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1. Introduction

The pharmaceutical industry continuously seeks innovative approaches to accelerate drug discovery, improve therapeutic
efficacy, and address unmet medical needs. Conventional drug development relies heavily on phenotypic screening, protein-
targeted small molecules, and biologics derived from traditional genetic engineering !'. However, these approaches often
encounter limitations in target validation, off-target effects, and inability to address genetic diseases at their molecular origin [,
The emergence of genome editing technologies, particularly CRISPR-Cas systems, has introduced a paradigm shift in
pharmaceutical research and development 3],

CRISPR technology, adapted from bacterial adaptive immunity mechanisms, enables precise, programmable modifications to
genomic DNA, RNA, and epigenetic marks . Unlike earlier genome editing tools such as zinc finger nucleases and
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transcription activator-like effector nucleases, CRISPR
systems offer superior simplicity, scalability, and cost-
effectiveness [°]. These attributes have facilitated widespread
adoption across pharmaceutical applications, from basic
target discovery to clinical therapeutics 1,

The integration of CRISPR into drug development addresses
multiple bottlenecks. In early-stage discovery, CRISPR-
based functional genomics platforms enable systematic
identification and validation of therapeutic targets through
loss-of-function and gain-of-function studies [). Disease
modeling applications provide physiologically relevant
systems for drug screening and mechanism elucidation ®,
Most notably, CRISPR has transitioned from a research tool
to a therapeutic modality itself, with gene editing medicines
advancing through clinical trials for conditions ranging from
sickle cell disease to cancer 1),

This review comprehensively examines pharmaceutical
applications of CRISPR technology, emphasizing drug
development contexts. We analyze CRISPR platforms
relevant to pharmaceutical sciences, their utility in target
identification and validation, therapeutic design strategies,
delivery systems enabling clinical translation, current clinical
applications, and future directions. The scope deliberately
focuses on drug development applications, excluding
agricultural or purely basic research contexts unless directly
informative to pharmaceutical innovation.

2. Overview of CRISPR Technology in Pharmaceutical
Sciences

2.1. CRISPR-Cas Systems Relevant to Drug Development
CRISPR-Cas systems are classified into two major classes
and six types based on effector protein composition and
mechanism "%, For pharmaceutical applications, Class 2
systems employing single effector proteins predominate due
to their simplicity and ease of delivery. CRISPR-Cas9 from
Streptococcus pyogenes represents the most extensively
characterized platform, utilizing guide RNA to direct Cas9
endonuclease to complementary DNA sequences, inducing
double-strand breaks that trigger cellular repair mechanisms
[l Non-homologous end joining typically generates
insertions or deletions, disrupting gene function, while
homology-directed repair enables precise sequence insertions
when donor templates are provided [',

Beyond Cas9, alternative CRISPR systems offer distinct
advantages for pharmaceutical applications. Cas12a exhibits
different protospacer adjacent motif requirements and
generates staggered cuts, facilitating certain gene insertion
strategies ['3). Cas13 systems target RNA rather than DNA,
enabling reversible transcriptional modulation without
permanent genome alterations, particularly valuable for
druggable target validation ['*. Engineered variants including
high-fidelity Cas9, enhanced specificity Cas9, and base
editors that enable single nucleotide changes without double-
strand breaks expand the therapeutic toolkit [,

2.2. Genome Editing Versus Gene Regulation Platforms
Pharmaceutical applications employ CRISPR for both
permanent genome editing and reversible gene regulation.
Nuclease-active CRISPR systems permanently modify DNA
sequences, suitable for correcting pathogenic mutations or
disrupting disease-causing genes 6], This approach proves
ideal for monogenic disorders where definitive genetic
correction provides curative therapy ['7],
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Conversely, CRISPR interference (CRISPRi) and CRISPR
activation (CRISPRa) utilize catalytically inactive Cas
proteins fused to transcriptional repressors or activators,
respectively 18], These platforms modulate gene expression
without altering DNA sequences, enabling reversible target
validation, dose-response studies, and investigation of genes
where complete knockout proves lethal [ For
pharmaceutical screening, CRISPRi/a platforms facilitate
systematic interrogation of gene function across disease-
relevant pathways 2%,

