envelope of the viral entity with the host cell membrane via endosomal
pathway (Adnan Shereen et al., 2020). This fusion is followed by release
of the viral generic material (RNA) in the host cell, which undergoes trans-
lation and produces viral replicase polyproteins ppal and lab (Adnan
Shereen et al., 2020). The polyproteins are then cleaved to form protein-
ases. Irregular transcription and translation events lead to the formation
of sub-genomic messenger RNA (mRNAs) from polymerase enzyme,
followed by viral proteins production (Adnan Shereen et al., 2020). These
proteins and RNA genome are accumulated into virions in endoplasmic re-
ticulum and golgi apparatus, followed by transportation and release as ves-
icles (Adnan Shereen et al., 2020). The protein encoding genes include
spike (S), envelope (E), membrane (M) and nucleocapsid (N) genes
(Adnan Shereen et al., 2020). Pplab protein and 15 nsps are encoded by
the largest gene in COVID-19, i.e. orflab (Adnan Shereen et al., 2020).

138358

ACE2

RDRP

CELLMEMBRANE

CD147

Viral Replication

Fig. 1. Entry receptors of SARS-CoV-2: ACE2 and CD147. The ACE-2 receptor on the cell surface binds to the S-protein of the viral genome, thereby inducing conformational
changes in the protein, which induces fusion of the viral envelope to the host cell membrane, followed by release of RNA into the host cell which undergoes translation and
produces viral replicase polyproteins, cleaved to form proteinases. Irregular transcription and translation events lead to the formation of subgenomic mRNAs via RNA-
dependent RNA polymerase (RDRP) enzyme, followed by viral proteins production. Like ACE-2, CD147 has also been identified as the binding site for the viral spike
protein, elevated by angiotensin 2 and cyclophilins. Cyclophilin A and B bind to and activate CD147, thereby aiding in the process of interaction between viral S protein

and CD147. SARS-CoV-2 enters the host cell through CD147 mediated endocytosis.
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The orfla gene encodes for 10 nsps containing pplab protein (N. Chen
et al., 2020; Y. Chen et al., 2020). Significant alterations are observed in
SARS-CoV-2 genome, like amino acid fluctuation in 8b and 3c protein as
well as absence of 8a protein (Wu et al., 2020). The SARS-CoV-2 spike gly-
coprotein is the association of bat SARS-CoV-1 and an unknown beta coro-
navirus entity, and is considered to have been undergone modification via
homologous recombination (B. Li et al., 2020). Even the entry mechanism
of SARS-CoV-2 inside the host cell is similar to SARS-CoV-1, i.e., using
ACE2 receptor for attachment, as confirmed by a fluorescent study
(Gralinski andMenachery, 2020). The SARS-CoV-2 is considered to exhibit
a single N501T mutation, that might be responsible for its enhanced affinity
towards ACE2 receptors (Wan et al., 2020). Therefore, this data accounts
for the fact that ACE-2 is an important receptor, which promotes viral
entry into the host organism.

5. CD147 and SARS-CoV-2

Belonging to the immunoglobulin superfamily, CD147 (a highly glyco-
sylated transmembrane protein) functions as a significant upstream regula-
tor of matrix metalloproteinases (MMPs), which may be elevate in its
concentration level, in case of diabetic and asthmatic complications
(Ulrich and Pillat, 2020). The concentration of MMPs and CD147 is mostly
elevated during inflammation and tumours (Kong et al., 2014).

A study investigated the distribution of CD147 along with its transmem-
brane components and extracellular agonists in adaptive and innate im-
mune cells in the periphery and the lungs, which facilitates their further
study in the spread and infection by the virus (Radzikowska et al., 2020a,
2020b). Also, CD147 is expressed in high amounts in the epithelial tissues.
Furthermore, monocytes, T cells, epithelial cells, B cells, macrophages, in-
nate lymphoid and natural killer cells can be infected in lungs, or can
carry the virus from epithelial cells, infected with virus, via CD147, and
contribute to the systemic and local spread of the virus, along with its ex-
tended immune responses (Peng et al., 2020).

CD147 is found be greatly expressed in the bronchial biopsy and human
bronchial epithelial cells (HBECs) of chronic obstructive pulmonary disease
(COPD) individuals, and blood of patients with obesity, which is one of the
significant comorbidities associated with COVID-19 infection (Radzikowska
et al., 2020). In addition to this, the extracellular ligands and transmem-
brane components of CD147 have been found to aid in other viral infections
(Pushkarsky et al., 2001a, 2001b). Viruses combine cyclophilin A and B in
their virions, followed by binding via CD147 or activation of CD147-
mediated signalling (Chen et al., 2005; Pushkarsky et al., 2001a, 2001b;
Watanabe et al., 2010a, 2010b). Therefore, all these findings suggest the
possible involvement of CD147 and its associated ligands in the pathogene-
sis of COVID-19, primarily in patients with diseases. CD147 is present
throughout the body, including the lungs, cell membrane of endothelial
and epithelial cells and T cells (Jouneau et al., 2011; The Human Protein
Atlas, 2020; Moheimani et al., 2018a, 2018b; Hu et al., 2010). Preferen-
tially, CD147 can localise to the basal domain of polarised cells, on account
of its role in acting as a chaperone of the carboxylate transporters, to basal
surface of epithelial cells.

