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ABSTRACT:

Remains of long-gone viral infections are
integrated in host-genomes, Endogenous
retroviruses (ERVS) now serves as a novel platform
for the creation of vaccines to combat emerging
pathogens. To highlight the immense potential of
ERV as a next-generation vaccination platform, this
review examines the root causes, advantages and
challenges ERVs in vaccine development.
Leveraging, viral-like elements including RNA
intermediates, and envelope proteins (Env), ERV-
based vaccine platforms depend on their intrinsic
immunogenicity to recreate the natural viral
infections and evoke powerful innate and adaptive
immune reactions. Their self-adjuvant peculiarity
ease vaccine formulations by eliminating the need
for exogenous adjuvants. Preclinical studies on
influenza and Zebrafish model have demonstrated
that ERVs are diverse in their capability to target
various pathogens. However, there are several
challenges that ERV-vaccine platforms have to
overcome. Some of them are, the likelihood of
genomic instability, immunity tolerance and off-
target immune reactions. Its developments and
applications are further exacerbated by regulatory
barriers and production complexity. Despite these
challenges, advancements in antigen-design and
genetic engineering are continuing to improving the
effectiveness and  safety of ERV-based
vaccinations.
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l. INTRODUCTION

Rising  infectious diseases (EIDs)
involving, Ebola,SARS-CoV-2 and Zikaemphasise
thecritical need  for  innovative  vaccine
technologies. Live attenuated, inactivated, and
subunit-based vaccinations are the maininstances of
conventional vaccine techniques that are often
laborious and may fail to deliverrapid scalingduring

outbreaks of epidemics[1].Consequently, demand
for alternative platforms that utilise viral vectors to
transport antigens has grown. Of them,
endogenous retroviruses (ERVS) have drawn
attentiondue to their stability, ability to
triggerpowerful  immunological responses, and
unique incorporation into host genomes[2]. Around
8% of the human genome is comprised of ERVs,
which are originated from ancient retroviral
infections[3].Exploring the biological features,
advantages, and constraints of ERVSs, this review
discusses their potential as vaccination platforms.

Endogenous Retroviruses: An Overview

As per the studies, ERVs are vestiges of
pre-historic retroviral infections that have become
ingrained in the genomes of vertebrates and they
represent around 8 % of the human genome. These
DNA sequences are functionally varied and are
passed down across generations. However,
throughout evolution, most ERVs underwent
deletions and mutations leaving them non-
functional[3].Additionally, some express RNA or
viral proteins that impact host genome functions.
The incorporation of viral genome elements into
indispensable  physiological  procedures s
illustrated by the syncytin gene, which is formed
from an ERV envelope protein and serves an
important role in the development of the
syncytiotrophoblast, a multinucleated layer in the
placenta in humans and other mammals [4].
From the immunological standpoint, the ERVs are
fundamentally immunogenic, as their structural
proteins have been shown to tend to trigger innate
immune pathways, which include Cytoplasmic
RNA sensors and Toll-Like Receptors. Due to this
attribute, ERVs have been considered in potential
vaccine platforms[5].For instance: in animal
models, ERV-derived vectors encoding Ebola
glycoproteins have produced potent immune
responses, indicating their efficacy in fighting
recently developed diseases. Most importantly,
there are challenges when employing ERVs. While
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stability is ensured by their genomic incorporation,
the evolution of insertional mutations continues to
be a cause of concern. In addition, the efficacy of
the vaccination might be hindered by pre-existing
immunological reactions against the ERV proteins
[6]. Regardless of these challenges, advancements
in genetic engineering and genome modification
offer hope in triumphing across them. From the
immunological  standpoint, the ERVs are
fundamentally immunogenic, as their structural
proteins have been shown to tend to trigger innate
immune pathways, which include Cytoplasmic
RNA sensors (MDA5 andRetinoic acid-inducible
gene-l etc) and Toll-Like Receptors (TLR4, TLR3
etc). Due to this attribute, ERVs have been
considered in potential vaccine platforms[7]. For
instance: in animal models, ERV-derived vectors
encoding Ebola glycoproteins have produced
potent immune responses, indicating their efficacy
in fighting recently developed diseases. Most
importantly, there are challenges when employing
ERVs. While stability is ensured by their genomic
incorporation, the evolution of insertional
mutations continues to be a cause of concern[8]. In
addition, the efficacy of the vaccination might be
hindered by pre-existing immunological reactions
in host cells against the ERV proteins. Regardless
of these challenges, advancements in genetic
engineering and genome modification offer hope in
triumphing across them[9].ERVs are an excellent
illustration of the way that the evolutionary
remnants of previous infections are capable of
being novel therapeutic applications, particularly in
tackling modern infectious diseases.

