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SARS-CoV-2 was appeared firstly in Wuhan, China in December 2019, then spread
rapidly to the other countries all over the world, caused a novel Coronavirus-2019 (COV-
ID-19). The World Health Organization was branded COVID-19 as a global health emer-
gency. After infection, virus entry the host cell through spike proteins (S)- angiotensin
converting enzyme 2 (ACE2) cell membrane receptor via their S-Binding domain, then
virus replication caused acute respiratory disease syndrome (ARDS). Till now there was
no vaccines or anti-viral drugs for coronavirus infection. One effective treatment is the
use of human monoclonal antibodies (mAbs) which are engineered to target and block
cell surface receptor. mAbs could be given to people in the early stages of COVID-19 as a
therapeutic, or used prophylactically to give immediate, long-term immunity to vulnera-
ble people such as healthcare workers. The neutralizing humanized 47D11 monoclonal
antibody targets a common epitope on SARS-CoV?2 virus and may offer potential for pre-
vention and treatment of COVID-19.89U (Graphical Abstract 1).

Neutralizing Ll Novel
oo Mo o Brepronch
—_— .

47011 mab. 47011mab s (as05)

Key Point Summaries

a) The initial process for SARA-CoV-2 replication process is binding of S protein to
angiotensin- converting enzyme 2 (ACE2), allowing virus to enter and infect host
cell.

b) Neutralizing antibodies can alter the course of infection in the infected host.

¢) Monoclonal antibodies (mAbs) block virus-ACE2 interaction and inhibit virus
entry.

d) mAbs supporting virus clearance or protect an uninfected host that is exposed to
the virus.

e) Purified humanized monoclonal antibody 47D11 was found to be able to block
the infection of SARS-CoV-2.

f) Understanding the mechanisms of neutralizing monoclonal antibodies efficien-
cy, will provide respected implications in prevention and/or treatment of COVID-19
infection.
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Introduction

The novel Coronavirus was firstly appeared in Wuhan, China
in December 2019 when patients who showed signs of fever,
cough and dyspnea with acute respiratory syndrome (ARDS) were
reported with unknown viral infection, five patients of all suffering
from pneumonia, showed virus genome sequence of previously
unknown coronavirus (beta-CoV) strain [1]. The emergence of viral
infection spread rapidly caused worldwide epidemic respiratory
disease COVID-19 [2]. Coronaviruses (CoVs) are enveloped viruses
of the family Coronaviridae (Coronavirinae subfamily), single-
stranded RNA genome (26- 32 kb) and positive-sense viruses, that
infect host on a wide range, replicate in the cytoplasm of infected

cells, and induced diseases ranging from common cold to sever fatal
complaints [3]. The novel virus was initially named “COVID- 19”
that was changed to “SARS-Cov- 2” by the International Committee
of Taxonomy of viruses (ICTV), as it showed 80% similarities to
the sequence of SARS- like coronaviruses (SARS-Cov) and 50% to
the sequence of MERS- like coronaviruses (MERS-CoV) [4]. Most
nations are doing their best efforts for prevention and control
strategies, but till now there was no vaccines or anti-viral drugs for
coronavirus infection [5]. Understanding of phenotypic and genetic
structure of COVID-19 is important for production of vaccines and
anti-viral drugs [6] (Figure 1).
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Figure 1: Schematic diagram illustrating Coronavirus disease 2019 (COVID-19): Virology and Epidemiology.

