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Abstract

CRISPR is a bacterial host defense system that may work as "molecular scissors" in eukaryotic
cells to permanently modify genetic coding. Some barriers to using CRISPR as a therapeutic
include guaranteeing adequate delivery of the RNP complex to the proper cell/tissue and
showing safe and effective editing. Off-target editing (i.e., unwanted modification in a non-
target DNA location) may result in a range of safety problems impacting normal cell function.
The degree of cell editing events, including off-target modifications, is known to be altered by
in vitro dosage and time of exposure to active RNP complexes. The safety of these drugs relies
heavily on preventing unwanted mutations, off-target mutations, and any genomic
rearrangements, all of which may have harmful implications.

In some illnesses, a slight general adjustment of positive and negative protein levels may be
sufficient to have a therapeutic impact. Understanding this therapeutic window will enable
researchers to modify drug dosing regimens, especially for in vitro use, to obtain optimum
pharmacodynamics with the fewest potential adverse effects. Most of the bioanalytical
endpoints outlined for CRISPR are simple methods performed in most labs. Development
teams will need to manage resources by selecting key exposure endpoints that deliver the
greatest value from pharmacokinetics/PD and safety evaluations. Two in vitro delivery
strategies have entered clinical trials in immune-privileged locations. The drug development
environment will have to be altered in close coordination with regulatory agencies to construct
need-to-know endpoints and pivotal trials to successfully move medicines forward in a safe
and controlled way.
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It used to be thought of as science fiction to think about a permanent treatment for hereditary
illnesses. Emerging therapeutic methods that allow for precise genetic repair, on the other hand,
are converting science fiction into science fact. Therapeutic genome editors have the potential
to substantially improve the lives of patients and their families in a single curative therapy by
changing the genetic code of a cell. CRISPR (clustered regularly interspaced short palindromic
repeats) is a bacterial host defense mechanism that has been shown to have genome editing
potential in higher species (1). The CRISPR system may be thought of as a pair of molecular
scissors that, when utilized within eukaryotic cells, may create double-stranded DNA (dsDNA)
breaks. The resulting DNA repair may be hijacked to cause a ‘edit,' which usually takes the
form of a few nucleotide insertions/deletions (indels), base exchanges, or major chromosomal
rearrangements (translocations) (1). CRISPR technology may be modified for simpler use
(2,3), and it has been successfully employed in vitro to develop novel cell lines and the cloning
of knockout/knock-in animal models, allowing scientists to examine genetic pathways that may
be implicated in illness more quickly (4). The CRISPR machinery's logical next step is into the
field of pharmaceuticals and clinical diagnostics (5,6). Many disorders, such as cystic fibrosis
(7), are caused by single point mutations in the genetic code, and reverting the mutation would
be a plausible treatment method. This essay will discuss the bioanalytical hurdles that come
with such a potent therapeutic tool, as well as measures that may be needed to speed up
CRISPR's clinical development.

A CRISPR-associated protein (Cas protein) and a short guide RNA (gRNA) molecule make up
the CRISPR editing complex, also known as the ribonuclear protein (RNP) complex. Cas
proteins have been derived from several bacterial sources and have a variety of biological
activities (8). The majority of research on eukaryotic DNA editing has centered on Cas9 (1).
The size, efficiency, and enzymatic activity of the various Cas9 molecules seems to be
dependent on the editor-class they belong to, and, more importantly, the kind of bacterium from
which they were produced (9). Cas9 from Streptococcus pyogenes (SpCas9) and
Staphylococcus aureus (SaCas9) are now the most often utilized (1,8), and we will concentrate
on this type of molecule in this paper. The Cas9 enzyme is the CRISPR RNP
complex's'molecular scissor, 'while the gRNA leads the RNP complex to a target site and is
essential for binding to dsSDNA to accomplish the'molecular cut.' Following the cut, the RNP
complex is freed from the target locus, and the double-stranded break is repaired by the DNA
repair machinery. The ‘post repaired' DNA sequence is still identifiable to the RNP complex
in the case of a complete repair, and therefore the binding, cutting, and repair cycle is restarted.
This cycle continues until the RNP is no longer active and/or the DNA repair mechanism causes
a ‘misrepair’ event, resulting in a genetic code modification of the target area that the gRNA
no longer targets. The active RNP complex is now free to roam the cell's DNA in search of
another recognized sequence to restart the binding cycle (10).
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The main obstacles to employing CRISPR as a treatment are ensuring effective intracellular
delivery of CRISPR components and proving a safe and efficient editing mechanism. For
biological treatments, a variety of cellular uptake techniques exist, including electroporation,
viral delivery, and lipid-based nanoparticles (LNPs) (11). Delivery is a difficult task in and of
itself. Nevertheless, in order to begin addressing the second obstacle, scientists will need
bioanalytical methods for exposure evaluation in place, which will allow us to better
understand the interplay between efficacy and possible safety hazards.

RNP stands for ribonucleic protein while LNP stands for lipid nanoparticle.

CRISPR gene therapy CRISPR and other gene editors are strong tools that must be used
carefully, especially because the modifications to the target cell's genetic code are irreversible.
In vitro investigations have revealed a dosage connection between the quantity of CRISPR
RNP complex in a cell and the number of editing events/indel creation (12). Furthermore, the
longer the RNP complex is active in the cell, the greater the chance of off-target editing (i.e.,
nonspecific/unwanted genetic editing inside a nontargeted area of the DNA) occurring at
several loci (12). Off-target editing, or even on-target editing inside an unwanted DNA region
of an improper cell type, might cause a slew of safety issues that wreak havoc on regular cell
function. Unexpected chromosomal rearrangements at the target location (13), development of
a p53 DNA damage response (14-16), and cell-mediated immunogenic response (17,18) are
all side effects of CRISPR. Indeed, one of the most difficult hurdles for future CRISPR clinical
uses may be determining the right treatment index.

CRISPR technology has the potential to be employed ex vivo or in vivo as a treatment. In ex
vivo applications, the RNP machinery is transfected into a particular cell population separated
from a donor to facilitate editing and cell repair. Following that, the cell population can be
screened for quality control under sterile circumstances to identify cells that exhibit the desired
corrected properties. This' cured 'cell (or cells) can then be cloned to create a population of
therapeutic genotype/phenotype cells for reimplantation into the patient. This method gives the
biopharmaceutical company the ability to create populations that are 100 percent ‘precisely
edited." Furthermore, the amount of incubation time following editing would be adequate to
effectively eliminate the RNP complex, minimizing any immune reactions to the bacterial Cas9
protein. In vivo, the editing machinery might be delivered into an enclosed immune-protected
organ (e.g., the eye or CNS), systemically, or into a nonimmune privileged tissue (e.g., the skin
or the liver) with or without an encapsulating delivery vehicle (5,19). In the latter situation, the
CRISPR medicine's ability to infiltrate nontarget tissues or cells is increased by penetration or
leakage into the bloodstream.
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Transfection and editing take place in an extracted cell population from the person via ex vivo
techniques (or donor). Cell sorting and clonal multiplication of cells with the desired properties
are carried out. The host can be dosed with the increased population of therapeutic
genotype/phenotype cells. The ex vivo method enables the creation of a product with nearly
100% °‘on-target editing.' Furthermore, the length of post-editing incubation time would be
adequate to efficiently lower the amount of RNP complex to zero, limiting undesired exposure
when dosed in vivo. When using CRISPR-Cas9 in vivo, the biodistribution of the RNP
complex in immune privileged tissues, such as the eye, should be significantly limited.
However, in systemic injection settings, the RNP complex may accumulate in nontarget
organs/cells. The possibility for non-desired DNA editing events to occur wherever the RNP
complex finds up in vivo may rise with time/RNP concentration, highlighting the increased
complexity of dosing in vivo.

