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Genetically Engineered Organisms
& Their Uses

1. Bacteria
a. Drugs

2. Fungi
a. Drugs
b. Fermentation

3. Animals
a. Mice-Human Gene 

Functions
b. Farm Animals-Drugs

4. Plants
a. Genetically Engineered 

Crops 
b. Feedstock for Biofuels

5. Humans



Human Genetic 
Engineering and 
Gene Therapy



What is Gene Therapy?

• The insertion of usually genetically altered genes into cells 
especially to replace defective genes in the treatment of 
genetic disorders or to provide a specialized disease-
fighting function - Merriam-Webster Dictionary

• Experimental treatment of a genetic disorder by replacing, 
supplementing, or manipulating the expression of abnormal 
genes with normally functioning genes - National Center for 
Biotechnology

• It is an approach to treating disease by either modifying 
the expressions of an individual's genes or correction of 
abnormal genes - American Society of Gene and Cell 
Therapy

• Gene therapy is the use of DNA as a pharmaceutical agent 
to treat disease - Wikipedia



Humans Have Been Genetically Engineered 
to Cure Genetic Diseases



Pompe Disease

• Glycogen is stored in the lysosome, an 
organelle

• Acid alpha glucosidase (GAA) converts 
glycogen, a storage form of sugar, into 
glucose

• GAA is defective in individuals with 
Pompe disease.  Glycogen over-
accumulation damages muscle cells.

• Pompe disease occurs in 1 in 40,000 
births

Megan, Patrick, John Jr., 
Aileen & John Crowley



Gene Therapy for Pompe Disease 
with the Acid Alpha Glucosidase Gene

https://ncats.nih.gov/pubs/features/trnd-pompe

Haley Hayes – recipient of 
Pompe disease gene therapy



Hemophiliacs Have Mutations in Factor VIII, 
Factor IX, or Factor XI Genes

Hemophilia A Defective Factor VIII Gene 1/10,000 males 80%
Hemophilia B Defective Factor IX Gene 1/30,000 males 20%
Hemophilia C Defective Factor XI Gene Autosomal <1%

Both Factor VIII & IX Genes 
on X-Chromosome   (�Ú��s)

18,000 People in US Have Hemophilia & 400 Babies/Year Are Born With Disorder
Prior to 1960s – Average Life Span Was 11 Years



Protein Factors in Blood  Lead To Clotting
Eight 

Proteins/Genes 
Required:

1. Factor VII
2. Factor XI
3. Factor IX
4. Factor VIII
5. Factor X
6. Protein C
7. Prothrombin
8. Fibrinogen

What Happens If Any of 
These Proteins, or Genes, 

are Mutated?
Ü

No Blood Clot!

Post-translational 
Modification

Inactive Active

Hemophilia A
Hemophilia B



Gene Therapies for Hemophilia A & B

Companies sponsoring hemophilia gene therapy clinical trials



The Future of Human Gene Therapy is Now!
Approved Gene Therapy Products

Glybera

Lipoprotein lipase deficiency

Marketed in Europe 2012

P53 tumor suppressor deficiency

Marketed in China 2004

LCA Blindness

FDA Approved 2017

2017

CAR-T Therapy

FDA Approved 2017

ADA-SCID

European Medicines Agency 

Approved in 2016

Hereditary Transthyretin Amyloidosis
FDA Approved 2018



Case Study of
Gene Therapy for 
Severe Combined 
Immunodeficiency 

(SCID)



Severe Combined Immunodeficiency Diseases (SCID)
David Vetter
“Bubble Boy”
Died at Age 12

Types of SCIDs
Adenosine deaminase deficiency

X-linked severe combined immunodeficiency

Purine nucleoside phosphorylase deficiency

Reticular dysgenesis

Omenn syndrome

Bare lymphocyte syndrome

JAK3

Artemis/DCLRE1C

X-linked SCID

ADA SCID

Relative Frequency of the Different 
Molecular Defects in SCID

A group of rare, sometimes fatal, 
congenital disorders characterized by 

little or no immune response. 



