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What is Gene Therapy?
Gene therapy is a technique that involves manipulating an 

organism's genetic material to treat or cure genetic 
diseases.

OBJECTIVE

Correct, replace, or remove 
defective genes.

Restore the normal function 
of cells, tissues, or organs

Gene therapy has evolved 
from early gene transfer 

attempts to advanced 
technologies like CRISPR.

EVOLUTION



The Genome
The genome is the complete set of genetic information 

of an organism, contained in its DNA.

The genome is organized into chromosomes.

Chromosomes are structures found inside cells that 
contain DNA. 

Think of chromosomes as boxes that store the
instructions (DNA) for building and running the body. Each
person has 23 pairs of chromosomes (a total of 46), half
from the mother and half from the father.

Chromosomes are located in the nucleus of the
cell, and when there is a lot of DNA to store, it
wraps up and organizes itself into chromosomes.

Each chromosome has a specific role in
determining traits like eye color or the likelihood
of developing certain diseases.



Genetic Engineering and CRISPR/Cas9
Direct manipulation of DNA to achieve changes in the genome.

GENETIC 

ENGINEERING

What is CRISPR?
CRISPR stands for Clustered Regularly
Interspaced Short Palindromic Repeats.
It is a DNA sequence found in bacteria.
It works like a memory for the bacteria,
storing pieces of DNA from viruses it has
encountered. When a virus attacks the
bacterium again, CRISPR recognizes the virus
and helps the bacterium defend itself.

What is Cas9?
Cas9 stands for CRISPR-associated protein 9.
It is a protein (or enzyme) that acts like a 
molecular scissors. 
Cas9 cuts DNA at a specific point, guided by a 
map (RNA) that tells it exactly where to make 
the cut. 
This allows us to modify DNA precisely.

ADVANTAGES
High precision: Targets specific genes with great 
accuracy, minimizing unwanted changes.

Easy to design: Quickly customizable RNA guides 
for any gene.

Cost-effective: An affordable and accessible 
solution for genetic modifications.



Examples of Gene Therapy 
with CRISPR

Cystic Fibrosis (CFTR gene)
Cystic fibrosis is a genetic disorder
that causes thick, sticky mucus to
build up in the lungs, digestive
system, and other organs. This
leads to severe respiratory and
digestive problems.
CRISPR is used to correct the
mutation in the CFTR gene,
responsible for cystic fibrosis.

Sickle Cell Anemia (HBB gene)
Sickle cell anemia is a blood 
disorder where red blood cells 
become misshapen (like a crescent 
or "sickle" shape). These sickle-
shaped cells block blood flow, 
causing pain, organ damage, and 
an increased risk of infection.
Modifying the mutation in the HBB 
gene to restore normal red blood
cell production.

Spinal Muscular Atrophy (SMA, 
SMN1 gene)
Spinal Muscular Atrophy is a 
genetic disorder that causes 
muscle weakness and atrophy due 
to the loss of motor neurons (nerve 
cells that control muscles).
Gene therapies to restore the 
SMN1 gene, improving muscle 
function.

Leukemia and Other
Hematological Diseases
Leukemia is a type of cancer that
affects the blood and bone
marrow. It causes the production
of abnormal white blood cells that
don’t function properly, leading to
symptoms like fatigue, easy
bruising, and frequent infections.
Using CRISPR to modify immune
cells to treat cancer.



Advantages and Potential 
of Gene Therapy

Correcting the root cause: 
Gene therapy directly targets the genetic defect causing the disease, instead of just treating the 
symptoms. By correcting the faulty DNA, it addresses the root of the problem, potentially eliminating the 
disease at the molecular level. This approach offers a long-term solution, improving the patient’s 
prognosis.

Personalized treatments: 
Every patient has a unique genetic profile. With personalized gene therapy, treatments can be tailored to 
meet the specific needs of each individual. This improves treatment effectiveness, minimizes side 
effects, and optimizes results.

Potential for permanent solutions: 
Gene therapy offers the possibility of permanent cures for certain genetic diseases. Instead of requiring 
ongoing or repeated treatments, once the genetic cause is corrected, patients may no longer need 
additional therapies. This could lead to significant long-term healthcare cost savings.

Improvement in quality of life: 
Gene therapies can lead to a significant improvement in the quality of life for patients with rare genetic 
diseases. By addressing the underlying causes, debilitating symptoms are reduced, organ function 
improves, and patients may experience greater independence, enabling them to live healthier and more 
self-sufficient lives.



Safety Challenges in Gene Therapy
Off-Target DNA Modifications: 
One of the biggest concerns with gene editing technologies like CRISPR is the risk of unintended 
modifications to the genome. These off-target edits could disrupt healthy genes, leading to 
harmful mutations or even cancer. While precision is improving, the risk of accidental changes 
in non-target regions of the genome remains a challenge. 

Immune Reactions to Foreign Components: 
When gene-editing tools (such as Cas9 proteins or viral vectors used for gene delivery) are 
introduced into the body, the immune system may recognize them as foreign and initiate an 
immune response. This could cause inflammation, tissue damage, or rejection of the 
therapeutic treatment, reducing its effectiveness or even causing harm to the patient.



BALANCING RISKS AND BENEFITS

Gene therapy presents significant potential to cure

genetic diseases and improve the quality of life for
patients.
However, there are still several risks to address, such as

precision issues, long-term effects, and also ethical
concerns surrounding its use.

It’s crucial to balance these risks against the
enormous benefits that gene therapy offers.
Continued advancements in technology are needed to

enhance safety, efficacy, and precision, while also
ensuring accessibility and affordability.

With ongoing research and refinement, gene therapy
can transform the lives of patients, providing hope
for those suffering from previously untreatable

conditions.
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