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Article Info Abstract
@ This study explores a novel therapeutic approach for spinal bulbar muscular atrophy (SBMA), a neurodege-
nerative disorder caused by a mutation in the Androgen Receptor (AR) gene. The aim is to investigate the

potential of CRISPR-Cas9 technology in targeting the mutant AR gene to inhibit its production. The objectives

Article history: include assessing the accuracy and efficacy of CRISPR-Cas9 guided RNAs in silencing the mutant gene and
evaluating the feasibility of this approach as a treatment for SBMA. Computational and in-silico approaches
Received: March 24, 2024 are used to evaluate the feasibility of using CRISPR-Cas9 technology for treating SBMA. Computational ana-
Accepted: July 03, 2024 lysis is used to design CRISPR-Cas9 guided RNAs targeting the mutant AR gene, assessing their on-target and

Published: September 30, 2024 | off-target scores, GC content, and structural accuracy. In-silico simulations predict the potential therapeutic

outcomes of the CRISPR-Cas9 approach in an artificial environment. Three guided RNA (gRNA) sequences
were designed using the CHOPCHOP tool, targeting specific regions of the AR gene with high efficiency and
100% match. These gRNAs demonstrated effective targeting with minimal off-target scores and optimal GC
Use your device to scan and read | content. Additionally, lentiCRISPR v2 plasmids were designed for the delivery of CRISPR materials, enabling
the article online high-efficiency multiplex genome editing of the AR gene. Thermodynamic ensemble predictions indicated
favorable secondary structure stability of the designed gRNAs, further supporting their suitability for gene
editing. The evaluation of designed gRNAs confirmed their strong binding ability to the target sequences,
validating their potential as effective tools for genome editing. The study highlights the potential of CRISPR-
Cas9 technology for targeting the Androgen Receptor gene associated with spinal bulbar muscular atrophy
(SBMA). The findings support the feasibility of this approach for gene editing and suggest further exploration
in preclinical and clinical settings. Recommendations include continued research to optimize CRISPR-Cas9

delivery methods and enhance specificity for therapeutic applications in SBMA.
Keywords: SBMA, Neurodegenerative genetic disorder, AR gene, Functional genetic disorder, CRISPR-Cas9
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1. Introduction of genes that encode polyglutamine (polyQ) tracts [1].

SBMA stands for spinal and bulbar muscular atrophy, SBMA is typically an adult-onset disorder with symptoms
and it is a neurodegenerative disorder of motor neurons. appearing between the ages of 20 to 50. SBMA is a rare
SBMA is caused by the expansion of the CAG repeats disease having a frequency of 1/ 400000 of population/
in the first exon of androgen receptor (AR) gene on the year, and various factors, have been reported in the pre-
X chromosome. Abnormal numbers of CAG repeats are  vious literature. In 1968, Kennedy et al. first time reported
a disease-causing factor within the protein-coding region the SBMA correlating the sex-linked recessive inheritance
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pattern and genetic mutations were detected by LaSpada
et al. as he observed this as an abnormal enlargement of
CAG triplets repeats in the exonic region on the AR gene
positioned on chromosome X. If we study deeply there are
eight exons in (AR)gene, which encode three functional
domains; exonic region 1 (N-terminal), exonic regions 2-3
(DNA binding), and exonic regions 4 to 8 (ligand-binding)
[2]. SBMA, also known as Kennedy’s disease, is a lower
motor neuron disorder, particularly characterized by pro-
gressive loss of muscle strength and normal functionality.
Kennedy's disorder is one of the earliest neurodegenerative
disorders identified via the loss of motor neurons primarily
found in the bulbar and spinal cord domains. The mole-
cular basis of the disease has been figured out to be the
neurotoxicity caused by the expansion of polyQ repeats
in the spinal cord and bulbar regions [3]. AR, the highly
expressed causative gene, is highly expressed in healthy
adults. However, 40 to 62 repetitive sequences are consi-
dered abnormal in the AR gene, while the normal range in
adults is 9 to 36. Elevated numbers of CAG triple repeats
have been observed in patients affected with this particular
disorder. Onset time is seen at the age of 18 and 29. The
symptoms are abnormal sexual development and dysfunc-
tion of the nervous system [4].

