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Abstract

Immunotherapy may hold promise as a treatment for coronavirus disease, the greatest epidemic
this generation has seen, a disease that has wreaked havoc on the world's health and economic
systems. We believe that using DC vaccine therapy as a treatment method for COVID-19 could
be beneficial. Due to their immune-compromised status, cancer patients are among the most
vulnerable people. In this review, the various approaches and conventional technologies
employed to develop vaccines against COVID-19 will be compared with dendritic cell vaccines
to show how dendritic cell vaccines can be a ray of hope for the world to be a healthy place

again and also how it can boost up the overall vaccination process.
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Chapter 1

Introduction

1.1 Viral infections and immunity

Humans can be infected by virus which can lead to different symptoms, and in vast majority of
cases, the sickness disappears with or without tissue damage. Some of the viruses have effective
immunization. Major damage of the tissue can occur in the patients who are infected by
different virus and infections can be severe. We don't have effective vaccines against all of the
viruses because of having different traits which allows them to decrease its efficiency of the

host's innate and adaptive immunity (Rouse & Sehrawat, 2010).

Almost all viral infections cause inflammatory cell types to be recruited and activated, which
then produce a variety of substances which cause tissue damage or malfunction. Damaging of
tissue is mediated by both innate and adaptive immunological signalling processes. Scientists
have been working hard to better understand various infections and how the immune system

reacts to them (Rouse & Sehrawat, 2010).

Medical students from the 1980s frequently recount being discouraged from pursuing a career
in infectious diseases (ID). They said that ID was an ancient specialization that would soon
become extinct, claiming that once antibiotics had taken care of diseases, there would be no
need for ID specialists. The advent of the human immunodeficiency virus broke this positivistic
and illuminist view of scientific progress as an unstoppable trajectory creating a wide range of
solutions to our problems (Barré-Sinoussi et al., 1983; R. C. Gallo et al., 1983; Levy et al.,
1984), Even if remnants of positivistic medical aspirations still believed that vaccines will
quickly end the HIV pandemic. We are still waiting for an HIV vaccine, but thanks to scientific
advancements, a number of antiretroviral compounds have been developed, allowing HIV

infection to be managed as a chronic illness (Oy et al., 2009). This result prompted a huge



number of reports from public health specialists stating that developed-country health-care
systems could be drastically altered: acute, emergency medicine should be drastically
decreased in favour of chronic illnesses and rehabilitation (Beaglehole et al., 2007; Nugent,
2008). Then, in the winter of 2019, SARS-CoV-2 emerged, swept the globe by storm, and once
again demonstrated that microorganisms, particularly viruses, and the deadly diseases they
cause are far from being eradicated (Chu et al., 2016). Infectious pathogens, such as viruses,
infect hosts. The immune system confronts infections, fights them, and, if all goes well, defeats
them to restore health (Clerici, 2021). Viruses and the immune system are constantly fighting
with one other. Viruses use a variety of processes and mutations to avoid immune detection
and/or develop mechanisms that allow them to build more successful, more widespread
infections. Molecules of immune systems like- proteins, and cells are continually improving
their ability to recognize infections, reducing their ability to infiltrate cells and proliferate

within the host (Barré-Sinoussi et al., 1983; Sironi et al., 2015).

1.2 COVID-19

On the first day of the year 2020, COVID-19, an infectious illness with the potential to become
a global pandemic, was identified in the Chinese city of Wuhan. COVID-19, despite its unique
transmission and pathogenicity, shares different flu-like conditions with zoonotic diseases such
as other SARS variations and MERS. Because of these similarities, COVID-19 patients have
been treated with clinical approaches that have been proved to be successful against SARS.
The disease is marked by a high fatality rate, a lack of medical countermeasures, and a wide
reservoir distribution (Kim et al., 2020). The devastating economic repercussions of this
epidemic are immeasurable, with many countries straining their health-care resources and job
losses across a variety of industries. COVID-19 is a highly contagious and virulent virus
(Poland, 2020; Shereen et al., 2020). COVID-19 individuals experience cough, fever, and
dyspnoea as symptoms. Severe types of the virus are linked to severe acute respiratory distress,

pneumonia and mortality (Wu et al., 2020). It's difficult to estimate the number of



