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Abstract:

The CRISPR-Cas9 technology has assumed a new front of genetic engineering and molecular biology. This is a
powerful gene-editing system using a bacterial immune system that is incredibly accurate and efficient in DNA
sequences manipulation. The paper considers the option of editing defective genes that have already been with
CRISPR-Cas9. linked to a variety of hereditary diseases, including cystic fibrosis, Huntington disease, and
sickle cell anaemia. It provides literature review of latest developments in detail, both the successes and the
challenges of preclinical and clinical trials. In addition, the paper Discusses the relevant ethical, legal, and
social implications (ELSI) associated with human genome editing. The hypothesis of this paper is as follows:
CRISPR-Cas9 has immense potential to. The use in the clinical setting should be done with caution under
transform medicine strong regulatory controls and free discussion by analysing the scientific evidence and
efficacy and safety graphical representation, and by using tables to describe clinical trials. The article will
provide an overview of the current state of CRISPR studies and forecast its evolution in the future of
responsible design and application to the treatment of genetic disorders.
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I. Introduction

The modern medicine is continually changing its face due to technological innovation. The One of the
most disruptive of these advances is the creation of Clustered Regularly Interspaced Short Palindromic Repeats
or CRISPR a gene editing tool, which has in a little less than one shown itself capable of doing just this decade,
has evolved into a newcomer in bacterial immunology to an epochal technology that might repair the form of
life itself. Mutations in the DNA of a person or a mistake cause genetic diseases that plague millions of human
beings across the world. Over centuries medicine could only treat the symptoms of such conditions that brought
palliative care without the real cure. The ability to directly target, and fix, these genetic defects, a new
technology called CRISPR technology, or the CRISPRCas9 system, is a paradigm shift at their genesis, and is
making the tempting oath of a permanent remedy to hit her to unresponsive hereditary diseases. The crude
principle of CRISPR-Cas9 is basic sublimely. It is like a molecular scissors that is programmable to slice DNA
at a site. This system is made up of two key components, the Cas9 enzyme that breaks and a guide RNA
(gRNA) molecule that directs the Cas9 to the sequence of interest in the genome. After cutting the DNA may
exploit the natural cell repair mechanisms to either mute a breaks down a gene or, rather, inserts a new piece of
healthy DNA. Such specificity makes CRISPR superior to the previous methods of gene-editing, including Zinc
Finger Nucleases (ZFNs) and Transcription Activator-Like Effector Nucleases (TALENSs), which are easier to
use, cheaper to implement, and more efficient.

In this paper, the researcher will attempt to give an extensive discussion on the application of CRISPR
technology in the treatment of genetic disorders. It will start by explaining the molecular pathways of the
CRISPR-Cas9 system to give the background information required to value its applications. The main part of
the paper will subsequently examine the growing literature that has focused on the application of this
technology to particular monogenic diseases as cystic fibrosis, Huntington disease and sickle cell anemia. We
will look at the various approaches that are underway, to ex vivo editing of cells of the patient, to the more
difficult task of in vivo delivery directly into the body.

However, there are threats and ethical issues that accompany the capability to recode the human
genome. The critical section of the present paper analyses these issues. We will remark on the still unresolved
technical challenges, including the fact that there is a risk of off-target effects- accidental cuts in other parts of
the genome- and the difficulties of effectively targeting CRISPR machinery to the target cells. At the deeper
level of morality we shall find in question the grave moral consequences. The distinction between somatic and
germline editing is one of the primary arguments of this debate (it is just the individual who will be altered or,
to be more exact, this individual will evolve in order to introduce some changes that will be passed down to the
next generation). The paper will analyze arguments on whether or not it is possible to design babies, rising
social inequalities, and long-term consequences of the unforeseen, manipulation of the human gene pool.
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The paper will finally conclude by summing up the scientific potential and the societal concerns to
state that there is a way to go and it is creative and responsible. With the help of literature analysis, visual
evidence on the efficiency of CRISPR and assessment of existing clinical trials, we will build an argument to
the fact that CRISPR-based therapies are to be developed more cautiously and further. The revolution is not the
future, it is the present. The important question is this: not simply to perfect the technology but to find a
universal consensus on how the use of this phenomenal power might serve the good of man in a manner that the
dream of genetic illness being healed is achieved in its ethical use and in its justice.

