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Abstract

Adenoviruses are used as delivery vectors in many different biotherapeutic systems to provide treatment options in
several clinical settings. Their relative safety, potent induction of an immune response, and ease of production have
allowed these vectors to appear at the forefront of clinical medicine in recent times, with applications in gene thera-
pies, cancer treatments, and vaccines (including those for SARS-CoV-2). Their ease of genome manipulation and large
gene transduction abilities make them particularly attractive for use as delivery vectors.

This paper aims to show that, despite significant challenges, adenoviruses have generally been effective as delivery
vectors for gene therapies and vaccination strategies. Taking advantage of their diversity and delineated viral tropism
is critical to implementing effective clinical strategies, moderating the negative effects of pre-existing immunity, com-
batting transient action, and optimising target cell specificity. Overall, this paper argues that adenoviral vectors are a
promising tool for use in a wide range of clinical applications.
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Introduction
denoviruses (Ads) are common viruses that are
non-enveloped, icosahedral, and 90-100 nm in
size. Adenoviruses also contain a double-stranded DNA
genome. In recent years, Ads have been developed for
use as vectors to transduce genes into host cells or to
induce a robust host cell immune response. Clinical
applications of Ad vectors include gene therapy, cancer
gene therapy, and vaccination.

Ads are suitable viral vectors due to their size and
they can be easily manipulated. Using recombinant DNA
techniques, manipulation is efficient as the virus can
produce progeny in permissive cells, elicit high levels of
protein expression, and can hold up to 38kB of foreign
DNA. It is possible to remove regions of the Ad genome,
particularly the El and E3 regions, in order to make space
for exogenous DNA insertion (Figure 1).

These recombinant viruses, carrying foreign genes,
can infect a greater percentage of cells than naked DNA
insertion, generating the desired population of virus-
infected cells more efficiently".

This paper discusses the applications of Ad vectors
and their limitations. Ad transgenes are delivered
efficiently?, infecting both dividing and non-dividing
cells. However, they only have transient gene
expression®. This is because Ad DNA cannot be integrated
into host DNA and they are immunogenic, meaning they
stimulate the immune clearance of the vector®. Transient
gene expression in Ad vectors has been observed to be
maximal during the first week of expression. Despite
that, no transgene expression was found at all during the
twenty-one days post-administration of Ad vectors in
rat cardiomyocytes®.

Another potential disadvantage of using Ad vectors
is the high levels of pre-existing immunity in humans?®®
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This pre-existing immunity is due to the seroprevalence
of Ads in the population, with up to 73.1% of 1,154 subjects
in a trial in China showing the presence of human
Ad5-neutralising antibodies®. Many of us may have
already been exposed and are immune to infiltration
by certain Ad serotypes. In addition, despite Ads
generally being regarded as safe when used as vectors,
complications have arisen in past clinical trials, which
will be discussed later in this paper'®".

Adenovirus Vectors

Vector Production

The production of Ad vectors is relatively easy, and
high stocks of purified virus can be produced, making
them attractive for clinical wuse'®. Furthermore,
they are compatible with industry-standard clinical
manufacturing and thermostabilisation processes®. This
thermostabilisation of the vector is also important for
avoiding the use of cold chain technologies for storage,
resulting in easier storage and improved shelf-life.

Several factors allow high titres of Ad vector
production. These include their ability to be
manufactured in mammalian cell cultures such as
HEK293 cells, which provide trans-acting El proteins
to allow viral replication®. Another factor is their stable
genome, contributing to their ability to be amplified
successfully. E1 proteins are essential for viral replication
and early gene expression (Figure 1).

In addition to the ease of production of gene
therapies and cancer therapies, studies aiming to
develop vaccines against the recently emerged SARS-
CoV-2 virus demonstrates that the development of Ad
vectors is efficient and rapid. In terms of production,
an easily reproducible murine model was developed
within 2-3 weeks, that can be used to explore SARS-
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Figure 1. The Adenovirus Genome

Adenoviruses contain a double
stranded DNA genome. Early
genes such as E1 are required
for replication. As a result, they
can be removed to render the
virus replication-defective, a
feature of many adenovirus
vectors that contributes to

the safety of their use, while
expanding their inserted DNA
capacity. E3 genes are also
often removed to allow greater
packaging space.

