International Journal of Research in Medical and Clinical Science (IJRMCS)
ISSN: 2997-6189 | Volume 2, Issue 2, 2024 ]'ournals Era

www.journalserapublications.com

Research Article
Examining the Therapeutic Potential of CRISPR-Cas9 Gene
Editing in Spondyloarthritis: Efficacy of TNF

Inhibitor Adalimumab
Robert Chanthavongsa, MD?, Kelly Frasier, DO, MS?, Maryiam Hanoodi, MD3, Pratikshya Thapa, MBBS*,
Vivian Li, DO, MMS?, Julia Vinagolu-Baur, MS, MBAS, Kenlee Jonas, BS”
L2345Nuvance Health/Vassar Brothers Medical Center, Poughkeepsie, NY, USA.
SState University of New York, Upstate Medical University, Syracuse, NY, USA.
"University of Missouri-Columbia, School of Medicine, Columbia, MO.
a I

Abstract

Spondyloarthritis (SpA) encompasses a group of inflammatory rheumatic diseases characterized by axial and
peripheral joint involvement, enthesitis, and extra-articular manifestations. Despite advancements in understanding
the genetic and immunological underpinnings of SpA, current therapeutic options, including biologic therapies
such as the TNF inhibitor adalimumab, primarily focus on symptom management and often show variable efficacy
among patients. The advent of CRISPR-Cas9 gene editing technology presents a revolutionary opportunity to directly
modify genetic contributors to SpA, potentially transforming the therapeutic landscape and enhancing the efficacy
of adalimumab. This review investigates the feasibility and implications of utilizing CRISPR-Cas9 for targeted gene
editing in SpA to improve patient response to adalimumab. We review the current knowledge on genetic mutations
and polymorphisms associated with SpA pathogenesis, focusing on key genes involved in immune regulation and
inflammatory pathways targeted by adalimumab. By leveraging CRISPR-Cas9, we aim to explore how precise genetic
modifications can optimize the molecular targets of adalimumab, thereby enhancing its efficacy and reducing
refractory cases. Preliminary studies in animal models and cell cultures demonstrate promising results, showcasing
the potential of CRISPR-Cas9 to correct genetic abnormalities and synergize with adalimumab to restore normal
cellular functions and reduce inflammation. However, translating these findings into clinical applications requires
addressing significant challenges, including delivery methods, off-target effects, and long-term safety. Future
research directions include optimizing CRISPR-Cas9 delivery systems, such as viral vectors and nanoparticle-based
approaches, to enhance specificity and efficiency in conjunction with adalimumab. Additionally, comprehensive
preclinical studies and early-phase clinical trials are essential to evaluate the combined therapeutic potential and
safety profile of CRISPR-Cas9 and adalimumab in human subjects with SpA. This pioneering approach not only holds
the promise of groundbreaking treatments for SpA but also sets the stage for broader applications of gene editing in
rheumatology. By targeting the genetic roots of rheumatic diseases and optimizing adalimumab interactions, CRISPR-
Cas9 could offer a new era of precision medicine, offering more effective and durable therapeutic outcomes.

Keywords: Spondyloarthritis, CRISPR-Cas9, Gene editing, Adalimumab, TNF inhibitors, Genetic mutations, Immune
\regulation, Inflammatory pathways, Precision medicine, Viral vectors, Nanoparticle delivery systems )

INTRODUCTION

Spondyloarthritis (SpA) is a group of inflammatory
rheumatic diseases defined by axial and peripheral joint
involvement, enthesitis, and a range of extra-articular Corresponding Author: Robert Chanthavongsa, Nuvance
manifestations. Affecting up to 2% ofthe global population, | Health/Vassar Brothers Medical Center, Poughkeepsie,
SpAis often diagnosed up to a decade after symptom onset, | NY, USA.

leading to increased disease burden for patients [1].
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Axial involvement typically affects the spine and sacroiliac
joints, causing chronic back pain and stiffness, while
peripheral involvement results in limb pain and swelling.
Enthesitis, the inflammation at tendon or ligament
attachment sites, and extra-articular features such as
uveitis, psoriasis, and inflammatory bowel disease further
complicate SpA’s clinical presentation. Additionally, SpA
negatively impacts mental health and quality of life [2].
These diverse manifestations underscore the complexity of
diagnosing and managing SpA, necessitating a multifaceted
therapeutic approach [3].

