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ARTICLE INFO ABSTRACT

Keywords: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes COVID-19, has spread around the

BCR ) globe with remarkable consequences for the health of millions of people. Despite the approval of mRNA vaccines

IS\’I:;}S‘aé‘O\t/r;“Sd“m"“ to prevent the spread of infection, long-term immunity must still be monitored. Targeting and modifying virus
_CoV-

receptor binding regions to activate B cell receptors (BCRs) is a promising way to develop long-term immunity
against SARS-CoV-2. After the interaction of antigens, BCRs undergo series of signal transduction events through
phosphorylation of immune receptor tyrosine activation motifs (ITAMs) to produce neutralizing antibodies
against pathogens. BCRs intricate entity displays remarkable capability to translate the external mechanosensing
cues to reshape the immune mechanism. However, potential investigations suggesting how SARS-CoV-2 specific
B cells respond to mechanosensing cues remain obscure. This study proposes a sophisticated hypothesis
explaining how B cells isolated from the CP of SARS-CoV-2 infected patients may undergo a triggered series of B
cell activation, BCR dynamics, proximal signalling, and antibody production on PDMS-embedded in-vitro
antigen-presenting structures (APCs). These studies could provide detailed insights in the future for the devel-
opment of structural and therapeutic entanglements to fight against pathogens.

Vaccine entanglements
Antibody production

BCR dynamics

BCR spatiotemporal dynamics

Introduction to prevent the continued spread of COVID-19 infection and re-establish

normal socio-economic activities [8-10].

The novel coronavirus severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is a positive-sense single-stranded RNA virus iden-
tified as the causative agent of COVID-19 [1]. Similar to the other
viruses of the coronaviridae family, the virus principally infects respi-
ratory airways, exhibiting symptoms ranging from mild respiratory in-
fections to severe acute respiratory syndrome [2,3]. Long-term effects of
the virus may result in organ failure in some patients, ultimately leading
to death [4]. Long incubation periods and the asymptomatic nature of
SARS-CoV-2 make the diagnosis of infection challenging and may
contribute to transmission [5,6]. The approval of anti-viral drugs such as
remdesivir, monoclonal antibodies against S protein, and Pfizer and
BioNTech’s mRNA vaccines provide a pathway to mitigate the spread
and disease severity [7]. However, long-term immunity is still essential
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During SARS-CoV-2 infection, B cells may contribute significantly to
producing antibodies through delicate interactions of BCRs with anti-
gens [11]. Following exposure of SARS-CoV-2 antigens through natural
infection or with the vaccine, intricate BCR-antigen interactions at B cell
membrane results in phosphorylation of immune receptor tyrosine
activation motifs (ITAM) interlinked (Iga, ) domains [12], carried
through underlying kinases (pLyn, pSyk) [12]. These activities result in
the onset of series of events, including cellular proliferation [13,14],
differentiation of B cells into plasma and memory B cells [15,16], iso-
type antibody switching, maturation, and production of antibodies to
combat infection [14]. Consequently, mechanosensing transduced
through BCRs could be used as an alternative strategy to induce long-
term immunity against COVID-19.
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Although, potential investigations regarding B cells and subset
(Follicular, marginal zone B cells) counts during SARS-CoV-2 infection
have been illustrated [16]. However, studies to better decipher the
mechanism of how B BCRs of SARS-CoV-2 specific patient’s B cells
respond to SARS-CoV-2 antigens and proximal signaling has attained
limited attention. This study proposes a novel role for SARS-CoV-2
specific B cells in investigating BCR signaling, mechanoresponsiveness,
spatiotemporal dynamics, and underlying signaling cascade events on
antigen embedded mechanosensing APCs. Interestingly, these coherent
investigations could trigger antibody production events in the future
that may be helpful in the production of vaccines providing long-term
immunity. Additionally, in the future, these mechanosensing entangle-
ments may be used in conjunction with direct structural therapeutics.
This study also highlights a sequential methodology to translate the
proposed hypothesis into reality (Fig. 1).

