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Three categories of somatic cell gene therapy:
1. Ex vivo – cells removed from body, incubated with 

vector and gene-engineered cells returned to body.
2. In situ – vector is placed directly into the affected 

tissues.
3. In vivo – vector injected directly into the blood stream.

Example of ex vivo somatic cell 
gene therapy

• Usually done with blood cells because they 
are easiest to remove and return.

• Sickle cell anemia 
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Example of in situ somatic cell 
gene therapy

• Infusion of adenoviral vectors into the 
trachea and bronchi of cystic fibrosis 
patients.

• Injection of a tumor mass with a vector 
carrying the gene for a cytokine or toxin.

• Injection of a dystrophin gene directly into 
the muscle of muscular dystrophy patients.

Example of in-vivo somatic cell 
gene therapy

• No clinical examples.
• In vivo injectable vectors must be 

developed.
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Barriers to successful gene therapy:
1. Vector development
2. Corrective gene construct
3. Proliferation and maintenance of target cells
4. Efficient transfection and transport of DNA to nucleus for 

integration into genome 
5. Expansion of engineered cells and implantation into patient

Types of vectors
• RNA viruses (Retroviruses)

1. Murine leukemia virus (MuLV)
2. Human immunodeficiency viruses (HIV)
3. Human T-cell lymphotropic viruses (HTLV)

• DNA viruses
1. Adenoviruses
2. Adeno-associated viruses (AAV)
3. Herpes simplex virus (HSV)
4. Pox viruses
Non-viral vectors
1. Liposomes
2. Naked DNA
3. Liposome-polycation complexes
4. Peptide delivery systems  
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Life cycle of a retrovirus

Gene therapy 
constructs 
maintained at 
this stage.
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Advantages:
1. Randomly integrates into genome
2. Wide host range
3. Long term expression of transgene
Disadvantages:
1. Capacity to carry therapeutic genes is small
2. Infectivity limited to dividing cells
3. Inactivated by complement cascade
4. Safety

A problem with retroviral vectors:  they insert randomly into the 
genome. 

Using a murine leukemia virus vector, the γ C (constant) chain was inserted into 10 
boys with SCID (no B or T cells).  These are the “bubble” boys.

Removed bone marrow cells from the boys, purified CD34 cells from that 
population, transduced cells ex vivo and reintroduced cells.

Startling success:  all boys now had an adaptive immune system!!!   All went home 
and started living more or less normal lives.  Science, 2000.

Summer, 2001: two youngest boys that were given greatest numbers of virions 
came down with an acute T cell leukemia.  Both were successfully treated for the 
leukemia

Analysis of the tumor cell:  a clonal population of pre T cells that had the viral 
vector near a known T cell oncogene (that happens to be a specific pre T cell 
transcription factor) LMO5. Smoking gun evidence that retroviral vector in the two 
boys had inserted into a location that stimulated expression of LMO5 causing a 
selective advantage to those T cells and induction of a leukemia. 



8

Adenovirus Advantages:

1. Efficiency of transduction is 
high

2. High level gene expression

3. Slightly increased capacity for 
exogenous DNA

Disadvantages:

1. Expression may be transient

2. Cell-specific targeting difficult 
to achieve

3. Virus uptake is ubiquitous

4. Safety



9

Adenoviruses as delivery systems:
- most use adenovirus 5; infects dividing and non-
dividing cells

- can enter many different cell types because it uses 
a relatively ubiquitous receptor for entry (CAR) 

- produces very high titers of viral particles

- Non-enveloped virus – relatively stable virion 

In adenovirus vectors, the 
essential genes E1 and/or E3 
have been deleted and the 
proteins supplied in trans 
within the cell line.  This 
prevents generation of 
replication competent viruses 
as well as wild type viruses

ITR ITR

Insertion of as 
much of 8 kb 
of recombinant 
DNA

TP acts as a primer for 
initiation of synthesis.
DBP - a DNA-binding 
protein.
DNA Pol - 140kD DNA-
dependent polymerase

The viral genome is coated with DBP.
DBP helps binding of NFI.
NFIII also binds at a specific recognition site between nucleotides 39 and 48.
Protein-protein interactions, between NFI and pol, and pTP and NFIII help 
recruit the pTP-pol.
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These cells contain 
adenovirus E1 and E3 
in trans within the cell 
line

Can get high titer recombinant virus 
from these transfections (~109 -
1012/ml).  Delivery of recombinant 
viruses to cells can transduce >90%.