• ADA is an enzyme that metabolizes adenosine and deoxyadenosine
• ADA deficiency results in elevated adenosine and deoxyadenosine levels
• Abnormal levels impair lymphocyte development and function
• The immune system is severely compromised or completely defective
• ADA-SCID patients can be treated with PEG-ADA, a stabilized form of 

the enzyme

Severe Combined Immunodeficiency Disease (SCID)
Adenosine Deaminase Gene (ADA) Deficiency

• 32,213 kb Gene
• Chromosome 20
• 12 Exons
• 1,092 kb mRNA
• 323 aa protein

Degradation of Adenosine

(PEG-ADA)
Treatments for ADA-SCID



• ADA is an enzyme that metabolizes adenosine and deoxyadenosine
• ADA deficiency results in elevated adenosine and deoxyadenosine levels
• Abnormal levels impair lymphocyte development and function
• The immune system is severely compromised or completely defective
• ADA-SCID patients can be treated with PEG-ADA, a stabilized form of 

the enzyme

Severe Combined Immunodeficiency Disease (SCID)
Adenosine Deaminase Gene (ADA) Deficiency

• 32,213 kb Gene
• Chromosome 20
• 12 Exons
• 1,092 kb mRNA
• 323 aa protein

(PEG-ADA)
Treatments for ADA-SCID

Ashanthi DeSilva – first gene therapy 
patient was treated for ADA-SCID

Degradation of Adenosine



What Information is Needed Before 
Initiating Development of a Gene Therapy?

1.
2.
3.
4.
5.

http://learn.genetics.utah.edu



What Information is Needed Before 
Initiating Development of a Gene Therapy?

1. What is known about the biology of the disorder?
2. Does the condition result from a mutation of one 

or more genes?
3. Has the affected gene been cloned?
4. Will adding a normal copy of the gene fix the 

problem in the affected tissue?
5. Can you deliver the gene to cells of the affected 

tissue?

http://learn.genetics.utah.edu



1. There should be adequate biochemical characterization of the 
prospective patient's genetic disorder.

2. There should be prior experience with untreated cases of what 
appears to be the same genetic defect

3. There must be an adequate characterization of the quality of the 
exogenous DNA vector.

4. There should be extensive studies in experimental animals to evaluate 
the therapeutic benefits and adverse side effects of the prospective 
techniques.

5. Where possible, determine whether the prospective gene therapy 
technique can restore enzyme function in the cells of the prospective 
patient

“We propose the following ethico-scientific 
criteria which any prospective techniques for 
gene therapy in human patients should satisfy:”



Types of Gene Therapy
• Germline gene therapy

• Somatic gene therapy



Germline Gene Therapy
• Germline gene therapy is when 

DNA is transferred into the cells 
that produce reproductive cells, 
eggs or sperm, in the body. This 
type of therapy allows for the 
correction of disease-causing 
gene variants that are certain to 
be passed down from generation 
to generation

• It is NOT ILLEGAL to conduct 
human germline gene therapy in 
the US – however, experiments 
using federal funding must be 
approved by the Recombinant 
DNA Advisory Committee and use 
by public and private labs 
requires FDA approval. 

• FDA cannot review applications 
for clinical trials that involve 
human embryos with heritable 
genetic modifications 



Types of Gene Therapy
• Germline gene therapy

• Somatic gene therapy
– Gene augmentation

– Targeted silencing of gene expression

– Gene alteration

– Gene replacement

– Targeted killing of specific cell-types

HPV (human 
papillomavirus) 

E6 gene

p53 tumor
suppressor

CANCER

˫ ˫

Somatic cell - any cell 
of a living organism 

other than the 
reproductive cells



Somatic Cell Gene Therapy – In Vivo and Ex Vivo

IN VIVO

EX VIVO
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What “Tools” are Needed for 
Ex Vivo Somatic Cell Gene Therapy Protocols?

1.
2.
3.
4.



What “Tools” are Needed for 
Ex Vivo Somatic Cell Gene Therapy Protocols?

1. Cloned copy of the therapeutic gene
2. Appropriate switch - often a strong switch to drive 

high level expression of the gene
3. Vector to transfer the gene into the cells
4. Autologous cells (obtained from the same individual) 

or non-autologous cells



Ex Vivo Gene Therapy for ADA-
Severe Combined Immunodeficiency (SCID)

ADA-SCID Clinical Trial Started in 1990

1. T cells with mutant 
ADA gene are isolated 
from SCID patient

2. Therapeutic ADA gene 
incorporated into virus

3. Retrovirus infects 
cells, transfers 
therapeutic ADA 
gene 4. Cells are grown 

in culture to 
ensure ADA gene 
is active

5. Genetically altered 
cells are reimplanted, 
produce ADA

(1) Therapeutic 
Gene

(2) Vector & (3) Switch

(4) Autologous Cells



Vectors Target and Deliver 
Therapeutic Genes to Cells of Interest



Vectors Used 
to Deliver 
Genes to 

Cells in Gene 
Therapy

Transfects proliferating hosts

Transfects both types of hosts



Retrovirus Life Cycle
1. Entry into 
cell and loss of 
envelope

2. Viral RNA 
genome converted 
into double 
stranded DNA

3. Viral DNA 
integrated into 
host genome

4. Provirus 
DNA genome 
transcribed 
into RNA

5. Production of 
viral proteins

6. RNA genome 
packaged into 
virus particle 
and released

Retroviruses Replicate Using Reverse Transcriptase
David Baltimore & Howard Temin-Nobel Prize 1975