More hyaluronan is produced as a result of greater expression of CD147
on cancer stem cell surface, which lead to lipid raft stabilization and elevate
the expression of ABC drug transporters in MMPs, promoting increased re-
sistance and survival (Toole, 2019). Greater levels of MMP-9 have been re-
ported to be present in the sputum of asthmatic patients (Mattos et al.,
2002). Other names for CD147 are extracellular matrix metalloproteinase
inducer (EMMPRIN) and Basigin (Ulrich and Pillat, 2020). CD147 is pro-
duced in multiple types of cells and is extensively distributed to varying tis-
sues, like liver, brain, intestines, lungs, kidneys and spleen (Miyauchi et al.,
1990). The various ligands and receptors to which CD147 binds are mono-
carboxylate carrier 1 and 4 (MCT-1, MCT-4), S100A9, CD44, glycoprotein 4,
CD98, E-selectin, CD43, apolipoprotein D (ApoD), annexin-2, nucleotide-
binding oligomerization domain-containing protein 2 (NOD2), syndecan-
1, caveolin-1, integrin a 3B1 and a 6p1 (Kirk et al., 2000; Yurchenko
et al., 2001; Slomiany et al., 2009). The inflammation and disease severity
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is retarded when CD147 is targeted, by affecting the ligands in multiple
sclerosis, asthmatic pulmonary inflammation and myocardial ischemia
(Marchiq et al., 2015; Xiong et al., 2014a, 2014b; Wang et al., 2011). Fur-
thermore, the activity of matrix metalloproteinase (MMP) is also found to
be elevated by CD147, which is promoted by angiotensin 2, bound to
MAPKs (Bukrinsky, 2015; Li et al., 2015; Yu et al., 2019). In addition,
CD147 contributes to inflammation, via production of pro-inflammatory cy-
tokines, like interferon-gamma (INF-y), interleukin-6 (IL-6), monocyte-
chemoattractant protein (MCP-1) and tumour necrosis factor-a (TNF-a)
(Zhai et al., 2016). Recently, certain investigations have reported the role
of SARS-CoV-2 infection in elevating the cytokine expression, creating cyto-
kine storm (hypercytokinemia), which intensifies the disease condition
(Saghazadeh and Rezaei, 2020; K. Liu et al., 2020). This condition of
hypercytokinemia is uncontrolled release of cytokines, which is observed
in cases of infectious and non-infectious disorders, facilitating a hyper-
inflammatory state in the host organism (Mahmudpour et al., 2020).

5.1. CD147 as a receptor for Plasmodium infection: forming a basis for SARS-
CoV-2

This is a red blood cell (RBC) receptor for Plasmodium falciparum,
which is a malaria causing protozoan in humans (Crosnier et al., 2011),
where the Plasmodium falciparum reticulocyte binding-like homologue 5
(PfRH5) complex of the membrane of the parasite binds CD147 to the
RBC, followed by entry of all the tested strains in vitro (Crosnier et al.,
2011) (Fig. 2). PfRH5-CD147 interaction inhibition hindered the RBC inva-
sion and prevented the infection in humanized mouse model, as reported in
investigations with recombinant chimeric antibody (Ab-1), directed
against CD147 (Zenonos et al., 2015). Azithromycin also functioned as
the blocker of this RBC invasion (Zenonos et al., 2015; Wilson et al.,
2015; Muralidharan and Striepen, 2015), by hindering the significant ini-
tial step of formation of tight junctions, as evidently portrayed by invasion
inhibition assays and experiments of live video microscopy (Wilson et al.,
2015). However, azithromycin loose the property of inhibition of viral in-
vasion, upon removing the two significant glycan groups (Wilson et al.,
2015). Moreover, there are other possible mechanisms, such as the interfer-
ence of azithromycin in ligand/receptor (PfRH5/CD147) interaction
should be considered (Muralidharan and Striepen, 2015), thereby provid-
ing possible therapeutic action of azithromycin against other foreign in-
vaders like, SARS-CoV-2 (Fig. 2). Upon investigating other macrolide
antibiotics, many erythromycin and azithromycin derivatives were re-
ported to exert invasion blocking actions (Wilson et al., 2015). A study in-
vestigated the possible reason behind fewer cases of COVID-19 in Sub-
Saharan Africa (Kalungi et al., 2021). Besides the reasons such as early lock-
down, population socio-demographics and possible under reporting provi-
sions, the authors presented an interesting hypothesis of co-infection,
associated with CD147. Since both the SARS-CoV-2 and Plasmodium
falciparum merozoites interact with the CD147 immunoglobulin, the im-
munological memory, against the malaria-causing protozoan, primes the
cells infected with SARS-CoV-2, for early phagocytosis, thereby providing
protection to the individuals, who exhibited recent falciparum infection,
against the COVID-19 infection (Kalungi et al., 2021). Therefore, this
data provides a possibility of use of CD147-targeting anti-malarial drugs
in the COVID-19 disease, taking in account the involvement of the immuno-
globulin in infection.

5.2. CD147 aids in the viral entry

Unlike ACE2, which exhibits its role as a receptor for both binding and
permeation of the SARS-CoV-2 virus into the host cell (H. Zhang et al.,
2020; Bourgonje et al., 2020), CD147 receptor might permit the virus to ex-
hibit destruction in the host cell, by binding alone (Scheim, 2020a, 2020b).