The current therapeutic landscape for SpA includes
nonsteroidal anti-inflammatory drugs (NSAIDs) and
biologic therapies aimed at managing symptoms and
controlling disease progression. NSAIDs are typically the
first line of treatment, offering pain relief and reduced
inflammation. For patients with moderate to severe
disease, biologic agents such as tumor necrosis factor
(TNF) inhibitors, including adalimumab, are employed.
Adalimumab targets TNE, a pivotal cytokine in the
inflammatory pathway of SpA [4]. Despite the efficacy
of TNF inhibitors, there is considerable variability in
treatment response, with some patients experiencing
significant improvement compared to others. Current
treatments focus on symptom management rather than
addressing the underlying genetic and immunological
mechanisms driving SpA pathogenesis [5,6].

Advancements in CRISPR-Cas9 gene editing technology
have shown promise in targeting the genetic contributors
to SpA. CRISPR-Cas9 uses a guide RNA to direct the Cas9
enzyme to specific DNA sequences, enabling targeted
cuts in the genome to correct mutations or introduce
new genetic elements. In the context of SpA, CRISPR-Cas9
offers the opportunity to directly alter genes implicated in
disease pathogenesis, potentially leading to more effective
and personalized therapeutic strategies [7]. By targeting
the genetic factors contributing to SpA, CRISPR-Cas9 could
revolutionize the current treatment paradigm, moving
beyond symptom management to directly addressing the
root causes of the disease.

This comprehensive review investigates the feasibility and
implications of utilizing CRISPR-Cas9 for targeted gene
editing in SpA. The primary focus includes mechanisms to
enhance the efficacy of the most commonly used drug for
SpA, biologic therapy adalimumab. Understanding genetic
mutations and polymorphisms associated with SpA is
crucial for successful CRISPR-Cas9 technology, enabling

precise genetic modifications to optimize the molecular
targets of adalimumab. CRISPR-Cas9 holds the potential
to introduce personalized medicine in SpA, tailoring
treatments based on individual genetic profiles to optimize
therapeutic outcomes and mitigate drug resistance. This
review aims to shed light on strategies to augment the
effectiveness of adalimumab and improve overall patient
care.

DISCUSSION

Genetic and Immunological Underpinnings of
SpA and Feasibility of CRISPR-Cas9 for Targeted
Gene Editing in SpA

Spondyloarthritis is a group of chronic inflammatory
diseases affecting the joints and spine, characterized
by clinical manifestations such as psoriasis, uveitis,
and inflammatory bowel disease, and a strong genetic
association with Human Leukocyte Antigen B27 (HLA-B27)
[8]. SpA includes ankylosing spondylitis (AS), psoriatic
arthritis (PsA), IBD-associated or enteropathic arthritis,
reactive arthritis (ReA), juvenile spondyloarthritis, and
undifferentiated SpA. While the precise etiology of SpA
is not fully understood, genome-wide association studies
(GWAS) utilizing single nucleotide polymorphism (SNP)
arrays have enhanced the understanding of its genetic
associations [8]. SpA has a strong genetic inheritance
pattern, with a recurrence risk ratio of 80 for siblings or
first-degree relatives of AS, highlighting the significant
role of HLA genes in its immunologic implications.

The human MHC (HLA) genetic map, located on the short
arm of chromosome 6, spans approximately 7.6 Mb and
is vital for immune response. The HLA gene class I loci
include -A, -B, and -C, and class II includes -DRB1, -DQB1,
and -DPB1; HLA class I genes are highly polymorphic,
thereby increasing the risk of autoimmune diseases.
The structure of an MHC gene involves a 340 amino acid
heavy chain with extracellular domains (al, a2, and
a3) encoded by exons 2, 3, and 4. In contrast, non-MHC
genes involve B2-microglobulin and non-polymorphic
light chains on chromosome 15 [8]. SpA pathogenesis
is primarily associated with HLA-B27, part of the MHC
gene domain, involving arthritogenic peptides, unfolded
protein response, HLA-B27 homodimer formation, and
endoplasmic reticulum aminopeptidase malfunction [9].

The “arthritogenic peptide” hypothesis suggests that HLA-
B27’s unique peptide binding and tendency to misfold
lead to the presentation of unique antigenic peptides,

21 International Journal of Research in Medical and Clinical Sciences



Journals Era Publications

which elicit cross-reactive cytotoxic CD8+ T-cell responses
in joints and tissues [9]. Subtypes HLA-B*2705 and HLA-
B*2704 are strongly associated with SpA, whereas HLA-
B*2706 and HLA-B*2709 show weaker associations. The
“unfolded protein response (UPR)” hypothesis implies
that HLA-B27 misfolding in the endoplasmic reticulum
(ER) causes ER stress, triggering UPR and upregulation of
ER chaperones like immunoglobulin heavy-chain-binding
protein (BiP) and endoplasmic reticulum-localized
DnaJ 4 (ERdj4) leading to increased production of pro-
inflammatory cytokines such as interleukin (IL)-23, IFN-,
and IL-17, and resulting in synovial tissue inflammation
[9]. The “homodimer formation” hypothesis involves HLA-
B27 homodimers on the cell surface binding to killer cell
immunoglobulin-like receptors (KIRs) on natural killer
(NK) and T cells, promoting pro-inflammatory cytokine
IL-17 upregulation.