2.3. Advantages of CRISPR Over Traditional Genetic
Tools

CRISPR systems confer multiple advantages over earlier
genome editing and genetic manipulation technologies in
pharmaceutical contexts. Compared to RNA interference,
CRISPR achieves more complete and sustained target
suppression without off-target effects from microRNA-like
activity [ Relative to zinc finger nucleases and
transcription activator-like effector nucleases, CRISPR
requires simpler design (guide RNA versus protein
engineering), enables multiplexed targeting, and
demonstrates superior efficiency in most cell types %,

The pharmaceutical industry particularly values CRISPR's
scalability for high-throughput applications. Pooled sgRNA
libraries targeting entire genomes enable systematic
functional genomics screens in disease-relevant models 23],
The technology's modularity facilitates rapid iteration in
target validation and therapeutic design. Furthermore,
CRISPR's relatively small genetic payload compared to
earlier technologies improves deliverability through viral and
non-viral vectors 24,

3. CRISPR in Drug Target Identification and Validation
3.1. Functional Genomics and Loss-of-Function
Screening

Target identification represents a critical bottleneck in
pharmaceutical development, with many initially promising
targets failing during clinical evaluation due to inadequate
validation [, CRISPR-based functional genomics addresses
this challenge through systematic loss-of-function screening.
Genome-scale CRISPR knockout libraries containing guide
RNAs targeting every gene enable unbiased identification of
genes essential for disease phenotypes or drug response 261,
In oncology drug discovery, CRISPR screens have identified
novel vulnerabilities in cancer cells, revealing synthetic lethal
interactions and drug resistance mechanisms ?71. Screening
cancer cell lines under drug treatment conditions identifies
genes whose loss confers resistance or sensitization,
informing combination therapy strategies and patient
stratification approaches 81, Similarly, CRISPR screens in
infectious disease models reveal host factors required for
pathogen entry, replication, or immune evasion, exposing
potential therapeutic targets [°],

3.2. CRISPR-Based Disease Modeling

Accurate disease models prove essential for drug discovery,
yet traditional cell lines and animal models often fail to
recapitulate human disease complexity B%. CRISPR enables
generation of isogenic cell lines and animal models harboring
disease-associated mutations, providing physiologically
relevant platforms for target validation and drug screening
(311, Patient-derived induced pluripotent stem cells edited via
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CRISPR to introduce or correct disease mutations facilitate
investigation of genetic contributions versus patient-specific
genetic backgrounds 2],

Organoid systems combined with CRISPR technology enable
sophisticated disease modeling in three-dimensional contexts
that better approximate human tissue architecture and
function B3], CRISPR-edited organoids have been employed
to model cancer initiation, progression, and drug response,
identifying targets validated in patient-relevant cellular
contexts ¥, Such models bridge the translational gap
between conventional cell culture and animal studies.

3.3. Identification of Novel Therapeutic Targets

CRISPR facilitates discovery of non-obvious therapeutic
targets through systematic genetic perturbation studies.
Genome-wide screens identify genes whose modulation
produces desired phenotypic outcomes, such as reduced
disease marker expression or restored normal cell function
1331, In neurodegenerative disease research, CRISPR screens
have revealed genetic modifiers of protein aggregation and
neuronal survival, suggesting novel intervention points 3¢,
Beyond identifying individual targets, CRISPR screens
elucidate biological pathways and genetic interactions,
revealing potential combination therapy targets and
biomarkers predictive of drug response 7). Network-level
understanding derived from systematic CRISPR perturbation
studies informs selection of targets most likely to yield
effective and tolerable therapeutics [*%.

3.4. High-Throughput CRISPR Screening Platforms

The pharmaceutical industry has developed sophisticated
platforms integrating CRISPR technology with automated
screening infrastructure. Arrayed CRISPR libraries, where
individual guide RNAs are introduced into separate cell
populations, enable detailed phenotypic characterization and
time-course studies [**). Pooled screening approaches,
utilizing next-generation sequencing to quantify guide RNA
representation, provide higher throughput at lower cost but
with reduced phenotypic resolution 01,

Advanced screening modalities combine CRISPR
perturbation with single-cell sequencing, simultaneously
capturing transcriptome-wide responses to  genetic
perturbations ™. Such approaches reveal heterogeneous
responses within cell populations and identify biomarkers
associated with particular genetic perturbations, informing
patient stratification strategies for targeted therapeutics [,