Figure 2. Different Adenovirus Vector Constructions Lead to Differing Immune Cell Interactions
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CoV-2 pathogenesis and potential vaccine strategies™.
This method has progressed production a considerable
amount in comparison to developing and breeding
human ACE2-transgenic or human ACE2-knockin mice
for experiments.

In some studies, using an Ad as the vector instead
of an adeno-associated virus or lentivirus has been
advantageous because Ad vector production does not
require plasmid transfection on a grand scale. In a
particular study, a single HDAd5/35++ vector stock could
be used for numerous production cycles®. Viruses with
small deletions can be propagated in cell cultures that
have genetic defects to allow viral reproduction’. Gutless
Ad vectors are defined as vectors that are manipulated to
the point where it is essentially stripped of its genome,
only retaining the inverted terminal repeat (ITR) regions
(Figure 2). These gutless vectors can render the virus
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unrecognisable to hosts with pre-existing immunity,
avoiding an anti-Ad response (Figure 2). However,
their synthesis requires special producer cell lines®.
In addition, gutless vectors exhibit reduced toxicity,
immunogenicity, and a longer duration of transgene
expression than vectors with a full or slightly removed
genome (Figure 2)'.

Ad vector production can be up-scaled successfully.
Vectors have been scaled up to 3L bioreactors from shake-
flasks®. Ad rabies vaccine AARGL1.3 has successfully been
scaled up from 1 liter to 500 liters, while maintaining
cost-effectiveness and efficacy®®. The ability to up-scale
vaccine vectors is important to maximise production
and allow large doses of vaccine to be made available
across the world.

Ads are easily manipulated for different treatment
areas including vaccine strategies and cancer
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Figure 3. The Effect of Alveolar Macrophages on Virus Particles in the Lung
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treatments. Ad vectors were, however, originally
developed as a gene therapy treatment strategy to
combat cystic fibrosis (CF), with many subgroups of
Ads showing an affinity for respiratory epithelia®?. In
fact, Ads carrying the cystic fibrosis transmembrane
conductance regulator (CFTR) gene have been used
in trials®®. However, Ad vectors struggled to treat CF
patients, showing only transient expression®2.

Vector Administration

In terms of administration, a lot is known about
intravenous (iv) administration. However, it is not
feasible for large scale vaccination, as it has been
observed to stimulate a low immune response compared
to intramuscular (im.) injections?. In addition to
this, iv. administration has been observed to cause
anaphylaxis. Much less is known about im. or intranasal
(in.) administration, so work should continue in these
areas. Following in. administration, humoral and cellular
immune responses have been observed?”. However,
alveolar macrophages have degraded the vector in some
cases. Worgall et al.*® showed that 70% of the Ad genome
in the lung was degraded after 24 hours in the presence
of alveolar macrophages. When these macrophages
were removed, administration of Ad vectors encoding
beta galactosidase showed a substantial increase in this
transgene expression, showing vector degradation was
macrophage-dependent in this case (Figure 3).

Vector Safety

One feature of Ads that make them so suitable as delivery
vectors is their ability to transport their own DNA into
the nucleus®. Along with this, replication-incompetent
Ads have been shown to act with high accuracy®. Since
these viral DNAs that enter the host nucleus cannot
integrate into the host genome, they are remarkably safe.
Ad vectors are easily rendered replication-defective, as
the early genes rely on El gene expression, so replication
can be inhibited by deletion of this single E1 gene. Such
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vectors have been the subject of a number of safe studies
in both young children and older individuals who may be
deemed “at risk”*2

Non-replicating vectors are particularly safe, as
observed in a phase I study of an Ad4 vector vaccine for
H5N1influenza®, and the VXA-Al1 vaccine phase II clinical
trial for HINI influenza®. Oncolytic vectors on the other
hand, are vectors that are used to treat cancer by using
replication-competent virus inside of cancer cells to kill
them. It is important for these replicating vectors to be
target cell specific, focusing solely on cancerous cells.
A replicating vector has the potential to be dangerous
and cause harm if not produced to target very specific
cancerous signals, including initial tumour enlargement®.