Along with ACE2, CD147 has also been identified as the binding site for
the viral spike protein (Wang et al., 2020a). Angiotensin 2 and cyclophilins
are reported to be significant proteins, which elevate the expression and
function of CD147, in case of SARS-CoV-2 infection. Interestingly, these
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Fig. 2. CD147 functioning as a receptor for malaria-causing Plasmodium falciparum and COVID-19, presenting the possible role of Azithromycin in COVID-19, on account of
its potential in ameliorating malaria, by interfering with CD147 receptor. Anti-CD147 antibody therapy hinders invasion of SARS-CoV-2 and plasmodium falciparum,
however, the impact of azithromycin on SARS-CoV-2 is yet to be investigated further. The concentration of interferons and interferon-stimulated proteins is elevated and
viral replication and release id retarded, via which the anti-viral responses are induced in the endothelial cells.

proteins are involved in the endothelial dysfunction, associated with heart
problem, hypertension and diabetes (Zhang et al., 2017). Cyclophilin A and
B bind to and activate CD147, thereby aiding in the process of interaction
between viral S protein and CD147 (Radzikowska et al., 2020a, 2020b).
Therefore, during infection mediated by SARS-CoV-2, the CD147 functions
by interaction by cyclophilin A (CyPA) (C. Liu et al., 2020). Even though,
the binding affinity of the viral S protein to CD147 is 12 folds than that of
ACE2 (Kini and Kundu, 2020), yet the CD147 surface density on host
cells permits the formation of various bonds with necessary combined affin-
ity (Kini and Kundu, 2020). The interaction between S protein and CD147
was confirmed by surface plasmon resonance, using Biacore analysis (Hui
et al., 2020). The HEK293 expressing CD147 has been reported to attach
to the SARS-CoV-2, with high affinity, thereby indicating the significance
of CD147 in the host organism (Chen et al., 2005). On account of the rela-
tionship between the COVID-19 infection and metabolic disorders, as well
as the interaction between CD147 and virus entry, CD147 forms a signifi-
cant platform for endothelial cell infection and viraemia of SARS-CoV-2
in the host cell (Saltos and Saltos, 2020). Also, a direct interaction has
been reported between RBD region of S1 subunit of SARS-CoV-2 and
CD147, as per co-immunoprecipitation assay and surface plasmon reso-
nance (Rodrigues-Diez et al., 2020).

Furthermore, a study reported the participation of CD147-cyclophilin A
axis in pathogenesis of kidney injury in COVID-19 patients (Su et al., 2021).

IL-6 has been reported to facilitate CD147 expression, which is the key
receptor for SARS-CoV-2 entry (Hu et al., 2016; Arendt et al., 2012; Dai
et al., 2012). In the host, this might be a normal adaptive process, as its
level, in combination with cyclophilins, aids in immune cell recruitment
to inflammation sites, via chemokine-like activity (Yurchenko et al.,
2006). CD147 may abet IL-6, with intravascular presence of plasminogen
activator inhibitor-1, Von Willebrand factor and vitronectin, which creates
the prothrombotic phenotype in multiple cases of SARS (Wu e al., 2006; Jin
et al., 2017). However, a study indicated the absence of evidence,
supporting the role of CD147 as a direct SARS-CoV-2 spine binding receptor
(Shilts et al., 2021). Very weak interactions were reported between the re-
combinant forms of SARS-CoV-2 spike and CD147 on human cell surfaces,
which was confirmed by using specialized assays. Therefore, this supported

their finding that no direct interaction of viral spike protein was found with
any of the two CD147 isoforms. Also, no change was observed in the suscep-
tibility towards SARS-CoV-2 infection, when CD147 was removed from the
surface of the lung epithelial cells. This puts the scientists in a major conun-
drum about the involvement of CD147 in COVID-19 infection (Shilts et al.,
2021). However, still, it does not rule out the evidences obtained by other
studies about the role of CD147 in COVID-19 disease, cited in the manu-
script.

5.3. SARS-CoV-2 enters the host cell through CD147 mediated endocytosis

Endocytosis and membrane fusion are observed to be the two major
entry pathways for viral infection (Harrison, 2015; Slonska et al., 2016).
A sequential endocytosis of SARS-CoV-2 in Vero E6 cells is reported by an
electron microscope, where CD147 is observed to invade the cells, via endo-
cytosis, independent of clathrin (Maldonado-Baez et al., 2013; Eyster et al.,
2009). Endocytosis is reported to be significantly regulated by Rab5, which
is located at early endosome (Saitoh et al., 2017). The study detected co-
localization of spike CD147 and Rab5 in BHK-21-CD147 cells and lung tis-
sues, isolated from COVID-19 infected patients, which indicated that vi-
rions and CD147 exhibited endocytosis, thereby supporting the entry of
SARS-CoV-2 into the host cell, via CD147-mediated endocytosis (Wang
et al., 2020b). This, therefore, strengthens the involvement of CD147 in
SARS-CoV-2 entry, and take the researchers a step further towards this
entry route.

5.4. The “Catch and Clump” hypothesis

A model has been explained to portray the dual role of the receptors, fa-
cilitating viral entry and infection in the respiratory and circulatory sys-
tems, by distributing both CD147 and ACE2 on the respective tissues,
where both these receptors are found in the endothelial lining of vascula-
ture and lungs (Hamming et al., 2004; Radzikowska et al., 2020a, 2020b;
Bian et al., 2020; Yurchenko et al., 2006; Muramatsu, 2016). However,
not ACE2, but only CD147 is found in the white and red blood cells
(Radzikowska et al., 2020a, 2020b; Aguiar et al., 2020). The expression



