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Genether apy (i) dallaall)

* Genetherapy isthe use of nucleic acids as therapeutic medicinal compounds for a
diseases which have limited or no ther apeutic options 4agiza gl 8 gaaa (al pa3)
(Gaadadl i jLald),

« Thegenetherapy usesdifferent strategies:

0 Gene therapy could moderate the abnor mal gene expression () jsadl) Joaad)

0 Gene medicines can also be engineered to reconstitute a diseased or gan ax s salel)
(L) gl

0 Regeneration (s 8ae) of specific tissues through expression of embryonic
genesto induce cell growth and devel opment.

0 using natural or genetically corrected stem cells (43 L) to produce healthy
tissues



Genetherapy and their application (dsial) dalleall ciliyay)

Gene therapy clinical trials

* Inadenosine deaminase (ADA) deficiency

i _ _ Disease Number Percentage
(=¥ Jse), by using gene therapy involved o
. cam@ 842 Q?ED
the use of peripheral blood lymphocytes :
(“ ] y 1 ?‘ﬂ‘ o %}M Q%)treated with a Vascular diseases 113 9.0
retrovirus expressing ADA (a3¥) as ) | Monogenelic diseases 104 8.6
iIn ADA-deficient patients (Anonymous, Infectious disease 81 6.4
1990)- Gene marking 50 4.2
Healthy volunteers 21 1.7
Other diseases® 47 37
“Grouped in this category are treatments for: inflammatory bowel
disease, rheumatoid arthritis, chronic renal disease, carpal tunnel
syndrome, Alzheimer's disease, diabetic neuropathy, Parkinson's
disease, erectile dysfunction, retinitis pigmentosa and glaucoma.
Source: From Anonymous, 2006 and Edelstein, 2004.
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EXVIVO versusIN VIVO genetherapy

* Inthe disease treatment using gene ther apy there are many aspects have to be
considered (Ul Y Gee W) g s liall (e ppaall Ellia)

0 The gene necessary for treatment hasto be identified and cloned (Jawi § waal) |

0 Thedisease and the gene product have to be well understood ziiall 5 (e wll 2l 1)
(2> S Aaallin order to insure that the ther apeutic components delivered to the
appropriate cellular compartment responsible for its processing and subsequent
biological activity (Aallaall e Aa3lll dxa ¢l gl dalladll) |

o Developing immune response to the genetransfer system eliall Jadll 5y 5 Llainy))
(sl Jaill 2Usit could be a problem in this area of medicine
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Several stratigies can be used for genetransfer aladial ¢Sa)

(Cpad) JA i) AuY) (e el

« Direct injection (<l ¢Aall) of vector/ DNA complexesinto the
bloodstream is often characterized by low levels of gene expression

Broad distribution of the vector could be correlated with side effects.

« Intratumoral (sus! J3N ¢da) | intraperitoneal stiadl gi gliall Jils)

(s, subcutaneous(alal) wad) and intramuscular injection.

EX vivo genetransfer :

0 involvesisolation and culture of cellular targets WAl & 55 5 J )
(o],

0 Genetransfer isachieved by direct application of the vector (virus,
plasmid) for efficient gene expression.

o only healthy cells expressing the therapeutic gene collected and
given to the patients (3=l (sl e 3l LAY Jis Jadd ),

0 Inthe Ex- vivo genetransfer is safer because the host immune

response to the vector or the toxic effects associated with the
transfection reagents are eliminated.
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Disease tar get

« There are currently 1.260 active gene therapy clinical trials world wide
Approximately 67% of thesetrialsare for cancer.