Recent studies have pointed out the prevalence of meta-
bolic abnormalities in patients with SBMA, which includes
events such as raised cholesterol, glucose intolerance and
high levels of low-density lipoprotein (LDL), which were
significantly apparent in the biochemical profiles of pa-
tients. There was a reduced amount of both serum glucose
and glycated hemoglobin (HbA 1c) were found with serious
insulin resistance [5]. During 2015, CRISPR-Cas9-based
genome editing tools were successively introduced by four
independent research groups, enabling successful fast and
precise genetic manipulation, including removing an indi-
vidual or the clusters of the gene, simultaneous deletion
of two genes and gene clusters in Streptomyces CRISPR
cas enzyme system can process and introduce many muta-
tions [6]. CRISPR comprises clustered regularly inters-
paced short palindromic repeats derived from the defense
system of archaea and bacteria against invading viruses
and plasmids [7, 8]. This defensive mechanism relies on
small RNAs to detect and silence foreign nucleic acids
sequentially and specify and suppress the genome of any
foreign entity Over the past few decades, drugs from natu-
ral sources were not providing satisfactory treatment of
diseases because of the rediscovery of therapeutic agents
with similar properties and potency against the diseases
[9-11]. The genome sequences of Streptomyces that are
available in the literature have shown a significant number
of natural products including biosynthetic gene clusters
(BGCs) [12]. There are some limitations to the CRISPR/
Cas9-based genome editing tools, which require complete
understanding and troubleshooting before setting up the
trial to avoid the possible discrepancies. This system re-
quires a specific G-rich PAM sequence to target the DNA
while Streptomyces have high GC content in its genome,
which mutate the PAM sequence; the PAM sequence is
frequently distributed across Streptomyces genomes. The
sgRNA detects the specific target site and Cas9 nuclease to
induces the double-stranded breaks (DSBs) [10, 13].

Due to its lack of pathogenicity and low immunoge-
nicity, different viral vectors are widely used. It is worth
mentioning that the activity of sgRNA-Cas varies fol-

lowing the selective sgRNA (programmable for targeting
desired genetic sequence) used, making it an authentic
and versatile tool for the process of genome editing using
chromosome manipulation (such as deletion, transloca-
tion, and inversion, as well as site-oriented mutagenesis).
It emphasizes that CRISPR-mediated gene editing at ORF
results in a more prominent gene silencing when examined
to target other domains of the gene sequence [14]. This
study will provide a pathway for future scientists who are
willing to serve in the areas of genome editing-based tar-
geting therapies and procedures.

2. Materials and Methods
2.1. Sequence Retrieval and Analysis

National Center for Biotechnology Information
(NCBI) was used for the selection of the androgen recep-
tor gene under the allocated phenotypic MIM number
(AR; 313700.0014) (https:// www.ncbi.nlm.nih.gov/).
The accession number of the gene sequence retrieved
was NCO000023.11. The study illustrates that CAG repeats
were found in the coding region of the AR gene and it
was excluded from the SBMA in 15 different families.
Between the 95 SBMA-diseased patients, the researchers
found a negative correlation between the age of onset and
length of CAG repeats.

2.2. Open Reading Frame (ORF) Screening

An interactive web-based tool was used used to screen
androgen androgen receptor coding regions. It is common-
ly used for the prediction and analysis of Open Reading
Frames. It is named ORF Finder (http://www.ncbi.nlm.
nih.gov/projects/gorf/). It scanned the coding region in the
androgen gene that encodes protein. The possible coding
regions present in the AR gene are shown in Figure 1.

2.3. Similarity Search and Target Alignment

The NCBI BLAST was used to check the similarity in-
dex, Target alignment, identity score, off-target sequence,
and E value. The results showed 100.00 percent similari-
ties between the coding regions (http://www.ncbi.nlm.nih.

gov/blast).