T. Behl et al.

of CD147 on the reticulocytes (1 to 2% of all red blood cells) is decreased as
the cells mature (Manchanda, 2020; Sparrow et al., 2006; Malleret et al.,
2013), however, their levels on the mature red blood cells (1695 CD147 re-
ceptors/cell) remains plenty (Odiévre et al., 2008). On account of CD147
receptor being an adhesion molecule, its extensive distribution on blood
cells and its interaction with SARS-CoV-2 S protein, further investigation
and research is required in the area (Odiévre et al., 2008; Telen, 2000;
Yurchenko et al., 2006). The clump and catch hypothesis focus on the de-
velopment of two forms of interactions, clumps and catches. Bothe the
platelets and RBCs are extensively present in the capillary blood, and
both express CD147 receptors (Von Ungern-Sternberg et al., 2018;
Schmidt et al., 2008; Mock et al., 2011). These cells form virus linked clus-
ters, where they are connected to each other via the virus particle (mutual
virus interaction) to form clumps. A virus particle joined to the endothelial
cell lining of the capillary or to another RBC, is referred to as catch (Scheim,
2020a, 2020b).

These “clumps and catches” have the tendency to impede the blood
flow. Even in the absence of the virus, RBCs can form aggregates, connected
by plasma macromolecules, under low blood flow shear rates (Maeda et al.,
1988). However, this type of aggregation can be reversed, by disconnecting
the RBCs at higher shear rates (Maeda et al., 1988). On the other hand, in
the presence of the viral infection, even moderate floe of the blood through
the capillaries can form clumps and catches, possessing sufficient binding
affinity to induce some drag on the flow in the capillaries affected
(Scheim, 2020a, 2020b). Retarding the flow would aid in aggregation,
thereby producing a series of viral-mediated clumps and catches (Scheim,
2020a, 2020b). Comprehensive investigation into the working of the
catch and clump hypothesis can provide a detailed understanding of the in-
fection mediated by COVID-19 from a different perspective.

5.5. Evidence for the role of CD147 in COVID-19 infection

The interaction between CD147 and SARS-CoV-2 S protein was investi-
gated in a study, by using enzyme-linked immune-sorbent assay (ELISA)
and surface plasmon resonance (SPR), which portrayed direct interaction
between the viral S protein and CD147 (Wang et al., 2020a). As per the
electron microscopy results, the virions in Vero E6 cells, infected with
SARS-CoV-2. Further, the co-localization of CD147 and viral S proteins,
were found in the Vero E6 cells and kidney and lung tissues, infected
with SARS-CoV-2, which verified the interaction between viral S protein
and CD147, further mediating the infection in the host cells. In order to con-
firm the role of CD147, as a receptor for the entry of SARS-CoV-2 in the host
cell, the Vero E6-shCD147 and BEAS-2B-ssCD147 (CD147 knockdown
cells) were infected with SARS-CoV-2 for 48 h, where the virus copy num-
ber was reported to be reduced in this group, as observed after quantitative
polymerase chain reaction (PCR) analysis (Wang et al., 2020b). Opposing
to this, the group over-expressing CD147 in BEAS-2B cells portrayed
SARS-CoV-2 infection. A very significant observation was that the virus par-
ticles were reported to enter the non-susceptible BHK-21 cells, as a result of
expression of human CD147. Therefore, CD147 introduction changes the
virus tropism towards BHK-21 cells, where initially they could not be in-
fected with SARS-CoV-2, as confirmed in the study. Also, the destructive
impact of SARS-CoV-2 infection was reported to be blocked by anti-
CD147 antibody, meplazumab in a dose dependent manner, which also re-
tarded the virus copy number and replication, which showed the role of
CD147, as a receptor for the entry of SARS-CoV-2 virus. Furthermore, the
study also reported the infection of SARS-CoV-2 pseudo-virus in T cells, de-
fiant of ACE2, where CD147 was overexpressed, thereby facilitating the
viral infection (Wang et al., 2020b). Moreover, the CD147 expression was
found to be increased in the inflammatory alveolar epithelial cells (Barth
et al., 2006) and ACE2 level is decreased by viral infection (Kuba et al.,
2005). Meanwhile the concentration of CD147 is greater than ACE2, in
Vero E6 cells and ACE2 is not at detected in the BEAS-2B cells. An interest-
ing observation of the immunofluorescent assay results depicted that there
was no co-localization of ACE2 and CD147 in the lung tissues in patients in-
fected with COVID-19, along with no interaction in detected cells (Wang
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et al., 2020b). Therefore, the expression of ACE2 and CD147 are signifi-
cantly independent in the single lung cell, which shows that these two
might be two complimentary receptors in promoting the viral infection.
In order to study the infection ability of SARS-CoV-2, hCD147 mice were
constructed, where the lungs of these mice, infected with virus, were
found to be loaded with virus particles, which was not the case of infected
wild-type mice, after 48 h of infection. The mice stained with eosin and hae-
matoxylin were found to develop pneumonia, along with serofluid exuda-
tion, thickening of the alveolar septum, formation of hyaloid membrane,
infiltration of inflammatory cells and pulmonary consolidation, without
any histopathological alterations. However, the wild-type mice did not ex-
perience any histopathological alterations. These results indicated that the
SARS-CoV-2-susceptible mouse model is successfully developed and estab-
lished the significant involvement of CD147, as a receptor for the infection,
mediated by the SARS-CoV-2. This functions as an alternative virus recep-
tor for ACE2-defiant cells (Wang et al., 2020b). Despite the contradictory
outcomes in studies, the previous data aims to provide a substantial evi-
dence and platform to evaluate the role of CD147 in COVID-19 disease,
which might unfold the mysteries of the COVID-19 disease.

