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Abstract

The new coronavirus SARS-CoV-2 has become a global pandemic, which has had a huge impact
on the lives of people around the world and has caused huge impacts and losses on global economic
development. To now, there is still no effective drug or therapy against coronavirus. A large number of
studies have shown that vaccines are the ultimate weapon to eliminate major infectious diseases. The
development of new vaccines against new coronaviruses is the best way to prevent new coronavirus
infections. In this study, we developed a new vaccine against the new coronavirus by combining our
self-developed nano adjuvant loaded with carnosine graphene oxide adjuvant with loaded with CpG
molecule and RBD protein antigen. Our results showed that this vaccine can produce high titer anti-
SARS-CoV-2 RBD antibody neutralizing SARS-CoV-2 in mice within 2 weeks.
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Up to now, more than 20 million people across
the globe have been diagnosed with COVID-19,
with nearly 750,000 deaths, and showing a rising
trend in global. Most of significant, Chloroquine
and Remdesivir have been used as antiviral drugs in
clinical trials for the treatment of COVID-19, The final
results both show that the effects of these drugs are
limited [1, 2].

At present, only immunosuppressive drugs, like
dexamethasone, have been proved to have an exact
effect in relieving COVID-19 Severe symptoms [3].
Additionally, a series of serious sequela has been found
in recovered patients. The clinical studies have found
find neutralize antibody for SARS-CoV-2 in the plasma

from recovered patients. This indicated that vaccines
may be an effective method for COVID-19. A vaccine
for severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is needed to control the global
coronavirus infectious disease (COVID-19) public
health crisis.

Since the outbreak of the SARS CoV-2 epidemic,
more than 170 vaccines have been developed, and
26 of them have entered into a clinical study, of
which 7 have entered the phase IlI clinical stage.
And these vaccines could be divided into inactivated
virus vaccine, genetic vaccine (DNA & RNA), virus
vector vaccine, recombination protein vaccine. Among
these vaccine types, the inactivated virus vaccine
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can trigger the immune response and establish an
immune defense system against the COVID-19 by
injecting the inactivated virus. This approach has a
long development cycle, and inactivated vaccines of
Novartis and Beijing Institute of Biological Products
have entered phase Il clinical trials [4]; Nucleic acid
vaccines can deliver encoding DNA or RNA of the
COVID-19 into normal cells and translate specific viral
proteins, thus induce the recognition of viral proteins
by the immune system. This method is simple and fast,
and can be designed quickly after the viral nucleic acid
sequence is sequencing, but so far there is no DNA/
RNA vaccine has no drug been approved, still need
more clinical to prove its efficacy and safety [5, 6].
Moderna and Pfizer mRNA vaccines have successively
entered phase Il clinical trials. Viral vector vaccine
is to transfect the gene of the COVID-19 into the
harmless virus. These recombinant viruses infect
humans and achieve immunity to the COVID-19.
However, this method still relies on the infection of
humans by viral vectors. Once a part of the people
has been immunized against the viral vectors, these
recombinant viruses’ vaccine could lose its efficiency.
The Oxford adenovirus vaccine will complete Phase 111
clinical trials in September 2020, and the adenovirus
vaccine developed by CanSino has entered Phase Il
clinical trials to further evaluate its safety and efficacy
[7, 8]. The last one is the recombinant protein vaccine,
which synthesizes the COVID-19 specific antigen
in vitro by bacteria or cell lines. After vaccination
with adjuvant, leukocytes could quickly respond and
recognize of the vaccine, then produce neutralizing
antibodies [9]. Recombinant protein vaccine has the
advantages of high safety and response sensitivity.
Novavax recombinant protein vaccine has entered
phase Il clinical trials, and the vaccine developed by
the Chinese Academy of Sciences has also entered
phase Il clinical trials [10]. In conclusion, the rapid
response and saturated R&D strategy with a variety
of new technologies and new theories make the
speed of vaccine research and development increased
dramatically. It is expected that the vaccine for
COVID-19 will be on the market at the end of 2020.
Comparing with mRNA vaccine, the recombinant
S protein vaccine has predominant stability and
efficiency, and the foundation of a biopharmaceutical
can strongly support the complex manufacturing
process. For the threaten of the COVID-19 pandemic
in the next winter, a recombinant S protein vaccine
may be more suitable.

