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ABSTRACT: Immunotherapy is the latest approach that could offer potential treatments to help fight the 2019
coronavirus disease (COVID-19). This approach can be achieved by several strategies, including dendritic cell-based
vaccine therapy. The method of using dendritic cells aims to build a person's immunity against the SARS-CoV-2 virus
(the virus that causes COVID-19). In theory, this vaccine works by taking dendritic cells from a person. These cells are
then introduced to the antigen of the SARS-COV-2 virus in the laboratory, then injected back into the body in the hope
that the dendritic cells that have recognized the virus will trigger an immune response. Several clinical trials are being
conducted using the dendritic cell-based vaccine therapy, one of the vaccine candidates known to use a dendritic cell
platform developed in Indonesia. The WHO-registered dendritic cell-based COVID-19 vaccine from Indonesia was
carried out by AIVITA Biomedical, the Health Research and Development Agency, and the Indonesian Ministry of
Health. This article discussed how approved vaccines can trigger innate immunity to enhance long-lasting
immunological memory and consider future implications for protecting populations with this vaccine.
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1. INTRODUCTION

At the end of 2019, the world was shocked by the emergence of a new virus that has the potential to
become a global pandemic. This virus was first known to infect 4 people in Wuhan, Hubei Province, China, in
December 2019 with symptoms of acute respiratory syndrome. In early January 2020, the cases increased
rapidly to 830 cases. In March 2020, the virus had spread to several countries including Japan, South Korea,
Taiwan, Thailand, Singapore, and the US, which the WHO declared a global pandemic. The virus that caused
this global pandemic was called severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and the
disease was designated by the WHO as Coronavirus Disease 2019 (COVID-19)[1-3].

The SARS-CoV-2 virus is a sub-family of Coronaviridae, this type of virus had caused SARS and MERS
in the last two decades. SARS-CoV-2 was first identified from the bronchoalveolar fluid of a COVID-19 patient
in Wuhan by researchers from China. This virus is known to be 85% similar to the virus found in bats (bat-SL-
CoVZ(C45, GenBank: MG772933.1). In addition, the genome sequence results also showed 79% similarity to
SARS-CoV and 50% to MERS-CoV [1,4,5].

To prevent the spread of the virus and the global pandemic, various efforts have been made in various
parts of the world by producing and testing vaccines. According to WHO, as of April 2021, 236 vaccines were
under development. About 87 vaccine candidates have entered clinical trials, and 20 vaccine candidates have
entered phase 3 clinical trials [6]. There are several types of COVID-19 vaccines currently being developed,
including inactivated virus-based vaccine, DNA-based vaccine, mRNA-based vaccine, subunit protein virus-
based vaccine, and viral vector-based vaccine [6,7].

Among the various types of vaccine platforms available, the Government of Indonesia, through the
Indonesian Ministry of Health and Aivita Biomedical, Inc., designed a different type of vaccine, namely the
dendritic cell vaccine platform. This vaccine has been clinically tested and registered on ClinicalTrials.gov on
December 30, 2020 with no. NCT04690387 [6,8]. The clinical trial process of this vaccine has been obstructed
by many criticisms given by researchers and health practitioners regarding its logical and safe use. This article
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will discuss the efficacy and safety of dendritic cell type vaccines in the form of criticism or narrative adapted
from various articles related to the COVID-19 vaccine and dendritic cell therapy.

2. COVID-19 VACCINES

Currently, the COVID-19 vaccine has been implemented in various parts of the world, although no
vaccines has yet completed clinical trials. Types of vaccines that have been approved for Emergency Use
Authorization (EUA) from the respective country authorities include Coronavac by Sinovac, Sinopharm,
Pfizer-BioNTech, AstraZeneca, Moderna, and Novavax. Commonly used vaccines have entered phase 3
clinical trials [6,9].

Coronavac is a type of vaccine derived from a traditionally inactivated virus. This vaccine was
developed by Sinovac Life Sciences (Beijing, China). Preclinical results indicated that this vaccine was capable
of inducing a favorable antibody response in animals. Preclinical tests conducted on mice, rats, and non-
human primates had shown partial or complete protection [10]. The results of clinical trials conducted on
participants aged 18-59 years showed that the Coronavac was well tolerated and created a humoral response
to SARS-CoV-2. Coronavac was also well-tolerated and developed immunogenicity in participants aged 60
years and older [11,12]. Similar vaccine candidates manufactured by Sinopharm have demonstrated that 2
doses of the vaccine are safe and well-tolerated on days 0 and days 21 until 28 [13].