4. CRISPR-Based Therapeutic Development

4.1. Ex Vivo and In vivo CRISPR Therapeutics
CRISPR-based  therapeutics are  categorized by
administration approach. Ex vivo strategies extract patient
cells, perform CRISPR editing in culture, and reintroduce
modified cells 31, This approach, exemplified by CAR-T cell
therapies enhanced through CRISPR-mediated gene
disruption, offers advantages including extensive
characterization before administration and reduced concerns
regarding in vivo delivery toxicity . However, ex vivo
approaches are limited to accessible cell types and require
sophisticated manufacturing infrastructure (4%,

In vivo CRISPR therapeutics involve direct administration of
editing components to patients, enabling treatment of non-
transplantable tissues including solid organs and the central
nervous system [ Successful in vivo editing requires
efficient delivery systems that protect CRISPR components
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from degradation, target specific tissues, and facilitate
cellular uptake and nuclear localization (7). Adeno-associated
virus vectors have enabled in vivo editing in liver, muscle,
and retinal tissues in preclinical and early clinical studies (4?1,

4.2. Gene Correction and Gene Knockout Strategies
CRISPR therapeutics employ two primary genetic strategies.
Gene correction aims to restore normal sequence in cells
harboring  pathogenic mutations, typically utilizing
homology-directed repair or base editing to convert disease-
causing variants to wild-type sequence . This approach
offers potential curative treatment for monogenic disorders
including sickle cell disease, beta-thalassemia, and certain
inherited metabolic conditions Y. Clinical trials have
demonstrated successful gene correction in hematopoietic
stem cells, with edited cells maintaining function after
engraftment 1,

Gene knockout strategies disrupt pathogenic genes or
enhance therapeutic outcomes through targeted gene
inactivation . Disruption of CCR5 in T cells confers
resistance to HIV infection, while knockout of PCSK9 in
hepatocytes reduces circulating cholesterol levels 3. In
oncology, CRISPR knockout of immune checkpoint genes in
CAR-T cells enhances anti-tumor efficacy 4. Knockout
approaches prove technically simpler than gene correction, as
they rely on error-prone repair mechanisms rather than
precise homology-directed repair [°%],

4.3. CRISPR-Enabled Biologics and Cell Therapies
CRISPR technology has transformed development of cell-
based therapeutics. Engineered T cells incorporating multiple
CRISPR-mediated modifications demonstrate enhanced
persistence, tumor recognition, and resistance to
immunosuppressive tumor microenvironments 361, Multiplex
editing enables simultaneous introduction of therapeutic
transgenes, disruption of inhibitory receptors, and
elimination of human leukocyte antigen to generate universal
donor cells 71,

Beyond T cells, CRISPR facilitates engineering of other cell
types for therapeutic applications. Edited hematopoietic stem
cells provide durable treatment for inherited blood disorders
8] CRISPR-modified induced pluripotent stem cells
differentiated into relevant lineages offer potential treatments
for degenerative conditions 1. The technology's precision
enables creation of off-the-shelf cellular products with
defined genetic characteristics.

4.4. Role in Rare and Genetic Diseases

Rare genetic diseases, often caused by single-gene mutations,
represent ideal targets for CRISPR therapeutics. The
technology offers potential cures for conditions lacking
effective treatments. Clinical development has focused
initially on disorders affecting accessible cell types or tissues
amenable to available delivery systems. Inherited retinal
dystrophies have proven particularly attractive due to the
eye's immune-privileged status and accessibility for local
administration.

CRISPR therapeutics for genetic diseases face unique
regulatory and commercial considerations. Small patient
populations necessitate efficient clinical trial designs and
often qualify for expedited regulatory pathways. However,
limited markets require innovative funding models and
pricing strategies to ensure development viability while
maintaining patient access.
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5. Delivery Strategies for CRISPR Therapeutics

5.1. Viral Vectors in Pharmaceutical Applications

Viral vectors, particularly adeno-associated viruses,
represent the most clinically advanced CRISPR delivery
platform. AAV vectors demonstrate low immunogenicity,
broad tissue tropism, and established manufacturing
processes from prior gene therapy development [©71,
Engineered AAV capsids enable selective targeting of liver,
muscle, central nervous system, and other tissues. For
CRISPR applications, AAV vectors typically deliver Cas9
and guide RNA on separate vectors or use smaller orthogonal
Cas proteins to fit within AAV packaging constraints.
Lentiviral vectors provide larger packaging capacity and
integrate into host genomes, enabling stable Cas9 expression
for ex vivo cell engineering applications. However,
integration raises insertional mutagenesis concerns, limiting
in vivo applications. Adenoviral and herpes simplex virus
vectors offer episomal expression and large payloads but
trigger stronger immune responses, restricting repeated
administration.