2.4. Cas-9 Endonuclease protein

The specific enzyme Cas-9 Endonuclease protein was
used for genome engineering purposes. The reason for
useingthis enzyme lies in the fact that it is easy to use
and has all the necessary functionalities to break a DNA
molecule into a single strand [15]. Cas-9 genome editing
protein contains RNA-guided endonuclease, PAM site
(NGG), crRNA, tracrRNA as well as blunt end cut sites.
It can cut the genomic DNA at specific locations. The
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Fig. 1. Androgen Receptor gene open reading frames (Shown in Red)
obtained from ORF Finder.
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double-stranded break in AR genomic DNA was done by
cas-9 protein.

2.5. Designing of gRNA

The single-guided RNA was designed from verified
sequences with the web-based tool CHOPCHOP (https://
chopchop.cbu.uib.no/), which has a built-in gRNA desi-
gning tool. Three target sites of the AR gene were selected
for designing target sgRNAs based on their location in the
exonic region, off-target scores, and GC content.

2.6. Indicating the Off-Target and On-Target Scores

Guanine and cytosine bonds are regarded as stronger
bonds because GC contains three hydrogen bonds, making
it more stable [16]. Therefore, up to 50% GC content sta-
bilized the DNA-RNA duplex while destabilizing off-tar-
get hybridization. The numeric range of 1100 to 1600 was
selected because they fall into the AR coding region. This
numeric range indicates gRNA scores termed Off-Target
and On-Target scores. They range from 0—100, and 100 is
said to be the ‘best’ in each case.

It is certainly important to select the Genomic region
of the gene that is being targeted. The AR gene was used
to get accurate Off-Target scores through Benchling. One
genomic region appeared in a case that was identified on
chromosome X. The Androgen receptor exon one was
selected for a case that was identified on chromosome X
at locations NC_000023.11 (67544021.67730619). Afte-
rward, a gRNA was picked up in the selected region with
the best off-target and On-target scores. The highest target
score model is considered to have more authenticity. For
instance, a gRNA positioned at chrX:67686023 in the AR
gene sequence within the sequence AATCATTTCTGC-
TGGCGCACAGG was chosen due to its high off-target
and on-target scores 74.4 and 68.6, appropriately.

2.7. Assembling of gRNA Expression Vector

Assembling of gRNA was done after the selection of
the desired gRNA. Since it is being genetically modified
for this purpose, a specific expression vector that optimized
lentiCRISPR v2 (52963) was selected. It has two expres-
sion cassettes, the chimeric guide RNA and hSpCas9. The
vectors provided on this list were given by Feng Zhang’s
laboratory at MIT. All the enlisted plasmids were dif-
ferent. Some expressed nuclease-deficient Cas9 which, is
used for gene activation and repression while others were
optimized for genome editing by using CRISPR. For this
validation, a new plasmid lentiCRISPR v2 was selected
because it includes Cas9 within the same vector that was
optimized for the Human Genome (Androgen receptor
gene).

2.8. Calculation of GC Content

For prediction of GC content “RNA /DNA GC Content
Calculator” (http://www.endmemo.com/bio/gc.php)
web-based tool was used, considering its reputation as
an authentic and cited tool for prediction of sgRNAs. A
knockdown of the gene must have a standard percentage of
these parameters to be used as an sgRNA CRISPR-Cas9.

2.9. Calculation Thermodynamic ensemble prediction

RNAcofold program (http://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAcofold.cgi) is a credible tool to
analyzing thermodynamic interaction between the target

gene and the predicted sgRNA as well as calculating the
hybridization energy. Moreover, viennaRNA can also be
used for this purpose. It indicates the base pairing of RNA
sequences as well. RNAcofold calculated the inventive
communication energies and equilibrium duplex structure
concentrations.

2.10. Secondary Structure Prediction

Mfold Web server (http://rna.urmc.rochester.edu/
RNAstructureWeb) was used to predict the secondary
structure of the sgRNA strand, which also contains the
UNAfold program as it is considered one of the most au-
thentic and mostly cited tools for the prediction of secon-
dary structure. The sgRNA structures with pseudoknots
were predicted by minimizing free energy.

3. Results
3.1. Sequence Retrieval and Analysis

Androgen receptor gene sequence retrieval was done
from the National Center for Biotechnology Informa-
tion (NCBI) using accession number NC_000023. The
sequence was selected by reviewing the previous literature
as well. The selected sequence was of the start codon of
the androgen receptor gene, X chromosome positioned at
67,543,747 - 67,547,036.