The current vaccine candidate with a viral vector platform of ChAdOx1 nCoV-19 is being developed by
AstraZeneca and the University of Oxford. ChAdOx1 nCoV-19 (AZD1222) is a SARS-CoV-2 vaccine candidate
comprising a replication-deficient simian adenovirus expressing the full-length SARS-CoV-2 spike protein.
Safety and tolerability tests showed that 28.8% of participants experienced post-vaccination pyrexia, but there
was a decrease in reactogenicity with the booster doses. In the half stage clinical trial, there were no serious
side effects for the participants. The efficacy test showed an excellent immune enhancement after the vaccine
administration which was characterized by interferon-y and tumor necrosis factor-a cytokine secretion by
CD4+ T-cells and antibody production, especially the IgGl and IgG3 subclasses. CD8+ T-cells, of
monofunctional, polyfunctional, and cytotoxic phenotypes, were also induced [14,15]. Phase 2/3 clinical trials
showed that the vaccine was better tolerated in older adults than in younger adults. Local systemic reactions
(injection-spot pain, fever, muscle ache, headache) were experienced significantly more than the placebo
group but were less common in participants aged 56 years or older [16]. After mass vaccination, the use of the
AstraZeneca-Oxford vaccine resulted in blood clots as a side effects. The results of the EU and UK
investigations suggested that this side effect is possible but very rare, with a ratio of 79 cases out of 20 million
participants (0.0004%). From 79 cases of blood clots, about 19 people were dead [17,18]. Similar thing happened
to the Johnson & Johnson vaccine. There were 6 cases out of 7 million participants who were vaccinated, which
made US regulators temporarily suspended the use of this vaccine [19,20].

Vaccines that have high effectiveness (> 90%) are Pfizer-BioNtech and Moderna. Both vaccines are
mRNA-based vaccine. The vaccine candidates produced by Pfizer-BioNtech, called BNT162b1 and BNT162b2,
are nucleoside-modified mRNA formulated by lipids nanoparticle encoding the receptor-binding domain
(RBD) of the SARS-CoV-2 spike protein. Based on the half phase clinical trial, several mechanisms were
beneficial in providing protection against COVID-19 and mild-moderate local to systemic reactogenicity
depending on the number of doses administered [21,22]. Comparison of the efficacy and safety of the two
vaccine candidates showed that BNT162b2 had a lower incidence. The effectiveness of BNT162b2 in
preventing COVID-19 is 15% (credible interval 90.3 to 97.6%). Safety reaction after the BNT162b2 vaccine is
characterized by short-term mild to moderate pain at the injection spot, fatigue, and headache. The incidence
of serious side effects was lower, similar to the placebo group [23,24].

The mRNA-1273 vaccine candidate (Moderna and National Institute of Allergy and Infectious Disease)
in phase 2 clinical trials produced a significant immune response with a well-accepted safety profile after
administration of a 2-dose regimen. The efficacy value of this vaccine was 94.1% (89.3 to 96.8%). Clinical trial
participants given mRNA-1273 had higher reactogenicity than placebo, but serious side effects were rare in
the vaccine or placebo group. The side effect reactions felt by the participants were headache, fatigue, myalgia,
arthralgia, nausea, and vomiting [25,26].

One of the subunit-based vaccine platforms was developed by Novavax with recombinant acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) nanoparticle vaccine composed of trimeric full-length
SARS-CoV-2 spike glycoproteins and formulated Matrix-M1 adjuvant (NVX-CoV2373). In preclinical trials
against Macaca fascicularis, administration of NVX-CoV2373 provided protection by inducing anti-S antibodies
and blocking binding to the angiotensin-converting enzyme 2 (hACE2) receptor. Phase 1-2 clinical trials
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showed that NVX-CoV2373 was acceptable without mild reactogenicity, had no symptoms of severe side
effects in each participant, and had good efficacy in triggering the immune system [27,28].