Endoplasmic  reticulum  aminopeptidase = (ERAP)
polymorphism represents the second strongest genetic
link to SpA. ERAP1, involved in peptide trimming at the
N-terminus to create an appropriate length for binding to
MHC class I molecules and antigen presentation to CD8+
T lymphocytes and NK cells, regulates cellular immune
responses [9]. ERAP1 polymorphisms, particularly loss-
of-function variations, alter peptide processing and may
contribute to AS pathogenesis. These genetic insights
have guided the evolution of SpA management, shifting
from non-specific anti-inflammatory drugs to targeted
therapies addressing specific inflammatory cytokines or
cellular pathways critical to SpA pathogenesis [10].

Endoplasmic  reticulum  aminopeptidase = (ERAP)
polymorphism represents the second strongest genetic
link to SpA.ERAP1, involved in peptide trimming at the
N-terminus to create an appropriate length for binding to
MHC class I molecules and antigen presentation to CD8+
T lymphocytes and NK cells, regulates cellular immune
responses [9]. ERAP1 polymorphisms, particularly loss-
of-function variations, alter peptide processing and may
contribute to AS pathogenesis. These genetic insights
have guided the evolution of SpA management, shifting
from non-specific anti-inflammatory drugs to targeted
therapies addressing specific inflammatory cytokines or
cellular pathways critical to SpA pathogenesis [10].

There are two types of TNF-a receptors: TNFR1 and
TNFR2. TNFR1 is expressed on nearly all cell types and
induces cytotoxic and pro-inflammatory responses. In
contrast, TNFR2 is expressed on monocytes, T cells, and

activated mesenchymal cells, where it promotes cellular
proliferation, migration,and otherpathological processesin
synovial fibroblasts [12]. Studies have shown that patients
with SpA have increased levels of NK cells and CD4+ T-cells
expressing KIR3DL2 (Killer-cell Immunoglobulin-like
Receptor, three domains, long cytoplasmic tail, 2). These
KIR3DL2+ CD4+ T-cells recognize antigen-presenting
cells on HLA-B27 homodimers, leading to significant
production of IL-17 cytokines. Together with TNF-qa, IL-17
stimulates the release of inflammatory mediators affecting
bone metabolism and influencing joints and surrounding
tissues [13]. Since TNF-a plays a direct role in the early
stages of SpA, targeting TNF-a has been shown to reduce
inflammation by downregulating inflammatory cytokines
and chemokines, and increasing circulating regulatory T
cells [12]. Despite these targeted therapies, some patients
fail to respond or lose response over time due to several
factors.

Serumdruglevelsareinfluenced by gender, serum albumin,
body mass index, inflammatory burden, prior failure of
biologic DMARDs, and tissue-specific mechanisms such as
loss in stool, local proteases, and recycling by neonatal Fc
receptor [12]. Secondary loss of response can be due to
pharmacodynamic or pharmacokinetic (immune or non-
immune) causes. A major cause of secondary failure to anti-
TNF-a therapy is the formation of anti-drug (ADAs), which
can cross-react with biosimilar drugs, leading to treatment
failure [12]. According to a study by Wecisto-Dziadecka
et al, treatment with adalimumab resulted in higher
expression of TNFR2 compared to TNFR1 at the mRNA
level, counteracting the therapeutic effect and manifesting
as drug resistance [14]. This alteration of TNFR, leading
to increased TNFRZ expression, results in poor drug
efficacy. Precise genetic modification by CRISPR-Cas9
technology offers a solution to this issue. Optimizing gene
expression could enhance the effectiveness of biologics
like adalimumab and improve symptom management for
patients with this debilitating disease.