II.  The CRISPR-Cas9 System: Mechanism And Function
It is impossible to understand the revolutionary applications of CRISPR-Cas9 without a prior review of
its biological process. One of the solutions that evolution has discovered is the credit of grace in the system and
here is a highly developed adaptive immune response of the bacteria and the archaea to assault invading viruses
(bacteriophages). Scientists, specifically Jennifer Doudna and Emmanuelle Charpentier have used this defense
system of nature to develop a versatile and programmable gene-editing tool (Jinek et al., 2012).

Parts of the CRISPR-Cas9 System.

The most exploited gene editing is the Type II CRISPR of Streptococcus pyogenic system; it involves
2 large components: Cas9 (CRISPR-associated protein 9): This is a nuclease, or an enzyme that specialized in
cutting DNA. When used as a natural protein, RNA guides Cas9 to the DNA of intruding phages where it
cleaves and nullifies the danger. The workhorse of the system in the laboratory is the Cas9 protein which is the
so-called molecular scissors.

Guide RNA (gRNA): In the engineered system, the inherent two-RNA guidance mechanism (crRNA
and tracrRNA) has been reduced to the form of a single guide RNA (sgRNA). This artificial gRNA is a
chimeric (usually around 100-nucleotide) gRNA whose two parts differ:

Scaffold Region: The sequence is fixed and constitutes a definite three dimensional arrangement which
attaches the Cas9 protein.

Spacer/Guiding Region: This is a programmable nucleotide sequence of about 20 bases that is at the 5'
end. The researcher drafts this sequence in a way that it is complementary to the target DNA sequence that
he/she wants to edit. It is this area that renders CRISPR-Cas9 specific.

The Editing Process: Step-by-Step Guide.
Gene editing using CRISPR-Cas9 can be divided into three steps, namely, recognition, cleavage, and repair.

Stage 1: Recognition and Binding.

It starts with introjection of the Cas9 protein and the gRNA in a cell. They are aggregated into a
ribonucleoprotein (RNP) complex. This complex will then scan across the large genome of the cell, in search of
a DNA sequence that is complementary to the guiding 20-nucleotide sequence of the gRNA.

An important component of target recognition is the Protospacer Adjacent Motif (PAM). Unless it is
immediately preceded by a small sequence called the PAM, the Cas9 nuclease will not bind and cut a DNA
sequence. In the widely used S. pyogenes Cas9, the PAM sequence is 5'-NGG-3' in which N may represent any
nucleotide. The necessity of a PAM sequence is a two-sided sword: on the one hand, it prevents the Cas9 from
cutting the CRISPR locus on the bacterial genome itself, but on the other hand it limits the repertoire of
potential target sites of a eukaryotic genome. Cas9 protein initially identifies the PAM sequence, and then
identifies the adjacent DNA according to its complementarity with the gRNA. In case the match is accurate the
complex binds to the DNA, unwinding the two strands of the helix to enable the gRNA to have an attachment to
its counterpart.

CRISPR/Cas9
Genome Editing
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Stage 2: Cleavage
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Upon a successful binding of the Cas9-gRNA complex to the target DNA, the nuclease domains of
Cas9 protein (HNH and RuvC) are triggered. The two strands of the DNA double helix are cut in every domain.
This introduces a double-strand break (DSB) at an exact site, which is usually 3-4 nucleotides above the
sequence of the PAM. This is the break that is the most critical in initiating the editing process. DSBs are not
tolerated by the cell because they may cause genomic instability and cell death and the cell instantaneously
initiates its DNA repair machinery.

Cellular DNA Repair Pathways: The Editing Result.

The final result of the CRISPR-Cas9 edit depends upon which two large cell DNA repair pathways is
applied to repair the two-strand break.