In addition to the vaccine candidates above, vaccines that have entered phase 3 were developed by the
Center for Genetic Engineering and Biotechnology (CIGB), Sanofi Pasteur and GSK, Bharat Biotech
International Ltd., Zydus Cadila, Research Institute for Biological Safety Problem Republic of Kazakhstan,
Institute of Medical Biology and Chinese Academy of Medical Sciences, CureVac AG, and Anhui Zhifei
Longcom Biopharmaceutical and Chinese Academy of Sciences.

3. DENDRITIC CELLS

Dendritic cells (DCs) are derived from CD34+ bone marrow progenitor cells (CD4+ monocytes) that
present antigens with unique abilities and are capable of inducing a primary immune response [29]. DCs are
located in 2 types of locations in the body; non-lymphoid tissues such as skin, mucosa, and internal organs,
and are also found in lymphoid organs, blood, and afferent lymphatic vessels. DCs are capable of capturing
and transferring information from the outside into adaptive immune cells. B-cells and T-lymphocytes are
immunity mediators controlled by dendrite cells. Peripheral dendritic cells capture and process antigens,
express lymphocyte co-stimulating molecules, migrate to lymphoid organs and secrete cytokines to initiate
immune responses. Apart from being able to induce primary immunity, DCs are also important in immune
tolerance and regulation of immune response by tolerating T-cells against innate body antigens (self-antigens),
thereby minimizing autoimmune reactions. Currently, DCs-based immunotherapy is used to gain immunity
against cancer and infectious diseases [30,31].

Host defense depends on the joint action of innate immunity with nonspecific antigens and adaptive
immunity against specific antigens. Innate immunity includes phagocytic cells, Natural Killer (NK) Cells,
complement, and Interferons (IFNs). Innate immunity uses a variety of recognition receptors to identify
various pathogens such as bacterial liposaccharides (LPS), carbohydrates, and double-stranded viral RNA. In
addition to recognizing pathogens, innate immunity functions to provide signals to adaptive immune cells to
form a large diversity of antigen-specific clones and immunological memory [30].

The life cycle of dendritic cells begins with the circulation of dendritic precursor cells and enters the
tissue as immature dendritic cells. Immature dendritic cells can directly capture pathogens (eg viruses) that
cause the secretion of cytokines (eg IFNa), and then activate eosinophils, macrophages, and NK-cells.
Dendritic cells that have captured antigens migrate to the lymphoid organs and turn immature cells into
mature cells which then release antigen-specific lymphocytes. Activated T-cells help dendritic cells in the
maturation process which ultimately results in their expansion and differentiation into active, helper, and
cytotoxic T-lymphocytes. Activated T-cells can move towards damaged tissue, and helper T-cells help release
cytokines which then allow activation of macrophages, NK-cells, and eosinophils. T-cytotoxic cells lyse
infected cells. Dendritic cells that have matured simultaneously with T-cells activate B-cells and then migrate
to various areas, which eventually become plasma cells that produce antibodies. Mature dendritic cells that
interact with lymphocytes will die or undergo apoptosis to prevent autoimmune events [31,32].

The process of forming various types of DCs starts from hematopoietic stem cell (HSC), located in the
bone marrow, which turn into a common myeloid progenitor (CMP) and then into a granulocyte-macrophage
progenitor (GMP), and become a macrophage DC precursor (MDP) and finally become a common DC
precursor (CDP). It is known that the types of CDP are CD34+, HLA-DR+, CD123+, and Lin-. GMP, apart from
turning into MDP, can also become a common monocyte progenitor (cMoP), which then differentiates
monocytes and tissue into inflammatory DC and inflammatory macrophage cells. The CDP then differentiated
into pre-DC (CD34-, CD123+, CD33+ and CD2+), and immature pDC (CD2+). The pre-DC transform into early
pre-classical DC (pre-cDC) then differentiate into pre-cDC1 and pre-cDC2 which circulate in the blood and
upon entering the network, it changes into classical DC (cDC1 and ¢DC2). CDP in the other path changes to
immature plasmacytoid DC (pDC) residing in tissues. It is known that three main subpopulations of DC reside
in major lymphohematopoietic organs, including blood, lymph, thymus, tonsils, bone marrow, and blood
vessel. The pDCs constitute the majority of DCs in the thymus and tonsils, subtypes CD1c and cDC2s mostly
circulate in the blood, vein, bone marrow, and spleen. The subpopulations of DCs circulating in non-lymphoid
tissues include ¢cDCl1s, cDC2, and pDCs [33,34].