RNP stands for ribonucleic protein.

Overall, ex vivo editing is a more precise and regulated technique with fewer safety concerns,
despite its complexity. More focus will be placed on CMC (chemical, manufacturing, and
controls) operations for ex vivo applications from a bioanalytical standpoint, since the altered
cell product is ultimately the ‘drug.' In compared to ex vivo use, the number of unknown factors
affecting exposure, effectiveness, and safety that must be understood increases for in vivo use.
With more unknowns to address, more analytes may need to be evaluated, especially for
systemic administration, in order to advance this as a viable pharmacological option. Indeed,
there are several early clinical development trials employing CRISPR (19), the majority of
which are utilizing CRISPR ex vivo or in vivo in immune-privileged tissues (20-22), and just
a handful are now at advanced phases of attempting to employ these molecules in vivo
systemically.

Bioanalytical difficulties and strategies

Getting the correct bioanalytical strategy is crucial, just as it is for the development of other
medications for clinical use. Multiple aspects impact CRISPR-based gene therapy tactics,
which may be roughly classified into evaluation of the delivery method, editing system,
effectiveness, and safety.

System of distribution

A variety of ways can be used to deploy the CRISPR gene editing machinery. Electroporation,
viral vector delivery, and LNP encapsulation are the three most used methods. In theory, any
method may be utilized for ex vivo or in vivo administration, given current technological
advancements. The two latter ways are the most plausible for in vivo administration.
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Because of its capacity to carefully focus on a certain cell type, electroporation is a good choice
for ex vivo administration. The delivery components that would otherwise necessitate follow-
up bioanalytical monitoring, such as viral particles, are eliminated when electroporation is
used. Cells that have been badly affected by the electroporation procedure can be counter-
screened out during the selection of cells with desirable editing profiles in ex vivo applications.
Many organs may only be accessible in vivo after first surgery, and the electrical charge
employed, if not tuned properly, may cause significant harm to target and nontarget organs,
making it inappropriate for clinical usage in many disease conditions (11).

The most advanced in vivo CRISPR gene therapy studies use viral particles to deliver the
editing machinery, with adeno-associated viral vectors (AAVs) serving as the primary carrier.
The US FDA has authorized two types of AAV for therapeutic use: AAV2 and AAV9 (23,24).
The Cas protein and the gRNA (s) of interest are encoded by single-stranded DNA (ssDNA) in
the AAVs, which must subsequently be assembled into the active RNP complex. Because of
the size of the SpCas9 transgene, AAV delivery has a restricted loading capacity. For example,
owing to the size of the SpCas9 transgene, SpCas9 and gRNA can not both be loaded into a
single AAV. To address this, researchers have attempted to use AAVs to carry SpCas9 and two
gRNAs using dual vector techniques (25), with the added issue that they must infect the same
target cells at the same time to be effective. Due to the loading size restriction, focus has shifted
to cargos encoding smaller Cas9 proteins in order to put the entire editing apparatus onto a
single AAV particle. For example, because SaCas9 is smaller than SpCas9, it may be combined
with gRNA (26), or even dual gRNAs in a single AAVS particle (27).

The use of viral vectors presents multiple end points to examine during a medication program
from a bioanalytical standpoint, especially if employed for systemic delivery (28). The Food
and Drug Administration (FDA) and the European Medicines Agency (EMA) have established
explicit rules for monitoring viral delivery systems, such as the viral genome, transgenic
product, and viral capsule (29-32). Quantitative polymerase chain reaction (qQPCR) or digital
droplet PCR can be used to determine these. To establish evidence of the presence or absence
of any of these components, a thorough preclinical biodistribution investigation is necessary,
while viral shedding via tears, excreta, or the nasal cavity should be followed in clinical
investigations. The biodistribution data of an AAV from a preclinical investigation may be
applicable to additional studies using the same mode of administration, dosage, and
species/strain since the viral particle is a fixed entity.

Alternative delivery techniques, like as LNPs (33), can circumvent AAV cargo size constraints.
These may theoretically fit any size mRNA encoding Cas9 (34), and have already exhibited
desirable editing in target organs like the liver (35,36). Furthermore, LNPs should potentially
have enough loading capacity to carry both the CAS protein and the gRNA, or perhaps the
entire RNP complex (37). This adaptability makes LNPs valuable delivery tools, though with
a lot of room for technical advancement. Most regulatory authorities regard mRNA to be a kind
of gene therapy.
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Therefore, the same biodistribution studies that are necessary for AAVs would be necessary
for LNP-delivered medications, with the exception of viral shedding monitoring.
Biodistribution data from a preclinical program, similar to AAV delivery, could potentially be
used to support other programs if the properties of the LNP remained constant, such as particle
size and net charge, despite changes in the cargo, such as the same Cas9 mRNA but different
gRNAs used in different treatments. The cationic lipid component of LNPs may be measured
using LC-MS as a proxy for the delivery mechanism, but it can not distinguish between intact
and lysed vesicles (38).

Editing equipment

The components for constructing the RNP complex can be in a variety of pre-assembled and
ready-to-use forms, such as mRNA, ssDNA, or protein plus gRNA. Depending on the delivery
mechanism, distinct problems about the kinetics of the individual components and the RNP
complex must be addressed. While mRNA delivery generally leads to temporary protein
expression, ssDNA delivery typically leads to a longer transgene and hence protein expression.

Depending on which sections of the protein are to be measured, the Cas protein can be studied
using ligand binding assays (LBAs), LC-MS, or hybrid methods, much like other therapeutic
proteins. Many Cas proteins currently have limited commercial kits and reagents, which may
need the creation of bespoke reagents in order to construct viable bioanalytical procedures.
Because there is little sequence similarity between the Cas proteins, chemicals that work for
one kind of Cas9 protein may not work for others. Furthermore, the presence of gRNA linked
to the Cas protein may alter conformational shape, affecting antibody binding. This should be
explored further. Custom antibody reagent development and testing should be factored into
project timelines and budgets.Because there are currently no particular commercial LBA
reagents for measuring intact Cas protein, LC-MS is frequently the sole choice. Although
hybrid LC-MS might be used, the sensitivity may be insufficient to provide a thorough analysis
of protein kinetics. In circumstances when vector delivery is employed, assessing the Cas
mRNA or ssDNA levels might be an alternative to evaluating the Cas protein. These might be
determined using qPCR or branched DNA (bDNA) methods; the former would need
purification or extraction processes, whilst the latter can quantify analytes in nonpurified
materials. The sensitivity of qPCR technological techniques, such as reverse transcriptase
qPCR and digital droplet PCR, is higher than that of bDNA (39).