Theory and background

B cell activation and BCR-mediated signalling have been investigated
using elastomers fabricated from polydimethylsiloxane (PDMS) with
varying rigidity properties. [17-19]. Innate and adaptive immune cells
retain a sophisticated mechanism to sense the minute external mecha-
nosensing features [20,21], and in response, generate efficient chemical
signals to reshape downstream series of events [12]. Interestingly, PDMS
and PA moulded in-vitro fabrications have been used in various studies
to capture cellular properties such as activation [12,22], cytoskeleton
dynamics [23], and membrane-proximal recruitment of signalling

A

Mechanosensing structures
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molecules in B cells immunological synapse (IS) [17,24-26]. On exterior
micropillar topographies, similar speculations have been used to explore
perforin and granzyme secretion as well as TCR activation at the Ag-TCR
contact interface periphery [27] (Table 1) [27]. Similar mechanistic
perturbations have been employed previously to investigate cellular
locomotion of innate and adaptive immune cells [28], their polarity and
differentiation, and cellular survival events [29-31]. Nevertheless, using
the strategies mentioned earlier, a triggered level of NAbs could be
achieved by instructing B cells on mechanosensing featured
topographies.

The sophisticated mechanism through which vaccines work reflects
proximal correlation with B cells and suggests potential mechanistic
capability describing how BCR undergoes signal transduction events to
balance the immune mechanism [32]. Refashioned in-vitro APCs to
achieve specific efficacious properties could be fundamental in reshap-
ing the immune system [31]. Interestingly, following the prescribed
methodologies, B cells through delicate interactions with SARS-CoV-2
structural catalogs could achieve specific mechanisms, including (1)
intricate triggered production of SARS-CoV-2 specific neutralizing an-
tibodies (nAbs), (2) BCR activation, (3) BCR dynamics on mechanistic
invitro APCs, (4) triggered SARS-CoV-2 specific immune responses, (5)
enhanced humoral immune responses (6). Thus, a repertoire of such
mechanosensing-guided BCR signalling will not only boosts up an im-
mune mechanism for SARS-CoV-2 but also for dengue and other pool of
viruses.

Physiologically, through delicate interactions of in-vivo APCS, vac-
cine entanglements urge B cells to produce specific antibodies against
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Fig. 1. BCRs surface interaction with SARS-CoV-2 glycoproteins triggers the humoral immune response. BCRs microcluster and immunological synapse (IS) for-
mation are two critical events in the initiation of B cell activation. Following the interaction of BCRs with SARS-CoV-2 structural antigens (RBD, envelope proteins)
embedded on PDMS mechanosensing structures, dramatic crosslinking of BCRs occurs, resulting in phosphorylation of immune receptor tyrosine activation motifs
(ITAMS) flanked (Iga, Igp) domains via underlying enzymes pLyn. These proximal sites are followed by phosphorylated spleen tyrosine kinas (pSyk), which provides
a docking site for Burton tyrosine kinase (Btk), resulting in site-specific aggregation of adaptor proteins including BLNK and PLCy-2 to trigger NAbs production to

combat infection.
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Table 1

Several PDMS/PA fabricated elastomers have been implemented to unravel BCR
signalling, antibody production, proximal signalling, cellular proliferation, class
switching, TCR immunological synapse (IS) formation, and other pathways such
as perforin and granzyme secretion at TCR-APCs contact interface junctional
periphery.

Mechanosensing Type of  Principle and mode of References
structure cells investigations
PDMS/PA Band T To investigate B cell receptor [22,25,37]
elastomers cells signalling, antibody production,
and underlying pathways
Thick and thin T cells To dissect TCR formation, [27]
micropillars perforin, and granzyme secretion
at TCR-APCs contact interface
junction
PDMS coated beads B cells To investigate traction force [38,39]
generation and to dissect
signalling studies
Subcellular nano B cells To analyze BCR signalling, F-actin [23]

ridges dynamics, and calcium influx
response in B cells

Ligands presenting Band T
PA gels cells

To analyze physiological events [40]
including cytokine secretion

through naive T cells at TCR-APCs

contact interface junction

spike protein (S), in the case of SARS-CoV-2 [33,34]. VDJ rejoining
events prompt B cells to produce neutralizing antibody repertoire
[14,35]. One of the several reasons to trigger SARS-CoV-2 specific
antibody response is the onset of early diminished serum antibody titers
[36]. This is an additional reason to engineer and instruct B-cells to keep
on producing the required antibodies perpetually as and when they are
needed.