Immunologically, dendritic cells are the link between innate immunity and adaptive immunity in
response to tumors in the body. DC Precursors are able to recognize Pathogen Associated Molecular Patterns
(PAMPs) through their Pattern Recognition Receptors (PRRs). The response given to this interaction is the
release of interferon (IFN), which then activates macrophages (MF) and natural killer (NK) T-Cells. NK-cells
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will kill the tumor and release the tumor cell body. The detached tumor cell bodies will be captured by
immature dendritic cells, then the cell maturation process occurs. Afterwards, mature cells possessing antigens
lead to the selection of tumor-specific lymphocyte release, including CD8+ T-cells and CD4 T-cells. The
resulting CD8+ is functional and can kill tumors directly, and CD4 T-cells help activate macrophages, NK-
cells, and eosinophils [30].

Dendritic cells also have a very important role in the body's defense system against microbes, parasites,
and viruses attack. Microbes that produce lipopolysaccharide (LPS) and CpG DNA are able to activate innate
immune mechanisms including DC which then provide further defense responses to the body. DCs activated
by bacterial invasion will undergo maturation through the ERK Kinase pathway and increase expression of
class I MHC co-stimulators, the release of chemokines, and migration. This coordinated process will stimulate
the release of IL-12 and induce an immune response [30].

In response to invasion by pathogenic parasites such as Leishmania, immature DC phagocytize parasitic
organisms and Langerhans Cells (LCs) that have been infected by these parasites. Other parasites such as
Toxoplasma gondii can induce and redistribute DC to the T-cells areas and activate IL-12. Parasites have their
own defense systems to anticipate the immune system triggered by DCs. For example, Plasmodium falciparum
invasion that infects erythrocyte and then attaches to DC will result in inhibited DC maturation which
ultimately does not release T-cells as a form of body defense [30].

Viral infection can affect DC in pathogenesis/immune response. Various viruses such as
cytomegalovirus (CMV), human immunodeficiency virus (HIV), measles, herpes, and influenza are able to
interfere with DC performance through various mechanisms. These include viruses that are distributed
throughout the entire body surface with the help of DC which is able to provide a means of accessing other
cells. Viruses are persistently induced to DCs and impair DC function and bypass immune surveillance (e.g.
CMV and HIV). DCs are susceptible to the cytopathic effects of viruses (e.g. measles and HIV), double-
stranded viruses can induce DC maturation and re resistant to viral cytopathic effects of viruses. The
acquisition of viral antigens (Ags) by DCs may occur through the capture of virus-infected apoptotic cells, as
for influenza, expression of receptors such as for HIV, where DCs express both CD4, the receptor for HIV, and
chemokine receptors acting as co-receptors for HIV. Positive DC response in providing antiviral response by
triggering the development of non-clonal and specific Ag. The interaction of blood precursor DC (CD11c1)
with virus causes the release of IFN-a and triggers an antiviral cascade mediated through direct and indirect
cytotoxic (NK-Cells and Macrophages) [30]. For coronaviruses such as SARS-CoV and SARS-CoV-2, the
primary determinant of the tropism is the S protein, which binds to membrane receptors expressed on host
cells. Evidence of ACE2 expression by dendritic cells, particularly interstitial lung dendritic cells, suggests that
dendritic cells can be infected by SARS-CoV-2 [35,36].

The immune response to viral infection depends on the rapid activation of PPRs expressed by the host
cells. In response to coronavirus infection, Tol Like Receptor (TLR) 7 is activated by single-stranded RNA in
endosome. Retinoic acid-inducible gene I (RIG-I) and melanoma differentiation-associated gene 5 (MDA-5),
which recognize double-stranded cytosolic viral RNA containing a 50-triphosphate group, and/or lack of a
50-methyl cap, as well as cytosol DNA activates cyclic GMP-AMP synthase as stimulator of the interferon gene
pathway[35,37,38]. The activation of these PRRs initiates downstream signaling cascades such as interferon
response factor (IRF3), IRF7, and nuclear factor-kappa B (NF-«B), followed by their nuclear translocation. In
the nucleus, these transcription factors induce the expression of type I interferons (IFNs; IFN-a, and IFN-b)
and other pro-inflammatory cytokines. Type I IFNs promotes a strong anti-viral response that limits viral
replication at an early stage [39,40].