Methods such as bDNA, stem loop PCR, or hybridization HPLC-fluorescence might be used
to assess gRNA pharmacokinetics (PK), albeit samples may need to be extracted or purified
first. To guarantee uniform reporting of RNA concentrations, these preanalytical processing
stages would need to be validated for extraction efficiency. With these techniques, a generic
set of probes could be created that would target the trans-activating CRISPR RNA (tracrRNA)
sequence, a region that is conserved across different gRNA. Thus, a universal assay could be
developed, reducing the overall number of validated assays required across the gene editing
project portfolio. Understanding the cohabitation of the Cas9 protein and gRNA is important
from a scientific standpoint as well as for dosage setting regimens.
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There is currently insufficient evidence to establish a link between Cas protein or gRNA
concentration measurements and the quantity of active/total RNP complex in a biological
sample. Further research would be required to be able to give those relevant datasets for PK
simulations. As a result, the PK models may be able to better anticipate therapeutic windows
for safe CRISPR component dose.

Pharmacodynamics and efficacy

The efficacy of CRISPR gene therapy is determined not just by on-target editing, but also by
assessing the edit's downstream consequences. The quantity of mRNA transcribed from the
altered DNA sequence, as well as the translated protein from that mRNA, can be used to
determine if the edit was successful. From a scientific standpoint, assessing the PK of the RNP
editing mechanism, for example, to evaluate delay vs off-target edits, would be of interest.
Indeed, in some genetically linked diseases, a small overall shift in the balance of positive and
negative protein levels may be sufficient to have an efficacious effect; in some genetically
linked diseases, a small overall shift in the balance of positive and negative protein levels may
be sufficient to have an efficacious effect. Understanding this therapeutic window will allow
researchers to tailor medication dosage regimens, particularly for in vivo usage, to achieve
optimum pharmacodynamics (PD) with the fewest possible side effects.

Safety is paramount.

The safety of these medicines is strongly reliant on avoiding undesired edits, off-target
alterations, and any genomic rearrangements, all of which can harm the cell. Heteroduplex
cleavage tests, next-generation sequencing, and phenotypic screens are some of the methods
used to explore editing (40). The specificity of the gRNA utilized is the main driver for off-
target modifications. Well-designed gRNAs have been proven to prevent off-target areas with
comparable sequences that are at risk of being accidentally altered in studies (41). Before
entering the clinic, gRNAs should be thoroughly described and assessed using silico and
experimental methods (40).

Immune responses to the delivery vector, mRNA, and Cas protein, which might neutralize or
destroy the therapy before it ever penetrates the cells, are important considerations to consider.
Anti-Cas9 antibodies are known to exist in humans (17,42) and might potentially destroy the
RNP complex if administered as such. Pre-existing antibodies to AAVs are also present, and
AAV delivery may provoke an immunological response (43), limiting the use of the same AAV
delivery vector several times.

Germline integration must be explored for all AAV delivery, as it is a requirement from
regulatory agencies (28).
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Regulatory and bioanalytical considerations

The variety of CRISPR therapeutic techniques accessible, including Cas9 protein type and
origin, gRNA design, delivery method, and desired administration route, is a unique feature of
CRISPR therapeutic techniques (i.e., ex vivo, in vivo enclosed systems or in vivo systemic).
Another distinguishing feature is the originality of these compounds' medicinal applications.
These considerations translate into an ever-growing set of issues for in vivo systemic
applications, including biology, PK/PD, dosage prediction, and safety, as well as how a
bioanalytical bundle of support will appear to successfully address those issues. The
biodistribution evaluation of gene therapy molecules and how it should be undertaken are all
discussed in the regulatory papers presently supporting gene therapy products (32,44-46). The
goal is to figure out where gene therapy and delivery components (e.g., viral particles) end up
in the body after they've been administered, as well as their removal profile. Both sexes of the
nonclinical species should be included in the biodistribution evaluation for AAV and gene
therapy medicines since there might be variations, as observed earlier for several AAVs (47).

CRISPR gene therapy initiatives will not have a one-size-fits-all approach. The bulk of the
potential bioanalytical end points described for CRISPR are basic procedures used in most labs.
The challenge for the bioanalytical scientist is to determine, in collaboration with
representatives from the drug, metabolism, and pharmacokinetics (DMPK), safety, and clinical
project teams, which are the most important exposure end points in order to satisty both internal
stakeholders and external regulators. Developing and verifying assays that allow for the
connecting of possible multivariate components for modeling purposes would be a substantial
challenge for bioanalysts and a significant financial expenditure. At present, this may be more
of a difficulty due to scientific curiosity than explicit legislative obligations. Regulators'
guidance outlines the relevance of biodistribution evaluations whenever possible and the
implications for long-term follow-up investigations (32,46).

The general guidelines guidelines stress the need for tracking "on and off-target events," as
well as viral monitoring and the transgenic product, but they don't appear to require the analysis
of all components at this time. Any researcher's primary goal should be to minimize the danger
of employing these biomolecular medications. This may entail striving to comprehensively
examine all of the CRISPR'moving parts and factors' for systemic in vivo applications first for
the bioanalyst and their separate firms. In practice, rather than measuring all available end
points at once, this may imply employing a step-by-step approach to select and prioritize the
analytical end points that give the greatest value for PK/PD and safety evaluation. As a result,
enhanced sample collection and banking from studies, as well as retrospective bioanalysis, may
be required to fulfill both internal and regulatory requirements.

RNP: Ribonucleic protein; PD: Pharmacodynamics; PK: Pharmacokinetics

CRISPR's current clinical trajectory
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There are only a few CRISPR gene editing systems with in vivo delivery that have progressed
to clinical trials (5,21,22,48), and there are now two active studies (5,21,22,48).
(clinicaltrials.gov). These have concentrated on a hereditary eye illness that affects an immune-
privileged tissue and has a well-established preclinical model and genetic mutation.

Last year, hematopoietic stem and progenitor cells with the CCR5 gene disrupted were
therapeutically dosed in one CRISPR gene therapy experiment employing ex vivo altered cells
(21). During the 19-month reported follow-up period, the study found no safety-related
findings associated with gene editing. However, because the treatment did not have the
expected impact on the human immunodeficiency virus infection, and the number of cells
expressing the intended edit was rather low, the current study can not determine if an effective
dosage using this methodology is safe. In 2020, Stadtmauer et al. published a Phase I clinical
study in patients with advanced refractory cancer employing multiplex CRISPR Cas9 editing
on T cells (22). The scientists found no toxicities linked with the modified T cells in this
investigation, although they did notice chromosomal translocation in the modified cells. Cas9
protein concentrations in the final product were less than 0.75 fg/cell, and no rejection of cells
owing to pre-existing antibodies against Cas9 was detected in the patients, with altered T cells
remaining stable for 9 months.