Proposed hypothesis

There are several SARS-CoV-2 vaccines currently undergoing clinical
trials, but there are few reports on how BCR recognizes SARS-CoV-2
antigens to trigger immune cascade events and antibody production.
Thus, there is a dire need to conduct an in-depth investigation of the
proposed issue to provide a theoretical and experimental basis for un-
derstanding how the immune system recognizes SARS-CoV-2 structural
antigens and subsequent vaccine development. Indeed, a series of dy-
namic, transient, but well-ordered molecular events happening on the
plasma membrane of the BCR membrane; however, due to these events’
dynamic and transient nature, they are complicated to be studied by
conventional biochemical and immunological approaches. Additionally,
it is vital to generate an entire library of SARS-CoV-2 envelope protein-
specific BCRs and express them on the plasma membrane of model B cell
lines. Next, they must be used to study the dynamic recognition of SARS-
CoV-2 specific antigen by B cells via cutting-edge, high-resolution, high-
speed live-cell and single-molecule imaging techniques. Likewise, to
investigate the correlation between B cell activation intensity and
antibody neutralizing ability. Finally, we proposed that how the density,
arrangement, and Young’s modulus features of presenting matrix of the
SARS-CoV-2 protein antigens affect the efficiency of B cell immune
activation

How to test the hypothesis?

Using CP of SARS-CoV-2 B-cells we could could prove the proposed
hypothesis in-vitro. In contrast, B cells could be isolated from healthy
individuals to control and compare differences in BCR signalling, dy-
namics, mechanoresponsiveness, and antibody production. Moreover,
BCRs from SARS-CoV-2 infected B cells can be engineered on model cell
lines using the CRISPR/Cas9 system [41]. Briefly, Primary B cells from
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SARS-CoV-2 infected and healthy individuals could be isolated, main-
tained, and harvested. SARS-CoV-2 specific structural antigens could be
purified and embedded on PDMS elastomers showing uniform distri-
bution, accessibility, and modulus features. BCRs can be stained with
Alexa-Flour 546 conjugated goat anti-mouse IgM Fab fragment [25].
The elastic modulus and other properties may be studied using atomic
force microscopic (AFM) techniques on PDMS-mediated gels. BCRs of
SARS-CoV-2 infected patients will be constructed on model cell lines like
A-20 and CH-27 utilizing the CRISPR/Cas9 technology. Then, for 10-15
min, BCR-labeled primary B cells could be loaded onto PDMS in-vitro
topographies. Images of B cells demonstrating contact interface will be
acquired using confocal or TIRFM microscopy. Mean fluorescence in-
tensity (MFI) and total fluorescence intensity (TFI) profile measurement
will be employed to determine the threshold level of B cell activation
[22,24,25].

Similarly, the spatiotemporal dynamics of BCRs can be captured in
live-cell imaging studies using confocal flourescence microscopy and
interpreted using Image-J software. Additionally, B cells could be
cultured and maintained on PDMS elastomers in the presence of SARS-
CoV-2 specific antigens. By cultivating and stimulating cells on PDMS-
embedded elastomers, it is possible to quantify the production of anti-
bodies specific to SARS-CoV-2 antigens.