Gene Therapy

Applications

Ad vectors have been proven to have a high rate of gene
transfer in vivo. The fact that they can be gutted and store
a lot of foreign DNA is of huge benefit for therapeutics
and is one of the main contributors to success in gene
therapies. The first gene therapy vector of any type to
be approved for public use was Gendicine®*. Gendicine is
a recombinant Ad used to express wildtype p53 tumour
suppressor genes. It has been used to treat patients with
P53 gene mutations in cancer treatment®.

An example of gene therapy using viral vectors is the
delivery of the Cas9 gene and guide RNA (gRNA) to host
cells to treat Duchenne muscular dystrophy (DMD)3.
This study by Boucher et al. showed that multiple routes
of gene insertion could be achieved using the flexibility
of Ads*. The Cas9 and gRNA alone could induce gene
editing via non-homologous end joining (NHEJ), while
the use of a second vector containing homology directed
repair (HDR) template DNA could allow the HDR pathway
to be used®. NHEJ is prone to unwanted nucleotide
deletion errors but is very efficient®. Alternatively, the
HDR pathway was less efficient but was more precise in
its insertion®. This Cas9 gene remedied DMD by causing
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exon skipping in the host cell nucleus of the dystrophin
gene*,

Issues

Clinical risks. Gene therapies can be very effective
but have some potential underlying issues. Ad vectors
have been under public scrutiny after the death of Jesse
Gelsinger in 1999. This death occurred after clinical trials
aiming to treat ornithine transcarbamylase deficiency
resulted in a cytokine storm, leading to multiple organ
failure and, in turn, the death of Gelsinger™. This hampered
viral vector development and threatened public faith in
gene therapy, drawing specific criticisms of the 38 trillion
particle dose of Ad the patient had received™.

Tropism. At a molecular level, issues can also arise.
Vector tropism—especially to the coxsackievirus and Ad
receptor (CAR)—can be affected by low expression of CAR
on the surface of target cancer cells and haematopoietic
stem cells*. To solve this problem, studies are looking at
the modification of Ad fibre domains to alter its tropism
(Figure 4). This can be done through pseudotyping
(replacing the entire fibre or knob domain with that
of a different Ad serotype) or xenotyping (adding fibre
elements of Ad serotypes that are nonhuman) the vector
fibres®®.

The fibre proteins of Ads are the main determinant
for their tropism. Two amino acid mutations in the AB
loop of the Ad serotype 5 fibre knob showed reduced
liver tropism, accompanied by increased gene transfer
in low-CAR or CAR deficient cells*2. Altered tropism was
initially shown when Ad5 fibres were replaced with Ad7
fibres. The altered chimeric fibre knobs resulted in a

difference in tropism in host cell binding (Figure 4)*.

Liver tropism that is often seen in Ad vectors can
damage their efficiency and ability to reach target cells
elsewhere in the body. Recent studies have been focused
on retargeting vectors through modifications of this
discussed fibre domain. The fibre shaft contains a KKTK
amino acid region that binds to coagulation factors and
heparin sulfate molecules on the cell, found in abundance
on liver cells. To combat this, studies have mutated this
KKTK region to reduce liver tropism and increase gene
transfer to target cells*.

Despite Ad vector tropism modifications being
limited today, some breakthroughs have been made.
Even with transient expression, Ad5 vectors with
recombinant Ad37 fibre knobs transduced NK-92 natural
killer-derived cells to cancerous cells more efficiently
than native Ad5 vectors®. This demonstrates the power
of chimeric fibre knobs as Ad5 vectors often show not
only transient expression, but much of the population
has pre-existing immunity to this serotype.