Cht o -8
= . R
Gene therapy clinical trials ‘ n =
Disease Number Percentage '
842 67.0
Vascular diseases 113 9.0
Monogenetic diseases 104 8.6 o
Infectious disease 81 6.4 o
Gene marking 50 4.2 ==
. s o ALy BREATA
Healthy volunteers 21 1.7 - U SR e
Other diseases® 47 3.7 GENDICINE: s
- p53 gene + adenovirus s b BA LA
“Grouped in this category are treatments for: inflammatory bowel . gene therapy for cancer PR
disease, rheumatoid arthritis, chronic renal disease, carpal tunnel - medical breakthrough ——
syndrome, Alzheimer's disease, diabetic neuropathy, Parkinson's The first gene therapy product is approved. On October
disease, erectile dysfunction, retinitis pigmentosa and glaucoma. 16, 2003, China’s SFDA approved an adenovirus-
Source From Anonymous, 2006 and Edelstein, 2004. based product, Gendicine, for treatment of head and
neck cancer. The product was commercialy available
in January 2004 through the company SiBiono
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| n/EX Vivo gene transfer

In Vivo Gene Transfer

Gene therapy vector(s)

Inhalation

bronchoscopic

@na&n

intratumor
intravenous

Intraperitoneal
Intramuscular
Intra-arterial

Ex Vivo Gene Transfer

Therapeutic gene

Gene therapy vector(s)
Donor cells (/

@ @ Genetically altered cells

© Vg

S

In vitro selection
J, and expansion

Readministration via@

surgically implanted catheter
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Genetherpy for cancer

« Theaimof applying the genetherapy isto destroy tumor (o) axkad)cells and
preserve the normal tissue.

« Many strategies could be considered in cancer gene therapy:

0 correction of genetic mutations il A8l Liall bkl el
(2w sdcontributing to the malignant phenotype.

o stimulation of a T-cell-mediated immune response aganst the tumor
(immunotherapy).

0 use of oncolytic viruses (ausl! Al <y #) that replicate in and destroy tumor
cells (virother apy) (A s_nd dallas)

0 useof enzyme pro-drug systems (s) 92l daulh 2y 3341 dalall) that destroy tumor cells

by converting a non-toxic medicinal compound to cytotoxic metabolites
(dab cilliiewa)



Genetherpy for cancer

Correction of genetic mutations (dsiall &) jikal) zuaal):

o Approximately 12% of cancer gene therapy clinical trias involve over-
expression of tumor suppressor genes (ausl dadiall cliall) such as p53, MDA-7
and ARF.

o First approved gene therapy recombinant adenovirus expressing this

transgene, Gencidine, by China’s State Food and Drug Administration (SFDA)
making it the first gene therapy product available for worldwide clinical use.

|mmuno-ther apy:

0 Stimulating the anti tumor immune response (pusl! 33beadll 4lainy)) could be
achieved by Expression of pro-inflammatory cytokines (interleukin (IL)-2, and
IL-12).



Genetherpy for cancer

Efficient removal of malignant tissue by the immune system can be achieved
by:

Direct injection (& (&) of avector expressing immunostimulatory molecules
or tumor-specific antigens (r !l 4= o Cilaxiue) inatumor. Asthe transgene
product isreleased, macrophages, dendritic cells, natural killer cellsand T-cells
are activated and migrate to the tumor where they destroy cells expressing the
transgene.

Cellsisolated from the patient or cancerous cell lines are treated with the vector
in culture, killed by irradiation and given back to the patient. Epitopes (! s~)on
the cells prompt the immune system to attack and remove malignant cells jial)

(s £33 5 palgd o liall Sigal

T-cellsor bone marrow cellsfrom the patient are cultured with avector and/or
tumor antigens. Live cellsthat attack and remove malignant cells are given back
to the patient.



Gene based immuother pay for cancer

Gene therapy vector(s)

SRt i

4 Cancerous Activation of Tumor
tissue immune system destruction

(A) ¥

Gene therapy vector(s)

®es - e
©o©>%©©—>/9+++_>%
®

Cells killed Activation of Tumor
(B) Cancer cells immune system destruction
Gene therapy vector(s)
+++>7‘¢’ A e / >y "%:%
Immune Live cells Activation of Tumor
(C) cells immune system  destruction
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Oncolytic vir uses (a s Aadl il g 4Y) (virother apy)

This viruses induce tumor cell death
through replication, expression of
cytotoxic proteins and cell lysis in
malignant cells while remaining
unhurt in the rest of the body.