Modification of the Central Dogma of Molecular Biology - RNA to DNA to RNA to Protein



Retrovirus Genome

• 5’ long terminal repeat 
(LTR) – strong switch & 
integration

• 3’ LTR – strong switch, 
integration & 
transcriptional 
termination

• psi (Y) – packaging 
element needed to 
package the RNA 
genome into the viral 
particle

• gag – structural (coat) 
proteins

• pro - protease
• pol – reverse 

transcriptase
• env – envelope proteins



LTR
PSI GAG POL ENV

LTR

Retrovirus

Retroviral Vector
THERAPEUTIC GENE



LTR
PSI GAG POL ENV

LTR

Retrovirus

LTR THERAPEUTIC
GENE

LTR
Retroviral 

Gene Therapy 
Vector

Retroviral Vector
THERAPEUTIC GENE

How is this 
RNA genome 
packaged into 

a virus 
particle?



LTR
PSI GAG POL ENV

LTR

Retrovirus

LTR THERAPEUTIC
GENE

LTR
Retroviral 

Gene Therapy 
Vector

Retroviral Vector

PSI is a 
packaging 
element – a 
RNA sequence 
that is 
required for 
the viral RNA 
to be packaged 
into the virus

THERAPEUTIC GENE

PSI



Packaging and Production of 
Retroviral Vectors for Gene Therapy

PSI
Plasmids used 
for packaging

Vector 
Production



Using a Retrovirus as a Vector For Human 
Ex Vivo Gene Therapy

• Gag = Capid Protein
• Pol = Reverse Transcriptase
• Env = Envelope Protein
• Y (Psi) = Packaging Sequence

Env

Gag

Pol
Endocytosis

QuickTime™ and a
 decompressor

are needed to see this picture.



Using Retroviruses for Ex Vivo Gene Therapy

1. Cloning in Bacteria
2. DNA Transformation into 

Packaging Cell

1. Packaging Cells Makes Viral 
Proteins

2. Cannot Package (Provirus 
Minus Y)

3. Packages Therapeutic 
Transcript (RNA contains Y)

1. Infect Target 
Cells

2. Check For 
Presence of 
Gene

3. Transfer To 
Patient

A.

B.

C.

Packaging Cell Line
(Made Previously)



Ex Vivo Gene Therapy for ADA-
Severe Combined Immunodeficiency (SCID)

ADA-SCID Clinical Trial Started in 1990

1. T cells with mutant 
ADA gene are isolated 
from SCID patient

2. Therapeutic ADA gene 
incorporated into virus

3. Retrovirus infects 
cells, transfers 
therapeutic ADA 
gene 4. Cells are grown 

in culture to 
ensure ADA gene 
is active

5. Genetically altered 
cells are reimplanted, 
produce ADA

(1) Therapeutic 
Gene

(2) Vector & (3) Switch

(4) Autologous Cells



Did the Gene Therapy Strategy Work?

Ashanthi DeSilva
1992

– ADA gene expression in T cells persisted 
after four years

– But - patients remained on ADA enzyme 
replacement therapy throughout the gene 
therapy treatment

Ashanthi DeSilva
2018



• Gelsinger had a mild form of 
ornithine transcarbamylase (OTC) 
deficiency – results in an inability 
to metabolize ammonia

• He volunteered for clinical trial 
of gene supplementation therapy 
and was injected with adenovirus 
vector containing OTC gene

• He died of systemic inflammatory 
response syndrome – immune 
reaction to adenovirus vector

20021999

• 3 of 17 patients in clinical trial 
for X-SCID gene therapy 
developed clonal 
lymphoproliferative disorder – a 
leukemia

• The leukemia was caused by 
insertion of retrovirus near 
proto-oncogenes and activation of 
these proto-oncogenes by 
retroviral switches