Cancer Gene Therapy
Applications
Ad vectors have been a focus of directed cancer
treatments for specific human cancers. Gendicine was
one such drug designed to treat cancer. In contrast
to the replication-defective Ads being used in gene
therapies and vaccines, cancer therapy uses replication-
competent viruses. This strategy is used as it allows the
viruses to lyse cancer cells through the lytic life cycle of
the virus.

These vectors can have cancer-specific promoters

Figure 4. Adenovirus Fibre Domain Structures
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Adenovirus fibre domains can be manipulated and modified in a
number of ways to alter their receptor specificity to focus on target
cells more efficiently. Most modifications take place in the fibre
knob domain. Chimeric fibres alter virus tropism while retargeting
ligands (adapters) physically link virus particles to host receptors
such as CD40L. Peptide insertions (not shown) can alter fibre
properties too.

Figure 5. The Cellular Action of Bispecific Adapters in
Retargeting Viral Vectors
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Adenovirus fibres can be retargeted with a tropism for cancer cells
using the bispecific adapter sCAR-CXCL12. This retargeting allows
the vector to bind the overexpressed CXCR4 chemokine receptors
found on cancer cells.
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that replace the EIA enhancer/promoter and/or the E4
promoter®. ONYX-015 was the first oncolytic Ad vector
to be examined in clinical trials. It lacked the E1B-55K
protein®s. This E1 gene deletion in Ad vectors can be
replaced with other genes that stimulate an immune
response in only p53-deficient target cells. ONYX-015
targets cancer cells with different late RNA export
mechanisms, rather than p53 inactivation*. ONYX-
015 treats cancer cells using different mechanisms to
chemotherapy, so it shows good potential in patients that
have not responded to chemotherapeutic treatment®.
There have been similar studies on El-replaced vectors.
For example, when the EIA promoter in the oncolytic
CV706 Ad vector was replaced by the prostate-
specific antigen (PSA) promoter-enhancer*, CV706
demonstrated cancer-cell-specific tropism, selectively
targeting and killing prostate cancer cells.

In general, cancer gene therapies use replication-
competent Ads to lyse cells. Techniques used by Boucher
et al3® have shown high-level selectivity in the delivery
of CRISPR-Cas9 technology to mutated oncogenes by
Ads, causing knockout mutants or inhibition. CRISPR-
Cas9 deletions have reduced tumour growth in mouse
lung cancer xenograft models using knockouts of L858R
mutations in the EGFR-overexpressing lung cancers®. In
some cancer treatments, the gene knockouts may be in
the vector itself. The removal of EIB 19kDa is important
to allow anti-tumour effects of p53-induced apoptosis
in cancer cells®.

Different approaches and techniques have been
explored to combat cancer using viral vectors. The cancer
gene therapy drug enadenotucirev was the first oncolytic
Ad to be successfully designed using the directed
evolution approach®. This approach aims to simulate
natural selection using genetic diversification followed
by phenotypic selection®. Enadenotucirev stimulates
pro-inflammatory immune responses that stimulate
an anticancer response. This is achieved through its
transgenes expressing CD40 agonists, interferon-alpha,
and chemokines CXCL9 and CXCLI0, which promote a
pro-inflammatory response. Enadenotucirev has a dual
mechanism of action and including stimulating immune
response, it binds CD46 or desmoglein 2,6, both of which
are often found on carcinoma cells, causing ischemic
cell death through ATP depletion®. Enadenotucirev has
been trialed in concert with chemoradiotherapy to act
in locally advanced rectal cancers, utilising its selective
toxicity in carcinoma cells®™.

Issues

Tumour enlargement. These oncolytic Ad vectors
have encountered issues in their progression to treat
cancers. Reid et al** found that transient enlargement
of tumours was discovered in some patients, resulting
in their removal from the clinical trial. It has been
suggested that the inflammatory response as a result
of viral sensing in the host may have led to tumour
enlargement.