Vaccinia, herpes simplex type |
(HSV), reovirus and adenovirus,
often selected because naturally target
cancer and have easily manipulated
genome s due sl Al as o3 oada JSA)
(Alebaall Jgus (o lLas,

Disadvantag that the many people
have naturally antibody that clear
the virus before replication and
obtaining the effect.
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Gene cancer therapy can improve the current

treatment but more than one therapeutics
necessary to achieve success.




Oncolytic viruses
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Tumor snesitization (pus) Assbua 334 )

In this approach genes are inserted into the cancer cells to make them more sensitive
to the conventional chemother apy, radio therapy or other treatments.

« Transgeneexpression of the p53 sensitize the tumor cells to the therapeutic effects.

« Also to overcome MDR multi drug resistance (al g% 4585 3axiall 4 gliall)in cancer .
MDR represents P-glycoprotein, drug efflux transporter of cancer cell membrane.

* SIRNA or vector mediated MDR1 gene silencimg were widely reported to be
successful to reduce chemor esistance of certain types of cancer
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Genedirected enzyme prodrug therpay (GDEPT)

One of the primary goals of cancer therapy (a'_s¥) z 3kl Ll Calaa¥) cw)isto deliver
highly potent, cytotoxic compounds to tumor s and mestastases and limiting the
exposure of normal tissue to these agents.

Gene encoding a compound-specific enzyme is delivered directly to tumor cells.

The corresponding prodrug isgiven and is only converted to a cytotoxic agent by the
recombinant enzymein the tumor.
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Genedirected enzyme prodrug ther pay(GDEPT)

Some GDEPT dtrategies o Sbaddl jul (w (and))
(A& klrely on a “bystander effect,” where cytotoxic
agents produced by transfected cells spread to G fraristor verior
surrounding cells for arrest and regression of
tumor growth.

s N

A standard example of the GDEPT is Over-
expression of the her pes ssimplex virusthymidine
kinase (HSV-tk) gene with gancyclovir.

Pro-dr
e © Cytotoxic metabolite

This system is selective because gancyclovir, a
poor substrate for human monophosphatase
Kinase, is rapidly converted to the triphosphate
form after phosphorylation in acell expressing
HSV-tk.
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Genedirected enzyme prodrug ther pay(GDEPT)

The triphosphate competes (_+4.w) deoxyguanosine triphosphate during DNA
elongation (B 4wl Jgldi 43lae) and, once incorporated in a strand, blocks DNA
polymer ase and induces single strand breaks (Ul (2 _ sS).

HSV-tk/ gancyclovir they only GDEPT reached Phase |11 clinical trials.

Vactor

B vector
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Vascular disease gene therpay (Asle sl 4l 3 ddiall dallaall)

e Over-expression (Lx=dl bd)of genes involved in vasodilation ¢& Hgswall cilial)
(e Y i silisuch as endothelial nitric oxide synthase (eNOS) have reduced blood
pressure in animal models of hypertension (il glds ) ),

« This method have along term control and overcome the patient non compliance a=)
(L2l as glaa,

« Over-expression of genes that can reduce cholesterol (add adicd Al cliad)
(Js i s8lisuch as apoproteins ApoA-1 and ApoE and the low density lipoprotein
(LDL) and very low density lipoprotein (VLDL) receptors have been used for the
treatment of inherited disorders of lipid metabolism 4 sl b hay) zial cuiiiu)
(poaad) ol
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Vectorsfor genetransfer (el Jail Jal ga)

®* Genetherapy can be classified to non viral and viral gene therapy
(Ao g pe g dnng b daba dallas A i) dsleal) sl

« Both of which rely on the successful construction of gene expression
plasmid (i s el zal puial o daiad) |