Setbacks for Gene Therapy



Viral Switch

Retroviral Switches 
can Activate

Proto-Oncogenes 
and Induce Cancers

LTR THERAPEUTIC
GENE

LTR
PSI

A Typical Retrovirus 
Gene Therapy Vector



Some Early Problems with Human Gene Therapy

• Inefficient delivery of vector to target cells
• Low expression level of therapeutic gene
• Adverse immune reactions to vector
• Insertional mutagenesis causing other diseases   

(e.g., leukemia)
• Incomplete understanding of disease biology
• Human error - failure to adhere to strict NIH        

and IRB procedures (experimental therapies)



MAJOR RECOMMENDATIONS
• In order to confront the major outstanding obstacles to successful somatic 

gene therapy, greater focus on basic aspects of gene transfer, and gene 
expression within the context of gene transfer approaches, is required. Such 
efforts need to be applied to improving vectors for gene delivery, enhancing 
and maintaining high level expression of genes transferred to somatic cells, 
achieving tissue-specific and regulated expression of transferred genes, and 
directing gene transfer to specific cell types.

• To address important biological questions and provide a basis for the 
discovery of alternative treatment modalities, the Panel recommends 
increased emphasis on research dealing with the mechanisms of disease 
pathogenesis, further development of animal models of disease, enhanced 
use of preclinical gene therapy approaches in these models, and greater 
study of stem cell biology in diverse organ systems

• Strict adherence to high standards for excellence in clinical protocols must 
be demanded of investigators. Gene therapy protocols need to meet the 
same high standards required for all forms of translational (or clinical) 
research, whatever the enthusiasm for this (or any other) treatment 
approach.



Improvements in Gene Therapy

• Increases in efficiency of viral transduction
• Higher levels of therapeutic gene expression
• Development of self-inactivating vectors
• Coupling of gene therapy and stem cell 

technologies



Development of Self-Inactivating (SIN) Vectors
1. First generation 

vectors often caused 
leukemia because 
they inserted viral 
DNA next to proto 
oncogenes (cancer 
causing genes).

2. The 5’ LTR of the 
viral vector is a 
powerful switch that 
can activate proto 
oncogenes and cause 
cancers to form.

3. SIN vectors have 
transcriptionally 
disabled LTRs. They 
are less likely to 
activate adjacent 
genes.

(Switch)



“Eight of the nine boys registered to date in the 
new trial are alive and well, with functioning 
immune systems and free of infections 
associated with SCID-X1, between nine and 36 
months following treatment”.

2015

Self-Inactivating (SIN) Vectors 
are Effective in Gene Therapy



Dr. Pei-Yun Lee

Using Stem Cells in Ex Vivo Gene Therapy



General Strategy for Use of 
Hematopoietic Stem Cells in Gene Therapy

1

2 3

4

Lentivirus vector



Updated Ex Vivo Gene Therapy for 
ADA-SCID & SCID-X1

• SCID-X1 
– Most common form of 

SCID
– Results from mutations 

in the common gamma 
chain gene required for 
interleukin receptors

– Patients are immune 
deficient

• Gene Therapy 
Improvements
– Used hematopoietic 

stem cells
– Improved retroviral 

vectors with higher 
titers



It Works!

Results after 10 years
– ADA-SCID – 4 of 6 children 

experienced immune reconstitution
– SCID-X1 – 9 of 10 children 

experienced normal T-cell number
– But - 5 of 20 SCID-X1 subjects  

experienced leukemia-like T 
lymphoproliferation in another study

– ADA-SCID gene therapy 
product named Strimvelis from 
GlaxoSmithKline (sold to 
Orchard Therapeutics)

– Approved for use in Europe in 
May 2016, first used March 
2017

– One time treatment costs 
$714,000, with money-back 
guarantee



Other Diseases that are Being Targeted Using 
Ex Vivo Gene Therapy with Hematopoietic Stem Cells

• SCID Artemis
• SCID Rag-1
• Sickle cell disease
• �-thalassaemia
• Chronic 

granulomatous 
disease

• Leucocyte 
adhesion 
deficiency

• Wiskott Aldrich 
Syndrome

• X-linked 
lymphoproliferative 
syndrome 



Ex Vivo Gene 
Therapy to Control 

Cancers



Normal Blood Cell Development



Emily Whitehead, alive at age 7
because of a novel gene therapy strategy

Leukemia is cancer of the blood, 
that results in an increase in 
immature white blood cells. 