MOI = multiplicity of infection + 
number of infectious or transducable
viral particles/target cell. Adeno
MOIs frequently are somewhere 
between 1 and 100 MOI  

Transfection of recombinant 
adenoviral DNA into a cell that 
is expressing E1 and E3 
generates new viral particles 
that can be collected and 
particles can transduce new 
cells

Creation of a defective, 
transducible virion 
containing the gene of 
interest.
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Drawbacks of using adenoviruses:

- transient expression - adenovirus is not stably maintained in cells – expression 
is usually lost over a several week period

- adenoviruses are highly immunogenic - cannot effectively introduce multiple 
rounds of the same adenovirus serotype in vivo, but there are several different 
serotypes of adenoviruses.  Would need to put your gene of interest into each 
different serotype if you wanted to perform multiple transductions in vivo

- can be pathogenic – 1999 University of Pennsylvania gene therapy death using 
the largest quantity of Ad5 vector into a human – severe immune response and 
coagulation with no evidence of gene expression.

- productive viral replication is highly cytolytic to the infected cell, in vivo 
delivery system use defective virus. 
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Other viral vectors

• Adeno-associated virus – infects wide range 
of cells (both dividing and non-dividing), 
able to integrate into host genome, not 
associated with any human disease, high 
efficiency of transduction.

• Herpes simplex virus, vaccinia virus, 
syndbis virus

• Onyx virus – limited replicating adenovirus 
that replicates mainly in tumor cells.

PARVOVIRIDAE BIOLOGY
1. Small nonenveloped, icosahedral viruses with ~5 kb ssDNA
genome ; some infect warm-blooded animals, others infect insects.

2. Parvoviruses are important pathogens of dogs and cats where they 
destroy dividing cells of the immune system; parvoviruses require 
actively dividing cells for replication (no host stimulation proteins).

3. Adeno-associated virus (AAV) is a well known defective
parvovirus (dependovirus subgroup) that relies on co-infection with 
adenovirus or herpes virus as helper to stimulate host cell division.

4. AAV has potential as a human therapeutic vector because its 
genome integrates at only one specific site in the human genome 
(chromosome 19). (infection by itself, integration frequency > 70%)
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•Replication occurs in the 
nucleus & is thought to follow 
the scheme to the left.

• All Parvoviruses are highly 
dependent on cellular 
functions for genome 
replication. 

•The autonomous viruses 
require the cell to pass 
through S-phase for 
replication to occur

•The defective viruses are 
even more dependent -
require host cell machinery + 
helper virus for replication.

Parvovirus replication
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PARVOVIRUS REPLICATION
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1. Only two ORF’s (rep and 
capsid protein) translated from 
three families of 3’ co-terminal, 
spliced transcripts.

2. Replication uses host DNA 
polymerase but mechanism is
unique; priming relies on hairpin 
loops formed by terminal 
inverted repeat sequences (~120-
330 bases).

3. Rep protein is required for 
DNA synthesis (makes specific 
nicks in hairpin loops); Rep is 
also required for integration.

Fig. 17.9

Source: Dr. Perrault’s lecture notes

Rep78
Rep68

Rep78 & Rep68 both have DNA binding, 
endonuclease, & helicase activity

Adenovirus associated virus (AAV)
Advantages:

- not associated with disease

- can obtain high titered virus stocks (109- 1010/ml)

- small genome that is easy to manipulate

- stable integration into the genome in chromosome 19 

- infects both dividing and nondividing cells

Disadvantages:

- can only contain ~4.5 kb of DNA 
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Adenovirus associated virus life cycle

Contains 2 genes that generate a 
total of 7 proteins - 4 non structural 
(not involved in virion structure) 
and 3 structural (involved in virion 
structure)

6 different 
serotypes of 
virus that have 
differing 
cellular 
tropisms.