Ex vivo cell therapy with CRISPR-based gene editing is now being tested in multiple clinical
studies (48), since this strategy is preferable to in vivo administration since it eliminates
immunological response in the patient and allows the cells to be examined before being given
for on-/off-target changes. While there are multiple well-established ways of transfecting ex
vivo cells with the CRISPR machinery, in vivo administration is still creating a fundamental
understanding of the optimum delivery choices.

The end goals provided in the experiments that were analyzed did not involve assessing the
components of CRISPR (clinicaltrials.gov). The main outcomes were viral load monitoring,
PD, and toxicity. As a result, any evidence from successful use of CRISPR in more controlled
situations (i.e., ex vivo and in vivo applications within enclosed systems) may be extremely
limited in lending further support to reducing the number of end points for systemic in vivo
dosing, due to the elevated risks involved.

Discussion and outlook for the future

The area of CRISPR gene therapy is quickly expanding and changing, with new gene editors
being produced on a regular basis and changes to the editing machinery being reported. In
recent years, CRISPR technology has been used to develop base editing, prime editing, and
epigenetic modifiers (CRISPRi/CRISPRa), which use the Cas protein as a template and add
subunits to give the complex the required function. It's worth remembering that not every
advancement in the realm of CRISPR gene therapy will lead to clinical success.
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However, because their actions on DNA and the appearance of the machinery are different
from the presently utilized entities, the novel Cas protein variations that do will affect the
bioanalytical needs even more. Even in terms of delivery systems, several novel approaches
are emerging that may provide additional novel options to AAVs and LNPs (49,50). These will
have very different requirements in terms of understanding their PK and biodistribution, and
there are currently no specific regulatory guidelines available (51-267).

Finally, CRISPR-based genome editing is an interesting field of drug research, with as many
scientific questions as drug development/regulatory problems for bioanalysts to answer. To
move treatments ahead in a safe and regulated manner, the field will need to advance in close
collaboration with regulatory bodies to develop need-to-know end points and studies.

Conclusion

CRISPR (clustered regularly interspaced short palindromic repeats) is a bacterial host defense
mechanism that may operate as "molecular scissors" in eukaryotic cells to change the genetic
code permanently. It offers enormous therapeutic promise for a variety of previously incurable
illnesses.

A guide RNA (gRNA) molecule and a CRISPR-associated protein are two components of the
CRISPR editing ribonuclear protein (RNP) complex (Cas). Some of the obstacles to overcome
on the way to employing CRISPR as a therapy include ensuring effective delivery of the RNP
complex to the correct cell/tissue and providing safe and effective editing.

Gene treatment using the CRISPR system

Off-target editing (i.e., non-desired alteration in a non-targeted area of DNA), or even on-target
editing in the wrong cell type, might result in a number of safety issues affecting normal cell
function. The degree of editing events in a cell, including off-target editing, is known to be
affected by the dose and length of exposure to active RNP complexes in vitro.

CRISPR technology has the potential to be employed ex vivo or in vivo as a treatment. When
compared to in vivo usage, ex vivo usage minimizes many of the safety hazards and
bioanalytical complexity.

Bioanalytical difficulties and strategies

Existing cellular uptake mechanisms for biological therapies (e.g., viral vectors and lipid-based
nanoparticles) are being investigated in combination with the components to produce the RNP
complex in both pre-and ready-to-go forms (e.g., mRNA, ssDNA or protein plus gRNA).
Depending on the delivery mechanism, distinct problems about the kinetics of the individual
components and the RNP complex must be addressed.
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The efficacy of CRISPR gene therapy is determined not just by on-target editing, but also by
assessing the edit's downstream consequences (e.g., edited transcribed protein). In some
disorders, a minor general adjustment in the balance of positive and negative protein levels
may be enough to have an effective impact. Understanding this therapeutic window will allow
researchers to tailor medication dosage regimens, particularly for in vivo usage, to achieve
optimum pharmacodynamics (PD) with the fewest possible side effects.

The safety of these medicines is strongly reliant on avoiding undesired alterations, off-target
changes, and any genomic rearrangements, all of which might have negative consequences.
The specificity of the gRNA utilized is the main driver for off-target modifications.

The activation of an immune response to the delivery vector/mRNA/RNP complex is another
safety aspect to consider. For both CAS protein and adeno-associated viral vectors, pre-existing
antibodies have been found.

There will not be one-size-fits-all regulatory advice due to the diversity and novelty of gene
therapy initiatives utilizing CRISPR. The bulk of the potential bioanalytical end points
described for CRISPR are basic procedures used in most labs. Beyond the technical challenge,
development teams will need to manage resources by identifying the main exposure end points
that will provide the most value from pharmacokinetics/PD and safety assessments, from the
perspective of satisfying internal stakeholders and external regulators, in order to move projects
forward.

Clinical progress to date

Although the majority of CRISPR therapeutic medicines in research are ex vivo, two in vivo
delivery techniques in immune-privileged regions have reached clinical trials. The end goals
provided in the studies that were analyzed focused on viral load monitoring, PD, and toxicity,
but did not involve evaluating the components of CRISPR (clinicaltrials.gov).

The area of CRISPR gene therapy is quickly expanding and changing, with new gene editing
variants being released on a regular basis and changes to the editing machinery being reported.
To effectively propel medicines ahead in a safe and regulated manner, the drug development
landscape will have to change in close collaboration with regulatory bodies to establish need-
to-know end points and pivotal trials.
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130. Moataz ~ Dowaidar.  Potentials of Medicinal = Nanostructured Diamond  Particles and  Coatings.
https://doi.org/10.31219/0sf.i0/h68xz.

131. Moataz Dowaidar. Preclinical Investigations Revealed Possibilities for Salmonella Tumor Treatment. Bacteria Can Also
Be Coupled to Nanomaterials Enabling Drug-Loading, Photocatalytic And/or Magnetic Properties, Using the Bacteria’s
Net Negative Charge. https://doi.org/10.31219/0sf.io/embgk.

132. Moataz Dowaidar. Research into P2X Purinergic Receptor Function in Tumor Growth Has Made Substantial Progress
with Potential Gene Therapy Targeting. https://doi.org/10.31219/0sf.i0/r34fs.

133. Moataz Dowaidar. RNA Therapies Hold Great Promise for Treating Cancer. High-Throughput Screening Techniques
Have Facilitated the Development of RNA Treatments. https://doi.org/10.31219/0sf.i0/9vxrb.

134. Moataz Dowaidar. RNAi Treatment Has Been Shown to Successfully Modify Human-Related Target Gene Expression,
Including Cancer. It Has the Capacity to Control Non-Standard Oncogenes, such as Oncogenic IncRNAs.
https://doi.org/10.31219/0sf.io/bwqep.

135. Moataz Dowaidar. RNAs Hold a Lot of Potential When It Comes to Druggable Molecular Targets.
https://doi.org/10.31219/0sf.i0/2dtxg.

