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Revolution in Therapies for Rare 

Diseases (many genetic)

• NIH – over 30 million Americans has one of 7,000 rare 

diseases (<200,000 affected)

• 80% genetic in nature

• Over 500 medicines in development but still <5% with 

treatment

• Rapid acceleration with the Orphan Drug Act – since 

1983 with over 2900 orphan designations

• Rapid growing part of health expenditures



Drug Development

Pre-clinical

• Target identification

• Lead compound

• Lead optimization

• Pre-clinical efficacy

• Pre-clinical toxicity

Clinical

• Phase I (toxicity)

• Phase II (dose finding)

• Phase III (efficacy)

• Phase IV (post-approval)



Therapies for Genetic Disorders

• Small Molecules

• Proteins 

– Enzyme Replacement

– Antibodies

• Gene therapy

– Viral (Adenoassociated virus)

– Non-viral (DNA, RNA, etc.)

– Gene Editing

• Stem cell therapy



Gene Therapy: The Goal!

• REPLACE

• ELIMINATE

• CORRECT



Gene Therapy: How?

• Viral

– Adenoassociated virus (Retinitis Pigmentosa and 
spinal muscular atrophy)

– Adenoviruses (cancer)

– Oncoretroviruses (SCID)

• Non-viral

– DNA

– RNA



GeneTherapy: Location, location, 

location!

• What? (local vs. systemic, organs, tissues, cells?)

• Where? (ex vivo vs. in vivo)

• How many? (cell autonomy?)

• How much? (intracellular vs. secreted)

• When? (regulated?)

• Toxicity? (host immune response, genotoxicity?)



Gene Therapy Vectors

• Non-viral

– Liposomes

• Problems:  efficiency and 

specificity

• Advantages: toxicity, repeated 

administration

– DNA

• Problems: efficiency 

• Advantages: toxicity, simplicity

– RNA

• Problems:  Stability

• Advantages: toxicity, simplicity

• Viral

– Adenovirus

– Adenoassociated virus 

– Retrovirus

– Lentivirus

– Herpes simplex



Vectors

• Viral

–Adenovirus (cancer)

–Adenoassociated virus (brain-spinal cord, retinal, 

liver, etc.) – RPE65 (retinal dystrophy), SMN (SMA)

–Retrovirus (Hematopoietic, CAR-T)

–Lentivirus (Hematopoietic, brain)

–Herpes simplex (Brain, cancer)



Adenovirus

• Common cold virus

• Advantages

–Easy preparation

–Wide cellular tropism

–Efficient

–Non-integrating

–Up to 36kb

• Obstacles

–Host immune response

–Transient correction 

(except for helper-

dependent vectors)

–Acute toxicity associated 

with innate immune 

response

–No re-administration



Adeno-associated virus (AAV)

• Nonpathogenic

–Parvovirus (helper)

• Advantages

–Epigenetic & integrating

–Decreased host immune 

response

–Long term correction

–Wide tissue tropism with 

new serotypes

• Problems

–Production

–Efficiency

–Cloning capacity (5kb)

–Adaptive immune 

response



Oncoretrovirus

• Oncoretrovirus

–8-9 kb capacity

• Advantage

– Integration

–Decreased host immune 

response

–Long-term correction

–Hematopoietic 

transduction

• Disadvantage

– Integration

–Production

–Efficiency

–Requirement for target 

cell division

• Lentiviruses

–HIV Based

– Infects non-dividing cells



Non-Viral: RNA Therapeutics

Damase et al Front. Bioeng. Biotechnol., 2021



Stem cell therapy

• Bone marrow transplantation

• Fetal stem cell therapy

• Adult stem cell therapy

–Mesenchymal, muscle, blood, fat 

• Identification, purification, engraftment

• Combined with gene therapy









Clinical Gene Therapies in Commercial 
Development in Genetic Diseases







Seiler et. al. B. Lee Current Gene Therapy 2007

The Problem: Host Immune Response



Effect of tissue-specific expression of 

host immune response

Pastore L et. al. Human Gene Therapy 1999

Ad-PGK-hAAT Ad-Alb-hAAT
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SCID Gene Therapy

Hacien-Bey-Abina et. al. NEJM 2002



Gene Editing: CRISPRs (Clustered Regularly Interspaced 
Short Palindromic Repeats)

• A bacterial adaptive immune 
system

• Composed of short 30 bp
repeats that separated by 
unique spacers derived from 
foreign nucleic acids 

• Most effective way to target a 
specific region of DNA and to 
introduce a genetic change



Fetal gene therapy for neuropathic Gaucher

Massaro et al

Nat Med 2018



Considerations for fetal gene therapy

• Rapid growth and cell division

• Tolerogenic response to vector and therapeutic 

proteins

• Maternal antibody 

• Systemic delivery

• Placental gene transfer

• Ethical considerations



Gene Therapies in Genetic Diseases

• Natural history of disease identifies unmet needs & new 

mechanisms

• Cooperation between family support groups, industry, and 

investigators

• Acceptance of surrogate vs. clinical endpoints by regulatory 

agencies

• Therapeutic Index is key: Effective dose vs. toxic dose

– Patient immune response to treatment

– Off target effects of treatment