5.6. Superiority of CD147 over ACE2 in COVID-19

CD147 can explain two things, which ACE2 receptor alone cannot,
where the first one being risk of elevated levels of blood glucose in progno-
sis of COVID-19, and the second one being susceptibility of T-cells towards
COVID-19. Individuals with type-2 diabetes, with poor blood glucose regu-
lation, exhibited greater mortality rate, as compared to those individuals
where the blood glucose level was well maintained (Yong, 2020). This
was explained by the fact that the increase in the blood glucose level ele-
vated the expression of CD147 receptor on the immune cells.

Furthermore, investigations have identified T-cell death, mediated by
SARS-CoV-2, which has been reported to be caused by CD147 pathway,
and not ACE2, because the expression levels of hACE2 is very low in T
cells, unlike CD147 (Yong, 2020).

5.7. CD147 in other comorbidities

CD147 is a type 1 integral membrane receptor, which interacts with
many ligands, like integrins, cyclophilins and Plasmodium falciparum retic-
ulocyte binding-like homologue 5 (PfRh5) (Xiong et al., 2014a, 2014b).
CD147 contributes to development of tumour and invasion of plasmodium
ad virus (Tseng et al., 2010; Li, 2016; Schoeman and Fielding, 2019). It
plays a fundamental role in infection of multiple viruses, like HBV, HIB,
KSHV and HCV (C. Liu et al., 2020). The CD147 expression are also re-
ported to be increased by infection with influenza A virus, in cells of asth-
matic patients (Moheimani et al., 2018a, 2018b). Additionally, CD147
expression is also reported to be induced by elevated concentration of glu-
cose in monocytes (Bao et al., 2010). Expression of MMP-9 and MMP-1 is
elevated by increased in vitro expression of glucose, resulting in retarded
expression of CD147, by small interfering RNA (siRNA) and anti-CD147 an-
tibody (Ulrich and Pillat, 2020).

Interestingly, SARS-CoV-2 has been hypothesized to exert a potential
impact on the reproduction, via CD147, on account of the expression of
this receptor in the uterus and its significant role in female and male repro-
duction, embryo implantation and normal fertility (Mahdian et al., 2020).
Thus, it is recommended for the couple to not attempt conception, if in-
fected with COVID-19, until they have been treated (Mahdian et al., 2020).

Moreover, unlike ACE2, CD147 is also present in retinal ganglionic cells
(Hamashima et al., 2020), where it mediates disruption of neurovascular
barrier, promoted in vitro by proinflammatory cytokines and damages the
function of blood-retinal barrier in mice with diabetes, induced by
streptozocin (Arima et al., 2016). Therefore, CD147 possible promotes
the retinal invasion of SARS-CoV-2 in diabetic patients, by breaking down
the blood retinal barrier. However, future investigations are required to
confirm this action of CD147 (Raony and De Figueiredo, 2020). Therefore,
CD147 inhibition might play a beneficial role in the treatment of diabetic
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complications, which involve inflammation (Bao et al., 2010), along with
severe acute respiratory syndrome, triggered by SARS-CoV-2. However,
there is a need for more investigations, to study the relationship between di-
abetes mellitus and CD147, in clinical complications, mediated by infection
by SARS-CoV-2.

A) CD147 as a driver for SARS-CoV-2 in disruption of human cardiac
pericytes

Studies have confirmed that the cardiac pericytes are not infected by
SARS-CoV-2 infection. Even though the cardiac pericytes express the
ACE2 miRNA transcript, as confirmed by single cell sequencing investiga-
tions, yet there is an absence of viral infection in the cardiac pericytes,
due to significantly lower amount of TMPRSS2 and ACE2 in these cells
(Avolio et al., 2020). Therefore, this depicted that in vitro lower concentra-
tion of ACE2 in myocardial stromal cells lead to lower risk to viral infection
(Amendola et al., 2021), whereas, the mesenchymal stromal cells were not
infected due to absence of TMPRSS2 and ACE2 (Avanzini et al., 2021).
However, studies confirmed the presence of an alternative receptor,
CD147 (basilin), an oligomannosidic glycan-associated plasma membrane
protein, as a novel receptor of SARS-CoV-2 entry (Avolio et al., 2020).
Not ACE2, but CD147 has been recognized to lead S signalling in cardiac
pericytes (Avolio et al., 2020). The inhibition of CD147, by gene silencing
or a neutralising antibody, hindered the S protein from carrying out the
phosphorylation of ERK1/2 and protected other multiple functional charac-
teristics of cardiac pericytes from destruction by the S protein, like genera-
tion of pro-inflammatory mediators contributing to cytokine storm,
elevated migration, production of cell-death mediating pro-apoptotic fac-
tors and retarded ability to support the formation of endothelial cell net-
work on Matrigel (Avolio et al., 2020). Furthermore, inhibition of CD147
provide protection to CAECs from paracrine apoptotic impact of S
protein-pried cardiac pericytes (Avolio et al., 2020).