136. Moataz Dowaidar. Shadow Enhancers’ Objective Seems to Be to Establish Robust Growth Patterns Independent of
Genetic or Environmental Stress. https://doi.org/10.31219/0sf.io/qfnkp.

137. Moataz Dowaidar. Sickle Cell Disease Hematopoietic Stem Cell Gene Therapy with Globin Gene Addition Is Promising.
https://doi.org/10.31219/0sf.io/j5tkb.

138. Moataz Dowaidar. Single-Gene Mutations in mtDNA-Associated Proteins Are Unlikely to Be the Main Cause of
Sporadic Parkinson’s Disease. Cumulative Genetic Variation in Numerous Genes May Be Important in
Neurodegeneration and PD Risk. https://doi.org/10.31219/0sf.i0/89qte.

139. Moataz Dowaidar. Small Nuclear Ribonucleoproteins (snRNPs) Based Gene Therapy.
https://doi.org/10.31219/0sf.io/c43r9.

140. Moataz Dowaidar. Studying the Pathologic Mechanisms of Osteoporosis and the Bone Microenvironment May Help
Researchers Better Know the Etiology of Rheumatoid Arthritis, Periodontitis, and Multiple Myeloma, as Well as Other
Inflammatory and Autoimmune Disorders. https://doi.org/10.31219/0sf.i0/t3z6y.

141. Moataz Dowaidar. Suicide Gene Therapy May Be Effective in the Treatment of Malignant Glioma.
https://doi.org/10.31219/osf.io/vdkst.

142. Moataz Dowaidar. Synuclein Is a Protein That Is Expressed in Brain Tissue. The Specific Missense Mutation (SNCA)
Found in a Family with Parkinson’s Disease Is the Cause. Other Diseases Include Alzheimer's Disease and REM Sleep
Behavior Disorder. https://doi.org/10.31219/0sf.io/bs8rc.

143. Moataz Dowaidar. Systems Biology Is a Method for Analyzing Massive Amounts of Multidimensional Data Generated
by Omics Technologies. Cross-Validation of the Various Technological Platforms Is Critical.
https://doi.org/10.31219/0sf.i0/p8vkd.

144. Moataz Dowaidar. Targeting Mitochondria and Especially Taz Gene Mutation Induces CL May Give Novel Therapeutic
Alternatives for Treating Barth Syndrome. https://doi.org/10.31219/osf.io/unfpy.

145. Moataz Dowaidar. The Ability to Combine Multiple mRNA Antigens Targeting Multiple Pathogens Simultaneously,
and the Robust Immune Responses Are Confirmed in Several Clinical Studies. https://doi.org/10.31219/0sf.io/6qksx.

146. Moataz Dowaidar. The Cubic Polyhedral Oligomeric Silsesquioxanes Based Hybrid Materials Have a Wide Variety of
Applications, Including Drug Administration, Gene Therapy, Biological Imaging, and Bone Regeneration.
https://doi.org/10.31219/0sf.i0/9peq8.

147. Moataz Dowaidar. The Development of Tissue Replacement Therapies and Drug Discovery Was a Critical Milestone in
Advancing Regenerative Medicine. https://doi.org/10.31219/osf.io/w9bsm.

148. Moataz Dowaidar. The Epidemic of COVID-19 Prompted Widespread Use of mRNA Vaccinations.
https://doi.org/10.31219/0sf.i0/jqws5.
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149. Moataz Dowaidar. The Most Useful and Commonly Available Acute Rejection Surveillance Strategies Are Routine
Monitoring of Myocardial Function and Donor-Specific Anti-HLA Abs Monitoring.
https://doi.org/10.31219/0sf.i0/ebw68.

150. Moataz Dowaidar. The Protease MBTPS2 Is an Important Regulator of Several Cellular Processes, Especially in Health
and Sickness. https://doi.org/10.31219/0sf.io/qyn6h.

151. Moataz Dowaidar. The Sigma 1 Receptor (SIR) Is a Potential Therapeutic Target for the Treatment of Huntington’s
Disease. https://doi.org/10.31219/0sf.io/mcefx.

152. Moataz Dowaidar. The Use of a Network Medicine Approach Might Result in Innovative Strategies for Lowering
Coronary Heart Disease and CV Risks. https://doi.org/10.31219/osf.io/eakg8.

153. Moataz Dowaidar. The Vasoconstrictor Endothelin System Involvement in Chronic Kidney Diseases Pathogenesis Is
Now the Most Often Employed Treatment Method. https://doi.org/10.31219/osf.io/cnkqy.

154. Moataz Dowaidar. The VPS35-D620N Mutation Is Associated with Parkinson’s Disease and Can Be a Target for Gene
Therapy. https://doi.org/10.31219/0sf.i0/83sxr.

155. Moataz ~ Dowaidar.  Therapeutics  Including Gene  Therapy for  Osteoarthritis as a  Concept.
https://doi.org/10.31219/0sf.i0/7zsqy.

156. Moataz Dowaidar. Tissue Hypoxia Has Been Established as a Master Regulator for Alternative Splicing, with Substantial
Clinical Consequences and Possibilities for Gene Therapy Targeting. https://doi.org/10.31219/0sf.i0/5pbw4.

157. Moataz Dowaidar. To Rectify Alzheimer’s Disease Etiology, Excessive Mitochondrial Division Might Be Stopped or
Mitophagy Might Be Promoted. https://doi.org/10.31219/o0sf.io/6kdxw.

158. Moataz Dowaidar. Transcriptomics Is a Rapidly Growing Field That Generates New Data That May Be Used on Its Own
or in Combination with Existing Clinical Data for Development of New Therapeutics, Including Gene Therapy.
https://doi.org/10.31219/osf.i0/kfr6a.

159. Moataz Dowaidar. Tumor Microenvironment Has Clinical Significance in Terms of Prognosis and Therapy Prediction.
https://doi.org/10.31219/0sf.i0/4dz8q.

160. Moataz Dowaidar. Using AAV as a Gene Delivery Vector in the Neural System Is Effective in Several Animals, such
as Nonhuman Primates. https://doi.org/10.31219/osf.io/ut4fa.

161. Moataz Dowaidar. Using Pre-Existing Datasets to Combine Published Information with New Metrics Would Help
Researchers Construct a Broader Picture of Chromatin in Disease. https://doi.org/10.31219/osf.i0/gsqv5.

162. Moataz Dowaidar. Virus-like Particles Are Good Nanocarriers for Liquid Biopsy Probes, Imaging Contrast Agents, and
Anticancer Medications. https://doi.org/10.31219/osf.io/xbtka.

163. Moataz Dowaidar. ZEB1 Controls the Expression of ICAM1, Promoting Monocyte-Macrophage Adhesion and Hence
the Formation of Atherosclerotic Lesions. https://doi.org/10.31219/0sf.i0/kzjqg.