asymptomatic COVID19 affected people. Cough, fever, rhinitis, exhaustion, and other
symptoms of the disease usually appear within a few days for those who are experiencing
symptoms. About 75% of COVID-19 individuals have symptoms that can be diagnosed with
computed tomography. Blood gas deviations, reduced oxygen saturation, interlobular
involvement, and alveolar exudates are frequent signs of viral pneumonia in individuals in the
second or third week of symptomatic infection. Lympopenia is usually associated with elevated
levels of proinflammatory cytokines and inflammatory markers (Velavan & Meyer, 2020).
Individual transmission of SARS-CoV-2 is extremely increased (X. Cao, 2020). It is
increasingly growing, and despite the availability of many therapeutic alternatives, there are
currently no viable medications to address this. The mainstay of therapy is oxygen therapy and
symptom management, with mechanical ventilators utilized for patients with pulmonary failure
(X. Cao, 2020). H5N1 influenza A virus, SARS-CoV, HIN1 2009, and the Middle East
respiratory syndrome coronavirus have all transmitted from birds or animals to humans in the
previous two decades (Wu et al., 2020). Two of the most prevalent respiratory disorders are
acute respiratory distress syndrome (ARDS) and acute lung damage. As per the John Hopkins
University Coronavirus Resource Center in Baltimore, Maryland, USA, 250,925,501 persons
were affected and roughly 5,069,182 died. We're in the midst of a virus outbreak. It has to come
to an end. I'll be talking about the possibility of DC immunization as a way to add another
soldier to the fight against the virus (COVID Live Update: 250,925,501 Cases and 5,069,182

Deaths from the Coronavirus - Worldometer, 2021).

1.3 Dendritic Cells

Dendritic cells are antigen-presenting cells that can activate naive T cells and help them mature
into effector cells. They have the ability to initiate, coordinate, and govern adaptive immune
responses (Banchereau et al., 2000). They were first discovered in the spleen of mice and are
known for their peculiar shape and ability to activate naive lymphocytes (Steinman & Idoyaga,
2010). Though their ability to capture, process, and deliver antigens is regarded as their most

important feature, their phenotypic variation is remarkable, and their actions can have quite



varied outcomes. In homeostatic settings, they are also implicated in the induction and
maintenance of immunological tolerance. Their phenotypic and functional variability reflects
their tremendous flexibility and ability to adjust the acquired immune response in response to
their environment, but it also makes correct classification difficult and subject to repeated

revisions and improvements (Mastelic-Gavillet et al., 2019).

1.4 Vaccination

Dendritic cells are the most powerful antigen-presenting cells (APC) in the body, and they
control both innate and adaptive immune responses (Banchereau & Steinman, 1998). DC patrol
the tissue microenvironment in their immature stage and become activated in the presence of
external pathogens. In response to external threat signals, pattern recognition receptors such as
Toll-like receptors are activated (P. M. Gallo & Gallucci, 2013). DCs migrate to the draining
lymph node, where they provide T lymphocytes with processed epitopes. DC activate the TCR,
produce particular cytokines, and promote immunological responses toward TH1 or TH2
depending on the cytokine environment during T cell activation. DC have been employed as
vaccination platforms to produce anti-tumor cytotoxic T lymphocyte (CTL) CD8+
immunological responses due to their ability to cross-present antigens (Bonasio & von Andrian,

2006).

1.5 Aim

In this study, a concise overview of DC vaccine therapy in order to properly understand the
interactions which can occur in between the body's immunity and diseases like- cancer,
infectious diseases will be provided. It can open the way for the further development of
properly designed treatment methods in particular for the immune-compromised cancer

patients and patients who are being infected by SARS-CoV-2 virus.



1.6 Objectives

Firstly, a brief knowledge on Dendritic cell vaccines and the pathophysiology of COVID-19
will be provided. Furthermore, the alternative treatment procedures to treat the disease in the
clinics will be discussed. Finally, the various approaches and conventional technologies
employed to develop vaccines against COVID-19 will be compared with dendritic cell vaccines
to show how dendritic cell vaccines can be a ray of hope for the world to be a healthy place

again and also how it can boost up the overall vaccination process.