Non-Homologous End Joining (NHEJ): It is the major and the most active repair process of DSBs in
the cell. It is a very fast, yet inaccurate process which basically sticks the two broken ends of DNA back
together. Small deletions or insertions of nucleotides (together called indels) are also highly likely to be
introduced at the break site in the process. These indels have the ability to change the reading frame of a gene
resulting in production of truncated, non-functional protein. As such, NHEJ is a good gene knockout/disruption
pathway. NHEJ is the preferred event in the event the goal is to mutate a gene that produces a toxic protein (as
in Huntington disease).

Homology-Directed Repair (HDR): This is a far more specific (but less effective) repair pathway. The
HDR occurs mostly in the S and G2 stages of the cell cycle when a sister chromatid would be used as a
template. This can be used by scientists who add a template donor to the cell together with the CRISPR-Cas9
elements. This donor template is a piece of DNA that places the genetic change one wishes (i.e., the fixed
variant of a distorted gene) and is bordered by the so-called homology arms- sequences that complement the
DNA on both sides of the DSB. HDR machinery of the cell utilizes this template in repairing the break, hence,
the sequence is specifically inserted into the genome. This is the route that gene correction has to follow and
hence it is the main aim of treatment in most genetic disorders where the gene responsible is a loss-of-function
mutation.

Table 1: Comparison of DNA Repair Pathways in CRISPR Editing

Feature

Non-Homologous End Joining
(NHEJ)

Homology-Directed Repair (HDR)

Primary Outcome

Gene knockout / disruption

Gene correction / insertion

Mechanism Direct ligation of broken ends Uses a template for repair
Precision Error-prone (causes indels) High fidelity, precise edits
Efficiency High, active in all cell cycle phases Low, primarily active in S/G2 phase

Requirement None Donor DNA template required
Typical Application Disabling a dominant negative allele Correcting a loss-of-function

mutation

Decision making on which route to capitalize on is at the heart of planning a treatment intervention.
Whereas NHEJ is powerful, HDR precision is frequently the finishing objective. A large part of the
contemporary research aims at finding a way to increase the efficiency of HDR or even coming up with new
ways of editing precision, including base editing and prime editing, which can be used to make precise changes
but do not cause DSBs whatsoever.

III.  Literature Review: Advances In CRISPR-Based Therapies.

The move to take CRISPR-Cas9 out of the lab and into the possible therapeutic agent has been
extraordinarily rapid. Over the last ten years there has been an outburst of studies proving it to be effective in
cell and animal models of human genetic diseases, and the first human clinical trials are being initiated. The
present review summarizes major discoveries and milestones studies that led to clinical use of CRISPR in the
treatment of genetic disorders.

Ex Vivo Methods: Gene Editing of Cells in Vitro.
The most clinically developed uses of CRISPR are ex vivo gene editing. The plan here is to take out

DOI: 10.9790/ 3008-2005021018 www.iosrjournals.org 12 | Page



CRISPR Technology: Revolutionizing The Treatment Of Genetic Disorders

the cells of a patient, modify them in a laboratory and replace the mutated cells in the patient. The method is
especially suitable to the diseases of blood and immune system because hematopoietic stem cells (HSCs) can be
easily obtained and modified.

Sickle Cell Anemia and 2 -Thalassemia: These are two of the most prevalent and severe monogenic
blood disorders, both of which are the result of mutation in the 2 -globin gene. One of the potentially effective
treatment approaches has concentrated not on the direct correction of the mutation in the 8-globin chains, but
rather on the reactivation of fetal hemoglobin (HgF) expression. HbF occurs naturally in fetal life and is
extremely efficient in oxygen carriage, but during postnatal life is silenced by the BCL11A gene.