4. SAFETY AND EFFICACY OF DENDRITIC CELLS BASED VACCINE

The unique characteristics of dendritic cells make them an option for the development of vaccines that
have been carried out against tumors and other pathogens. A dendritic cell-based vaccine against SARS-CoV-
2 is currently being developed [35]. Among various COVID-19 vaccine platforms, the Indonesian Ministry of
Health and Aivita Biomedical Inc. developed a viral vector platform (replica) + Antigen Presenting Cells
(APC), a vaccine consisting of autologous dendritic cells loaded with antigens from SARS-CoV-2, with or
without Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF). The developed vaccine has entered
phase 1 clinical trials (NCT04690387). Phase 1 clinical trials conducted by giving autologous dendritic cells
which was previously incubated with SAR-CoV-2 spike, divided into 9 type formulas, namely dendritic cells
which was previously incubated with 0.1, 0.33, and 1.0 mg antigen without GM-SCF, 0.1 mg antigen + 250
mcg GM-SCF, 0.33 mg antigen + 250 mcg GM-SCF, 1.0 mg antigen + 250 mcg GM-SCF, 0.1 mg antigen + 500
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mcg GM-SCF, 0.33 mg antigen + 500 mcg GM-SCF, and 1.0 mg antigen + 500 mcg GM-SCEF. Phase 1 clinical
trials were expected to obtain data on the incidence of adverse event and severity in all treatments,
measurement of antibodies in subjects” blood, and duration of antibodies detection against SARS-CoV-2. In
phase I-II (NCT04386252), clinical trials were conducted to obtain confirmation of the vaccine used in a 1-year
condition, suggested efficacy, and optimal dose. So far, the results of the research from the clinical trials had
not been included. The research was estimated to be completed in March 2021 [8,41].

Antigen-presenting cells (APC) are an important component of the immune system against vaccines.
Loading antigen-presenting cells with peptides that are supposed to be produced by vaccination bypasses the
first steps after vaccination. The vaccination process on this platform was carried out using traditional and
individual harvesting of dendritic cells, then these cells were developed and manipulated to present the
desired antigen. Dendritic cells that already contain the antigen will be inserted back into the body of the same
individual. When viewed from this process, the safety of the vaccine used will be very high because it is
individual and has a very specific suitability so it can minimize the occurrence of unwanted reactions. On the
other hand, if this concept is changed into the basis for widespread use of vaccines, it has the potential to
increase the risk of rejection by the body's defense system and trigger the possibility of unexpected effects,
thus the safety value of the vaccine use will be reduced. To assess whether this dendritic cell-based vaccine is
effective or not, it is necessary to wait for the results of clinical trials. Despite the safety and efficacy issues, the
development and trials process of this vaccine is very expensive, because it is individualized and will be
difficult to use and accept in the mass vaccination process to prevent the spread of the disease [35,42].

Some of the main obstacles in the development of this vaccine include the selection of optimal target
antigens that will activate T-cells and immune-specific potential. Moreover, these barriers to the development
of dendritic cell-based vaccines will face the same barriers that limit vaccine development for tumors [35]. The
use of the DC-vaccine therapeutic approach in cancer patients has been shown to be beneficial in treating
cancer through its antitumor immune mechanisms, which can be further augmented when co-administrated
with other interventions or adjuvants. It is hoped that more preclinical and clinical trials exploring different
strategies and combinations will yield to better results in the development of dendrite cell-based vaccines for
both cancer and COVID-19 [43].

5. LIMITATIONS

The dendritic cell-based vaccine for COVID-19 is still under clinical trials, and no final results obtained.
Moreover, there is an immense number of theories and potential treatments for COVID-19 that are evolving
every day upon verifying new evidence.
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