164. Moataz Dowaidar. Gene Therapy Development and Legislation. https://doi.org/10.31219/0sf.io/mwb2n.

165. Moataz Dowaidar. Next-Generation Sequencing Is Now Utilized to Identify Genetic Abnormalities and Develop Gene
Therapy. https://doi.org/10.31219/0sf.io/em7xp.

166. Moataz Dowaidar. Nucleic Acid Designs, Artificial Intelligence for Screening Nanomaterials, and Enhanced
Characterization Methods Are Needed to Make Nanomedicine More Successful. https://doi.org/10.31219/0sf.i0/2w5aq.

167. Moataz Dowaidar. Potential Strategies for Cancer Gene Therapy. https://doi.org/10.31219/0sf.i0/atcqz.

168. Moataz Dowaidar. Quantitative Groups Will Be Critical to the Success of Future Gene Therapy Programs.
https://doi.org/10.31219/0sf.io/v97ht.

169. Moataz Dowaidar. The Treatment of Major Human Illnesses with Recombinant Adeno-Associated Virus (rAAV) Has
Shown Tremendous Promises. https://doi.org/10.31219/0sf.io/uwade.

170. Moataz Dowaidar. Carbon Nanotubes Have Enormous Potential in Gene Therapy. https://doi.org/10.31219/0sf.i0/9bcxk.

171. Moataz Dowaidar. Charge-Alteration-Based Approaches Can Address the Evolving Needs of Nucleic Acid-Based Gene
Therapy, Charge Reversal Techniques Are Also Promising. https://doi.org/10.31219/0sf.io/zwq5Sh.

172. Moataz Dowaidar. Chromosome X, the Most Explored Genome-Editing Chromosome, Presents Possibilities for
Hemophilia A Treatments. https://doi.org/10.31219/0sf.i0/6vsdz.

173. Moataz Dowaidar. Clinical Investigations Show That siRNA May Be Used to Treat a Variety of Disorders, Including
Cancer. https://doi.org/10.31219/0sf.i0/fcsgq.

174. Moataz Dowaidar. Cyclodextrins as Potential Gene Therapy Vectors. https://doi.org/10.31219/osf.io/zhtsc.

175. Moataz Dowaidar. Development of Specialized Carriers Capable of Delivering Effective RNAi and siRNA Gene
Therapy. https://doi.org/10.31219/0sf.io/3ykwm.

176. Moataz Dowaidar. Gene Therapy Can Target Mutations such as BRAF, Which Have Been Shown to Make Tumors
More Susceptible to Autophagy Suppression. https://doi.org/10.31219/osf.i0/3gwra.

177. Moataz Dowaidar. Gene Therapy Vectors Should Enable CRISPR Systems to Accumulate at Disease Sites and
Successfully Penetrate Nuclei. https://doi.org/10.31219/0sf.io/xzmnc.

178. Moataz Dowaidar. Nanoformulations Can Be Utilized to Deliver Effective siRNA to Tumor Cells to Decrease Gene
Expression. https://doi.org/10.31219/0sf.i0/zvuke.
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179. Moataz Dowaidar. Neuronal Ceroid Lipofuscinosis Therapeutics. https://doi.org/10.31219/0sf.i0/75vep.

180. Moataz Dowaidar. Nonviral Gene Delivery Vectors for Transfection of the CAR Gene for CAR-T Cell Therapy.
https://doi.org/10.31219/0sf.io/ckxh5.

181. Moataz Dowaidar. Potential HIV Gene Therapy Strategies. https://doi.org/10.31219/0sf.io/eShm2.

182. Moataz Dowaidar. Research on Cell Sources for Brain Cell Replacement Methods Has Gained Major Importance. Cell
and Gene Therapy Are Potentially Intriguing New  Domains of Regenerative  Medicine.
https://doi.org/10.31219/0sf.i0/g835b.

183. Moataz Dowaidar. RNAi-Based Gene Therapy Provides a Wide Variety of Applications. Safe, Biodegradable Nano
Delivery Vectors Are Still Needed. https://doi.org/10.31219/0sf.i0/s2zhn.

184. Moataz Dowaidar. Strategies for Treating Multiple Sclerosis with Gene Therapy. https://doi.org/10.31219/0sf.i0/sycn6.

185. Moataz Dowaidar. The Combination of Unique Biomolecules and Nanoparticles Has Shown Successful Gene Therapy
Treatment Approaches for Non-Small Cell Lung Cancer Treatment. https://doi.org/10.31219/0sf.io/yeq5z.

186. Moataz Dowaidar. Understanding Why the Same Gene Delivery Vector Behaves Differently in Different Cell Types Is
Essential for Developing More Adaptable Transfection Systems. https://doi.org/10.31219/0st.io/6q8af.

187. Moataz Dowaidar. AAV9 Is Considered the Most Efficient AAV Serotype Targeting Blood-Brain Barriers. To Enhance
Effective Gene Therapy for CNS Illnesses, Testing Novel Vectors with More Efficient Crossing Capabilities Is Vital.
https://doi.org/10.31219/0sf.10/7bf5s.

188. Moataz Dowaidar. Artificial miRNAs Are Potential Gene Therapy Tools, Especially for Incurable Monogenic Disorders.
https://doi.org/10.31219/0sf.i0/d5Srnm.

189. Moataz Dowaidar. Breakthroughs in mRNA Modification and Nanoparticle-Based Delivery Vehicles Facilitate Gene
Therapy Strategies. https://doi.org/10.31219/0sf.io/ky7dt.

190. Moataz Dowaidar. CRISPR/Cas9-Mediated Genome Editing Has Demonstrated Significant Promise for Genetic
Correction in Autologous Hematopoietic Stem/progenitor Cells (HSPCs) and Induced Pluripotent Stem Cells (iPSCs).
https://doi.org/10.31219/0sf.i0/xk54r.

191. Moataz Dowaidar. Gene Therapy Vectors for Targeting the Heart. https://doi.org/10.31219/0sf.i0/gcbhf.

192. Moataz Dowaidar. Liposomes Can Minimize Cardiotoxicity, Address Drug Resistance, and Improve Overall Drug
Release Profiles in Breast Cancer. https://doi.org/10.31219/0sf.i0/tn56d.

193. Moataz ~ Dowaidar.  Liposomes  with ~ Cerasome-Forming  Lipids as  Gene  Therapy  Vectors.
https://doi.org/10.31219/0sf.i0/zjn6v.

194. Moataz Dowaidar. Nanomaterials Combine Multiple Therapeutic Approaches for Cancer Cell Multidrug Resistance,
Ferroptotic Cell Death Is Promising in Various Cancers. https://doi.org/10.31219/0st.io/7bg9t.

195. Moataz Dowaidar. Nanomedicines for Enhanced Permeability and Retention (EPR)-Stratified Patients Have the
Potential to Improve Treatment Outcomes. https://doi.org/10.31219/osf.io/xrcb2.

196. Moataz Dowaidar. RNA-Based Gene Therapy for Manipulating the Neuroinflammatory Cascade Closely Linked to
Neurodegeneration Can Help Reduce Disease Development. https://doi.org/10.31219/o0sf.io/2hswv.