Tropism. Accompanying such limitations, the low
expression of CAR receptor on cancer cells has been a
treatment barrier. As discussed above, pseudotyping the
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Ad fibre is being attempted (Figure 4)%. An example of
this occurring is expanding tropism to hematopoietic
stem cells using Ad35 fibre targeting CD34+ cells, which
binds to these cells independently of integrins®. Another
technique that can be used is chimeric adapter proteins
(Figure 5). These proteins contain binding domains for
the Ad fibre knob proteins and a binding domain for
the cells of interest. CXCR4 chemokine receptors are
upregulated in many cancer cells. As such, a bispecific
adapter chemokine, sCAR-CXCL12 was developed to
retarget Ad vectors to these receptors on specific cancer
cells—particularly in breast cancer and melanoma—
through direct interactions (Figure 5)%.

Overcoming tropism specificity issues has become
an increasing problem in Ad vector cancer treatment.
Hexon interactions with coagulation factors (FX) have
been hypothesised to be a major player in hepatocyte
transduction by systemic delivery of Ads® Different Ad
serotypes have shown a range of binding affinities for
coagulation factors. Some bind with high affinity, while
other serotypes such as subgroup D do not bind to FX
at all®s.

Vaccines

Applications

Ad vectors have increasingly been researched for use
as vaccines, most recently in the fight against SARS-
CoV-2. The Oxford/AstraZeneca ChAdOxl1 vaccine, using
a chimpanzee Ad, has a reported 62.1% efficacy®. This
vector encodes the full spike protein of SARS-CoV-2, and
the use of non-human Ads avoids pre-existing immunity.
Similarly, the single dose Ad26 SARS-CoV-2 vector
vaccine developed by Johnson & Johnson has completed
phase 3 trials and has been licensed, distributed and
administered worldwide®®. Ad26 is a human Ad with
strikingly low seroprevalence, yet another strategy to
combat the threat of pre-existing immunity.

As of the writing of this paper, 9 of 27 vaccine
candidates are currently in clinical trials to treat
SARS-CoV-2 use viral vectors®. In many of these
candidates, including the ChAdOxl1 nCoV-19 vaccine,
immunoglobulin G (IgG) response was higher in patients
that received prime-boosted vaccine than in those who
did not®. The immune response acted against the spike
proteins within 28 days and showed both cellular and
humoral immunity. Previous attempts to increase the
immunogenicity of ChAdOx1 nCoV-19 saw rAdS fibre
and penton RGD motifs added. However, this did not
increase the vaccine’s immunogenicity®. Interestingly, a
weaker first dose was given to some trial participants,
conferring a higher efficacy (90.0%) than two full dose
measures®®. This shows that a high number of factors
must trigger immune response when using vectors. This
vaccine is very promising as it elicits a notable immune
response in an older age group. Other viral vector
vaccines in clinical trials have either shown reduced
immunogenicity in older groups or have not yet been
tested in these groups®..

Other trials are underway regarding the use of
a non-replicating type 5 Ad vectored SARS-CoV-2
vaccine®. The aim here was to express the entire spike

www.tsmj.ie

45



REVIEWS -

Adenovirus Manipulation for Use as an Effective Delivery Vector

46

Figure 6. Adenovirus Vector Vaccination
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gene of SARS-CoV-2 to induce an immune response.
Significant humoral and cellular immune responses were
observed within 28 days, particularly in the younger
populations®.

In the case of SARS-CoV-2 vaccines, it is undeniable
that Ad vectors have some advantages over other
strategies. The main advantages are, while maintaining
their efficacy, they have a low cost and an ability to be
stored at regular refrigerator temperature. In contrast,
the mRNA vaccine candidates must be stored at -20°C
(Moderna) and -80°C (Pfizer-BioNTech)®. In addition,
using human Ad vector technology is extremely cost
efficient. For example, the European Union (EU) has
paid 2.15 USD per dose of AstraZeneca ChAdOxl1 vaccine
while the Pfizer-BioNTech mRNA vaccine costs the EU
14.70 USD/dose®:. These properties may prove to be of
huge importance in facilitating mass vaccination by
simplifying the logistics behind distribution and storage.