Chapter 2

Methodology

This review was based on recent and important research papers and articles from journals with
high impact factors. A thorough search of peer-reviewed publications, clinical trial papers, and
articles was conducted. Basic and supplementary material was gathered from several books to
supplement the review study. ResearchGate, Science Direct, PubMed, Elsevier, and others
were utilized to gather data for this paper, with notable publications such as Nature, ACS,
IDI(Infectious Disease Institute), Molecular Cell, Journal of Global Infectious Disease, Journal
of Medicine, Science, and others. To generate an optimal quality review on the potentialities
of Dendritic Cell vaccines in the context of COVID-19, a thorough scan of journals was

conducted, followed by a filtering down to the most recent and relevant ones.



Chapter 3

COVID-19

3.1 Pathogenesis

SARS-pathophysiology CoV-2's has yet to be fully understood. Patients with COVID-19 had
higher plasma levels of interleukins, interferon, fibroblast growth factor, granulocyte colony-
stimulating factor etc. and vascular endothelial growth factor in comparison to healthy people

(Huang et al., 2020).

3.2 Sign and symptoms:

The symptoms of coronavirus disease 2019 might show anywhere from 2 to 14 days after
exposure. Some of the most prevalent signs and symptoms are listed below-

Common Symptoms Different Symptoms
Fever «  Shortness of breath
Cough « Muscle aches

+ Tiredness « Chills

+ Sore throat

« Runny nose

« Headache

« Chest pain
+ Nausea

« Vomiting

+ Diarrhea




+ Rash

3.3 Current treatment options

1. Convalescent plasma therapy
Patients with viral illnesses such as severe acute respiratory syndrome, Middle East respiratory
syndrome, or influenza are routinely treated with convalescent plasma therapy (Qu et al., 2020).
Some proof suggest that convalescent plasma treatment can help COVID-19 patients recover
more quickly. In most cases, patients get 3 days of improved laboratory and clinical outcomes
and 1 week for virus eradication (Qu et al., 2020). When convalescent plasma becomes
available, it may be a feasible choice for treating very ill COVID-19 patients, based on these

promising early results.
2. Interferon

Type | interferons are antiviral signaling molecules that stimulate key intracellular pathways,
preventing virus internalization, replication, and transmission while enhancing immune cell
activation. Interferon treatment, while effective, can cause influenza-like symptoms and mood
swings, making it unsuitable for individuals with severe autoimmune diseases (Song et al.,

2020).
3. Tocilizumab

Because COVID-19 patients often have high levels of IL-6 in their blood, inhibitors of IL-6

signaling have been proposed as potential therapy to reduce systemic inflammation.



Tocilizumab is a recombinant humanised monoclonal antibody that targets the 1L-6 receptor
and has been demonstrated to be useful in the treatment of CRS (W. Cao et al., 2020).
Tocilizumab has been shown in certain studies to reduce SARS-CoV-2-related inflammation

but its safety and therapeutic efficacy have yet to be determined.

4. Antiviral therapy

Antiviral treatments are received by most of the patients which includes-ribavirin, favipiravir,
remdesivir, lopinavir-ritonavir, chloroquine and hydroxychloroquine. These antiviral
medicines may be useful in the treatment of this condition. However, it is not suggested to use
three or more antiviral drugs in a patient, and their usage has to be discontinued if they have

unacceptable side effects (Qu et al., 2020).

5. Remdesivir

Remdesivir is a prodrug that reduces SARS-CoV-2 viral replication in vitro by reducing viral
RNA polymerase activity. Remdesivir's nucleoside analogue activity can cause premature viral
RNA chain termination. Like a consequence, it's considered one of the most effective

COVID19 broad-spectrum antiviral treatments(Warren et al, 2016).