Mechanisms and Advantages of ERVs in
Vaccine Development
Mechanisms  Underpinning ERV  Vaccine
Platforms

ERV- vaccines depend on retro-viral
genomes to express pathogen-derived antigens or to
generate virus-like particles (VLPs). Such non-
replicating and non-infectious VLPs mirror actual
viruses, allowing ERVs to efficiently activate the
immune system and imitate real infections. These
mechanisms enable them to serve as a vaccination
platforms are mainly associated to ERVS responses
with innate and adaptive immunity [10]. One of the
main aspects of ERVs is their capability to
stimulate the pattern recognition receptors (PRRS)
in the immune system such as TLRs, RIG-I and
MDA-5[11]. In particular, TLR-3 (frequently
generate during the viral replication and detects
double stranded RNA), and TLR7/8 (a feature
shared by retroviruses and targets single stranded

RNA) can be activated by the RNA precursors
released during the production of ERV-based
antigens. These receptormolecules enhance the
adjuvant effect of the vaccination and promote the
stimulation of antigen-presenting cells (APCs) by
mediating the synthesis of Type.linterferons (IFNs)
and other pro-inflammatory cytokines. This trait is
especially beneficial for developing vaccines
targeting infections like Ebola and SARS-CoV-
2that requires robust immune responses.[12].

Another important mechanism is the
potential of ERVS to develop and express antigens
from emerging pathogens. By utilising molecular
cloning methods, ERVs can be altered to deliver
genes encoding  pathogen-specific  proteins,
particularly glycoproteins. These proteins are
synthesised in host cells, processed and expressed
on the cell surface along the Major
Histocompatibility Complex (MHC) pathways,
inducing cytotoxic lymphocytes such as CD4+
helper T cells, CD8+ cytotoxic T cells [13].

Advantages of Endogenous Retroviruses (ERVS)
in Vaccine Development
Genomic Stability and Safety

The genetic reliability and security of
ERVs as vaccination platforms are one of their
foremostadvantages. Because of the genetic
mutations that have occurred over millions of
years, ERVs are replication-deficient, indicating
that they are incapable to replicate by themselves or
switch into a pathogenic form [10]. This promises a
high degree of biosafety as opposed to live
attenuated  or  replication-competent  viral
vaccinations. For instance, conventional live
vaccines, include the oral polio vaccine,
demonstrates the tendency ofvirulence reversions,
which in rare instances may end up in vaccine-
derived epidemic. As ERV-based vaccines avoid
such  risk, it makes them safer for
immunocompromised people or populations who
are vulnerable to adverse effects [14]. Furthermore,
ERVs are not prone to horizontal transfer of genes
between species, is additionally supported their
safety features.

Intrinsic Immunogenicity

Due to the distinctive immunogenic traits,
ERVs are considered as promising
vaccineplatforms. Theviral-like parts of ERVs such
as the envelope protein ERVMER34-land RNA
intermediates mimic natural infections due to the
structural and genetic resemblance to functional
retroviruses [15]. Due to this similarity, ERVs are
capable of interacting effectively with immune
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systems of the host, eliciting innate and adaptive
immunological reactions. For instance; ERV-
derived RNA can synthesise double-stranded RNA
structures  (ds-RNA) known to be crucial
components of innate immune system[13]. These
structures trigger the activate sensory molecules
like Retinoic acid-inducible gene | (RIG-I) and
Melanoma Differentiation-Associated protein 5
(MDAJ5). These molecules pertain to the cytosolic
PRR family generating to the successive antiviral
immunological responses[15].

