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Viral Vectors

Retrovirus (Lentivirus)

Adenovirus

Adeno-Associated Virus

Herpesvirus, Vaccinia (poxvirus)

Engineered Affinity Vectors (e.g. phage, RV,
Ad)

vaches to Gene Transfer/Gene Thera

le
n of gene action?

* Paracrine
* Autocrine

What cells will be modified
* Vector choice

What efficiency is required?
* Vector choice
* Method of delivery

What is the required duration?
* Vector
* Promoter

What pattern of expr




Approaches to Gene Therapy:
Comparison of Viral Transduction Systems

RV Lentivirus Ad gutted Ad AAV

Insert Size ~ 8kB ~ 8kB ~ 8kB >30Kb ~ 4kB
Titer: crude 10%-107 107-1010 107-10° 107-10° 107-10%
purified  107-10'° 107-10'° 10'2-1013 10'2-1013  10'°-10'2
Yes Yes Rare Rare Rare
Variable  Extended Transient Extended  Extended
Delivery Poor High Very high Very high Very high

Quiescent cells No Yes Yes Yes Yes

Approaches to Gene Thera
Viral Vectors: Retrovirus

Enveloped ssSRNA virus

Cell attachment via virally-encoded env
glycoprotein

Receptor-mediated uptake

Recombinants generated in cell lines that
supply viral functions in trans

Trophism is packaging line dependent
Integrating vector- stable expression

Proliferating cells required

oaches to Gene Therapy:
Viral Vectors: Retrovirus

Advantages

* High transduction efficiency

« Insert size up to 8kB

« Integrates into host genome- sustained
expression

* Extremely well-studied system

* Gutted vector- viral proteins not expressed
in host

Disa
* Requires dividing cells for infectivity
« Low titers (10°- 107)

« Integration is random (insertional
muatageneis)

« In vivo delivery poor




aches to Gene Therapy:
Lentivirus Vectors

Val-co protems
medisting CD4 binding

Hucleocupsid-core Promotss ifectivy  Requiedfor efficire  nd membrane fusion

proteins

of cell-free virus virion budding
U3 R U5 \ \

d \

Reverse ranscriptase, ycrivator Revrespanse
protesse  integrase, elemert
and rbornclease
Potent transcriptional  Regulator of structiral
activator gene expression

on unnecessary for infection/integration

« Efficiently infects cells in vivo

Gene Therapy of ADA(-)SCID

* Adenosine deaminase - deamination of adenosine to inosine
* Genetic deficiency - accumulation of dATP, T-cell cytotoxicity
+ Severe Combined ImmunoDeficiency (SCID)
» Palliative therapy with PEG-ADA
« partial correction of lymphopenia
« partial restoration of immunoreactivity

* HLA identical BMT is curative

Gene Therapy of ADA(-)SCID

Retrovirus:
pol env

LASN Vector:

R
ADA SV neo
-

* Autologous T cells sted, transduced, amplified

« No sele f transduced cells

* Gene transfer into hematopoetic stem cells - limited efficacy
* Retransfusion (repeated therapy over 2 years)

« Continued PEG-ADA therapy




Gene Therapy of ADA(-)SCID
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» Normalization of peripheral T cell count

« Partial restoration of T-cell and humoral immunity.

* Persistent ADA(+) T cells at 4 years

* Apparent clinical response

* Occurrence of leukemia associated with vector insertion

Approaches to Gene Therapy:
Viral Vectors: Adenovirus

Non-enveloped, dsDNA virus
Broad tissue trophism
Transduces quiescent cells

High titer (>10'2)

=2 » Recombinants easily
generated  and purified for in
vivo use

 Transient expression

o
e 3,,_ * Host immune response

Transcriptional Map of Human Adenovirus
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Gene Therapy of Cystic Fibrosis

Adenovirus-mediated transfer of a
CFTR gene into nasal epithelium

Transepithelial Potential Differences

« Insignificant biological effect

Basal PD (mV)
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Gene Expression in Organs after
Intravenous Injection in Mammals
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Gene Therapy of Cancer

 Carcinoma, sarcoma, melanoma, lymphoma
* >240 clinical trials
» Immunopotentiation
* Epitope expression (MHC-1, MART-1, HBsAg)
imulator expression (CD80/B7)
okine expression (IL-2, IL-4, IL-12, GM-CSF, IFN)

« Cancer vaccines (HPV)
* Repl mpetent virus (ONXYO015)




Percutaneous Local Drug Delivery Devices

roaches to Gene Therapy:
Viral Vectors: Adeno-associated virus

* non-pathogenic human parvovirus

* ssDNA virus, + or - strand

« only two genes, rep- replication and

cap- capsid proteins
« replication is dependent upon helper-
Ad or HSV

« recombinants replace rep and cap

* broad tissue trophism

* persistent expression

» newer production strategies:
* Replace helper virus with plasmid
e Much higher titers (>1010)

« readily purified for in vivo use

roaches to Gene Therapy:
Viral Vectors: Adeno-associated virus

he) & = hi)

* Rec inant AAV: gutted vector-no viral gene products

« Strict packaging limit ~4.7kb

* Minimal immune response

» Host response to capsid does not preclude readministration

* WT virus integrates specifically at 19q13ter-
recombinants integrate randomly




AAYV Gene Therapy of
Hemophilia B

*Hemophilia B due to clotting Factor IX deficiency
*Human factor IX AAV vector
*Phase I clinical trial
IM transfer/liver gene transfer

-secretion of Factor X into bloodstream
+long-term expression of factor IX
sreduced clotting time

Problems in Human Gene Therapy

Innate immunity to vector

*Pre-e> ng immunity to vector

*Immune responses to foreign gene, vector
Limited efficiency

*Short duration of expression

*Lack of stem cell targeting

*Systemic/local toxicity due to transgene or virus
*Unforeseen complications-death

Immune Response to Transduced Gene Product

Target Cell

Processing
Protease




Immune Re se to Transduced Gene Product

Effect of Host Immune Status on Duration of Gene Expre:

Immune Status Site d 21d 30d

SCID 10,000X 1000X
MHC-1(-) 1X 2-5X
MHC-2(-) <5X <5X
CsA 2-3X <2X

Websites of Interest

http://www.asgt.org
http://www.esgt.org