Along with delivering transgenes effectively to
stimulate a strong humoral and cellular immune
response, Ad vectors can behave in an adjuvant-like
fashion, stimulating the immune system through
toll-like receptor (TLR)-dependent and independent
pathways®. TLRs are proteins that recognised conserved
molecules in microbes and stimulate the innate immune
response as a result. These pathogen recognition
receptors (PRRs) recognise the virus and stimulate the
host immune response to clear the virus. The vectors
are attractive candidates for vaccines as they induce
potent inflammatory responses after vaccination, both
innate and adaptive, as shown in Figure 6. They can be
enhanced using specific targeting such as having the
Ad vector vaccine itself target dendritic cells®®. Similar
to the fibre changes in many gene therapies, Ad5 fibre
is genetically modified to express hCD40L using FAB
antibody conjugates (Figure 4), which in turn is what
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targets dendritic cells in this study by Sharma et al®.
Vector vaccines have also come to the forefront of
public health in recent years in the form of Zika virus
vaccine candidates. The Ad vector vaccine ZIKV, uses
Ad4-prM-E. One of the main advantages with this virus
is its low seroprevalence, leading to anti-ZIKV T-cell
response without eliciting many anti-ZIKV antibodies
(Figure 6)°. The interesting aspect to this response
was that it was a result of the serotype of Ad, not the
transgene (Figure 6B). The same result was found using
this vector to vaccinate against influenza hemagglutinin
(HA) in this study. The study conducted by Bullard et al.”
showed how Ads self-adjuvant properties can be utilised
to create vaccines, almost irrespective of transgene
effects (Figure 6B). Ad4 has been shown—due to its low
seroprevalence—to be useful as a vaccine. It has been
shown to induce anti-HIN1 immunity against influenza
and was observed that Ad4 provided far superior
protection in mice compared to Ad7 vectored vaccine
strategies®®. However, a major issue is the study lacks
information on HA inhibition or virus neutralisation.

Issues

Clinical risks. The SARS-CoV-2 vaccine development
path has not all been clear. The Sputnik V vaccine that
uses an initial dose of Ad5 vector and a second dose
of Ad26 vector has reported around a 91.6% efficacy®,
despite claims that their results are more compatible with
an efficacy of around 60%. The differences in reported
efficacy appear to be a result of political controversy
and the way in which the trials were conducted and
published. Additionally, this vaccine is under scrutiny
for its approval for use, as phase 3 of the clinical trial
was still ongoing at the time of administration in Russia.
Questions have been raised by immunologists about the
efficacy of the two full-dose ChAdOx1 vaccines. Their
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concerns are that a 62.1% efficacy is not high enough to
confer herd immunity, along with adverse effects such as
blood clotting being noted to be caused by this ChAdOx1
vaccine”.

Ad vector vaccines against other viral infections have
encountered development issues. Merck completed a
test-of-concept study (STEP study) on the development
of a MRKAd5 HIV-1 gag/pol/nef vaccine. Surprisingly,
this replication-deficient Ad vector vaccine showed
higher HIV-1 incidence than those who were treated
with placebo’™ What was completely unexpected was
that those who had high titres of antibodies against
Ads showed an increased incidence of HIV infection.
The authors suggest a possible reason for this is that
antibody and virus presence may lead to T cell activation,
providing an environment that facilitates HIV infection™.

Pre-existing immunity. A challenge to vaccination
using Ad vectors is that the human population may
have pre-existing immunity to specific Ad serotypes,
preventing widespread protection. However, it is also
worth noting that Ad vector vaccines have been shown to
be able to overcome possible pre-existing immunity by
increasing the dosage of the vaccine or using a different
route of vaccination. Sayedahmed et al.™ showed that
along with the ability to overcome immunity, annual
vaccines would be feasible. The challenges of pre-existing
immunity to certain Ad serotypes in the human
population have previously been outlined and can have
hampering effects on their clinical use. Components of
the immune system such as neutralizing antibodies and
Ad-specific T cells can dampen the effects of Ad vectors
in individuals with pre-existing immunity™.