B) Expression levels of CD147, TMPRSS2 and ACE2

A study investigated the expression levels of CD147 and ACE2 recep-
tors, as well as serine protease TMPRSS2 in mouse brain and human cell
lines, using western blot and qRT-PCR. As per the results their concentra-
tion levels in different tissues varied from that of lungs (Qiao et al.,
2020). The mouse brain cell lines and tissues expressed lower ACE2 and
greater CD147 levels, unlike the lung tissue and cell line, whereas
TMPRSS2 exhibited a consistent expression both in brain cell lines and
mouse lung tissues (Qiao et al., 2020). The central nervous system (CNS)
is more like to be infected with the COVID-19 disease, via CD147 receptors
and TMPRSS2 protease, and not ACE2 receptors (Qiao et al., 2020). Owing
to the availability of both CD147 and TMPRSS2, neuron and microglia ex-
hibited the possibility of SARS-CoV-2 infection, however, astrocyte is less
likely to be infected (Qiao et al., 2020). Greater expression of TMPRSS2
and CD147 were found in cortex, cerebellum and hypophysis of mouse
brain. Also, it has been revealed that S protein of SARS-CoV-2 has lower af-
finity towards CD147, as compared to ACE2, which explains the reason be-
hind lower viral infection in the brain (Qiao et al., 2020).

C) CD147 increases with age in endothelial cells

As per the recent investigations, CD147 has been identified as the recep-
tor for SARS-CoV-2 infection in the endothelial cells (Saltos and Saltos,
2020), and its positive relationship with age is only observed in the endo-
thelial cells and skin (Li et al., 2011) However, the reason behind no age-
related increase in CD147 levels is not yet clear. The studies reveal that
CD147 might be involved behind greater mortality and infection risks of
COVID-19 in patients greater than 40 years of age. These findings provide
evidential support aiding in the development of CD147 as a target for
COVID-19 treatment (Ahmetaj-Shala et al., 2020). The expression data of
CD147 is considered to be as an aiding component in COVID-19 treatment,
however requiring further investigation (Ahmetaj-Shala et al., 2020). Fur-
thermore, CD147 is elevated in other disorders, including the ones which
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are associated with the COVID-19 infection, such as diabetes, pulmonary
hypertension, obesity and renal disease (Ahmetaj-Shala et al., 2020).
Also, CD147 induces extracellular matrix metalloproteinases (MMPs),
which may be significant while considering the role vasculature, primarily
endothelial dysfunction, in promoting pulmonary fibrosis, one of the most
detrimental COVID-19 complications (Ahmetaj-Shala et al., 2020).

A detailed understanding of the interaction between CD147 and SARS-
CoV-2 will provide a comprehensive insight and identify suitable therapeu-
tic targets for COVID-19 treatment (Ahmetaj-Shala et al., 2020).

6. CD147 as a target: accelerating the therapeutic regimen

Owing to the role of CD147, it has been identified as a suitable target in
the treatment of inflammatory disorders (Zhu et al., 2014). A study ex-
plored the effect of small molecules in CD147 blockage, by using a
CD147-derived pharmacophore model, where the results indicated the abil-
ity of the molecule to specifically damage dimerization of CD147 and block
the movement and entry of hepatocellular carcinoma cells (Fu et al., 2016).
Thus, small molecule-mediated CD147 inhibition plays a significant role in
the treatment of viral infections and cancer patients, including the COVID-
19 infection (Mahdian et al., 2021). However, till now, no small molecule
inhibitors have been created as FDA-approved candidates. The COVID-19
patients, under mechanical ventilation, experience physico-pathological
states, like myocardial injury and refractory hypoxemia, for the treatment
of acute respiratory distress syndrome (ARDS), caused by oxidative stress-
induced damage to the erythrocytes, mediated by SARS-CoV-2 (Ramos
et al., 2021). The SARS-CoV-2 targets the erythrocytes, via binding onto
CD147 receptors (Ramos et al., 2021). Furthermore, changes in the
CD147-cyclophilin A signalling process and impairment of calcium homeo-
stasis have promoted inflammatory injury and thrombosis in heart failure
and lungs (Loh, 2020). Thus, CD147 can be used as a suitable therapeutic
target to retard inflammation and progression of the disease (Ramos
et al., 2021).

The free binding energy of estradiol benzoate and CD147 is the most
favourable, as indicated by the outcomes of MD simulation (Mauvais-
Jarvis et al., 2020). Estradiol benzoate is the estradiol (naturally occurring
hormone) prodrug, which functions as a major sex hormone in women
(Scheim, 2020a, 2020b). Studies have indicated that the COVID-19 inci-
dence is more in men as compared to women, the reason considered to be
elevated estradiol levels in women (Molina et al., 2020; Magagnoli et al.,
2020). The animal studies have suggested blockage of inflammatory events
by estrogen, which has resulted in improvement in COVID-19 patients
(Rosenberg et al., 2020). Furthermore, irinotecan and olaparib also possess
a suitable free binding energy with CD147 (Mauvais-Jarvis et al., 2020).
Despite the optimised results, parenteral administration, non-availability
in market as well as improper knowledge and data limits its use as thera-
peutic candidate for COVID-19 treatment.

A tetracycline analogue, doxycycline, ameliorates the levels of CD147 in
gallbladder cell line (Wang et al., 2017; Emingil et al., 2008). Moreover,
azithromycin can be considered as a possible candidate for mitigating the
effects of SARS-COV-2, owing to its role in interfering with CD147 receptor,
and preventing the invasion of malaria-causing Plasmodium falciparum
(Ulrich and Pillat, 2020).