Chronic lymphoid leukemia affects 
B cell lymphocytes

2013



Chimeric Antigen Receptor (CAR) T Cell Strategy



Ex-vivo Gene Therapy for 
Lymphocytic Leukemia

CAR T cell Protocol
• Removed T cells from 

patients
• Created gene encoding 

Chimeric Antigen 
Receptor (CAR) that 
recognize a protein on 
the surface of B cells

• Transferred CAR gene 
into T cells to allow them 
to target B cells

• Infused CAR T cells back 
into patients

• Results
– CAR T cells expanded more than 1,000 fold and persisted more than six months
– Estimated that each CAR T cell killed more than 1,000 cancer cells
– In one trial, 19 of 22 children who had exhausted all drug treatment and bone-

marrow transplant options for leukemia went into remission after receiving 
CART-19

– 45 of 75 leukemia patients saw complete regressions with CARs

Antibody to B 
cell protein

B cell protein

B cell



§ Treatment for 
B-cell acute 
lymphoblastic 
leukemia

§ Approved August 
30, 2017

§ $475,000 per 
treatment course

§ Treatment for 
non-Hodgkin 
lymphoma

§ Approved 
October 18, 
2017

§ $373,000 per 
treatment course

Two CAR-T Cell Treatments were the 
First FDA Approved Gene Therapies - 2017



In Vivo 
Gene Therapy



What “Tools” are Needed for In Vivo 
Somatic Cell Gene Therapy Procedures?

1.
2.
3.
4.



What “Tools” are Needed for In Vivo 
Somatic Cell Gene Therapy Procedures?

1. Cloned copy of the therapeutic gene
2. Appropriate switch, often high expression level
3. Vector to transfer the gene into the cells
4. Ability to target the vector to desired cells



Blindness - Leber Congenital Amaurosis (LCA) 

§ Degenerative disease of the retina
§ The most common cause of congenital 

blindness in children

Type 2 LCA is caused by 
recessive mutations in the 

RPE65 isomerase gene

Normal retina LCA retina

How We See

Cideciyan et al. PNAS 2008;105:15112

A Gene Therapy for LCA



LCA Gene Therapy Using RPE65 & AAV2 
Protocol
§ Subretinal injection of adeno-associated 

viruses (AAV2) with RPE65 gene. AAVs… 
§ do not generally provoke antibody 

formation
§ infects nondividing cells of many 

different tissues
§ has little or no integration of viral DNA 

into the host genome 
Results
• Patients showed statistically significant 

improvement in vision in Phase 3 clinical 
trials, with 65% showing maximum possible 
improvement

• Improvements maintained up to three 
years

§ Approved December 19, 2017
§ $425,000 per eye
§ Money-back guarantee

Christian 
Guardino



Spinal Muscular Atrophy (SMA)
• Spinal Muscular Atrophy is an autosomal recessive neurodegenerative disease
• Number one genetic cause of infant mortality, with life expectancy of <2 years
• Characterized by progressive muscle weakness caused by a loss of specialized nerve 

cells (motor neurons) in the spinal cord and brainstem

Motor Neurons
(Survival of Motor Neuron)



In-vivo Gene Therapy for SMA Type 1
Protocol for Phase 1 Clinical Trial
§ Transferred the SMN gene into the AAV9 vector

§ AAV9 when infused into a vein can move 
across the blood-brain barrier to the central 
nervous system

§ Patients were given a single of intravenous 
AAV9-SMN treatment – 3 at a low dose and 12 
at a high dose

Results
§ All 15 children treated were alive at 20 months 

or older and did not require ventilation 
§ Other studies show that only 8% of 

untreated children survive to 20 months 
without ventilation

§ Of 12 patients given the high dose, 11 sat 
unassisted, 9 rolled over, 11 fed orally and 
could speak, and 2 walked independently Evelyn Villarreal



Regulation of
Gene Therapy



Timeline of Regulatory Authority 
for Gene Therapy in the USA



US Regulatory Authority for Gene Therapy
• Department of Health and Human Services (DHHS) has been 

charged with oversight of clinical trials
– Office for Human Research Protections 

• All research involving human subjects undergo Institutional 
Review Board review 

– U.S. Food and Drug Administration 
• Center for Biologics Evaluation and Research regulates 

human gene therapies. Manufacturers of gene therapy 
products must test their products extensively and meet 
FDA requirements for safety, purity and potency before 
they can be sold in the United States

• FDA cannot review applications for clinical trials that 
involve human embryos with heritable genetic modifications