The promise of this approach was demonstrated in a Phase 1 clinical trial (CTX001) where a landmark
study was carried out by Stadt et al. (2020). CRISPR-Cas9 was utilized to silence the BCL11A gene of the
HSCs of patients with B-thalassemia and sickle cell disease. Reinfusion of the edited cells was successful and
the engraftment formed and initiated production of red blood cells with high HbF. The outcome was radical:
patients were turned into transfusion-independent and sickle cell crises decreased significantly. The publication
was the initial persuasive evidence of-concept of the potential curing efficacy of CRISPR in human beings.
Similarly, Frangoul et al. (2021) reported both clinical and long-term advantages of the therapy in different
patients, which validates its potential.

Cancer Immunotherapy: Cancer treatment is also undergoing a revolution with CRISPR, in particular
the development of CAR-T cell therapy. The T cells of a patient are modified in this treatment method to
produce Chimeric Antigen Receptors (CARs) that identify and target cancer cells. CRISPR has gone on to
improve the effectiveness and safety of these cells further. As an example, a first-in-human trial was conducted
by Stadtmauer et al. (2020) in which CRISPR-Cas9 knocked out three genes in T cells: the endogenous T-cell
receptor (to avoid graft-versus-host-like reactions) and the PD-1 gene (a checkpoint that cancer cells use to
escape the immune system). The engineered cells proved to be safe and were able to engraft patients with
advanced cancers and it has proven that it is possible to multiplex with gene editing to therapeutic applications.

In Vivo Approaches: Editing Cells, within the Body.

Although ex vivo therapies are potent, they cannot be applied to solid organ or tissue diseases where
the organ or tissue cannot be removed and reintroduced to the patient easily. A more complex yet eventually
more versatile option is in vivo gene editing, in which the CRISPR machinery itself is introduced into the body
to edit cells within the natural context. In vivo editing faces the main difficulty with the vehicle of delivery.

Transthyretin Amyloidosis (ATTR): Gillmore et al. (2021) reported a first-in-human trial of CRISPR
as a pill-form treatment in ATTR, a rare genetic disease, in which mutations in the TTR gene cause the liver to
produce misfolded proteins that build up in and damage organs. The authors packaged the mRNA encoding
Cas9 and a gRNA targeting TTR gene in a lipid nanoparticle (LNP)- the delivery technology in both Pfizer-
BioNTech and Moderna COVID-19 vaccines. The LNPs were injected as an IV and preferentially absorbed by
liver. The outcome was spectacular: the optimal dose of a one-dose dose-dependent and long-term decline in the
serum TTR protein levels was noted with an average decrease of 87 percent in the high dosage group. The work
was a breakthrough that proved that CRISPR-based therapies could be administered systemically to edit a
human organ with high efficiency and a good safety profile, the first time in history.

Leber Congenital Amaurosis (LCA): LCA is a serious type of inherited blindness brought about by
mutations in genes that are essential in vision. Due to the relative immunoprivileged and accessible location, the
eye has been a leading target of in vivo gene therapy. A type 10 CRISPR-based therapy (EDIT-101) is currently
under trial in a clinical trial (BRILLIANCE) to treat LCA type 10 that occurs due to a mutation in the CEP290
gene. Under this method, CRISPR-Cas9 components are introduced to photoreceptor cells by a subretinal
injection of an adeno-associated virus (AAV). It is aimed to apply NHEJ to excise a mutation that causes wrong
RNA splicing, which would restore the expression of a functional CEP290 protein. Although the final outcomes
are still awaited, the initial data have shown that the treatment is not harmful and has demonstrated that it can
work in at least some patients, giving hope of restoring the vision in this untreatable disease (Maader et al.,
2019).

Technology of Editing.

Other than the particular uses of the technology in the context of particular diseases, another notable
area of the technical literature is the rapid development of the CRISPR technology itself in response to
increasing safety and versatility.

Base and Prime Editing: With the acknowledged risks of using a double-strand break to create an edit,
scientists, among them David Liu, have created so-called next-generation editors. Base editors are chimeras of a
catalytically inert Cas9 (which will bind to DNA but not cleave it) and an enzyme capable of changing one
DNA base to another (e.g., C to T, or A to G) without cleaving the DNA backbone (Gaudelli et al., 2017). This
enables point mutations to be directly corrected. Prime editing is a still more versatile "search-and-replace" in
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which a modified Cas9 is fused to a reverse transcriptase and a prime editing gRNA (pegRNA) to write new
genetic material into a target site, this time without a DSB (Anzalone et al., 2019). These technologies have a
high potential to change the safety profile of gene editing by eliminating the unpredictable results of the NHEJ
and minimizing the risk of genomic rearrangement on large scale. There has been outstanding achievement of
preclinical targets of pathologies like progeria and sickle cell disease using these editors.