« The plasmid is a circular double strand DNA molecule —elias il L)
( ddllwhich contain complementary DNA (cDNA) sequence coding for
therapeutic gene.
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Vectorsfor genetransfer

Several other genetic eements (.3 4 walie Gealb)including bacterial
transcription regulatory element (FLiidl abhic  paic)
untranslated
polyadenylation (polyA), sequences and fusion tags (<te<ay).

dements (degia sale),
(TRE),

multiple cloning sites (MSC),

region (UTR),

Introns,

Like sequencing, PCR,

Then many methods are used to validate the construct.
Immunoblott.
Viral vectors Nonviral vectors
Physical methods Chemical methods
Microinjection  Electroporation Cas9-CPP/NLS LNP AuNP / :‘f"::;';:::;’:'"
,.{'f‘§|\ Human
w g \\'J/, - \ ‘ Bacterinl premoter 3
‘ !\/.\j/ u//\\. antibiotic selector
O X - - i Huamonirzed
£ A A A \v
& & O ~n O an & Y \> )
Deliverable cargoes: (O DNA ~n mRNA Protein/RNP
Trends n Blotechnology|
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Vectorsfor genetransfer

(a) Expression cassette
intron

5] Gansgone I 3

promoter

e
4_9.3.-_;34
a5

a7

o Bacrerial origin

of replication

g Human =

2 Bactorial

N

(b) Non-viral vectors [ “ntiblatic selector
5!
Expression 1%{31
cassette U
ori A
4 Antibiotic o

&7 resistance gene by B0 200 N~y

Genome - unlimited Genome - unlimited
Plasmid Plasmid + liposome

(c) viral vectors

=R

Humanlzed
avov

E —
— B80-90nm — 18-26 nm F B80-120nm +
Genome 36 kb Genome 4.7 kb Genome 9-10 bk
Adenovirus Adeno-associated Lentivirus
virus
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Production of genetransfer vector (2l cpall Jall Jala LS

(A) Transgene expression cassette (el sl Aadl i) cuuls juaad) | The
therapeutic transgene cassette is bounded by a promoter at the 50 end and a
polyadenylation site at the 30 end. This can be cloned in a plasmid and used directly
for gene transfer or it can be cloned in a plasmid containing viral elements to
produce a recombinant vir us with the help of a producer/packaging cell line.

(B) Producer/packaging cell line. («alaall— ziiall (s a0l Il sty A packaging cell
line is created by stably transfecting cells with a plasmid containing genes needed
for_virus replication. The vector construct often contains only the packadging
signal (y) and the transgene cassette flanked by theviral ITR/LTR sequences.

Genes responsible for fulminant virus infection are removed from the vector
construct. The vector construct isintroduced to the cell by transfection.

Complete virus particles are released from the cell according to vector-specific
mechanisms.



Production of genetransfer vector

Intron Polyadenylation site
Y 3

(A) Promoter Transgene

ITRLTR ITRATR

¥ ¥
H%(D}-H-' Complete virus genome

| ]t )
Replication  Pathogenicity

Producer/Packaging
Replication construct %q}_ cell
W
Vector
construct Transgene expression

cassette

Recombinant <—-:>
viral vectors Virus capsid
proteins

(B)
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Viral vector for genetransfer (adad) guad) Jail wg é Jals)

Viruses, natural parasites that efficiently
enter cellular targets and hijack cellular
machinery for propagation.

Most effective vectors for gene
therapy dalleadl 4lad SV Jal ol (0 i)
(Al

Approximately 70% of al gene therapy
clinical trials employ viral vectors.

