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A Examples of human diseases amenable to gene therapy

Disease Cells treated Approach used
Inherited diseases
Adenosine deaminase (ADA) Stem cells Ex vivo ada gene addition
deficiency
Gaucher disease Stem ve... Ex vivo glucocerebrosidase gene addition
Cystic fibrosis Respiratory epithelium In vivo CFTR gene addition

Familial hypercholesterolomia

Duchenne muscular dystrophy

Acquired diseases
Malignant melanoma

Brain tumors

Ovarian cancer

-*Neck cancer

Liver cells

Muscle cells

Fibroblasts

Tumor cells

Tumor cells

Tumor celis

Ex vivo LDL receptor gene addition

In vivo dystrophin gene addition

Ex vivo intereukin-2 gene addition

In vivo addition of herpes simplex virus
thymidine kinase gene

In vivo addition of p53 gene

{n vivo infection with EB1 defective adenovirus

Note: CFTR = Cystic fibrosis transmembrane conductance regulator

B Gene therapy for treating arthritis

Fluids

Replace with
artificial joints

Remove joints NG \ @
7 A /

anssue

1. Synovial tissue removed from joint of patient.
2. Synovial cells cultured for 1 week

3. Cell culture split in two; 1/2 treated with retrovirus
with interleukin-1 receptor antagonist gene: 1/2 not
treated {2 weeks)

4. Virus-exposed cells tested for expression of gene.
Celis from both cuitures tested by FDA-approved facility
for safety (6 to 7 weeks). Remaining cells frozen.

5. Once declared safe, cells are thawed and injected
into patient's arthritic knuckle; two knuckles are injected
with transtected celis and two injected with untrealed cells.

6. Remove joints and replace with artificial joints.
7. Tissue and fluid from the removed joints are analyzed

for any reduction in inflammation and for expression of
the transfected gene.
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A In vivo and ex vivo approaches to gene therapy

In vivo

Vector with
cloned gene

Cells returned

Remove cells
from patient

B Vector systems used for gene transfer

! Modiified cells
I:‘éﬁ:' to patient selected and
amplified Vector with cloned
gene added to cells

e Celis cultisred in vitro

Vector system Advantages Disadvantages
Chemical and physical vectors
Calcium phosphate Easy to use Random integration;

Easy to use; effective with many cell types:;
effective with embryonic stem cells

Electroporation

Noninfectious; nonimmunogenic; effective for
in vivo transfer; can carry large DNA fragments

Cationic liposomes
Polylysine-DNA conjugates Targeted delivery; can carry large DNA fragments

Biologic (viral) vectors

Retrovirus Stable expression; broad host range;
efficient transduction
Adenovirus Receptor-mediated uptake; infects nondividing

cells; broad host range

Potential site-specific integration; noninfectious;
infects nondividing cells; broad host range

Adeno-associated virus

inefficient DNA transfer

Random integration uniess
targeted; inefficient DNA transfer

Unstable; remain episomal;
poar gene expression

Unstable; remain episomal;
poor gene expression

Random inlegration; infects only
dividing cells; shows variable
expression; limit to size of DNA
transferred

Transient expression; remains
episomal; elicits immune response;
timit to size of DNA transferred

Ditficult to produce; limit to size of
DNA transterred; in developmental

stages

C Cationic liposomes: a nonviral vector

Cationic liposomes

DNA —
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