Moreover, the envelop proteins of ERV,
“Env” resembles to those of the exogenous
pathogens possess the ability to stimulate the
immune cells such as T cells and B cells directly.
Since Env proteins boos the antigen presentation
mediated by dendritic cells and macrophages that
further leads to the activation of T and B cells. A
study based on Spring viraemia of carp virus
(SVCV) in Zebrafish model identified that Env38,
an ERV-derived Env protein, is activated as a part
of the adaptive humoral immunogenic responses
due to the infection of SVCC). The study explored
that that Env38 enhances CD4+T cell activation
and promoted the proliferation of IgM*/1gZ* B cell,
which helpthe host fight off external viral infection.
In particular, Zebrafish IFNe@l substantially
enhanced the expression and activity of Env38,
revealing that it performed as an IFN-stimulating
gene (ISG), regulated by IFN signalling. Through
promoting initial activation of adaptive humoral
immunity, this research one of the first studies to
discover the role of an Env protein of ERV in hots
immunological resistance against an exogenous
pathogen [16].

Antigen Presentation of ERV-Derived Proteins

Proteins which act as neoantigens can be
synthesisedthrough transcription and translation of
ERVs. These neoantigens initiate intracellular
processing, and displayed on the cells surfaces with
the help of major histocompatibility complex class
I (MHC-I) molecules. For CD8+ T cells to identify
it and initiate adaptive immunological reactions,
this  presentation is  necessary.After  being
recognized, these T cellsproliferate and transform
into effector cells that can detect and attack cells
that express ERV antigens[14]. When ERV
expression is higher in certain malignancies, this
mechanism has been discovered to leading in
spontaneous T cell reactions against tumour
cells.For example, MHC-I can exposetumour cells'
inactivated ERV proteins, thereby making targets
for CTLs[17].

Cost-Effective and Scalable Production

Due to substantial partto theircompliance
with widely-recognised cell culture techniques and
the  opportunityfor high-yield manufacturing
methods,ERV-based vaccines promisenovel
possibilities for economical and scalable
manufacture. ERVs can be alteredto develop
vector-based vaccines or VLPs, which may be
developed with continuous cell lines like Vero
cells. Large-scale productioncan be achieved by the
extensiveapplication of these well-characterized
cell lines in vaccine manufacturing. \Vero cells, for
instance, have been established to thrive in high-
density cultures and strong growth, both of which
are essential for successfullydeveloping viral
vectors and VLPs[18].

Furthermore, various antigens can be
integrated into ERV-based platforms due to their
adaptability, which makes it attainable to design
multivalent vaccines without requiringsignificant
modifications to the production process. The
expense of rearranging manufacturing processes for
multiple vaccinations can be reduced by economies
of scale achieved about by this versatility. The
scalability and cost-efficiency of producing ERV-
based vaccines have also been enhanced by
advancements in  bioprocessing  technology,
includingthe application of bioreactors and
excellent-quality  purifying techniques. These
innovationsassist in maintaining product
consistency and accomplish high vyields, both of
which are critical for addressing the growing
demand for vaccines globally [19].

Challenges in Employing Endogenous
Retroviruses (ERVs) for Vaccine Development
While ERV offers unique advantages as
vaccination platforms, several issues require to be
rectified prior to their full potential can be attained.
The challenge of modifying an ancient genetic
material for modern immunological purposes
appears in these obstacles, that transcend scientific,
technical, regulatory and sociocultural
domains.Despite the fact that while ERVs are
generally appeared be stable, scientific worldis
stillconcerned about the unexpected implications of
genetic components that are developed from these
sequences. For instance: when dormant ERVs are
functional during vaccine production, it may
causeinadvertent activation of other genetic
components or off-target ramifications. As per the
studies, ERV sequences have the capacity to
interact with surrounding genomic locations and
could influence gene expression[20]. This risk must
be resolved by careful sequence engineering and
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screening. Studies pointed out that there is a
possibility that immune system will not recognise
the antigens derived from ERVs, as foreign asERV
are integrated into host genome and evolved
together with their hosts. This is especially vital
when attacking host-like antigens with the help of
ERVs. Sophisticated techniques, such modifying
ERV sequences to boost their immune responses
while maintaining safety must be required to
address this challenge. Furthermore, ERV-based
vaccine development demands a number of
sophisticated  procedures.  Which  includes:
optimisation of wvector system, batch-to-batch
quality checking [21]. For example: meticulous
engineering and stringent quality  control
procedures are essential to ensured that the vectors
of ERV-derived vaccination efficiently target
antigens while keeping their replication-deficient
level[22].In-terms of logistics and technology, it is
still challenging to scale these procedures for mass
production, particularly, when it comes to rapidly
dealing to emerging infectious disease[24].
Although, the advantages of immunogenic nature
of ERVs, this feature poses the risk of the
activation of off-target immune system. Env
proteins and RNA, these are parts of ERVs possess
the ability to stimulate non-specific immune
pathways, which can end up in the auto-immune
reactions or chronic inflammation conditions. For
example: renal fibro-inflammation can be elicited
by higher ERV levels. The studies exposed that
ERV activation caused from the epigenetic
inactivation, this induced the inflammatory
responses in kidney cells [25]. Similarly, activation
of ERV affected the microglial cells, which
performs as the predominant immune cells of the
central nervous system. As per the study, ERV
activation generated microglial inflammatory
process, which may suggest an association between
ERV activation and neuroinflammatory diseases
[26].