Toll-like receptor 9 (TLR9) is expressed in a
variety of B-cell malignancies and works as a
bridge between innate and adaptive immunity. CpG
oligodeoxynucleotides (CpG ODNSs), TLR9 agonists,
can induce immune responses and exert direct effects
against disease, serving as vaccine adjuvant or
monotherapy. CpG has been widely used in clinical
studies [11]. To improve the immune activity of
immunogens and enhance the immune response-ability,
the most basic method is to mix immunogens with
adjuvants, which can enhance the immune response
of the body to immunogens. Many literature and
experimental data show that CpG oligodeoxynucleotide
(ODN) has the effect of activating the body’s immune
system, and CpG ODN is a quite promising adjuvant
discovered in recent years [12]. How to achieve
systemic targeting of CpG-ODN to a specific immune
cell is a problem, that needs we have to solve.

As a conventional inorganic nanomaterial, graphene
has excellent drug loading ability due to its unique n-x
conjugation at every single graphene layer, which can
efficiently adsorb small molecular and macromolecular
drugs, and provides an excellent delivery platform
for nucleic acid and protein delivery (Fig. 1) [13].
However, its stable two-dimensional structure and
chemical properties also greatly limit the release rate of
drugs in vivo, these characteristics make conventional
drugs unable to reach the therapeutic window and play
a therapeutic effect. These shortcomings seem fatal,
but fit our needs for the COVID-19 vaccine design.
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Fig. 1 The Scheme of GOCR Vaccine structure.

In this study, we developed a convenient and
efficient COVID-19 vaccine GOCR Vaccine. The
vaccine preparation can be accomplished simply by
mixing CpG and the spike RBD protein of SARS-
CoV-2 with graphene oxide carriers’ solution. After
the vaccine was inoculated subcutaneously in mice,
RBD could achieve slow and long-term control
release, uninterruptedly stimulate the immune system,
and produce a high titer neutralizing antibody to
prevent the invasion of COVID-19. Because of the

http://www.nanobe.org



Nano Biomed. Eng., 2020,Vol. 12, Iss. 4

323

@ ,

Day 7

Day 14

Day 28 Day 40
1st Immunized 2nd Immunized 3nd Immunized Y
O ® ® >
Day 0 Day 21 Cellular immune response
Anti-RBD IgG ELISA FACS Analysis
4r 801
(b) < (©
= o Control
3r Yyv 2 60 =RBD paq
M s 2GOCR -

Q o
$ol S 40+
o 2

L= | v T L% . .

RBD AIR GOCR  LipoCR CD4* IL-2* CD8* IFN-y* CD8* TNF-a*

Fig. 2 The production of anti-SARS-CoV-2 RBD neutralizing antibody and analysis of cellular immunity. (a) Route of GOCR
vaccine administration. (b) The production of anti-SARS-CoV-2 RBD neutralizing antibody. (c) FACS analysis of cytokine in spleen

lymphocytes after vaccination.

simple preparation process and low cost of the GOCR
Vaccine, it is very suitable for large-scale production.
This technology also provides a simple and effective
vector for the development of the COVID-19 vaccine
and other recombinant protein vaccines.

After that, we analyzed neutralizing antibodies
in immunized mice after two vaccinations. ELISA
assay of neutralizing antibody production in mouse
serum showed that the graphene-based vaccine GOCR
Vaccine could induce a large number of neutralizing
RBD antibodies in vivo (Fig. 2). Compared with
the traditional aluminum adjuvant, the neutralizing
antibody production increased at least 7 times. This
result strongly demonstrated that the GOCR Vaccine
had a great advantage over the traditional vaccine
and could strongly stimulate the immune system,
and produce higher titer antibodies to combat the
invasion of COVID-19. Next, we evaluated the effect
of graphene-based vaccines on cellular immunity. By
flow cytometric analysis of splenic lymphocytes in
mice, we found that the vaccine would not promote
the secretion of proinflammatory cytokines in large
quantities, thus did not cause strong cellular immunity
and did not trigger a cytokine storm. At the same time,
there were no significant weight differences among the
groups following vaccination, this proved the safety of
this vaccine.

In summary, we have designed an efficient
vaccine and confirmed the production of neutralizing
antibodies after vaccination. We will continue to
study the neutralizing activity of RBD antibodies

derived from plasma to pseudoviruses and live viruses.
Furthermore, we will further explore the degradation
of graphene in vivo and hope to construct a safety and
biocompatibility vaccine.
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