6. Chloroquine and hydroxychloroquine

For more than 70 years, chloroguine has been used as an antimalarial and autoimmune diseases
can be treated, but there is proof that it can also be used as an antiviral treatment in some
conditions. SARS-CoV-2 infectivity is more robustly inhibited by hydroxychloroquine, a safer
chloroquine derivative. In one trial, a combination of hydroxychloroquine and azithromycin
was found to be effective in reducing viral load and improving treatment results in COVID-19
patients. When evaluating the application of these drugs, it is critical to analyze the risk of each

individual patient.


https://www.magonlinelibrary.com/doi/full/10.12968/hmed.2020.0580?rfr_dat=cr_pub%2B%2B0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&B56
https://www.magonlinelibrary.com/doi/full/10.12968/hmed.2020.0580?rfr_dat=cr_pub%2B%2B0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&B56
https://www.magonlinelibrary.com/doi/full/10.12968/hmed.2020.0580?rfr_dat=cr_pub%2B%2B0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&B56

Chapter 4

Conventional SARS COV-2 Vaccines

Vaccination is the most common intervention technique for preventing coronavirus infection
and transmission. A vaccination, on the other hand, can take ten to fifteen years to develop.
Thanks to the rapid identification and publication of the SARS-CoV-2 gene sequence, the

first vaccine candidate was ready for clinical testing in just a few months.

4.1 Inactivated coronavirus vaccine

The virus's nucleic acids can be destroyed while the antigens are preserved. Animal models
were employed to explore the immunological features and efficacy of inactivated CoV vaccine
during the original SARS virus outbreak. An inactivated SARS-CoV vaccine was assessed in
rhesus monkeys and found to produce humoral and mucosal protection, indicating that it might

be employed in clinical trials (J. Zhou et al., 2005).

Antibodies produced against SARS-CoV-2 were found to neutralize 10 distinct strains,
suggesting their broad utility against the virus. 26 Incomplete inactivation, on the other hand,
could constitute a public health risk by triggering undesired immune or inflammatory responses

(Amanat & Krammer, 2020).
4.2 Live-attenuated coronavirus vaccine

Live coronavirus vaccines are made from coronaviruses whose pathogenicity has been reduced
in the lab. This approach allows the virus to spread throughout the host while posing little or
no risk to the host. Its suitability for the elderly, who are more susceptible to serious illnesses,

is also a subject of concern (Amanat & Krammer, 2020). Live-attenuated viral vaccinations,



on the other hand, are unlikely to be the best option due to concerns about safety, especially

among the elderly(Yadav et al., 2020).

4.3 Recombinant COVID-19 vaccines
1. Nucleic acid-based coronavirus vaccine

The ability to develop DNA and RNA-based vaccines quickly and with few side effects is their
main advantage. DNA vaccines have shown a great potential for inducing immune responses
against CoVs in animal models. On the other hand, clinical data on the efficacy of DNA
vaccines in humans is lacking. On 35 rhesus monkeys, a series of prototype DNA vaccines
encoding multiple SARS-CoV-2 S proteins were evaluated. Different humoral and cellular
immune responses were seen in the vaccinated macaques. The animals showed a significant
reduction in viral replication in the upper and lower respiratory tracts after

being infected with SARS-CoV-2. Findings demonstrated the importance of a DNA

vaccination in the context of COVID (Smith et al., 2020).

These vaccines can be manufactured in a short period of time because of its less time-
consuming standardization technique. BNT162b1 is a lipid nano particle-based vaccine made
from nucleoside-modified mRNA that encodes a trimerized SARS-CoV?2 spike glycoprotein

receptor-binding domain (Jingxin Li et al., 2021).

2. Protein-based coronavirus vaccine

Because of the S protein’s role in host cell receptor binding and membrane fusion, a SARSCoV-
2 vaccination based on it could successfully stimulate antibody production and viral
neutralization. As a result, the S protein appears to be a suitable vaccination target. Tazehkand
and Hajipour (2020) combined an envelope and nucleocapsid protein with multi epitopes
acquired from the S protein and RNA-dependent RNA polymerase to generate a fusion vaccine.

Despite the fact that the vaccine's structural stability, physicochemical qualities, and



immunological properties were all verified during a preliminary screening, the authors

predicted that more tests with laboratory animals would be required(Chauhan et al., 2018).



Chapter 5

Dendritic cells

DCs are immune system regulators that have a reputation for initiating adaptive immunity. DCs
were previously classified based on cell shape, expression of certain markers, and functional
characteristics such the ability to move to T cell regions of secondary lymphoid organs and
activate T lymphocytes. Such properties, on the other hand, are not qualitative, and they vary
often in the presence of inflammation or infection (Schraml & Reis e Sousa,

2015).