Regulatory oversight is made difficult by
the innovation of ERV-based vaccine platforms,
specificallywith regard to long-term safety. The
immunological and genetic complexity of ERVS
may not be sufficientlytackled by regulatory
frameworks developed for conventional vaccines.
Long-term clinical trials and extensive preclinical
research are essential to assess potential dangers
such genetic variations and off-target effects[27].
One notableexample is the regulatory approval
process for vaccines based on adenoviral vectors,
which demanded comprehensiveevaluations to
ensure a low risk of insertional mutations [28].A
framework for overcoming similar issues with

ERV-based vaccinations might found in the insights
gainedfrom these vaccination platforms.

Future Directions

Overcoming present challenges and
reaching full potential of ERV-based vaccines for
wider-use will determine its trajectory for the
development. Safety and optimization of vector
design must be the primary focus. To mitigate the
risks of reactivation and off-target repercussions,
replication-incompetent ERV clones with accurate
genetic modifications should be developed. The
creation of ERV-vaccine platforms with greater
stability and immunogenicity might be promoted
by the breakthroughs in genome-editing techniques
such as CRISPR. This method would boost their
effectiveness as a vaccine carriers besides assuring
safety[29].

The necessity for balanced immunological
responses is just as critical. Though ERV-based
vaccinations are acknowledged for eliciting strong
immune reactions, overstimulating the immune
system can causechronic inflammation or
autoimmune  issues.The  practical use of
sophisticated adjuvants and regulatory elements
that can maintains immune responses must be the
top priority in research [30]. Developing vaccines
that generate protective immunity without any
adverse reactions can be facilitated by systems
biology methodologies such as Single-cell RNA
sequencing  (SCRNA-Seq), immune pathway
modelling and multi-omics integration, which
depict the immunological pathways stimulated by
ERVs[31]. By overcoming safety concerns, these
attempts would boost the clinical sustainability
ofERV-based vaccines.

In addition, governance structures need to
evolve to accommodate the specific challenges
posed by vaccinations based on ERVs. The
immunologic and genetic variability inherent to
ERVs may not be properly tackled by present
guidelines for traditional vaccinations.
Implementing extensive evaluation criteria for
preclinical and clinical research  demands
collaboration between scientists, regulatory bodies,
and policymakers. To offer confidence in these
ground-breaking vaccine platforms, long-term
surveillance procedures must be placed into effect
place to examine safety and effectiveness among a
wide-range of population [32].

ERV-based vaccines have tremendous
potential forcombating autoimmune disorders and
cancer as well as infectious diseases. ERV-derived
antigens could triggertumour-specific immune
responses in cancer immunotherapy, leveraging this
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ability to produce tailored immune reactions.
Similarly, such vaccination systems may be
explored for autoimmune disease sensitivity
induction, offering therapeuticalternatives that are
beyond the scopeof traditional methods[33].ERV-
based vaccine systems may expand beyond their
present limitations and upsurge the scope of their
applications in global health by exploring
abovementioned areas. To achieve their ground-
breaking possibilities, long-term investments in
cutting-edge technologies, research, and regulatory
modifications will be essential.

1. CONCLUSION

With  unique characteristicssuch  as
inherent immunogenicity, ability in adapting to new
infections, and possible for scale production, ERVs
offer a novel and intriguing platform for vaccine
development. However, its applications also come
with substantial challenges, such as concerned
about genetic stability, potentiality to create
autoimmunity, and insufficiencies in regulatory
frameworks. These obstacles can beresolved by
progresses in systems biology methods and genome
editing techniques like as CRISPR, which can
make it possible to effectively construct and modify
ERV-based vaccine platforms.
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