Genetic Features of COVID-19

COVID-9 is pleomorphic enveloped, single stranded RNA within
a nucleocapsid composed of matrix protein, and its envelope bears
club-shaped glycoprotein projections in addition to hem agglutinin
(HE) esterase protein in some coronaviruses [7]. Coronaviruses
possess the largest genomes between all RNA viruses. Remarkable
features, including a unique N-terminal fragment within spike
protein, and genes of these four main structural proteins in all

coronaviruses occur in the 5-3 order as large spike protein (S),

envelop protein (E), membrane protein (M), and nucleoprotein (N),
are encoded by ORFs 10, 11 on the one third of the genome near the
3- terminal [8]. These structural proteins are responsive for viral
replication and maintenance of viral genome [9]. It plays a vital role
in the intracellular formation of virus particles without requiring S
protein [7]. Rendering to genetic features of COVID- 19, it is less like
SARS- CoV (about 80%) and MERS- CoV (about 50%), moreover
the arrangement of N, E, and M proteins between the three beta
coronaviruses are different [2] (Figure 2).
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Figure 2: Schematic representation of the Genetic features of COVID-19.
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Role of COVID-19 Replication inVirus Pathogenicity complex is composed of up to 16 viral subunits and a number

of cellular proteins, and engagement various RNA processing
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encoded by the 20- kb replicase gene [11]. Coronavirus replicase
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Figure 3: Schematic diagram illustrating the role of COVID-19 replication in virus pathogenicity.

COVID- 19 Cross-Reactivity and Cross-Protection efforts are ongoing and have been directed to develop vaccines

against human COVID- 19 infection, however cross- protection

Cross- reactivity means the reaction between an antibody and . . . . .
induced by these vaccines still a restrictive factor as a result of their

an antigen. Cross- Protection is a state in which, infection with a . o .
widespread sequence multiplicity [15]. During the recent threats,

mild virus or viroid strain protects from subsequent infection from . . .
immunotherapeutic, and anti-drugs have been explored for their

a severe strain of the same virus [14]. In recent decades, more : .
safety, efficacy, and potency [16] (Figure 4).
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Figure 4: Schematic diagram of Covid-19 Cross reactivity and Cross protection.

Vaccination Strategies Against Human COVID-19 surface-exposed spike (S) glycoprotein or S protein as the major

inducer of neutralizing antibodies, as use of full-length S protein

Devel f ID- 1 i
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trategies; S-protein-based strategies, involved t ti th . . . . .
strategies protein-based  strategles, IMVOVed targeting e yirus-like particles (VLP), or viral vectors [17]. The major role
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induced by S protein in induction of protective immunity during
infection with SARS-CoV is producing neutralizing-antibodies and
T-cell responses [18]. Recently, immuno-informatics was used
to recognize significant cytotoxic T lymphocyte (CTL) and B-cell
epitopes in SARS-CoV-2 S protein, and the molecular dynamics
simulations were used to study the interactions between these
epitopes and their corresponding MHC class I molecules, and it
was found that the CTL epitopes bind with MHC class [ peptide-
binding sits through several interactions, therefore indicating their
possibility for generating immune responses (Baruah and Bose,

2020).
Therapeutic Monoclonal Antibodies

Targeting COVID-19

(mAbs)

A novel approach to increase humoral protection against
emerging CoVs, using monoclonal antibodies (mAbs) which may

play an active role in COVs control. Monoclonal antibodies (mAbs)
are produced by B cells and specifically target specific domains
in MERS-CoV S protein [19]. Monoclonal antibodies have shown
their therapeutic efficacy for several viruses, targeting vulnerable
sites on viral surface proteins [20]. Kohler, et al. [21] in 1975 have
introduced the hybridoma technique to acquire pure mAbs in great
amounts, stimulating the basic research and possibility for clinical
use [22]. Neutralizing antibodies mainly target the trimeric spike
(S) glycoproteins- containing RBD on the viral surface that mediate
entry into host cells. Effective neutralizing antibodies frequently
target the receptor interaction site in S1 [19]. The spike proteins of
SARS-CoV-2 and SARS-CoV are structurally very similar with 77.5%
similarity in amino acid sequence [23] and regularly bind the
human angiotensin converting enzyme 2 (ACE2) protein as a host
receptor via their S-Binding domain [24]. Therapeutic antibodies
typically have long serum half-lives, which allow for infrequent
administration, every other week or less frequently [25] (Figure 5).
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Figure 5: Vaccination strategies and Therapeutic monoclonal antibodies (mAbs) targeting COVID-19.