The literature provides a vivid image of a discipline that is evolving at a fast and an astronomical rate.
The CRISPR technology is increasingly finding its way into the clinic following the initial ex vivo successes in
blood diseases and the first steps the technology made in systemic in vivo editing. The emergence of less
harmful and more precise editing tools makes its possible use as a therapeutic tool even more plausible. The
progress of recent years has made the mind of healing genetic diseases no longer a science fiction, but as the
nearest clinical future possible. Despite the presence of serious obstacles, the idea of healing genetic diseases
has moved to the past several years ago.

IV.  Ethical, Legal, And Social Implications (ELSI)

Human genome editing is, perhaps, one of the most important scientific capacities to be developed. It
is accompanied by a laborious, complex landscape of ethical, legal and social implications (ELSI) that should
be considered seriously by scientists, policymakers and the general population. It is not only an academic
problem but the future of human health, identity and equality. The moral issue lies in the fact that there are two
types of gene editing that are distinguished.

Somatic vs. Germline Editing: The Ethical Fissure.

Somatic Cell Gene Editing: Somatic Cell gene editing is the editing of the genes of the patient (i.c.,
blood and liver or lung cells). These are not inherited alterations and they are applicable to the treated
individual. It is a known scientific and ethical fact that somatic gene editing, when proved safe and efficient, is
morally acceptable. It is in the conventional paradigm of medicine: to treat or prevent illness in a person. Both
the sickle cell disease, ATTR amyloidosis, and LCA clinical trials above are all somatic cell therapy examples.
The main ethical issues in this case revolve around safety, equity of access and informed consent.

Germline Gene Editing: This concerns the editing of the genes of reproductive cells (sperm, eggs) or an early-
stage embryo. These were hereditary changes to be inherited by all generations to come. This is the most
controversial part.

Arguments to support: Advocates believe that germline editing can be the final solution to eliminate some
serious genetic diseases in a familial lineage forever. In a pair in which both partners are carriers of a recessive
allele of a fatal condition, or in which one partner is a carrier of a dominant lethal allele, germline editing may
provide an option to have a healthy child with genetic similarity, without transmitting the condition. Some view
it as more comprehensive and prophylactic medicine.

Objections to: Critics level some deep objections:

Safety and Unforeseen Consequences It is unknown what the long-term outcomes of manipulating
human gene pool might be. Editing errors, off-label effects or unanticipated interactions would cause new
health problems in future generations that would not have participated in the decision.

Slippery Slope to Enhancement: The most imminent among the fears is that the technology once made
available as a therapeutic one will inevitably be transferred to the non-therapeutic genetic enhancement of
producing the so-called designer babies with enhanced features such as intelligence, physical looks, or sports
skills.

Radicalization of Inequality: When there is the availability of gene editing to enhance, it will undoubtedly be
accessible to the rich only. This may bring about a new kind of social division, a genetic gap between the
enhanced and the un-enhanced, the result being the rise of new types of discrimination and social conflict never
seen before.

Consent and Human Dignity Future generations will have no right to consent to the altering of their
genomes. Others support this by saying that such irreversible modifications to the human germline is a betrayal
of their autonomy and a disgrace to human dignity.

This debate came to a conclusion with the case of He Jiankui, a Chinese scientist who in 2018 reported
the birth of the first in the world gene-edited babies. He attempted to silence the CCRS gene with CRISPR in
two embryos in hopes that he would give the embryo resistance to HIV. The international scientific community
virtually unanimously condemned his work as medically unnecessary, ethically heinous and a gross violation of
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scientific and clinical standards (Hurlbut, 2019). The incident acted as a bitter lesson of how the international
system needs a well-built system of governance and control.