197. Moataz Dowaidar. Targeted Chemical Nucleases Have a Wide Range of Untapped Applications in Biological Fields,
Including Gene Therapy. https://doi.org/10.31219/0sf.i0/6bexs.

198. Moataz Dowaidar. Bacterial Nanoparticles Can Deliver Proteins, Medications, Enzymes, and Genes to Diagnose and
Cure Numerous Illnesses. https://doi.org/10.31219/0sf.io/7gyna.

199. Moataz Dowaidar. Exosomal miRNA Diagnostic and Gene Therapy Tools. https://doi.org/10.31219/0sf.io/aknrc.

200. Moataz Dowaidar. Gene Modification Research Has Potential, from Diagnostic to Therapeutic Levels. The Most
Promising Metabolic Pathways Include the TGF-1 Signaling System, Inflammation and Protein Transport.
https://doi.org/10.31219/0sf.i0/5ert4.

201. Moataz Dowaidar. Gene Therapy Using MnO2 Nanoparticles. https://doi.org/10.31219/osf.io/xmwjs.

202. Moataz Dowaidar. Gene-Regulatory Elements May Change the Amount, Timing, or Location of Gene Expression, Cis-
Regulation Therapy Platforms Might Become a Gene Therapy to Treat Many Genetic Diseases.
https://doi.org/10.31219/0sf.io/xc5a2.

203. Moataz Dowaidar. Hemophilia Therapeutics. https://doi.org/10.31219/0sf.io/gu74x.

204. Moataz Dowaidar. Mesenchymal Stem Cells Strategies in Cancer Immunotherapy.
https://doi.org/10.31219/0sf.io/dkvow.

205. Moataz Dowaidar. Nanomaterials Can Inhibit Planktonic and Biofilm Bacteria and Can Be Used as Topical Therapy for
Mouth and Wound-Related Infections. https://doi.org/10.31219/0sf.io/aqd2e.

206. Moataz Dowaidar. New Technologies to Improve CAR T Cell Generation and Biomanufacturing Will Lead to Safer,
More Therapeutically Effective Cells. https://doi.org/10.31219/0sf.io/un8gp.

207. Moataz Dowaidar. Ocular Gene Therapy Strategies. https://doi.org/10.31219/0sf.io/7en3k.

208. Moataz Dowaidar. Peripheral Nerve Injury Therapeutics, Including Electrical Stimulation, Stem Cell Treatments, and
Synthetic Neural Scaffolds, Have Shown Promising Preclinical and Even Clinical Results with Potential Regenerative
Treatment. https://doi.org/10.31219/0sf.io/m8cs9.
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209. Moataz Dowaidar. Photothermal and Photodynamic Photoactivation of Nanomaterials-Based Prodrugs Are Two Key
Methods for NIR Light-Mediated Photoactivation. https://doi.org/10.31219/0sf.i0/2bh3r.

210. Moataz Dowaidar. Quantum Dots Have the Potential to Be Used in Gene Therapy. https://doi.org/10.31219/0sf.io/bdeg6.

211. Moataz Dowaidar. Sickle Cell Disease Has Emerged as a Public Health Concern. Some Drugs May Conflict with
Curative Therapies, yet They May Be Useful as a Bridge to HSCT and Gene Therapy.
https://doi.org/10.31219/0sf.i0/6kufh.

212. Moataz Dowaidar. Stimulator of Interferon Genes (STING)-Activating Nanoparticles Can Be Employed as a Tool for
Controlled Immune Activation. https://doi.org/10.31219/0sf.io/2¢ez7a.

213. Moataz Dowaidar. CRISPR/Cas9 Has Introduced New Gene Therapy Possibilities for Muscular Dystrophies.
https://doi.org/10.31219/0sf.io/ug8v4.

214. Moataz Dowaidar. Degradable Branched Polycationic Systems Are Promising Gene Therapy Vectors.
https://doi.org/10.31219/osf.io/utypf.

215. Moataz Dowaidar. Developing Nanotechnology Platforms for Peptide-Based Combinatory Cancer Gene Therapy Will
Likely Have a Significant Influence on the Development of Personalized Cancer Medicines.
https://doi.org/10.31219/0sf.i0/zbrkj.

216. Moataz Dowaidar. Exosomes May Prevent Cardiac Attacks, Heart Failure, and Cardiomyopathy.
https://doi.org/10.31219/0sf.io/agm3k.

217. Moataz Dowaidar. 2021gr. Exosomes Potential Therapeutics. https://doi.org/10.31219/0sf.io/mhwt3.

218. Moataz Dowaidar. Gene Therapy Using miRNA Treatment Suppresses the Expression of Bone-Forming Defective
Genes and Raises the Expression of Genes That Become Dormant during Bone Building.
https://doi.org/10.31219/0sf.i0/tcka3.

219. Moataz Dowaidar. Genome-Editing Is Promising for Producing Therapeutically Relevant Animal Models for Possible
Therapies for Rare Human Diseases. https://doi.org/10.31219/osf.io/dehr9.

220. Moataz Dowaidar. Human Corneal Endothelial Cells Grafts to Replace Cadaveric Donor Corneas.
https://doi.org/10.31219/0sf.i0/p9x7e.

221. Moataz Dowaidar. Hybrid Nanotechnology and Peptide Nucleic Acid Could Improve the Effectiveness of Gene Therapy
by Increasing Its Cell Permeability. https://doi.org/10.31219/0sf.io/d8wzt.

222. Moataz Dowaidar. In Prenatal Stem Cell Transplantation and in Utero Gene Therapy, a Wide Spectrum of Genetic
Diseases Can Be Diagnosed and Treated before Birth. https://doi.org/10.31219/0sf.i0/sa3vz.

223. Moataz Dowaidar. Magnetic Iron Oxide Nanoparticles Have Potential on Gene Therapy Effectiveness and
Biocompatibility. https://doi.org/10.31219/0sf.i0/3hm4.

224. Moataz Dowaidar. Neurotrophin Gene Therapy May Be Able to Treat Individuals with Noise-Induced Hearing Loss or
Neural Presbyacusis. https://doi.org/10.31219/0sf.i0/spkxh.

225. Moataz Dowaidar. Plant Viral Nanoparticles Can Be Used in Biological Systems for Loading and Transporting Cargo.
https://doi.org/10.31219/0sf.i0/txdka.

226. Moataz Dowaidar. Polydopamine May Be Easily Functionalized with a Range of Nanomaterials for Synergistic Cancer
Therapy, in Addition to Its Exceptional Photothermal Effects. https://doi.org/10.31219/0sf.i0/cq942.

227. Moataz Dowaidar. Tumor-Targeted Drug Delivery Systems for Anticancer Therapies Can Selectively Provide an
Appropriate  Cytotoxic  Payload to  Cancer Cells, Reducing the Side Effects of Chemo.
https://doi.org/10.31219/0sf.i10/683nj.