Generation of H2L2 mAbs Against COVID-19

H2L2 mice were sequentially immunized in 2 weeks intervals
with purified Coronavirus spike ectodomains (Secto) of different
CoVs in the following order: HCoV-0C43, SARS-CoV, MERS-CoV,
HCoV-0C43, SARS-CoV, and MERS-CoV. Antigens were injected at
20-25 pg/mouse using freshly prepared adjuvant. Injections were
done subcutaneously into the left and right groin each (50 ul)

and 100 pl intraperitoneally. Four days after the last injection,
spleen and lymph nodes are harvested, and hybridomas made by
standard method using SP 2/0 myeloma cell line. Hybridomas were
screened in antigen-specific ELISA and those selected for further
development, subcloned a in serum- and protein-free medium (100
ml) with addition of non-essential amino acids. H2L2 antibodies
were purified from hybridoma culture supernatants using Protein-G
affinity chromatography and stored at 4°C until use [26] (Figure 6).
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Figure 6: Dynamic diagram showing Generation of therapeutic H2L2 mAbs against Covid-19 using mouse hybridoma

technique.

The neutralizing 47D11 mAb binds SARS1-S and
SARS2-S RBD

In order to identify SARS-CoV-2-neutralizing antibodies, ELISA-
(cross) reactivity was assessed of antibody-containing supernatants
of a collection of 51 SARS-S hybridoma’s derived from immunized
transgenic H2L2 mice that encode chimeric immunoglobulins with
human variable heavy and light chains and constant regions of rat
origin. Four of 51 SARS-S hybridoma supernatants displayed ELISA-
cross-reactivity with the SARS-S1 and SARS2-S1 subunits. 47D11

exhibited cross-neutralizing activity of SARS-S and SARS2-S pseudo
typed VSV infection. The chimeric 47D11 H2L2 antibody was
reformatted to a fully human immunoglobulin, by cloning of the
human variable heavy and light chain regions into a human IgG1
isotype backbone [27] (Figure 7). Prior to cell binding, S1B was
mixed with mAb (mAbs 47D11, 35F4, 43C6, 7.7G6, in H2L2 format)
with indicated specificity in a mAb:S1B molar ratio of 8:1. Cells are
analyzed for (ACE2-)GFP expression (x axis) and S1B binding (y
axis). Percentages of cells that scored negative, single positive, or
double positive are shown in each quadrant [27].
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Figure 7: The neutralizing 47D11 mAb binds SARS-S and SARS2-S RBD.
a.  ELISA-binding curves of 47D11 to Secto (upper panel) or SIA and S1B (RBD: receptor-binding domain) (lower panel) of
SARS-S and SARS2-S coated at equimolar concentrations. The average+SD from two independent experiments with technical

duplicates is shown.

b.  Interference of antibodies with binding of the S-51B of SARS-CoV and SARS-CoV-2 to cell surface ACE2-GFP analyzed

by flow cytometry.

Production of Full Humanized 47D11mAbs Using
pTRIOZ Plasmids

pTRIOZ plasmid used specifically for successful production of
whole recombinant monoclonal antibodies (mAbs). Immunized
H2L2 mice have been engineered to produce a fully human antibody
(instead of mouse). For humanized monoclonal antibody 47D11
production, the cDNA’s encoding the 47D11 H2L2 mAb variable

regions of the heavy and light chains were cloned into expression
plasmids containing the human IgG1l heavy chain and Ig kappa
light chain constant regions respectively. Both plasmids contain
the interleukin-2 signal sequence to enable efficient secretion
of recombinant antibodies. Protein-A affinity chromatography
was used for purification of Human antibodies, then the purified
antibodies were stored at 4°C until use [28-31] (Figure 8).
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Figure 8: Schematic review of the pTRIOZ collection designed specifically for high-yield production of whole recombinant

monoclonal antibodies (mAbs).
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