3.2. Open Reading Frame (ORF) Screening

ORF Finder was used to screen the coding regions of
this particular (AR) gene. It is commonly used to predict
and analyze the Open Reading Frames. There are 36 repor-
ted ORFs in AR genes and ORFs were calculated on the
interval from 67544021 to 67546762 nucleotides.

3.3. Analyses of the designed guided RNA

We designed a gRNA sequence based on the fact that
it will recognize or cut our targeted gene. We used a web-
based tool CHOPCHOP to design the gRNA sequence.
The gene sequences of the AR gene were uploaded to the
online server for analysis. The blue box indicates the exon
region and the red lines are shown to be the introns. The fi-
gure shows the structure of the AR gene. CHOPCHOP has
generated dozens of different gRNAs for target genes and
it rings these according to different factors. It puts gRNAs
that have zero mismatches on top, this number must be
zero right here because if this number was anything more
significant than zero that would mean the gRNA cuts both
your target gene and non-targeted gene part of the gene.
Therefore, three gRNA primers were designed for the tar-
geted gene. We selected the top three based on their effi-
ciency and 100% match with the target. The whole exonic
and intronic structures of the AR gene are given in Figure

Open Reading Frame Viewer Help

Fig. 1. Androgen Receptor gene open reading frames (Shown in Red)

obtained from ORF Finder.
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Fig. 2. The whole exonic and intronic structure of the AR gene.

2. The targeted sequences and their genomic locations for
CRISPR-based gene editing are given in Table 1.

In this article, three gRNAs were designed (sgRNAT,
sgRNA2, and sgRNA3) respectively. A sgRNA1 was
positioned at chrX:67686005 in the AR gene within the
target sequence ACAGGTACTTCTGTTTCCCTGGG. A
sgRNA2 was positioned at chrX:67686005 in the AR gene
sequence within the target sequence ACAGGTACTTC-
TGTTTCCCTGGG and sgRNA3 was positioned at
chrX:67686031 in the AR gene sequence within the target
sequence AATAGTGCAATCATTTCTGCTGG  results
are given in the table 2. The designed forward and reverse
primers are given in Table 3.

3.4. Design of lentiCRISPR v2 for genome editing

The detailed vector plasmid design was obtained by
Benchling online tool (https://www.benchling.com/crispr)
and the different regions were present over there as shown
in Figure 2. This plasmid has two expression cassettes, the
chimeric guide RNA and hSpCas9 as shown in Figure 3.
The vector was digested by using BsmBI.A pair of annea-
led oligos were cloned into the single gRNA scaffold. The
oligos were designed which is based on (20bp) the tar-
get sequence site and flanked at the 3' end by 3bp PAM
sequence (AGG) upstream of the protospacer. The lenti-
CRISPR v2 plasmid is given in Figure 3.

3.5. Calculation of GC Content

For the prediction of GC content “RNA /DNA GC
Content  Calculator”  (http://www.endmemo.com/bio/
gc.php)[48] was used, It is mandatory for knockdown the
gene has a standard percentage of these parameters to be
used as an sgRNA CRISPR-Cas9 [15-18]. Mfold server
(http://www.unafold.org/mfold.php) was used for the pre-
diction of free energy of folding and secondary structure
for sgRNA, as shown in Figure 5.

3.6. Thermodynamic Ensemble Prediction

The approximate prediction of the secondary structure
free energy model is represented in Table 3. It involves
measuring the position-weighted energy binding domain

Table 1. The targeted sequences and their genomic locations for CRISPR-based gene editing.

