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Objectives of this lecture

By the end of this lecture you will be able to:

1. Describe the different strategies for gene
therapy

2. Select the suitable strategy based on the
clinical case

3. Understand the complexity of clinical
application of gene therapy

4. Evaluate proposed strategies according to
the therapeutic need



Gene Therapy Strategies

eReplacement of a missing or defective gene

eIntroduction of gene(s) to influence cellular
process

eInterference with gene products



Infesrference strategy

« Downregulation of gene expression at the
MRNA level
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« DNA
» Antisense oligodeoxynucleotide (ODN)
« DNAzyme

« RNA
* Antisense RNA
e Ribozyme
» Small interfering RNA (siRNA) A
e Short hairpin RNA (shRNA) — interference
» microRNA (miRNA) (RNAI)
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Antisense ODN

* Sequence-selective
oligonucleotide that
can bind to a target
MRNA to inhibit
gene expression i.e.
to inhibit translation
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Disadvantages of Conventional
Therapy

e Requires screening of thousands of
compounds to find an active molecule.

* Lacks specificity of action.



We don’ t have antisense ODN for every disease

* The main barrier to antisense strategy is |"#$%&'
()&*+),-'in ./01*%)23'4/%2##). tothe 1!,,)13'

3%,5)3and for the ().*,)(‘#$) frame to achieve
the desired level of gene inhibition

 ODNs are polyanionic macromolecule (large and
charge)

* Stability issues in vivo



Designing Biologically Stable ODNs
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Designing Biologically Stable ODNs
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o Design and chemistry
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Fomivirsen Sodium (Vitravene)®

8'd-[G*C*G*T*T*T*G*C*T*C*T*T*C*T*T*C*T*T*G *C*G)-3°
Sodium salt
* = racemic p hosp horothioate

* FDA-approved for the
local treatment of
CMV retinitis in AIDS

patients




Fomivirsen Sodium (Vitravene)®

Dose 150-330 ug intravitreal injection
Every other week for 2 doses

Cleared locally by exonucleases 1-2 hr after
injection




Antisense RNAis made from the complementary DNA strand that sits
opposite a protein-coding gene on the double helix. Antisense RNAs
can intercept the messenger RNA transcribed from the gene,

T&;ﬁ:g preventing the mRNA from being translated into protein.

gene

Cell nucleus

Normal mRNA

Antisense RNA binds to complementary
mRNA, blocking the protein translation
machinery

Antisense RNA



What is RNAI?

e Post-transcriptional phenomenon that was initially discovered
in plants

* Mediated by (!/6&)7.3,%2()('89:'
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‘ van . Short double-stranded RNA (dsRNA? produced endogenously

g s- by DICER or introduced into the cell exogenously.
»\
The two strands of the dsRNA are separated
by an ATP dependent helicase.
One strand of the dsRNA remains the
RNA Induced Silencing Complex (RISC)
while the other strand is displaced.
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Anbisense DDN v:s. sy

Antisense ODN

Nucleotide sugar Deoxyribose Ribose
Structure Single stranded Double stranded
Length 16-30 bp 19-21 bp
Molecular weight ~ 6-9 kDa ~ 13-14 kDa
Precursor vailability No Yes

Site of action Cytoplasm / Nucleus Cytoplasm
MRNA cleavage RNase H RISC
Degradation upon activity Yes No

Effective concentration 50-400 nM 5-100 nM
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Nucleus
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Pre-miRNA

Loqs-TRBP

Processing of pre-miRNA
into small RNA duplexes

Cytoplasm

Delivery of RISC-miRNA
complex to target mRNA
sequence

Mature
miRNA
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SIAMA v:s. miRkMA
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SIRMNA v:is. miRNA

5.RISC formation, guide
strand selection, and

miRISC hand-off to Ago2

siRISC

6B.imperfect complementarity
5'cap with mRNA 3'UTR,
translational repression

AAAAA
RHA, others?

6A.perfect complementarity with mRNA coding AAAAA
region/UTR, cleavage of mRNA, recycling of siRISC
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Production and Regulation

(/&

Clinical Trials

7 Safety in rodents and
C larger animals such as
monkeys

Effectiveness in an
appropriate animal
model

@

Strict adherence
to GLP and GMP
principles



Now you are able to:

v Describe the different strategies for gene
therapy

v’ Select the suitable strategy based on the
clinical case

v' Understand the complexity of clinical
application of gene therapy

v’ Evaluate proposed strategies according to
the therapeutic need