Equity and Access

Just in the accepted sphere of somatic therapy, serious ethical questions of justice and equity can be
observed. The treatment with CRISPR-based therapies is very costly now, and it is estimated to cost hundreds
of thousands or even millions of dollars.

e This begs important questions:

e Will only the developed countries have such cures available to the rich ones only?

e What will happen to the reimbursement of such expensive treatments in the public and private healthcare?

e Will CRISPR widen the current health disparities among various socioeconomic and racial groups?
Indicatively, the sickle cell disease is a condition that has a higher number of people who are of African
descent, a community that has always been at a disadvantage in the list of the most disadvantaged when it
comes to accessing healthcare. It is a moral obligation to make sure that the cure is made accessible to the
population who are mostly affected.

Regulation and Governance

To overcome these difficulties, the call to ban clinical heritable germline editing worldwide is
increasing until the safety and social consequences are more well understood and a general social agreement
achieved. The world health organization (WHO) and national academies of science among other international
organizations are busy formulating the structure of how human gene editing should be governed.

Table 2: Key Recommendations from International Governance Bodies

Recommending Body

Key Stance on Somatic Editing

Key Stance on Germline Editing

WHO Expert Advisory Committee

Permissible under appropriate
regulatory oversight (e.g., FDA,
EMA).

Recommends a global moratorium on
clinical use. Urges the creation of a
global registry of all research.

U.S. National Academies of
Sciences, Engineering, and
Medicine

Supported for treating and preventing
serious diseases.

Should not be allowed currently. In
the future, only in case of severe
diseases, which have no other
possible treatment, and only in the
case of a long-term discussion and
strict control, it can be allowed.

International Commission on the
Clinical Use of Human Germline
Genome Editing

(Outside of scope) Identifies a "responsible translational
pathway" but concludes that no
country is currently prepared to meet
the stringent scientific and ethical

requirements for clinical use.

The ethical environment of CRISPR is as complex as the technology itself is mighty. It introduces us
into fundamental matters of what it means to be human, what medicine should become and what kind of a
society would we like to build. The future requires a cautious, open and open-minded global debate to ensure
that this ultra- revolutionary technology is used in a wise way and to the benefit of the entire humanity.

V.  Future Directions And Analysis.

To observe CRISPR technology coming to a bacterial defense system to clinical therapeutic is
testimony to the power of basic scientific research. The analysis of its current state of affairs shows a field with
mammoth potential that must be kept in check with massive, but not insurmountable barriers. The future
developments of CRISPR technology and applications will be defined by the enhancement of three variables,
such as technical precision and safety, expansion of delivery tools, and operating within the context of the
dualistic and frequently ambiguous the socio-ethical dimension.

Technical Problems and Technology.
CRISPR-Cas9 is not a flawless instrument yet it will be. Off-target effects, efficiency of delivery and
immunogenicity of the Cas9 protein are the most critical technical pitfalls scientists are currently overcoming.

Off -Target Effects: One of the central safety issues is the potential of Cas9 -gRNA complex to bind and
cleave DNA sequences similar but distinct. A random excision may affect a tumor suppressor gene, or an
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oncogene, or other severe genomic alteration.

Analysis: Both the (seemingly) increasingly complex detection techniques (e.g., GUIDE-seq, CIRCLE-seq) and
counter-measures have partially assuaged initial concerns of high off-target rates with these techniques.

Future Direction: The future is in creating more fidelity in editors. This includes: High-Fidelity Cas9 Variants
(i.e., SpCas9-HF1, eSpCas9): protein engineering has resulted in much less tolerant Cas9 variants, resulting in a
reduction in off-target cleavage by a large factor without affecting on-target efficiency (Kleinstiver et al., 2016).

Base and Prime Editing: These more recent technologies do not use DSBs at all and, as mentioned, it is
intrinsically less prone to off-target indels and large-scale rearrangements. They are a significant advance to
safer gene editing and will probably become the method of choice in correcting point mutations.