GC
Genomic strand Self- .
Sr Target sequence Location content  complementarity MM2 - MM3 efficiency
(%)
1 AATCATTTCTGCTGGCGCACAGG  chrX: 67686023 50 0 0 5 51.86
2 ACAGGTACTTCTGTTTCCCTGGG  chrX: 67686005- 45 0 0 19 58.84
3 AATAGTGCAATCATTTCTGCTGG  ChrX: 67686031- 35 0 0 21 51.69
4 ACTCTTGTATTTGTTCTCCCAGG  ChrX: 67685988+ 40 0 1 21 45.10
5 CTCTTGTATTTGTTCTCCCAGGG  ChrX: 67685989+ 40 0 1 28 53.33
6  CACAGGTACTTCTGTTTCCCTGG  ChrX:67686006- 50 0 2 44 33.54
Table 2. Effective gRNA with the Target sequence and GC Percentage Content.
Position at AR Off-target  On-target GC%
sgRNAs Target sequence (5°-3°) gene scores scores Content
0
sgAR1 AATCATTTCTGCTGGCGCACAGG chrX:67686023 74 .4 68.6 50%
sgAR2 ACAGGTACTTCTGTTTCCCTGGG chrX:67686005 78.1 73.9 45%
sgAR3 AATAGTGCAATCATTTCTGCTGG chrX:67686031 50.1* 50.4 30%
Table 3. Design Forward and Reverse Primers.
Melting GC
Genomic Location Assembly Sequence (5°-3°) Position Temp. Length Content
T, (%)
chrX:67685947-67685969 1 FWD CCGAAGAAAGAGACTCTGGAAA +/ 60°C 22 50
chrX:67686435-67686457 1 REV TGAACAACATCAGGCCAGTATC —/ 60°C 22 50
chrX:67685871-67685893 2FWD TTGTTTGGTGCCATACTCTGTC +/ 60°C 22 45
AR
(NC _000023.11:67544021- 2 REV AAACGACTGCCTTTTCATCT —/ 60°C 20 45
67546762)
chrX:67685871-67685893 2 FWD TTGTTTGGTGCCATACTCTGTC +/ 60°C 22 35
chrX:67686435-67686457 2 REV TGAACAACATCAGGCCAGTATC —/ 60°C 20 35
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Fig. 3. lentiCRISPR v2 plasmids were used for the delivery of CRIS-
PR materials and targeted genome editing in the AR gene. High-effi-
ciency multiplex genome editing of androgen receptor gene using an
engineered mechanism of CRISPR-Cas9. In this study, lentiCRISPR
v2 plasmid was designed by inserting a gRNA expression cassette,
from this cassette, Cas9 gRNA was co-expressed with gRNA that
recognized the target sequence or gene. Therefore, it is hypothesized
that the gRNA expression cassette within the lentiCRISPR viral vec-
tor would be targeted and destroyed at once along with the target
sequence of a gene, resulting in lasting substantial Cas9 expression.
Figure 4 below represents the lentiCRISPR v2 designed plasmid.

cPPT
psi+ RRE | U6 2kbfiler EFS SpCas9 FLAG P2A Puro WPRE

lentiCRISPRv2

BsmBl BsmBl

Fig. 4. lentiCRISPR v2 designed plasmid representing site of inser-
tion.

between the off-target DNA and gRNA change in free
energy as shown in Table 3. The frequency of the mini-
mum free energy and ensemble diversity were analyzed
against the target RNA sequences as shown in Table 3.
Results of the Thermodynamic Ensemble Prediction are
given in Table 4.

Table 4. Results of Thermodynamic Ensemble Prediction.

3.7. Secondary Structure Prediction

The predicted values of thermodynamics Folding
AG = AH — TAS are depicted in Table 4. The change in
Gibbs free energy is -9.60 kcal/mol at melting temperature
98.7 °C. The calculated enthalpy values of sgRNA are
-57.80 kcal/mol. Standard errors are roughly £5%, £10%,
+11%, and 2-4 °C for free energy, enthalpy, entropy, and
Tm, respectively (http://rna.urmc.rochester.edu/RNAs-
tructureWeb). The parameters of the secondary structure
prediction are given in Table 5.

3.8. Evaluation of the design of gRNA

The designed sgRNAI1 and sgRNA2 have targeted a
sequence in the androgen receptor gene. The specificity
of this complex is encoded in the first 20nt of the gRNA
as shown in Figure 6 (A) and (B), represented in green.
By changing these 20nt sequences, the DNA sequence has
changed.