CRISPR-Cas9 can be introduced in the body using viral
vectors (adenovirus), nanoparticles, or electroporation.
This process uses single guide RNA (sgRNA) to direct the
Cas9 endonuclease to the target DNA sequence within
the cell [15]. In plasmid format, the sgRNA and Cas9 are
transcribed and translated within the cell to form the
active sgRNA-Cas9 complex. This complex targets specific
genes involved in multidrug resistance (MDR). Targeting
and disrupting these MDR-related genes in miRNAs can
weaken drug resistance by causing mRNA degradation,
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destabilization, and inhibition of translation. The Cas9
enzyme creates a double-strand break in the target
sequence, which the cell repairs using its non-homologous
end-joining system, often resulting in gene disruption or
the insertion of new MDR-related gene sequences [15].
Thus, targeting TNF-a gene expression using CRISPR-Cas9
technology could reduce TNFR2 expression in response to
TNFR1 mutation, enhancing the efficacy of adalimumab
and reducing the incidence of refractory cases.

Challenges and Considerations

Addressing the challenges of delivering CRISPR-Cas9 into
target cells or tissues in vivo is paramount for successful
gene editing applications. Research focuses on developing
efficient delivery methods, ensuring the specificity and
safety of the delivery system, and minimizing off-target
effects. Various delivery strategies have been explored,
including viral vectors, nanoparticles, and direct delivery
of Cas9 protein and guide RNA complexes. Each method
has its advantages and limitations, and the choice of
delivery system can significantly impact the efficacy and
specificity of gene editing [16,17].

Ensuring the specificity and safety of the delivery system
is essential to minimize off-target effects and potential
harm to the host organism. High precision in targeting
specific cells or tissues helps reduce off-target effects and
improves the overall safety profile of the gene editing
process. Long-term studies on the safety and toxicity of
delivery components, especially nanoparticle carriers, are
crucial to understanding the potential risks associated
with in vivo delivery of CRISPR-Cas9. Comprehensive
assessments of where the components end up in the body,
their persistence, and any long-term effects are necessary
to ensure the safety of gene editing therapies.

Exploringviral vectors and nanoparticle-based approaches
holds significant promise in enhancing the specificity and
efficiency of delivering CRISPR-Cas9 into target cells or
tissues in vivo. These innovative strategies are poised to
revolutionize the field of gene editing [18]. Viral vectors
such as adeno-associated virus (AAV), adenovirus, and
lentivirus have proven effective for delivering CRISPR
components due to their high transduction efficiency
and ability to target specific cell types. Engineered viral
vectors are designed to carry the Cas9 protein and guide
RNA to target cells, thereby reducing off-target effects
and enhancing precision by delivering the gene editing
machinery directly into the cell’s nucleus.

Meanwhile, nanoparticle-based approaches, such as lipid
nanoparticles and gold nanoparticles, offer a versatile
alternative for CRISPR-Cas9 delivery. These nanoparticles
can encapsulate the gene editing components, protecting
them from degradation and facilitating their uptake by
target cells [19]. Moreover, nanoparticle carriers can be
modified to enhance cell specificity and reduce off-target
effects, thereby improving the overall efficiency of gene\
editing. This adaptability underscores their potential as a
valuable tool in the field of gene editing.

Strategies to minimize off-target effects in CRISPR-Cas9
editing, such as designing specific guide RNAs, utilizing
engineered Cas9 variants with reduced non-specific
binding, delivering Cas9 ribonucleoprotein complexes
directly, and conducting thorough validation and screening
of potential off-target sites, hold immense potential [20].
These approaches, when implemented effectively, can
significantly enhance the precision and specificity of gene
editing. This potential impact on the safe and effective
application of CRISPR-Cas9 in therapeutic settings should
inspire further research.

Considerations for the long-term safety and potential risks
of CRISPR-Cas9therapyinhumansubjectsinclude concerns
about off-target effects, immune responses, germline
modifications, persistence of edited cells, and insertional
mutagenesis by viral vectors. Rigorous preclinical studies
and thorough assessment of off-target effects are crucial for
addressing these risks. Continuous monitoring of treated
individuals is essential, along with ethical considerations
regarding germline editing and transparent patient
communication about risks and benefits. Ensuring the safe
and responsible use of CRISPR-Cas9 therapy in clinical
applications requires comprehensive ethical frameworks
and universal application guidelines.

The ethical implications of CRISPR-Cas9 technology in
precisionmedicinenecessitate careful consideration. While
its potential to treat diseases like SpA is promising, ethical
concerns bring up questions about safety, unintended
consequences, and the potential for genetic modifications
to be passed down to future generations. Additionally,
there are concerns regarding equitable access to such
advanced treatments and the potential exacerbation
of existing social inequalities in healthcare. Ethical
frameworks must be robustly developed and universally
applied to ensure that CRISPR-Cas9 technologies are
used responsibly, with full respect for patient autonomy,
informed consent, and societal values. Ethical oversight
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and transparency in research and clinical applications are
essential to navigating these complex ethical landscapes
and fostering public trust in the transformative potential
of gene editing technologies [21].