Mechanisms of Delivery: The most significant obstacle to expanding the therapeutic use of CRISPR is
probably the safety and efficient delivery of the components of CRISPR into the right cells and tissues in vivo.

Analysis: The existing vectors of delivery, AAVs and LNPs have been successful but have their limitations.
AAVs induce an immune response, have a small cargo capacity, and may integrate into the genome, whereas
LNPs are restricted to a large extent to liver delivery.

Future Direction: The following breakthrough will be the new method of delivery: Engineered Virus-Like
Particles (VLPs): these are non-infectious shells of viruses that can be engineered to deliver CRISPR cargo and
infect a specific cell type with very high specificity.

Advanced Nanoparticles: Scientists are currently working to come up with newer versions of nanoparticles
composed of polymers or gold that can be programmed to avoid the immune system, reach deep tissue organs
other than the liver, and deliver their cargo in a targeted fashion.

Exosomes: These are natural extracellular vesicles which cells use to communicate. They are under
investigation as natural delivery vehicles of CRISPR components, which has the potential to be low-
immunogenicity.

Immunogenicity: The bacterial (S. pyogenes) version of Cas9 protein is the most widely used one. Due to the
regular exposure of humans to these bacteria, the presence of antibodies against Cas9 in many people may result
in an immune response that inactivates the therapy and results in inflammation.

Analysis: Immune response to Cas9 is an important and potentially not well-recognized obstacle to repeat in
vivo delivery.

Future Direction: There is a research interest in identifying Cas9 orthologs in non-pathogenic bacteria with
which humans are less likely exposed to, creating so-called stealth Cas9 proteins less recognizable to the
immune system, and creating temporary immunosuppression regimens to be used in conjunction with the
therapy.

Creating an Enlarged Therapeutic Landscape.
The possibilities of the diseases to be treated by CRISPR will increase radically as the technology matures.
Monogenic or Complex Diseases: Although the first step has been made on single-gene diseases,
polygenic diseases such as heart disease, diabetes and Alzheimer are the next frontiers. This is much more
complicated, because it might involve simultaneous modification of several genes or gene regulation instead of
creating a long-term alteration in the DNA. It will be essential here with CRISPR-based epigenetic modifiers
(e.g., dCas9 fused to acetyltransferases or methyltransferases), which can activate/deactivate genes without
modifying the DNA sequence.
Infectious Diseases: CRISPR is promising as a treatment against viruses. Even the scientists are
developing CRISPR technology to attack and kill the genomes of diseases like HIV, Hepatitis B and Herpes
Simplex Virus which can possibly provide a permanent cure rather than the lifelong antiviral drug.
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Table 3: Future Potential Applications of CRISPR Technology

Disease Category Current Focus Future Frontier Key Challenge
(Examples) (Examples)
Monogenic Disorders Sickle Cell, B- Cystic Fibrosis (lung), Targeted in vivo delivery
Thalassemia, ATTR, LCA Duchenne Muscular
Dystrophy (muscle),

Huntington's (brain)

Complex/Polygenic (Largely preclinical) Cardiovascular disease Multiplex editing,
(PCSK9), Alzheimer's regulation
(APOE4), Autoimmune
disorders (T-reg
modulation)

Infectious Diseases (Preclinical) HIV, Hepatitis B, Herpes Eradicating viral
Simplex Virus reservoirs
Cancer CAR-T cell therapy (ex In vivo editing of cancer Specificity and delivery
vivo) cells, targeting oncogenes

or tumor suppressor genes

The Path Forward: A Call for Responsible Innovation

It can be seen that the ethical and social aspects of the discussion reveal that in the future, technical is
not the most significant method of development but the social one. The path to the realization of the full
potential of CRISPR includes the creation of the responsible innovation framework.

Education and Public Engagement: The public needs to discuss gene editing on a large scale and
comprehensive level desperately. Scientists and bioethicists must mingle with the folk describing the
technologys, its prospects and its threats, and demystify the science and generate an informed discussion.