4. Discussion

Kennedy's disorder is one of the earliest neurodegene-
rative disorders identified via the loss of motor neurons
mostly found in the bulbar and spinal cord domains. The
molecular basis was found to be neurotoxicity caused by
the expansion of a polyQ in the highly expressed causative
gene, AR. The toxicity of the mutated gene affects both
muscles and motor neurons. The onset of this disorder is
observed at the age of 18 and at the age of 29 as well [3].
The 17-AAG, a strong HSP90 antagonist, separated p23
from the complex of Hsp90-AR, is used for the KD treat-
ment The effectiveness of leuprorelin acetate in SBMA

GC content (%)

10 20 30 40 50 60

-10
-15

20

AG (kealmol)

&
-30
26 3N
-as
-40
Fig. 5. Evaluation of GC Content, free energy of folding, and secon-

dary structure for sgRNA.

Target Free Energy of Frequency of . .
Target RNA sequence . Ensemble Diversity
No Thermodynamic the MFE
01 AATCATTTCTGCTGGCGCACAGG -1.88 kcal/mol. 74.24 % 2.65
02 ACAGGTACTTCTGTTTCCCTGGG -4.93 kcal/mol 80.73 % 1.74
03 AATAGTGCAATCATTTCTGCTGG -1.88 kcal/mol 74.24 % 2.65
Table 5. Secondary Structure Prediction values.
Gibbs free energy (AG) -9.60 Joules Ionic conditions: [Na+] 1.OM
Enthalpy values (AH) -57.80 kcal/mol Ionic conditions: [Mg++] 0.0M
Entropy (AS) -155.4 cal/K-mol Standard errors +5%, +£10%, £11%

Melting temperature ™ e °C
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Fig. 6. Evaluation of gRNAs. The Cas9 RNP is attached to the sense
strand (-) of the gene and generates a double-stranded break at loca-
tions 67,545,396 and 67,544,719. Since it is essential to ensure that
the designed gRNA attaches with a complementary sequence, the
results are also presented in the same, proving the strong incorpo-
ration of the guided strand. The binding ability of sgRNA with the
complementary sequence of the target region proves its aptitude for
working as gRNA.

patients were found statistically comparable in two clini-
cal trials, indicating that leuprorelin acetate could be bene-
ficial and healthy. However, further research is required
to explain the positive effect of the medication [17, 18].
Although, on the sight of treatment, there is no effective
cure for SBMA is available. Different therapeutic drugs
are being used in some cases to save lives. CRISPR-Cas9
would be a better approach to target this disease at the
molecular level to develop an effective treatment [19, 20].

The current study demonstrates the proof-of-concept
utilizing the cellular disorder model whereby genetic de-
fect SBMA could be corrected using CRISPR-Cas9 with
results indicating that they are more similar to 99%. It de-
monstrates the on-target and off-target scores that hold GC
content within 40-60%, as observed by the RNA/DNA GC
Content Calculator. This prediction is considered signifi-
cant for the implementation of sgRNA action [21]. The
CRISPR-Cas9 mechanism of the mutant androgen recep-
tor gene is shown in Figure 6. Three target sites of the AR
gene were selected for designing target sgRNAs based on
their location in the exonic region. Notably, the designed
sgRNA1 and sgRNA2 targeted a sequence in the androgen
receptor gene. The specificity of this complex is encoded
in the first 20nt of the gRNA as shown in Figure 5 (A) and
(B). The binding ability of sgRNA with the complemen-
tary sequence of the target region proves their aptitude for
working as gRNA [22, 23].

Further validations are the minimum free energy that
is considered a benchmark of sgRNA structural accuracy.
It measures the stability of the guide strand. The mfold
web server was used to calculate the minimum free energy.
RNA structure webserver was used to predict the secon-
dary structure of an oligonucleotide by folding minimum

free energy as shown in Table 2. This server predicts the
most stable structures of an oligonucleotide with max-ex-
pected accuracy. This graph represents the MFE structure,
the thermodynamic ensemble of RNA structures, and the
centroid structure. The folded structures of oligonucleo-
tides were predicted at a specific temperature of 98.7 °C.
These results indicate that CRISPR-Cas9 can provide one
of the best therapeutic approaches to Kennedy's disease.