To construct viral vector , the gene
responsible for the virus replication and
pathogenicity removed and replaced with
transgene cassette 4 gswall cliadl dils alj)
(adad) Cpally Ledlasinad g (g udl) 4o g8 9 ST o

- \iral genome

Parental virus

Structural proteins

Packaging
cor-struc_t_f,r— il i
i Qo »
'S
c 9 O © -«
P Ll B
f 4 - \ i
\\[ \ :H:: I-C
Veactor
genome |
= Imverted repeats [ Genes that encode

proteins required
2 Pathogenicity genes for DMA replication
[ Promoter = Structural protein
genes
[ Transgene
- B Envelope gene from
[ Polyia) an alternative serotype
or virnus

Nature Reviews | Ganeatics
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Vectorscurrently in clinical use

Gene therapy clinical trials

V Number Percentage
Adenovirus 322 26
Retrovirus 293 23
Plasmid DNA 230 18
Lipofection 99 7.5
Vaccinia virus 88 7.0
Poxvirus 85 6.8
Adeno-associated virus 46 3.7
Herpes simplex virus 43 3.4
RNA transfer 16 1.3
Others® 31 2.4
Unknown® 36 29
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Suitability (AaS)of adenovirusfor gene transfer (cxal Jid)

ONA  gene ONA

Transgene expression (Jsiidl ¢l oo paill)from these vectorsisrapid . e
(&x«)and robust (s 8)and is enhanced with strong heterologous g
promoters. et O
physically stable (bbb <ub), o mi\

Adenoviruses do not integrate into the host genome(—isaall (s e gaaiY)

host response occur sin three phases () sk &6 (& dual diudaal) Llaiul):

Phase occurs within an hour after systemic administration (» 4slbu J38)
(e ey, asts for 4 days and is characterized by thrombocytopenia
(sl A8 and el evated liver enzymes (dose dependent).

The second phase, occurring 5 to 7 days after administration, is highlighted
by removal of transduced cells (uall Jaall Ld Ju Al Wialhby activated
Iywphocytes (U=ial @il slaalll)in the target tissue and localized, self-limited
inflammation.

Third phase, CD4 + T-cell-dependent humoral immunity 4cli)
(Lhklidevelops and neutralizing antibodies clear the virus from the
circulation and prevent effective readministration.
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Non viral vector (dsw g & Jal ga)

Non-viral vectors generally
consist of double-stranded
recombinant DNA plasmids
alone or encapsulated
(Adadsaia)in cationic polymer
(Al s 50 Ol aadd )0 lipid-

based formulations( s <) 53),
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Non viral vector

Non-viral vectors offer several important advantages (<! =) over virus-based
methods for gene transfer:

Unlimited cloning capacity (4dle §33g3aa pe Juli dstinf) |

non-immunogenic (&sLall 38 3a £) and can easily be readministered multiple
times without induction of a prohibitive immune response (dulawi de s ulaiul),

reduced capacity for insertional mutagenesis ¢s 4ailill < jdlall 3 g5 o 5 48 J3))
(Ju¥and alimited ability to produce unwanted by-productsin vivo due to
homol ogous recombination.

Easy to manipulate using standard techniques.

| nexpensive to produce, especially on alarge scale in contrast to viral vectors.



Non viral vector

Have some disadvantages («bisl) gy dlad)

L ow transduction efficiency non-specific uptake of the vector = 5 sl Ll
(Jssl! and poor delivery to the therapeutic target (>l caaell (uhay adus) |

limited capacity to override cellular gene silencing mechanisms <Ll slas)
(2l lailignd, as aresult, cannot achieve sustained(4i«s) gene
expression.
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Delivery methods for non viral genetransfer ¢uadl Juay (3 k)
(A g b )

Naked DNA is susceptible to nuclease degradation (akad) in the systemic circulation
(ol Ol Aand is taken up in an inefficient, non-specific manner in many
tissues.

Physical methods (&sbi3:& @ klyused for gene transfer involve disruption of cell
membr anes.

Chemical methods (4wl & kM)facilitate interaction with tissue targets and
transport across cell membranes.
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Physical method for gene transfer

Microinjoction
e die ety

The primary techniques (4&s¥) 3 kl)for
recombinant DNA delivering to the target
cells are Microinjection (sl 033\),
particle bombardment (Slapwall sl
)and electroporation.