6.1. A humanized anti-CD147 antibody: Meplazumab

A novel investigation examined the effectiveness and safety portfolio of
Meplazumab, which is a humanized anti-CD147 antibody, where patients
with SARS-CoV-2 pneumonia were examined (Mahdian et al., 2021). This
candidate effectively improved the condition and recovery rate of the pa-
tients infected with COVID-19 pneumonia, simultaneously maintaining
the safety profile (Ulrich and Pillat, 2020). The role of Meplazumab for
treating COVID-19 pneumonia, is under phase 2 clinical trial in China,
which aims to hinder viral infection by preventing the binding of its spike
proteins to CD147, which is blocked by monoclonal antibody (https://
clinicaltrials.gov/ct2/show/NCT04275245). The virologic clearance rate
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monitors this trial, via real-time PCR of samples of respiratory tract, to in-
vestigate the impact of Meplazumb (Ulrich and Pillat, 2020). Also,
Meplazumad was administered to 17 hospitalized patients with COVID-
19, where significant improvement in the condition of the patients was ob-
served in the treated group (Scheim, 2020a, 2020b).

6.2. Beta adrenergic blockers

Beta-adrenergic blockers have also reported to exert beneficial impact
on COVID-19 infection, where these drug candidates retard the viral
entry of the host cell (Vasanthakumar, 2020). They negatively regulate
the juxtaglomerular cells in the kidney, which ameliorate the activity of
RAAS pathway, thus it might retard the expression levels of ACE2, contrib-
uting to the reduction in the viral cellular entry (Vasanthakumar, 2020). It
has been reported that beta-adrenergic blocker curbs the CD147 expression
(Vasanthakumar, 2020). Thus, these drugs can inhibit the cellular entry of
SARS-CoV-2, by ameliorating the levels of entry receptors, both ACE2 and
CD147.

6.3. Ivermectin: promoting non-availability of CD147

The RBC located transmembrane receptor, CD147, functions as a signif-
icant binding site for the viral S protein (Zaidi and Dehgani-Mobaraki,
2021). Besides internalising into the RBC, such interactions can form
clumps and catches, as described earlier in the manuscript (Scheim,
2020a, 2020b). Ivermectin binds to the viral S protein, thereby decreasing
its availability to CD147. This might be effective in advanced cases of pa-
tients infected with COVID-19 (Zaidi and Dehgani-Mobaraki, 2021).
Interestingly, in the parasitic diseases, ivermectin exerts of cytotoxic effect
and kills the microfilaria, thereby generating an irreversible response
(Scheim, 2020a, 2020b). However, in COVID-19, ivermectin does not
have a cytotoxic action, but exerts a cytostatic one, where SARS-CoV-2
might resume it's replication after the plasma level of the drug drops
below the threshold, potentiating the risk of infection (Scheim, 2020a,
2020b).

6.4. The family of statins: downregulating CD147

Another suitable candidate is the family of statins, which regulate
the level of CD147, and induce changes in the structure, function
and expression of these receptors, by blocking N-glycosylation and
isoprenylation of the proteins (Sasidhar et al., 2017). The translocation
of CD147 to the cell surface was unpaired in cultured THP-1 monocytes,
after pre-treatment with pravastatin, fluvastatin and ayorvastatin, de-
creasing the activity of MMP and blocking differentiation of THP-1 to
macrophages, post-treatment with phorbol-12-myristate-13 acetate
(Sasidhar et al., 2017). The CD147 levels were retarded by ayorvastatin,
along with attenuation of plaque susceptibility in mice models with ex-
perimental atherosclerosis (Liang et al., 2017). Such investigations de-
pict the role of statins in decreasing the level of CD147 in human cells,
including lung tissues, resulting in impairment of the cuts ability to in-
fect and disrupt the host cells, and used as a co-adjuvant treatment ther-
apy for COVID-19 management.

6.5. Hindering the CD147-mediated signalling pathway by melatonin

Generally, the immunity-inflammatory aspects regulate the extent of
viral infections, which comprise of elevated oxidative stress conditions as
well as harmful impact on different organs (Lu et al., 2019). Melatonin
does not possess viricidal properties, but exhibits indirect antiviral actions,
via potentiating immunity, antioxidant effects and anti-inflammatory ac-
tions (R. Zhang et al., 2020). Melatonin has been reported to suppress
viral infections before (Lu et al., 2019; Bonilla et al., 2004), and prevent
viral mediated stroke and death, along with alleviation of viral potency,
by regulating the concentrations of IL-6 and interferon-gamma (INF-y) dur-
ing Venezuela equine encephalomyelitis (VEE) SARS-CoV-2 infection in
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mice (Negrette et al., 2001). The lung damage in models of respiratory syn-
cytial virus has been found to be ameliorated by melatonin, via hindering
oxidative stress and release of proinflammatory cytokines. Certain investi-
gations have revealed the role of CD147-spike protein in mediating the
entry of SARS-CoV-2 into the host cell (Wang et al., 2020b). Melatonin
has been reported to inhibit CD147-mediated signalling pathway and
exert a protective effect, by mediating antioxidant actions in models of car-
diac hypertrophy, induced by angiotensin 2 (Su et al., 2016). The melatonin
levels are retarded, due to induction of processes, which hinders the forma-
tion of free radicals, during conditions of viral infections, toxicity and stress,
in old age and deteriorated immune system states (Lee et al., 2018). This, in
turn, explains the greater risk of respiratory failure and poor detection in
the middle-aged patients and geriatrics. Despite non-availability of investi-
gations portraying the role of melatonin in treating COVID-19, promising
and reliable results have been observed as a result of its administration,
via suppression of circulating cytokines in multiple disorders and condi-
tions of enhanced inflammation states (Zhou et al., 2020; Shneider et al.,
2020; R. Zhang et al., 2020). Furthermore, the clinical and experimental in-
vestigations have reported the role of melatonin in retarding serum TNF-a,
MCP-1, MMP, C-reactive protein (CRP), IL-6 and INF-y levels (Savtekin
et al., 2018; de Farias et al., 2019), which exhibit a significant involvement
in inflammation, mediated by CD147. In addition, melatonin has also been
reported to exert anti-diabetic effect, as its role in induction of production
of insulin growth factor and phosphorylation of insulin receptor tyrosine
has been reported in various experimental studies. Melatonin has been ob-
served to restore the insulin resistance and glucose intolerance, caused as a
result of disrupted internal circadian system (Sharma et al., 2015; Karamitri
and Jockers, 2019; Song et al., 2017). Also, cellular apoptosis has been re-
tarded, as a result of administration of melatonin, along with stimulation of
antioxidants in diabetes (Mok et al., 2019). Therefore, it can be considered
that CD147 is involved in mediating the effects of melatonin in diabetic pa-
tients infected with SARS-CoV-2. The safety of administration of melatonin
should be considered significantly, for its use in COVID-19 treatment. The
short-term administration of melatonin has been found to be safe, even at
high doses (Kucukakin et al., 2008; Sanchez-Lopez et al., 2018). In addition,
in COVID-19 treatment, melatonin can be used in combination with other
drugs as well as elevate their potency and retard the occurrence of side ef-
fects (Adikwu et al., 2020). Furthermore, melatonin inhibits the CD147 sig-
nalling pathway and mitigate the cardiac damage (Su et al., 2016), thereby
playing a crucial role in COVID-19 patients with diabetes (Sehirli et al.,
2020a, 2020b). Fig. 3 portrays the role of melatonin in ameliorating
SARS-CoV-2 infection.