CRISPR technology is a novel strategy that is used for
genome editing purposes.

Imbued by the CRISPR mechanism and suitability of
gRNA, pharmaceuticals and, researchers are working to
utilize this strategy as a therapeutic approach for the next
generation. By using CRISPR technology, researchers can
easily modify the gene function and alter the DNA sequence
[9]. The emergence of CRISPR technology opens a new
avenue to correct genetic disorders. Recently, it has been
used as an efficient tool for site-specific genome editing
in single cells and entire organisms in a specific manner.
This study presents a specific possible future candidate in
the treatment of SBMA that holds a tremendous potential
therapeutic approach for a genetic disorder [24].

5. Conclusion

We predicted three sgRNA against the AR gene on the
X chromosome by utilizing bioinformatics tools. Both
computational and experimental efforts have contributed
significantly to the rapid advancement of genome editing
technologies and applications. Simultaneously, advanced
alignment algorithms are being leveraged to improve
gRNA design and predict off-target locations, which may
potentially accelerate the formation of better and more
accurate editing tools. With the help of CRISPR techno-
logy, it is so favorable to design numerous sgRNAs for
silencing substantial genes in a lot of biological systems.
CRISPR technology may be an emerging key to a novel
therapy against SBMA. As compared to other gene-editing
methods including TALENSs, and ZFNs, the CRISPR-Cas9
method is being widely used for gene editing and gene
correction treatment strategy for several genetic disorders.
All this is because of its cost-effectiveness and ability to
edit multiple genes at one time. This research may open
the milestone corridor in the therapy of SBMA. Research
revealed that CRISPR technology is an effective gene si-
lencing method to cure genetic disorders in the future with
much higher efficiency,

Funding
No external funds were received.

Ethical Approval
Not Applicable.

Conflicts of Interest
The authors declare no conflict of interest.

Author Contributions

Conceptualization, Muhammad Naveed; Methodology,
Natasha Tabassum; Software, Tariq Aziz; Validation, Mu-
hammad Aqib Shabbir; Formal analysis, Mariam Abdu-
laziz Alkhateeb.; Investigation, Natasha Tabassum; Re-
sources, Ahad Amer Alsaiari .; Data curation, Ahmad O.
Babalghith .; writing—original draft preparation, Sahar A.
Alshareef and Aminah A. Barqawi.; Writing—review and

79



CRISPR-Cas9 in spinal bulbar muscular atrophy treatment.

Cell. Mol. Biol. 2024, 70(9): 74-80

editing, Natasha Tabassum; visualization, Saad Algham-
di; supervision, Muhammad Naveed.; project administra-
tion, Tariq Aziz; funding acquisition, Tariq Aziz.

Acknowledgments

The authors greatly extend their appreciation to Taif
University,Saudi Arabia,for supporting this work through
project number (TU-DSPP-2024-13).

References

10.

11.

Hashizume A, et al (2020) Disease mechanism, biomarker and
therapeutics for spinal and bulbar muscular atrophy (SBMA). J
Neurol Neurosurg Psychiatry 91(10): 1085-1091. doi: 10.1136/
jnnp-2020-324252

Arnold FJ, Merry DE (2019) Molecular mechanisms and thera-
peutics for SBMA/Kennedy’s disease. Neurotherapeutics 16(4):
928-947. doi: 10.1007/s13311-019-00790-8

Finsterer, J, Scorza, F. A (2019) Central nervous system abnor-
malities in spinal and bulbar muscular atrophy (Kennedy’s di-
sease). Clin Neurol Neurosurg 184, 105426. doi: 10.1016/j.cli-
neuro.2019.105426

Hirunagi T., et al (2022) Nucleic Acid-Based Therapeutic
Approach for Spinal and Bulbar Muscular Atrophy and Rela-
ted Neurological Disorders. Genes 13(1): 109. doi: 10.3390/
genes13010109

Francini-Pesenti F, et al (2020) Metabolic alterations in spinal
and bulbar muscular atrophy. Rev Neurol 176(10): 780-787. doi:
10.1016/j.neurol.2020.03.007