Microinjection: direct injection of DNA
or RNA into the cytoplasm or nucleus of a
single cell.

simplest and most effective  JisY))
(“=émethod for physical delivery of genetic
material to cells.

transduces 100% of the recipient cells gs)
(Asieal LS and minimizes waste of
plasmid DNA.

But, requires highly specialized equipment
and skills.

harsh to the cdll.

restricted to ex vivo gene (il awa z J\4)
() transfer of cultured cels or
embryonic stem cells for production of
transgenic animals.
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Physical method for gene transfer

getie ol battel

Par ticle bombar dment (Gene gungzad 4daiy):

Gold particles (w23l ¢ clasa)are coated with
recombinant DNA and propelled (L= ~)by an
electric spark (4b_es 5)lud)or helium discharge
into the target cell or tissue (Accell , helios gene
gun devices).

Transduction efficiency and distribution of gene
expression relies upon particle size, timing of
delivery (¢«i)and particle acceleration g )

(Slazand),

This method gives high levels of transgene
expresson ~ with very low doses of
DNA( 42 42a5),

But has limited depth of penetration(J: 3 s& (3ac),

cells that directly encounter DNA-coated particles
can be severely damaged (WAl wad i A) |
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Physical method for gene transfer

 Electroporation :

0 exposes the cell membrane to high-
intensity pulses of electricity
(Alyes clanithat  transiently
destabilize the cell membrane and
make it highly permeable to
plasmid DNA.

%W
\§S‘° l“’?g

intactbilayer hydrophilicpore
@ Renger, 2013

Before Pulse During E-field After Puise
o Had successin muscle, skin, liver ot o
. Introduce Call "heals"™ with
and g)l | d tumors. . genes/drugs gena/drug Inside
t '{.:_;—.:11‘3:;_' / . .".'f"‘;?:::f.?: \ - r,,‘_‘ : £
[ o) ° -t S S A I
ISP 2F &5 'L SN ED}
g R " ¢ = .
+ *

Electric Neld Induces a
voltage across cell
membrane
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Physical method for genetransfer
 Electroporation :

I n vivo e ectroporation
J (s amaa JAND

0 consist of apulse generator A s4)
(«tasi and an applicator with
several specialized electrodes
tailored for delivery to specific
tissues and organs.

0 The parameters of pulse
duration (<l 304) and field
strength (L)) Jaad) 303) also
DNA concentr ation(Ga S 5)
have to be set depending on the
cell type and the DNA molecule
size for efficient electroporation.

Basem Battah, Pharm, Msc, PhD



o)

Physical method for gene transfer

Sonoporation zlsh WA dallaa)
(LAY 455 ga gl AL guaal) R

Last 10 years new less invasive
method (Axsl & 48y k),

Enhances cell membrane permeability
by acoustic cavitationsa sl i slaill)

(igall 34 zls¥) J=i  through
ultrasound waves collapse active
bubbles, releasing energy that disrupts
adjacent cell membranes.

Have been applied in vitro and in vivo.

Have a good safety profilein clinic.
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Physical method for genetransfer

L aser irradiation (L ¥4 aeill):

focusing a laser beam on a target cell
and modifying permeability by
thermal effects (4l @l k).

Laser irradiation induces minimal cell
damage because permeabilization is
transient and very fast (o= 5 »\).

100% transduction efficiency without
affecting cell growth and division.

The size and expense sl 5 4dldl)
(»Sllof the laser source limited the use
of thistechnique.
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Physical method for genetransfer

M agnetofection ((smdbiia Jia gty LYAY dallag):

Involves attachment of magnetic polymer-coated iror]
oxide-nanoparticles to DNA Aruhliag 436U Glaa Loy )
(Ball (I sl 3l g,

Magnetolection™
Nanopartickes

Magnetic  particles  (whliadl  clawal)arg
concentrated in target cells by an external magnetic
field (kb Jis)that pulls the particles across plasma
membranes into the cytoplasm.