Overcoming pre-existing immunity. Sayedahmed et
al.” showed that in mice, immunity levels decreased
over time, with similar protection levels to mice with no
immunity 10 months post-vaccination. What appears
to be key is the time between vaccinations, allowing
degradation of immunity. So, this pre-existing immunity
may be seen to wane over time, allowing successful
vaccination if apt time is allowed between vaccinations.
However, this is yet to be studied in humans. The Ebola
virus (EBOV) has caused many problems in Africa
in recent years, similar to the Zika virus previously
discussed. EBOV vaccine studies have used similar
approaches to SARS-CoV-2 strategies, with both using
viral surface proteins to elicit an immune response. In this
case, EBOV glycoproteins are expressed as a transgene
within an Ad26 viral vector™. Pre-existing immunity
was very low in human trial participants (3.4%). In
non-human primates, follow-up boost vaccines of Ad35
were given in response to EBOV glycoproteins™. This
Ad35 boost provided a reasoning behind how immunity
was bypassed, proving to be superior to Ad5 in binding
dendritic cells. Additionally, Ad35 has a natural tropism
for diverse primary human cell types™. Geisbert et al.”’
showed another interesting feature of Ad vectors in that
they can be manipulated depending on administration
techniques to confer either immediate immunity or
longer lasting immunity. This may also diversify the
possibilities of Ad vectors as vaccines, depending on
whether emergency immediate immunity is required or
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a longer lasting protective cover is needed.

Conclusion

Based on the literature, Ads as delivery vectors have
generallybeeneffectivefor genetherapiesandvaccination
strategies. Despite setbacks in vector development and
gaining public trust post-Jesse Gelsinger’s death and the
Merck STEP study, there is most certainly a future for Ad
vector therapeutics. For example, the ChAdOx1 SARS-
CoV-2 vaccine is immensely important (apart from their
obvious immunogenicity) in providing a cost-efficient
and accessible vaccine.

Ad diversity and delineated viral tropism is key to
their success as vectors. Future studies of Ad vectors
should look to develop these differing tropisms through
complexes of different subtypes to adapt to their host,
providing efficient transgene delivery and/or eliciting
an immune response. These mosaic vectors help to
overcome the issue of pre-existing immunity, while
gutless vectors can also be used to avoid this anti-Ad
immunity. Heterologous vectors using prime—boost
strategies have also yielded successful results but
require further development.

It is clear that studies should not become focused on
specific Ad serotypes. If a single serotype was solely used
in gene therapies and vaccination, immunity would be
quickly developed by the global population. As a result
of host adaptation, the library of Ads needs to include
many chimeric surface proteins and mutated genotypes
to allow for a broad range of possible treatment options.
Pre-existing immunity is unavoidable but requires
attention as Ads are encountered often in everyday
settings, especially being implicated to sometimes cause
the common cold”#°.

In vaccination and cancer gene therapy, immunity
must be managed. Vector transduction and its
immunogenicity may be designed to elicit an immune
response and act as a self-adjuvant. However, striking
a balance of immune response—weak enough so the
vector is not cleared too rapidly, while also strong enough
to sufficiently stimulate adaptive immune memory
cells—remains difficult. Evidence of this correct balance
of induced immune response has been observed in the
use of non-human and low seroprevalent Ad vectors.

Ad vectors that deliver CRISPR/Cas9 systems to
target cells have shown promising results and could
work to improve the efficiency and effectiveness of gene
therapy using viral vector delivery. In gene therapy, it is
important to be wary of possible vector contamination
when using helper Ads, and to note that transient vector
activity may arise.

Ad vectors demonstrate an encouraging source of
gene delivery and bring about a new era of therapeutics.
They show huge benefits when applied successfully,
despite their many pitfalls. If these various pitfalls
discussed (such as pre-existing immunity, transient
action, exceedingly robust immune response, and target
cell specificity) can be overcome, the potential of these
delivery platforms is immense. Ad vector delivery could
be transformative for therapeutic molecular biology and,
indeed, for global human health. «
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