5.2. Non-Viral Delivery Systems

Non-viral delivery systems offer advantages including
reduced immunogenicity, easier manufacturing, and larger
cargo capacity. Lipid nanoparticles, similar to those enabling
mRNA vaccine success, efficiently deliver CRISPR
ribonucleoprotein complexes or mRNA encoding Cas
proteins. LNP formulations protect nucleic acids from
degradation, facilitate cellular uptake through endocytosis,
and enable endosomal escape. Clinical trials have
demonstrated successful in vivo editing following LNP-
mediated delivery to hepatocytes.

Polymer-based  carriers including  polyethylenimine,
poly(lactic-co-glycolic acid), and chitosan offer tunable
properties for controlled release and targeted delivery. These
systems can be functionalized with targeting ligands to
enhance specificity. Gold nanoparticles provide alternative
platforms with low toxicity and surface modification
capabilities.

5.3. Nanotechnology-Based CRISPR Delivery Platforms
Advanced nanotechnology approaches address delivery
challenges through rational design of multifunctional
carriers.  Core-shell —nanoparticles protect CRISPR
components within hydrophobic cores while presenting
targeting moieties on surfaces. Stimuli-responsive
nanocarriers release payloads in response to pH, redox
potential, or other microenvironmental cues, enhancing
specificity and reducing off-target exposure.

Hybrid delivery systems combine viral and non-viral
components, leveraging advantages of each approach. Virus-
like particles incorporating lipid components achieve viral-
like efficiency with reduced immunogenicity. Cell-
penetrating peptides conjugated to nanoparticles enhance
cellular uptake and nuclear localization.

5.4. Targeted and Controlled Gene Editing Approaches
Spatial and temporal control over CRISPR activity enhances
safety and efficacy. Tissue-specific promoters restrict Cas9
expression to desired cell types. Inducible systems enable
activation of editing only upon administration of small-
molecule triggers. Self-inactivating CRISPR systems
undergo programmed self-disruption after initial editing,
limiting exposure duration.
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Controlled delivery schedules and dosing strategies influence
editing outcomes. Split-intein Cas9 systems require co-
delivery of two inactive fragments that reconstitute active
enzyme only in target cells, enhancing specificity. Light- and
ultrasound-triggered release from specialized carriers
provides external spatiotemporal control.

6. Clinical Applications and Translational Progress

6.1. Oncology Drug Development

Cancer represents a major focus for CRISPR therapeutic
development, with applications spanning direct tumor editing
and ex vivo engineered cell therapies. CRISPR-edited CAR-
T cells with disrupted immune checkpoint genes demonstrate
enhanced anti-tumor activity in clinical trials. Allogeneic T
cells edited to remove T cell receptor and HLA genes avoid
graft-versus-host disease while providing off-the-shelf
cellular immunotherapy.

Direct in vivo editing approaches target oncogenic drivers or
tumor suppressor pathways. Preclinical studies have
demonstrated tumor regression following CRISPR-mediated
disruption of oncogenes or restoration of tumor suppressor
function. However, efficient delivery to solid tumors remains
challenging, limiting clinical translation of direct editing
approaches.

6.2. Infectious Diseases

CRISPR therapeutics for infectious diseases target both
pathogens and host factors supporting infection. For HIV, ex
vivo editing of CCRS5 in patient T cells confers resistance to
viral entry. Direct antiviral strategies employ CRISPR-Cas13
systems to cleave viral RNA genomes. However, viral
genetic diversity and rapid evolution pose challenges for
sequence-specific approaches.

Chronic viral infections including hepatitis B present
attractive targets, as CRISPR can disrupt integrated or
episomal viral DNA that remains refractory to conventional
antivirals. Targeting conserved viral sequences or essential
host factors reduces escape mutation concerns. Combination
approaches integrating CRISPR with conventional antivirals
show promise in preclinical models.

6.3. Metabolic and Inherited Disorders

CRISPR therapeutics have achieved notable success in
inherited metabolic and hematological disorders. Clinical
trials for sickle cell disease and beta-thalassemia utilizing ex
vivo editing of hematopoietic stem cells to induce fetal
hemoglobin expression have demonstrated remarkable
efficacy, with most patients achieving transfusion
independence. These successes have established proof-of-
concept for CRISPR therapeutics in genetic diseases.