• National Institutes of Health (NIH), oversees the conduct of 
federally funded clinical trials 
– Recombinant DNA Advisory Committee review human gene 

transfer research on behalf of the NIH through the Office of 
Biotechnology Activities 

http://www.genetherapynet.com/united-states-of-america.html



Gene Therapy Comes of Age



Clinical Trials







Current Status of 
Gene Therapy



Approved Gene Therapy Products Worldwide
P53 tumor suppressor deficiency
Marketed in China 2004

ADA-SCID
European Medicines Agency 
Approved in 2016

LCA Blindness
FDA Approved 2017

2017

CAR-T Therapy
FDA Approved 2017

Glybera
Lipoprotein lipase deficiency
Marketed in Europe 2012

Hereditary Transthyretin Amyloidosis
FDA Approved 2018

AVXS-101 
Spinal Muscular Atrophy
Anticipated FDA Approval in 2019



Hereditary 
Transthyretin 

(hATTR) Amyloidosis
• Transthyretin (TTR) is a 

tetrameric transport protein 
synthesized in the liver

• Missense mutations in TTR 
results in protein misfolding
and amyloid (protein 
aggregate) formation and 
amyloidosis

• Reduction in TTR levels 
decreases amyloid production



RNA Interference
Silencing Genes Through mRNA Degradation

DNA mRNA Protein

(small interfering 
RNA)



RNAi Gene Therapy for 
Transthyretin-mediated Amyloidosis

• Protocol
– Create a small interfering RNA (siRNA) 

against transthyretin (TTR) mRNA with 
a modified phosphodiester RNA 
backbone

– Encapsulate siRNA in lipid nanocarriers
– Deliver the drug intravenously

• Results
– Observed a 82 – 87% mean reduction in 

TTR levels
– Efficiency of TTR knockdown supports 

monthly or bimonthly dosing
– No adverse effects observed



Issues Concerning 
Gene Therapy



Some Issues With Human Gene Therapy

§ More Information is Needed

§ Availability for Everyone

§ Eugenics & the “Slippery 
Slope” Towards Enhancement

§ Consent

§ Germline Gene Therapy 



More Information is Needed About the Safety and 
Effectiveness of Gene Therapy Protocols



Availability for Everyone?

• Global Gene Therapy Market is forecast to hit $363 million by 2022
• Novartis says SMA gene therapy is cost-effective at $4-5M per patient
• therapies for hemophilia are in development at drugmakers BioMarin, Spark 

Therapeutics and UniQure
– New gene therapies that aim to cure hemophilia, a disease affecting the blood's ability 

to clot, may carry prices of $1.5 million or more, analysts at Leerink
– Factor replacement therapy is the current treatment for people with hemophilia, and is 

estimated to cost between $580,000 and $800,000 a year for adult patients
• Luxturna

– received a price tag of $850,000
• Biomarin – hemophilia $2-3M range
• Glybera: The Drug That Costs $1 Million Per Treatment

October 2017

Hemophilia
(Many)

Est. $1.5-3M

AVXS-101
(Novartis)
Est. $4-5M

Onpattro
(Alnylam)

Factor 
replacement 

therapy - $580,000 
and $800,000 per 

year

ADA replacement 
therapy - $100,000 
and $350,000 per 

year



Eugenics:The study of or belief in the possibility of improving the qualities 
of the human species or a human population, especially by such means as 
discouraging reproduction by persons having genetic defects or presumed to 
have inheritable undesirable traits (negative eugenics) or encouraging 
reproduction by persons presumed to have inheritable desirable traits (positive 
eugenics) – dictionary.com



Some Issues With Human Gene Therapy

§ More Information is Needed

§ Availability for Everyone

§ Eugenics & the “Slippery 
Slope” Towards Enhancement

§ Consent

§ Germline Gene Therapy 



Gene Editing &
Human Gene Therapy



Human Genome Editing Therapy

CRISPR-Cas9

iPSC is a stem cell



Uses of Genome Editing

• Correct monogenic disorders – germline and 
somatic cells
– Induce precise sequence changes to correct mutations

• Engineering pathogen DNA to combat infectious 
disease
– Mutate integrated proviral DNA in host cells

• Induce therapeutic or protective mutations
– Introduce mutations that cause resistance to HIV 

infection

Xiao-Jie et al. 2015



Brian Madeux – first human gene 
editing therapy patient - 2018

Gene Editing Therapy Phase 1/2 Clinical Trials

Gene Therapy for Hunter’s Syndrome



Human Genome Editing Therapy

CRISPR-Cas9



The End!!
HC70A/SAS70A/PLSS059 Lectures on 
the History, Science, and Applications

of Genomics & Genetic Engineering