Madsen LB. et al (2007) Identification of the porcine homologous
of human disease causing trinucleotide repeat sequences. Neu-
rogenetics 8(3): 207-218. doi: 10.1007/s10048-007-0082-x
Karwacka M, Olejniczak M (2022) Advances in Modeling Poly-
glutamine Diseases Using Genome Editing Tools. Cells 11(3):
517. doi: 10.3390/cells11030517

Alves C, Follow H (2023) Engineering CRISPR base editors
towards a permanent treatment for SMA. Biomed Res 8: 47-51.
Bhattacharjee G, et al (2022) Current approaches in CRISPR-Cas9
mediated gene editing for biomedical and therapeutic applications.
J Control Release 543-561. doi: 10.1016/j.jconrel.2022.05.022
Naveed M, et al (2023) CRISPR-Cas9 guided RNA based model
for the treatment of amyotrophic lateral sclerosis: a progressive
neurodegenerative disorder. Acta Biochim Pol 70(3): 643-653.
doi: 10.18388/abp.2023_6250

Naveed M, et al (2023) Side chain inset of neurogenerative amino

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

acids to metalloproteins: a therapeutic signature for huntingtin
protein in Huntington’s disease. Eur Rev Med Pharmacol Sci
27(14): 6831-6842.

Naveed M, et al (2024) Molecular identification of Proteus mi-
rabilis, Vibrio species leading to CRISPR-Cas9 modification of
tcpA and UreC genes causing cholera and UTI. Sci Rep 14(1):
8563. doi: 10.1038/541598-024-12059-7

Bunting EL, Hamilton J, Tabrizi SJ (2022) Polyglutamine diseases.
Curr Opin Neurobiol 72: 39-47. doi: 10.1016/j.conb.2022.08.007
Liu Q, et al (2019) Molecular mechanisms and therapeutics for
SCA17. Neurotherapeutics 16(4): 1097-1105. doi: 10.1007/
s13311-019-00784-6

Asmamaw M, Zawdie B (2021) Mechanism and applications of
CRISPR/Cas-9-mediated genome editing. Biol Targets Ther 15:
353. doi: 10.2147/BTT.S314147

Van der Lubbe SC, Fonseca Guerra C (2019) The nature of hy-
drogen bonds: A delineation of the role of different energy com-
ponents on hydrogen bond strengths and lengths. Chem Asian J
14(16): 2760-2769. doi: 10.1002/asia.201900470

Breza M, Koutsis G (2019) Kennedy’s disease (spinal and bulbar
muscular atrophy): a clinically oriented review of a rare disease. J
Neurol 266(3): 565-573. doi: 10.1007/s00415-019-09545-5
Grewal RP, et al (1998) The mutation properties of spinal and
bulbar muscular atrophy disease alleles. Neurogenetics 1(4): 249-
252. doi: 10.1007/s100480050026

Malek EG, Salameh JS, Makki A (2020) Kennedy’s disease:
an under-recognized motor neuron disorder. Acta Neurol Belg
120(6): 1289-1295. doi: 10.1007/s13760-020-01350-7

Fatehi S, et al (2023) Advances in CRISPR/Cas9 genome editing
for the treatment of muscular dystrophies. Hum Gene Ther 34(9-
10): 388-403. doi: 10.1089/hum.2023.1234

Sen T, Thummer RP (2022) CRISPR and iPSCs: Recent Deve-
lopments and Future Perspectives in Neurodegenerative Disease
Modelling, Research, and Therapeutics. Neurotox Res 1-27. doi:
10.1007/512640-022-00398-x

He L, et al (2021) Human stem cell models of polyglutamine di-
seases: sources for disease models and cell therapy. Exp Neurol
337: 113573. doi: 10.1016/j.expneurol.2020.113573

Alves CR, et al (2024) Optimization of base editors for the func-
tional correction of SMN2 as a treatment for spinal muscular atro-
phy. Nat Biomed Eng 8(2): 118-131. doi: 10.1038/s41551-023-
0175-0

Johns AE, Maragakis NJ (2022) Exploring Motor Neuron Di-
seases Using iPSC Platforms. Stem Cells 40(1): 2-13.

80