7. Conclusion

The manuscript provides a comprehensive data on the significance of
CD147 receptor, as a novel route for the entry of SARS-CoV-2, besides the
already established ACE2. The CD147 receptor has not only been found
to be associated with the viral entry, but is associated with the related co-
morbidities, like asthma, diabetes, obesity etc. Irrespective of lesser affinity
of CD147 to the viral S glycoprotein, as compared to ACE2, this receptor,
provides a suitable explanation behind the elevated blood glucose levels
in COVID-19 patients, greater susceptibility of T cells towards SARS-CoV-
2 infection, lower infection risks in women, greater vulnerability of geriat-
rics towards SARS-CoV-2, occurrence of COVID-19 infection in non-
susceptible human cardiac pericytes and so on. The manuscript details the
basics of the COVID-19 disease and the established entry mechanisms and
findings of SARS-CoV-2, mediated by ACE2, followed by the role of
CD147 in the body and its already known importance in functioning as a re-
ceptor for malaria-causing Plasmodium falciparum protozoan, explaining
the possible role of Azithromycin in COVID-19. The entry of SARS-CoV-2
via endocytosis, mediated by CD147 has also been explained, along with
the catch and clump hypothesis of the SARS-CoV-2 action on the RBCs
and the blood capillaries. The role of CD147 in other comorbidities pro-
vides a clear picture of its role in the body, followed by its expression levels
and distribution throughout.
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Fig. 3. Role of melatonin in minimizing the SARS-CoV-2 — mediated infection in host cell. Melatonin has been reported to inhibit CD147-mediated signalling pathway and
retards serum cytokine (TNF-a, MCP-1, IL-6 and INF-y) levels, mediated by CD147, which exhibit a significant involvement in inflammation, thereby retarding tissue injury
and cytokine storm. [CD147 - cluster of differentiation 147; SARS-CoV-2 — severe acute respiratory syndrome coronavirus 2; TNF-a — tumour necrosis factor; MCP-1 —
monocyte chemoattractant protein 1; IL-6 — interleukin-6; INF-y — interferon-gamma].

All this data provides a platform for the identification of CD147 as a
target for the action of suitable therapeutic candidates, including, a hu-
manized anti-CD147 antibody, Meplazumab; beta adrenergic blockers;
ivermectin, which promotes non-availability of CD147 towards SARS-
CoV-2; CD147-downregulating statins; Melatonin, hindering the
CD147-mediated signalling pathway; doxycycline; Azithromycin etc.,
thereby providing a critical opportunity for the global researchers and
virologists to observe the viral entry process from a different perspec-
tive, simultaneously obtaining answers to many other questions. A
study, however, reveals the lack of evidence supporting the role of
CD147 receptor in SARS-CoV-2 entry and identifies weak spike-
receptor interactions, yet does not rule out the possibility of the possi-
ble significant involvement of the receptor as an alternative viral
entry mechanism. There is a stringent need of development of more in-
vestigations and studies, to evaluate clearly the spike-receptor relation-
ship, which, the authors believe, would definitely provide reliable
evidence in favour of the relationship, to confirm the potential role of
CD147 in COVID-19 infection and associated comorbidities. The manu-
script aims to provide a comprehensive approach towards the involve-
ment of CD147 in COVID-19 disease, aiming to combat with the
prevailing infection and put an end to it. Despite the already estab-
lished entry mechanism, via ACE-2, the CD147 mediated entry provides
a valid explanation regarding the prevalence of infection in individuals
with other comorbidities, and identifies the link between them. The ul-
timate goal of finding a cure cannot be achieved without in-depth anal-
ysis of the problem and identification of suitable connections, that
might create a reliable pathway, leading towards an appropriate thera-
peutic regimen. These findings would possibly aid the researchers in
the development of a suitable therapy, however, still many investiga-
tions are required to properly establish the role of this receptor in
COVID-19 treatment. Still the proper events encircling the entry of
the virus are unclear, along with the long-term impact of the infection,
which should be investigated in the future studies.
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