Highly transfectable 293 
cells already contain the 
adenovirus gene E1

Required adenovirus proteins: E1, 
E2a, E4, VA. Rather than using Ad 
helper plasmid, can use adenovirus 
infected cells - but can have 
difficulties with Ad contaminated 
stocks of AAV

Packaged 
vector 
contains no 
AAV 
genes, just 
the ITRs

Use of AAV as a gene delivery agent

Can generate very high titered 
stocks

Okada, et al (2002) Methods, 28:237 and other articles in same issue of Methods

Strong 
promoter
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Ability to use multiple AAV constructs to generate proteins 
that are encoded by genes larger than 4.5 kb

Package half of gene-of-interest in one particle 
and the other half in a different particle and co-
transduce cells.  

Approach is relatively inefficient, but does work 
via transplicing of RNA that is generated

HERPES SIMPLEX VECTORS



17

HERPES SIMPLEX GENOME
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TREATMENT OF CARCINOMA WITH HSV

Poxvirus life cycle: early, middle and late gene expression

Entire life cycle occurs in the cytoplasm using a virally encoded DNA dependent DNA polymerase and a DNA 
dependent RNA polymerase.  Because the virus requires its own enzymes for replication and transcription, 
purified, naked viral DNA is not infectious
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Poxviruses:

- family members: smallpox, cowpox, vaccinia, monkey pox, canary pox

- large, highly complex and understudied viruses

- only family of DNA viruses that replicates in cytoplasm of cell

-vaccinia is used as vaccine against smallpox

- highly immunogenic

- vaccinia has very, very, very broad tropism for different cells from different 
species

- through homologous recombination in vaccinia infected cells can introduce genes 
into the virus allowing: 

- production of large quantities of recombinant protein from infected cells 

- serve as delivery system for recombinant vaccines

Moss (1996) PNAS, 93: 11341

Homologous recombination in the vaccinia virus system:
Plasmid containing: 

-Vaccinia promoter (several available depending on when you want 
your gene of interest expressed in the infected cells – early, 
intermediate or late in infection) and a portion of the vaccinia genome 
that will be targeted for insertion

- clone in gene of interest behind the promoter (up to 25 kb)

- plasmid frequently contains some sort of selectable marker

- eukaryotic antibiotic

- β-galactosidase, etc.

- transfect into vaccinia expressing cells and homologous 
recombination will occur about 0.1% of the time
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POXVIRUS VECTORS

1. Liposome 2. Cationic polymers
Non-viral vectors

May overcome limitations with viruses including small capacity for 
therapeutic DNA, difficulty in cell-type targeting and safety 
concerns.

4. Peptide-mediated 
gene delivery

3. Naked DNA
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Examples of Gene Therapy Trials

• Adenosine deaminase gene transfer to treat Severe 
Combined Immuno-Deficiency (SCID)

• CFTR gene transfer to treat Cystic Fibrosis (CF)
• Advanced Central Nervous System (CNS) 

Malignancy
• Mesothelioma
• Ornithine Transcarbamylase Deficiency
• Hemophilia
• Sickle Cell Disease

Targeting of different organs by viral vectors

Lundstrom (2003) Trends in Biotechnology, 21: 117.
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One developing technology that may be utilized 
for gene therapy is nuclear transfer (“cloning”).
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Ethical Considerations
• Use of technology for non-disease conditions such 

as functional enhancement or “cosmetic” purposes
– for example, treatment of baldness by gene 
transfer into follicle cells , larger size from growth 
hormone gene, increased muscle mass from 
dystrophin gene.

• In utero somatic gene therapy – only serious 
disease should be targeted and risk-benefit ratios 
for mother and fetus should be favorable.

• Potential for real abuse exists by combining
cloning and genetic engineering.

Assigned Paper Review
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Good reviews on the topics:
1. Baker (2004) Progress in Biophys. Mol. Biol., 84: 279 – good review 

on in vivo delivery systems – both non-viral and some viral (Ad and 
AAV only).  Focus is on cardiology.

2. Lundstrom (2003) Trends in Biotechnology, 21:117. Good general 
review.

3. Sanders (2002) Current Opinions in Biotechnology, 13: 437. Good 
review on advantages and techniques of pseudotyping retroviruses.

4. Thomas, et al (2003) Nature Reviews Genetics, 4: 346.  Really nice 
overview.  