In vivo editing approaches target liver-based metabolic
disorders. CRISPR-mediated disruption of PCSK9 reduces
LDL cholesterol in preclinical studies, with early clinical data
showing sustained lipid reduction following single
administration. Transthyretin amyloidosis, caused by hepatic
production of misfolded protein, represents another target for
liver-directed in vivo editing.

6.4. Current Clinical Trials and Pipeline Candidates

Multiple CRISPR therapeutics have entered clinical
evaluation, with early results demonstrating feasibility,
safety, and preliminary efficacy signals. Ex vivo approaches
dominate current clinical pipelines due to more
straightforward regulatory pathways and established
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manufacturing processes. However, in vivo editing
candidates are advancing, particularly for conditions
affecting liver and eye tissues accessible with current
delivery technologies.

Clinical trial design for CRISPR therapeutics faces unique
challenges including appropriate control groups, long-term
follow-up requirements to assess durability and late
toxicities, and biomarker development for editing efficiency
and clinical response. Adaptive trial designs incorporating
interim analyses inform dose optimization and patient
selection.

7. Challenges, Safety, and Regulatory Considerations
Off-target editing represents a primary safety concern, as
unintended genomic modifications may disrupt tumor
suppressor genes, activate oncogenes, or cause other
deleterious effects. High-fidelity Cas variants, truncated
guide RNAs, and improved bioinformatic prediction
algorithms reduce but do not eliminate off-target activity.
Comprehensive characterization using whole-genome
sequencing and unbiased detection methods provides critical
safety data.

Immunogenicity poses challenges for CRISPR therapeutics,
as pre-existing immunity to Cas proteins derived from human
pathobionts may trigger immune responses upon
administration. Immunosuppression protocols, selection of
Cas orthologs with lower seroprevalence, and protein
engineering to remove immunogenic epitopes address this
concern. For ex vivo approaches, transient Cas9 expression
as mRNA or ribonucleoprotein minimizes immunogenicity
risks.

Ethical considerations surrounding germline editing,
particularly following controversial experiments, have
prompted extensive debate and policy development. Current
regulatory frameworks in most jurisdictions prohibit
germline modifications for reproductive purposes while
permitting somatic cell editing for therapeutic applications.
Informed consent processes must adequately communicate
potential risks, benefits, and unknowns regarding long-term
outcomes.

Manufacturing and scalability challenges affect CRISPR
therapeutic development, particularly for autologous ex vivo
approaches requiring individualized production. Closed
automated manufacturing systems, improved cell culture and
editing protocols, and development of allogeneic off-the-
shelf products address scalability limitations. Analytical
methods for lot release testing require standardization to
ensure consistent product quality.

8. Future Perspectives in CRISPR-Driven Drug
Development

Next-generation CRISPR systems expand therapeutic
possibilities through enhanced precision, alternative editing
mechanisms, and novel functionalities. Prime editing enables
targeted insertions, deletions, and base conversions without
requiring double-strand breaks or donor templates,
potentially improving safety profiles. Epigenome editing
systems that modify DNA methylation or histone marks
without altering primary sequences offer reversible
therapeutic approaches.

Integration of artificial intelligence with CRISPR technology
accelerates target identification, guide RNA design
optimization, and prediction of editing outcomes. Machine
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learning algorithms trained on large CRISPR screening
datasets identify context-dependent rules governing editing
efficiency and specificity. Computational approaches also
facilitate rational design of novel Cas variants with desired
properties including altered PAM requirements, reduced size,
or enhanced specificity.

Personalized medicine paradigms increasingly incorporate
CRISPR technology, from patient-specific disease modeling
to individualized therapeutic development. Patient-derived
cells edited to correct disease-causing mutations provide
autologous cellular therapeutics tailored to individual genetic
contexts. Companion diagnostics identifying patients most
likely to benefit from CRISPR therapeutics based on genetic
and molecular profiles enhance clinical utility.

Commercial and clinical trends indicate sustained investment
in CRISPR therapeutics, with pharmaceutical companies
establishing internal capabilities and licensing academic
innovations. Business models are evolving to address rare
disease economics while ensuring broad patient access.
Collaborative frameworks bringing together academia,
industry, patient advocacy groups, and regulatory agencies
facilitate efficient translation of CRISPR innovations to
clinical practice.