5.1 Mechanism of action of Dendritic cell vaccines

DCs mature in lymph nodes, spleens, and Peyer's patches before migrating to secondary
lymphoid organs where they interact with T and B cells. cDCs are transported from
nonlymphoid tissues to lymph node T cell-rich locations via afferent lymph. pDCs are expected
to use CCR7 and CD62-L to access secondary lymphoid tissue T cell regions via lymph node

high endothelial venules and the splenic marginal zone (Penna et al., 2002).

During DC maturation, costimulatory and MHC molecules must be overexpressed in order to
form stable and long-lasting connections with T cells, which is needed for the growth of T-cell
and differentiation into memory and effector T cells. Memory and naive B cells can be activated
by DCs, mainly via activating CD4+ T cells and it increases B-cell proliferation and production
of antibody. By generating XCL1 and XCL2, NK cells and CD8+ T cells can recruit and induce
particular responses in XCR1 expressing DCs (Fox et al., 2015). Finally, DCs expressing
invariant CD1 molecules and presenting glycolipid molecules activate NKT cells. As a result,
by activating numerous arms of the immune system, DCs play a critical role in both the innate
and adaptive immune systems (Cools et al., 2007). Immature DCs acquire self-antigens as part

of immune surveillance (Frleta et al., 2012).
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Figure 1: In cancer patients, a DC vaccination treatment strategy against COVID-19

5.2 Strategies of Dendritic cell vaccination approaches

The use of CD40 and CLR ligation to target DCs in vivo is a recent approach. Antagonist CD40
antibodies were applied to mimic DC activation and it is needed for the generation of
proinflammatory cytokines and the development of T cell activation. In animal models, CD40
antibody was given after chemotherapy and was demonstrated to have a synergistic impact in
stimulating CD8+ T cell responses, leading to tumor eradication (Beatty et al., 2013). Anti-
CD40 may alter the TME via activating monocytes, which is interesting. Different DC subsets
have been identified to express different CLRs, which are implicated in the identification and
capture of a variety of glycosylated antigens, making CLRs an especially intriguing target.
Antigens targeting CLRs resulted in effective induction of T cell responses in animals. In
animal models, antigen targeting with Clec9a showed good result (Jessica Li et al., 2015).
Humanized mice models of Clec9a-mediated antigen targeting have shown antigen-specific T
cell responses, indicating that this technique could be used in the clinic. The relationship
between clinical responses is unclear, and more research is needed to examine the effectiveness

(Fossum et al., 2015).



Tumor antigens delivered via systemic RNA lipoplex injection could be employed in new ways
to target in vivo DCs. The RNA is protected from degradation by the lipoplexes, while the
RNA activates pDCs and causes type | IFN to be produced. The safety of IV injection of the
RNA-LPX vaccine is currently being assessed in melanoma patients in a phase | dosage

escalation trial (Kranz et al., 2016).

Finally, DC vaccines are being explored in immunological prevention due to their safety
profile. Immune prevention is a method of preventing cancer recurrence. Microsatellite
instability in patients with colorectal cancer is increasingly being researched. In high-risk
recurrence situations, a long-term goal is to immunize patients prophylactically (Sabado et al.,

2017).



Chapter 6

Promising roll of DCs in the infection of SARS-CoV-2 infection

We postulated that mobilizing DCs with the purpose of generating both antibody-mediated and
cell-mediated immune responses could be crucial for the SARS-CoV-2 vaccine, given their
relevance in the host cell's battle against infection by an invading pathogen. The advantages of
using DCs can be applied in a variety of ways in general. Patients who recovered from SARS
during convalescence have shown T-cell responses, and memory T-cell responses have been
observed up to 6 years after infection. They released several effector cytokines that effectively
reduced viral titers in the lungs of SARS-CoV-infected animals (Zhao et al., 2010). DCs can
efficiently encourage CD4+ T cells to develop into IFN-secreting Thl CD4+ T cells. CD4+ T
cells also assist B cells in secreting antibodies and altering antibody isotypes. It was discovered
that DC-delivered peptides stimulate a particular immune response hundred to one thousand
times more effectively than non-specifically delivered peptides. The function of CD8+ T cells
is then generated by stimulations from mature DC. Furthermore, both CD4+ and CD8+
responses can be induced by mature DCs (Steinman & Banchereau, 2007). Furthermore, DC
as a carrier has the potential to significantly increase vaccine safety. Some studies found that
immunizing monkeys with an adenoviral-based SARS vaccine resulted in antibodies and T
cell-mediated responses, which could lead to adverse immune responses and inflammation
(Weingartl et al., 2004). This is one of the reasons why vaccinations based on viral vectors
have failed. They give B cells antigen-antibody complexes, which cause them to proliferate,
mature, and switch immunoglobulin classes. B lymphocytes create neutralizing antibodies that