Practical considerations

Mechanosensing in-vitro APCs [25], topographically implanted with
SARS-CoV-2 structural antigens on PDMS elastomers, can be used to
culture, harvest, and instruct B cells. Following BCR’s interactions with
SARS-CoV-2 antigens on in-vitro APCs, signal transduction events
emerged through phosphorylation of BCRs interlinked ITAMs flanked
Iga, Igp domains [42,43]. These events led to the subsequent recruit-
ment and site specif membrane-proximal accumulation of signalling
subunits and adaptor proteins to intensify the immune cascade events
[12]. A mixture of several B cells and cell lines (A-20, CH-27, J55L)
could be employed to teach immune responses using the methodologies
as mentioned above. In this case, purified SARS-CoV-2 structural anti-
gens could be implanted on PDMS gel initially fixed with 5% BSA ma-
terial. This approach can be successfully used against SARS-CoV-2 and
other pools of viruses, including Epstein Bar virus (EBV), Ebola virus,
dengue virus, MERS and SARS-CoV.

It should not escape our notice that altered stiffness and rigidity
features of PDMS elastomer gels, and uneven surface embedding of
SARS-CoV-2, structural antigens could interfere with BCR signalling
magnitude and the ultimate fate of immune cascade events [24,25].
Although, such a scenario might create obstacles in acquiring the precise
conclusion. For that reason, initially, SARS-CoV-2 developed surface
density features, and comparable accessibility to antibodies should be
confirmed through quantifying the mean fluorescence intensity (MFI)
and total fluorescence intensity (TFI) profile. Another feature could be
differential surface rigidity features of PDMS in-vitro topographies; thus,
comparative stiffness evaluation could be analyzed through electro force
nanoindenter.

Furthermore, in-vitro culture and maintenance of splenic primary B
cells are complex. However, B cells could be stimulated with lipopoly-
saccharide (LPS) or SARS-CoV-2 structural antigens and subjected to in-
vitro culture to decipher the antibody production aptitude better. In this
case, B cells could be manipulated to investigate antibody production
using SARS-CoV-2 antigens. By using the technique mentioned above,
such cells would be accessible and viable enough to produce antibodies.

Another fundamental aspect to note is an antibody-dependent
enhancement (ADE), which should be well considered during anti-
SARS-CoV-2 antibody production using BCRs transduced mechano-
transduction pathways. ADE phenomenon has been observed in SARS-
CoV-2 and some other viral infections, including dengue and respira-
tory syncytial virus (RSV) [44]. Although the ADE mechanism can
render SARS-CoV-2 antibodies ineffective [39], it is imperative to
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address ADE in the context of efforts to create countermeasures against
SARS-CoV-2 via the mechanotransduction pathway. Primary B cells
isolated from the CP of infected individuals should be used as a model to
assess the ADE phenomenon of antibodies produced. It has been inves-
tigated that people infected with SARS-CoV-2 exhibit enhanced anti-
body responses for a long time. Therefore, it is advisable to construct a
library of SARS-CoV-2 antigens-specific BCRs from CP of infected people
and fully express model B cell lines to interact with epitope-directed in-
vitro mechanical perturbations. Such so produced antibodies may be
competent enough.

An additional critical feature to examine is an assessment of
neutralizing potential of anti-SARS-CoV-2 antibodies. Neutralizing an-
tibodies (NAbs) block viral entry and interfere binding with their re-
ceptors (hACE-2) and thus provides protective immunity [45]. In that
case, it’s plausible to assess neutralizing potential of anti-SARS-CoV-2
antibodies through in-vitro neutralization tests. Furthermore, pre-
scribed investigations would be reasonable to analyze the correlation
between BCR activation intensity profile measured through calculating
mean fluorescence intensity (MFI), and total fluorescence intensity (TFI)
profile and neutralizing ability

Conclusion

Given advances in cutting-edge biophysical imaging tools, such as
confocal and total internal reflection fluorescence microscope (TIRFM),
as well as genetic and pharmacological approaches, it can be concluded
that intricate BCR signalling of B cells isolated from the CP of SARS-CoV-
2 infected patients could be instructed on mechanosensing featured
PDMS in-vitro elastomers, externally embedding. Despite certain
financial obstacles, prescribed mechanistic entanglements could be an
excellent way to increase humoral immune responses not just for SARS-
CoV-2 but also for MERS, SARS-CoV.
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