9. Conclusion

CRISPR technology has fundamentally transformed
pharmaceutical drug development through applications
spanning target identification, validation, and direct
therapeutic intervention. The technology's precision,
versatility, and scalability address longstanding limitations in
conventional drug discovery approaches while enabling
entirely new therapeutic modalities. CRISPR-based
functional genomics platforms systematically identify and
validate targets with unprecedented efficiency, reducing late-
stage clinical failures attributable to inadequate target
validation. Disease modeling applications provide
physiologically relevant systems for mechanistic
investigation and drug screening.

As therapeutic agents, CRISPR systems offer potential
curative treatments for genetic diseases, enhanced cellular
immunotherapies, and novel approaches to cancer and
infectious diseases. Clinical successes in hemoglobinopathies
have validated the therapeutic potential while highlighting
remaining challenges in delivery, manufacturing, and long-
term safety assessment. Continued innovation in delivery
technologies, particularly nanotechnology-based approaches,
will expand the range of treatable conditions beyond
currently accessible tissues.

Future pharmaceutical applications will leverage next-
generation editing systems, integration with artificial
intelligence for rational design, and personalized medicine
paradigms. Regulatory frameworks are evolving to
accommodate CRISPR therapeutics while ensuring rigorous
safety and efficacy standards. As technical capabilities
advance and clinical experience accumulates, CRISPR
technology will increasingly define the landscape of
pharmaceutical ~ innovation, offering transformative
treatments for previously intractable diseases and
fundamentally reshaping drug development strategies. The
pharmaceutical significance of CRISPR extends beyond
individual applications to represent a platform technology
that will drive therapeutic innovation for decades to come.
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10. Figures
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Fig 1: Mechanism of CRISPR-Cas systems in pharmaceutical drug development

p

SCHEMATIC REPRESENTATION OF CRISPR-Cas9 MECHANISM AND PHARMACEUTICAL APPLICATIONS

CRISPR-Cas9 Mechanism (A, B, C)

Target identification Restored gene
(Functional genomics screening) function
IR
CLOICIOCT o f »
e YN @ "
o¢ functional
oL e protein
- 7 - —
_ , C
Bt " NHEJ (Non-homologous end joining) Disease modeling Disrupted
for Gene Knockout (Patient-derived cells) pathogenic genes
. v
I 1)'JII[IIII'.IIIIIIII =l - S5 |\ "
Insertions/deletions (indel — %
nsertions/deletions (indel) Gatient colls protein
HDR (Homology-directed i
ﬂﬁ"&‘;‘,’g‘&g‘r’,ﬁﬁmf"pa'” Therapeutic in_terver)gion Enhanced cellular
(Ex vivo or in vivo editing) T P"O?U?i )
= g ransplantation
, /
Cas9 induces \ donor template * 2 / # =
double-strand break (DSB) W ‘,\/ /\ — | 1‘/_',‘
B VAl =
Precise sequence insertion Y 4 ST STt
W ex vivolin vivo

Pharmaceutical Applications & Outcomes (D, E)
D E

transplar?ai)le cells

Fig 2: Delivery strategies for CRISPR-based therapeutics in clinical translation

(A) Ex vivo approach:

patient cells
harvested

%

reinfused

OVERVIEW OF VIRAL AND NON-VIRAL DELIVERY PLATFORMS FOR CRISPP THERUEATICS

(B) In vivo viral delivery

Adeno-assaciatet
virus (AAV) vectors

Systemal or local
administration

® ¢
oM
Capsid engineering
for tissue tropism

(3

© » Electenporation
(RNP complexs)
= 5
d1L 9
1 (C) Non-viral delivery
QC&
Characteization