neutralize viruses, protecting the host cells from infection (H. Zhou et al., 2019).

Pulsing APCs to generate a specific response is done with peptides that have a stronger

capability for binding to HLA in vitro. The term "immunological” refers to the process of



identifying antigens through the engagement of immune components. Theoretically, we could
use this to mobilize DCs for CoVs therapy, which would be a relatively safe option(Han et al.,
2021).

6.1 DC in other disease

Increased knowledge of DCs and the ability to generate large numbers of DCs ex vivo have led
to the introduction of DC vaccinations in cancer patients as a novel cancer therapy approach in
the last decade. For patients with advanced tumors who have failed to react to standard cancer
treatments, cancer immunotherapy with DCs offers the best hope. In some cancers, DC’s have
showed great result which can also prevent the autoimmune diseases. During 1998, the
researchers reported therapeutic responses. Clinical reactions, whether full or partial, were
uncommon (Bonab, 2015). Sipuleucel-T, a DC vaccine, was licensed by the USFDA in 2010
for the treatment of individuals with asymptomatic or slightly symptomatic metastatic
hormone-refractory prostate cancer. So yet, the USFDA has only approved this DC vaccine for
the treatment of cancer. Sipuleucel-T can help patients survive for many months longer. This
vaccine is made up of autologous DCs generated from monocytes that have been pulsed with
the tumor antigen PAP (Kantoff et al., 2010). Due to innovations in DC vaccine preparation
processes or combinational therapy, the efficacy of DC immunizations has increased in recent

years (Hobo et al., 2013).

2 of 5 patients with ovarian cancer who were vaccinated with DCs pulsed with hypochlorous
acid-oxidized tumor lysate reported two years or more of progression-free life after DC
vaccination. After two years, 16 patients having neck squamous cell carcinoma who were
vaccinated with DCs loaded with the tumor peptide p53 had an 88 percent disease-free survival
rate. Patients with invasive hepatocellular carcinoma who received a tumor lysate-pulsed DCs
vaccination in combination with ex vivo-activated T cells following curative surgery had longer
recurrence-free survival and overall survival. In nine of thirteen people with metastatic
melanoma, vaccination with autologous MART-1pulsed DCs paired with adoptive transplant

of TCR transgenic T cells resulted in tumor regression. Patients with stage I11/1V squamous



cell carcinoma of the head and neck who received intranodally administered apoptotic tumor

cell-loaded DCs were disease-free for more than five years (Bonab, 2015).

6.2 Beneficial aspects of DC vaccines for COV therapy

The COVID-19 causal agent, SARS COV-2, belongs to the Corona viridae family of viruses,
which are named for their surface crown-shaped glycoproteins. Spike protein, envelope protein,
membrane protein, and nucleocapsid protein are the four structural proteins found in a virion
particle. The alpha and beta coronaviruses are the only members of the family that can only
replicate in mammals, but the gamma and delta coronaviruses can replicate in both, although
primarily in birds (Saadeldin et al., 2021). Some beta corona strains multiply in humans and
causes the common cold. SARS-genomic CoV-2's material is a single-stranded, positive-sense
RNA that encodes a number of open reading frames, including those for the S-protein. The
virus's attachment to the angiotensin-converting enzyme-2 receptor on the host cell's surface
and subsequent endosome engulfment is controlled by the S protein. The replicase enzyme, as
well as other accessory and structural proteins, are also encoded, albeit not all accessory

proteins' activities are well understood.