Areas for Future Research

One critical area for future research in the application of
CRISPR-Cas9 technology is the optimization of delivery
systems. Effective delivery of CRISPR-Cas9 components to
target cells is paramount to enhance both the specificity
and efficiency of gene editing [22]. Current delivery
methods, such as viral vectors, lipid nanoparticles, and
electroporation, each have theiradvantages and limitations
regarding efficiency, immune response, and off-target
effects. For instance, viral vectors like AAVs are highly
efficient but can trigger immune responses, limiting their
repeated use [23]. Conversely, lipid nanoparticles offer a
safer profile but may have lower delivery efficiency. Future
research should focus on developing hybrid delivery
systems that combine the strengths of these methods while
minimizing their weaknesses. For example, combining
lipid nanoparticles with targeting peptides could improve
cellular uptake and precision, reducing off-target effects
and enhancing the therapeutic potential of CRISPR-Cas9 [19].

The importance of comprehensive preclinical studies
cannot be overstated in the context of evaluating the
therapeutic potential of CRISPR-Cas9, especially when
combined with established treatments like adalimumab
for SpA. Preclinical studies provide a foundational
understanding of the efficacy, pharmacokinetics, and
safety profile of new therapeutic strategies before they
are tested in humans [24]. Animal models of SpA, such as
HLA-B27 transgenic rats, can be instrumental in assessing
the potential benefits and risks of CRISPR-Cas9-mediated
gene editing combined with adalimumab therapy.
These models help in understanding how gene editing
might modulate immune responses and inflammation,
potentially providing synergistic effects with adalimumab
[25]. The data obtained from these studies will be crucial
in designing early-phase clinical trials.

Early-phase clinical trials are necessary to translate
preclinical findings into potential treatments for patients
with SpA. Phase I/II trials focus on evaluating the safety,
tolerability, and preliminary efficacy of CRISPR-Cas9 and
adalimumab combination therapies in human subjects
[26]. These trials will help determine the optimal
dosages, administration routes, and treatment regimens.
Additionally, these studies will assess the long-term effects
and potential risks, such as unintended off-target gene

edits and immune reactions. Patient stratification based
on genetic, molecular, and clinical biomarkers will be vital
in these trials to identify which subgroups of patients are
most likely to benefit from the therapy. This personalized
approach could enhance the therapeutic outcomes and
minimize adverse effects, paving the way for more targeted
and effective treatments [27].

Looking ahead, integrating CRISPR-Cas9 with adalimumab
in clinical practice could revolutionize the treatment
landscape for SpA. The potential to correct underlying
genetic predispositions combined with the anti-
inflammatory effects of adalimumab offers a multifaceted
approach to managing the disease. This combination
could not only alleviate symptoms but also modify disease
progression, providing a long-term solution for patients.
Furthermore, ongoingadvancementsin CRISPRtechnology,
suchasthedevelopmentof CRISPR-based editorsand prime
editors, could further enhance the precision and scope of
gene editing [28]. As research progresses, it will be crucial
to establish strong ethical frameworks and regulatory
guidelines to ensure the safe and equitable application of
these novel therapies, especially as it pertains to precision
or individualized medicine.

CONCLUSION

The potential of CRISPR-Cas9 in precision medicine marks
a significant advancement in rheumatology, particularly
for the treatment of complex inflammatory diseases like
SpA. This condition affects not only the spine and joints but
also various other body systems, including the eyes, skin,
and gastrointestinal tract. By targeting the genetic roots
of SpA, CRISPR-Cas9 offers the possibility of addressing
the underlying causes of the disease rather than merely
alleviating symptoms. This precision approach could
significantly enhance the therapeutic interactions of
adalimumab, improving its efficacy and reducing side
effects.

The broader implications of gene editing technologies
extend far beyond rheumatology, promising advancements
in various fields of medicine by enabling targeted and
personalized treatment strategies. This review highlights
the transformative potential of CRISPR-Cas9, emphasizing
its ability to revolutionize SpA treatment. By paving
the way for more effective and durable therapeutic
outcomes, CRISPR-Cas9 can improve patient quality of life
and set the stage for innovative applications across the
medical spectrum. The integration of gene editing with
conventional therapies could thus lead to a future where
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precision medicine is the norm, offering hope for more
comprehensive and lasting solutions to complex diseases
such as SpA.
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