| Polymer-based carriers

Lipid natappiles LNPS) /

Endosmal escape

(D) Nantechnologg platforms

Stimuli-responsive
nancarriers

: X3

Hybrid systems

Nuclear locaization

(E) Clinical considerations

4 0

+—h Dosing Bledsistritlfion
regimen WLS\‘

Delivery
route

50|Page


http://www.pharmainsightjournal.com/

_ International Journal of Pharma Insight Studies

www.PharmalnsightJournal.com

11. Tables
Table 1: CRISPR-Cas systems and their pharmaceutical applications
CRISPR System Target Mechanism Pharmaceutical Applications Key Advantages
Double-strand break; | Gene knockout; gene correction; | Well-characterized; efficient;
CRISPR-Cas9 DNA NHEJ or HDR target validation versatile
CRISPR-Cas12a DNA Staggered cut; NHEJ Gene disruption; multiplexing Different PAM; §1ngle-RNA
processing
CRISPR-Cas13 RNA RNA cleavage Reversible knockdown; antiviral |No permanent genome changes;
therapy RNA targeting
Base editors DNA Single nuclg otide Precise mutation correction No DSBs; high precision
conversion
Prime editors DNA . Targeted . Versatile editing without DSBs Exp a}nded editing scope;
insertions/deletions improved safety
CRISPRi/a DNA/chromatin Tran.scrlp tlc.)nal. Target validation; drug screening Reversible; tltrg t.a ble; minimal
repression/activation toxicity
Table 2: CRISPR-based drug discovery approaches
Approach Methodology Pharmaceutical Output Disease Areas Clinical Stage
Genome-wide Pooled sgRNA libraries; | Target identification; synthetic ) . ..
. . . . Oncology; rare diseases Preclinical
knockout screening phenotypic selection lethality
Disease modeling Patient 1PSC_s; isogenic cell | Drug screening plgtforms; target Genetic d1s_0rde¥s; Preclinical
lines validation neurodegenerative diseases
Resmtance.: mf?chamsm CRISPR screening under Combmatlop therapy strategies; Cancer: infectious discases | Preclinical/Clinical
clucidation drug pressure biomarkers
Organoid engineering CRISPR editing in 3D Patlent-rele.vant mgdels; Multiple disease areas Preclinical
cultures personalized testing
Single-cell Network-level understanding; . .
- . + - . . . ;
perturbation profiling CRISPR + scRNA-seq patient stratification Cancer; immunology Preclinical
Table 3: Delivery platforms for CRISPR therapeutics
Delivery . . Clinical NN
Platform Format Route Tissue Targeting Status Advantages Limitations
+ . 1 1M1 1 . 1 1 1 .
AAV vectors Cas9 gene Local/systemic Liver, mugcle, CNS, Chplcal Established s.afety, tissue Slze constra.m.ts,
sgRNA retina trials tropism immunogenicity
Lentiviral vectors Cas9 gene Ex vivo Hematopoietic cells, T Chplcal Stable expression; large Integration concerns
sgRNA cells trials cargo
Llpld. mRNA or RNP| Systemic Liver, spleen Ch?"cal Low immunogenicity; Limited tissue range
nanoparticles trials scalable
Polymer RNP or plasmid . | Functionalization- . Tunable properties; . .
nanoparticles DNA Local/systemic| dependent Preclinical targeting capacity Variable efficiency
Gold nanoparticles| RNP. Local Site-specific Preclinical Low toxicity; imaging Limited data
conjugation capacity
Electroporation | RNP or mRNA Ex vivo All cell types Ch?"cal High efﬁc1ency; transient Limited to ex vivo
trials expression
Table 4: Advantages, limitations, and challenges of CRISPR in drug development
Aspect Advantages Limitations Current Solutions/Future Directions
A Systematic loss-of-function; isogenic Context-dependent effects; Multiplexed screens; disease-relevant
Target validation . ) )
controls; high throughput compensatory mechanisms models; temporal control
Therapeutic Precise genomic targeting; Off-target editing; bystander |High-fidelity variants; improved algorithms;
specificity programmable effects comprehensive screening
. . Multiple vector platforms; advancing | Tissue-restricted delivery; size Engineered capsids; novel nanocarriers;
Delivery efficiency . . .
nanotechnology constraints targeting strategies
Immunogenicity Transient expresglon thlons; protein Pre-ex1st1ng immunity; repeat | Cas orthologs; immunosuppression; epitope
engineering dosing concerns removal
Manufac.t UME | Established GMP processes for vectors| Autologous complexity; cost Allogeneic approaches; automation; closed
scalability systems
Regulatory pathway Orphan drug 1nc§ntlves; adaptive Long-term §afety unknowns; Extended follqw-up; standardized assays;
designs germline concerns ethical frameworks
Clinical translation Proof—of—concept successes; robust |Limited disease scope; healthcare [Next-gen editing; expanded delivery; pricing
pipeline access

models
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