S1 and S2 are the two functional subunits that make up S. S1 affects virus-ACE2 receptor
binding, whereas S2 causes virus-cell membrane fusion. This could explain why the SARS-
CoV?2 virus causes such severe immunopathology following infection (Saadeldin et al., 2021).
Immature DCs modify their profile of expressed molecules, including chemokine receptors,
during the transit phase and become incapable of collecting new antigens. They are in charge
of inducing the adaptive immune system's initial antiviral response as well as the robust
infection of the targeted T cells, resulting in systemic viral dispersion in the host (Geijtenbeek

et al., 2000).



6.3 Ongoing Clinical Trials DC vaccines

In this section, some of the most recent DC vaccine clinical studies are listed, along with their
indications. Clinical trials for a DC vaccine against COVID-19 are now underway. This is a
phase 2 randomized, double-blind clinical trial to prevent COVID-19 infection using an
antiSARS-CoV-2 COVID-19 vaccine made on site with a vaccine-enabling kit from PT
AIVITA

Biomedika Indonesia. The vaccine is made up of autologous dendritic cells and lymphocytes
(DCL) that have been treated with a small amount of SARS-CoV-2 spike protein and has been
shown to be safe in a phase 1 study in Indonesia. Efficacy is determined in this phase 2 study
by comparing pre- and post-vaccination data for increased S-protein-specific T-cell response.
To ensure patient safety, laboratory findings, observation, and regular patient reporting are all

used.

Table-1: List of recent ongoing clinical trials using DC-based vaccine.

NCT Number Indication

NCTO05007496 COVID-19

NCT00703105 Ovarian cancer
NCT01204684 Glioma

NCT02503150 Metastatic colorectal cancer
NCT02301611 Malignant melanoma
NCT02496520 Advanced solid tumours
NCT03300843 Pancreatic Cancer

Three clinical trials for COVID-19 therapy are currently listed in China. Lentivirus minigenes
were used to express SARS-CoV-2 antigens in APCs, a pathogen specific aAPC vaccine was
developed and fully tested for safety. The LV-SMENP-DC vaccine was created by injecting a

lentivirus vector into dendritic cells that contained the COVID-19 minigene SMENP and



immune-modulatory genes. The antigens were designed to activate cytotoxic T lymphocytes

(Lythgoe & Middleton, 2020).

A phase 3 trial is now assessing a DC vaccine loaded with autologous tumor lysate in patients
with newly diagnosed glioblastoma after surgery as a supplement to standard of care, which
includes radiation and chemotherapy. Patients are administered temozolomide + DCVax-L or
temozolomide and placebo. DCVax-L is administered intradermally six times the first year and
twice the following year. After a recurrence, all patients are eligible for DCVax-L. According
to the initial published results, the median OS after surgery was 23.1 months, compared to 1517
months in earlier studies employing only SOC. Only 2.1 percent of those who received the
vaccination reported a grade 3 or 4 adverse event. Because of its superior safety profile, this
DC vaccine has the potential to be utilized for a number of indications and in a variety of

combinations (Liau et al., 2018).



Chapter-7

Conclusion and future prospects

The application of the DC based immunotherapy is increasing day by day because of its
promising mechanism of action. If we evaluate the data’s obtained from the clinical and
preclinical studies, we can see that DC vaccines are already playing a vital role in cancer
immunotherapy. The world has been dealing with the COVID-19 epidemic since 2019. Patients
with cancer are more sensitive to infection and its negative consequences due to its severely
compromised health and inadequate immunity. As DC’s are being investigated more and more
hopefully it will be able to overcome the challenges caused from different parameters. Based
on our current scientific understanding of the virus, cancer, and the Dendritic cell, one question
that could be addressed is whether it is possible to target both cancer and the COVID-19 virus
with a single weapon. Future researches and studies will answer this question. But we have got
promising results so far. Combinatorial techniques and the development of new clinic
technology should continue to improve DC vaccine effectiveness. Further researches will
create more scopes for DC vaccines to treat COVID-19. After the successful clinical trials,
when it will come to the market it will be added as another soldier which will combat COVID-

19 with more efficacy and one day this world will be free of COVID-19 cases.
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