International Governance: The He Jiankui crisis case showed the inefficiency of the patchwork of
national laws that is currently in place. It is necessary that the potent, malleable world system of governing
human gene editing research, especially germline editing, in order to prevent rogue science and to create a
societal certainty.

Equitable Access Models: Pre-treatment The cost and access issue must be addressed in advance. This
will involve coordination between pharmaceutical companies, governments, insurers and patient lobby groups
to develop new modes of payment and distribution that will render such therapeutic treatments which have the
potential of being curative a privilege of the wealthy. These can be output price whereby the price is determined
by surveys conducted by the government to develop the less expensive production and international health
initiatives.

In conclusion, CRISPR has a bright and complex future. An innovation wave is steadily being able to
overcome the technical barriers and is turning the technology safer, more precise and flexible. The treatment
environment will be enriched with both rare monogenic diseases to the broad spectrum common and complex
diseases. However, the triumph of the CRISPR revolution will not only rest on the ingenuity of our scientists
but also on the intelligence of our civilization to both endure the ethical quandaries that the CRISPR revolution
will bring and to create a future where such life-saving cures will be available to all who will require them.

VI.  Conclusion

CRISPR-Cas9 has turned into a landmark in the medical and biological history. It has transformed our
ability to research the actual mechanics of life, and now it has placed us on the juncture of a new therapeutic
horizon- one in which we will no longer be working with the consequences of genetic disease but will be
offering permanent and irreversible cure to them by correcting the mistakes made in our own genetic material.
And as well as the quest to determine the answer to the ethical quandary of such large scale that CRISPR
presents, this paper has embarked on its journey all the way to its molecular origins till its recent and booming
application in human health.

Science is appealing and advancing at miraculous pace. As we have seen, ex vivo therapy of blood
diseases including sickle cell anemia has already demonstrated life-saving efficacy in clinical trials, providing
unquestionable evidence of the strength of CRISPR in therapy. At the same time, the initial success of the in
vivo trial in treating transthyretin amyloidosis has breached an extended obstacle as it demonstrated that
systemic and specific in targeting human organ gene editing is feasible. These achievements, which are
supported by ongoing advances in precision and delivery systems of the editors point to the fact that a tsunami
of new cures to a line of genetic diseases is about to happen.
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But there comes with this vast potential the vast responsibility. The ability to recode the human
genome is one of the instruments that cannot be taken lightly. In the ethical scenery analysis, it is evident and
required that there exists a clear and sharp boundary between the popular application of somatic cell editing in
the treatment of individuals with disease and the highly controversial possibility of hereditary germline editing.
The latter has dangers of unknown biological effects and social detriments, including the possibility of
increasing inequality, as well as altering the very definition of what it means to be a human being, that we are
not ready to handle. There must be a general agreement in the whole society and that this will be brought about
by a strong international regulation system under which any clinical consideration of germline modification
may be held responsible.

Even then, the road to even accepted somatic therapies is paved with hardships. The technical
problems of the full safety and efficiency delivery to all target tissues remains to be an active subject of study.
The socioeconomic dilemma of equitable access is less significant, but not less important. It would be deserted
at the time when the individuals who are capable of affording CRISPR knowledge will reach its cures. The most
important ethical and practical imperative is not to correct the excessive prices of those treatments as estimated
but to correct them.

In a final all-encompassing conclusion, CRISPR technology is not a panacea, but it is by all means the
most promising technology we have ever had in the war on genetic disease. It has placed us into the future
where the previously unimaginable, the cure of hereditary blindness, elimination of that painful experience of
sickle cell disease, the possibility to prevent the progression of the fatal neurological syndromes, is
materializing. It is not scientific how but a how of the future society. What is it we do to continue to perfect this
technology without damaging it? What do we do to ensure that it is carried to proper cells? Yet most
importantly how do we put it into practical use, in a wise, ethical and fair way? These questions will be
addressed to determine whether CRISPR revolution is as it claims to be to alleviate human suffering and indeed
a revolution in medicine to the benefit of all.
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