228. Dowaidar, Moataz, Hani Nasser Abdelhamid, Mattias Hallbrink, Krista Freimann, Kaido Kurrikoff, Xiaodong Zou, and
Ulo Langel. 2017. Magnetic Nanoparticle Assisted Self-Assembly of Cell Penetrating Peptides-Oligonucleotides
Complexes for Gene Delivery. Scientific Reports 7 (1): 9159. https://doi.org/10.1038/s41598-017-09803-z.

229. Dowaidar, Moataz, Hani Nasser Abdelhamid, Mattias Hillbrink, Ulo Langel, and Xiaodong Zou. 2018. Supplemental
Material for Chitosan Enhances Gene Delivery of Oligonucleotide Complexes with Magnetic Nanoparticles—cell-
Penetrating Peptide. SAGE Journals. https://doi.org/10.25384/SAGE.7105436.V1.

230. Dowaidar, Moataz, Hani Nasser Abdelhamid, Mattias Hillbrink, Xiaodong Zou, and Ulo Langel. 2017. Graphene Oxide
Nanosheets in Complex with Cell Penetrating Peptides for Oligonucleotides Delivery General Subjects. Biochimica et
Biophysica Acta, General Subjects. https://pubag.nal.usda.gov/catalog/5734174.

231. Moataz Dowaidar. 2017. Graphene Oxide Nanosheets in Complex with Cell Penetrating Peptides for Oligonucleotides
Delivery. Biochimica et Biophysica Acta, General Subjects 1861 9): 2334-41.
https://doi.org/10.1016/j.bbagen.2017.07.002.

232. Dowaidar, Moataz, and Moataz Dowaidar. 2018. Chimeric Gene Delivery Vectors : Design, Synthesis, and Mechanisms
from Transcriptomics Analysis.

233. Moataz Dowaidar. Addiction Biology Research on miRNAs, and Their Role in the Pathophysiology of Addiction Is
Enabling Gene Therapy Opportunities. https://doi.org/10.31219/0sf.io/z5wyt.

234. Moataz Dowaidar. Aptamers Targeting Vascular Endothelial Growth Factor Molecular Regulation as Potential
Therapists. https://doi.org/10.31219/0sf.i0/a8qpr.
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235. Moataz Dowaidar. Arrhythmogenic Cardiomyopathy Is a Set of Hereditary Cardiac Muscle Disorders Where Various
Etiologies Converge. Most ACM Patients Do Not Have a Genetic Diagnosis. https://doi.org/10.31219/osf.io/pztv3.

236. Moataz Dowaidar. Autophagy, Immunological Response, and Inflammation All Rely on the TRIM Family Proteins.
TRIM-Based Therapeutics for Inflammatory Illnesses Including Diabetes and Diabetic Comorbidities Are Promising.
https://doi.org/10.31219/0sf.io/y4gbe.

237. Moataz Dowaidar. Biogenic Particles Can Be Multiantigenic, Immunostimulative and Activate Innate Immunity While
Suppressing Tumor Development. https://doi.org/10.31219/0sf.i0o/q2kby.

238. Moataz Dowaidar. Biological Medications for Interventional Pain Have a Lot of Clinical Data behind Them. It Is Fair
to Assume They Will Replace Steroid-Based Interventional Techniques, Providing Patients with Longer Relief.
https://doi.org/10.31219/0sf.io/4y5fm.

239. Moataz Dowaidar. Carbon Nanofibers Assist in the Manufacture of Prosthetic Joints, Promote Tissue, Organ, Nerve
Regeneration and Development, and Improve Anticancer Therapy Impact and Chemosensitization for a Range of Tumor
Types. https://doi.org/10.31219/0sf.i0/z3ucn.

240. Moataz Dowaidar. Emerging Therapy Options May Help Patients with RAG Deficiency, Especially Those with Severe
Immune Dysregulation. https://doi.org/10.31219/0sf.io/v5tjg.

241. Moataz Dowaidar. Exosomes as Promising Gene Therapy Tools Still Need to Be Researched and Manufactured More
Efficiently. https://doi.org/10.31219/0sf.io/nw4z7.

242. Moataz Dowaidar. Focus on Exosomes Could Help Make the Use of Circulating miRNA as Biomarkers More Practical.
A Detailed Understanding of miRNA Behavior Should Be a Subject of Gene Therapy.
https://doi.org/10.31219/0sf.i0/uan6x.

243. Moataz Dowaidar. Gene-Free Viral-like Particles (VLPs) Offer a Safer Alternative to Inactivating or Weakening Viral
Strains for Traditional Vaccines. VLP-Based Vaccinations without Adjuvants Have Been Found to Promote Humoral
and Cellular Immunity. https://doi.org/10.31219/0sf.io/9dvut.

244. Moataz Dowaidar. Given the Importance of mTOR Signaling in a Number of Illnesses, It Looks Suitable to Use miR 99
Family Members as a Therapeutic Intervention to Deal with These Illnesses by Using Gene Therapy Tools.
https://doi.org/10.31219/0sf.i0/8cwgh.

245. Moataz Dowaidar. HMGB1 Has Sparked a Lot of Attention as a Model DAMP Molecule Involved in Inflammation,
Inflammatory Diseases, and Cancer. https://doi.org/10.31219/0sf.i0/5qx36.

246. Moataz Dowaidar. Nucleic Acid Nanocarriers Can Be Programmable, Spatially Adjustable and Biocompatible,
Minimizing Systemic Toxicity and Improving Pharmacodynamics. https://doi.org/10.31219/0sf.io/wr237.

247. Moataz Dowaidar. Osteoporosis Is a Prominent Source of Morbidity and Mortality in the Elderly, Particularly in
Postmenopausal Women. Long Noncoding RNAs (IncRNAs) Have Been Found to Be Important Regulators and Possible
Gene Therapy Targets. https://doi.org/10.31219/o0sf.io/ghfpt.

248. Moataz Dowaidar. Polycomb Genes Role in Cancer Pathophysiology Is Offering Targets for Therapeutics Including
Gene Therapy. https://doi.org/10.31219/0sf.io/stvej.

249. Moataz Dowaidar. RNA Sequencing and Microarray Analysis Are Helpful Techniques to Detect Obesity-Related
IncRNAs. LncRNA Can Alter Cholesterol Metabolism and Can Be a Target for Gene Therapy.
https://doi.org/10.31219/0sf.i0/3fbow.

250. Moataz Dowaidar. Sepsis-Associated Acute Kidney Damage Is a Disease That Affects the Patient’s Quality of Life. It
Should Be a Target for Gene Therapy. https://doi.org/10.31219/0sf.i0/49k7q.

251. Moataz Dowaidar. The Gene Expression Profiling Gives an in-Depth Insight of Breast Cancer Heterogeneity, Better
than a Single Protein or Gene Expression. It Is Time to Include It in the Daily Routine.
https://doi.org/10.31219/0sf.io/xhyd7.

252. Moataz Dowaidar. The Nanomedicine System Has Successfully Inhibited Tumor Neovascularization Using Gene
Silencing, Chemotherapy, Photothermal Therapy, and Other Therapies. https://doi.org/10.31219/0sf.io/rk2bf.
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