High transduction efficiencies have been achieved
with this method in vivo_ in the gastrointestinal tract
and blood vessals (4 sedl) 4 ¥ 5 s g2all garall 33kl |

Vector type (viral vs. non-viral), dose, composition and
incubation time influence transduction.

advantage of magnetofection is that it increases
bioavailability (oisell Uall gl 216 344 5)0f
recombinant DNA and reduces the amount needed for

effective gene transfer(de 3 Lall 4aS (e Jls5)
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Physical method for genetransfer

Hydroporation (il JiSdd g e Jslaa B Lall J&):

Involves injection of large volumes of solution into the
circulation ) Gl o oo Jslaa (e mS A4S (fa)
(Olusdto overcome the physical barriers of the
endothelium and the cell membrane This technique
requires only a needle and syringe, Ringers solution and
phosphate buffered saline have also been employed.

The dose of DNA (bl 4= ) delivered by hydrodynamic
delivery ranges from 0.1 to 10 mg/kg.

This technique could increase the blood pressure and
decrease the heart rate.

Increase in transaminase after liver injection and
creatinine kinase after muscle injection ((sasl) caall) |
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Chemical methods for genetransfer

Cationic Head Group
Can bind to DNA,
RNA, Proteins, Drugs
" ? 4
Lo 1 {

Cationic liposomsas sa e sall))

;.,-___i*__VHydrophobic part
‘ . Head Group Ia. -
! F = Can intercalate
- H, 0 T Hydrophobic drugs,
IJHydrophobic e =

qq’ segment

Lipid

Inner aqueous
0§
o & ‘1 "E l]:. L] compartment

Liposomal gene delivery was the first G entrap
non-viral system to reach clinical trials. HposomE

Targeting and Entry
into cytoplasm
=Te i

There is natural interaction (aub Jalx)
of cationic liposomes with the
negatively charged phosphate backbone
of recombinant DNA to form organized
structures protect the genetic material
from degradation.

The positive char ge (dztasY) 4adll) also
promoted interaction with the cell
membr ane and endocytosis (pleily)),

+ condensing
O OO agent O%%

I nter action DNA-liposome, depend on pasits O

the PH, charge and lipid structure. lEn_.:a..sma,m Prasnids Cationic
ITp :;l;; nr::‘l;; Liposomes

4, Plasmid-Liposomes

Liposome
p Complex

Containing
Plasmid
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Chemical methodsfor genetransfer

Cationic polymer 4 s & juadl 99)

!Aaauidk

Cationic polymers condense DNA by
neutralizing the charge of the DNA
backbone and mediate cellular contact
through ionic interaction.

Polylysine (PLL) and
polyethylenimine (PEl) are the most
commonly used cationic polymers.

Covaently bind (Sl JS ki f)to
compounds that interact with specific
cell surface marker.

Other biodegradable polymers such as
poly(a-[4-aminobutyl]- L-glycolic
acid (PAGA) have reduced toxicity
associated with DNA polyplexes and
improved gene expression (» cuadil)

() el o Gl g 4zacdl,
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| mMmune response against non viral vector & 4ueliall i)
(92 od Gl Jala

There is a little effect with the low dose (Aaéaia cle ) with non viral DNA
complexes.

Higher doses (&l cleall), especially of cationic liposomes, induce acute
inflammation and profound tissue damage (4l c Al g da qilgll) |

The most severe side effects (3l duilad) < 8l alma) occur after intravenous and
intrapulmonary delivery.
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| mmune response against non viral vector

« The inflammation and the toxicity of the non viral vector can be reduced
by:

0 Remova of CpG motifs (uosiall Juluwdll g39)in plasmid DNA, minimizing
interaction (J3)ill Jla) between the complex and the immune system and use of
Immunosuppressants in the complex.

o0 Covalent attachment (S L hof poly(ethylene) glycol to the surface of DNA
complexes (PEGylation) has improved toxicity and promotes transduction efficiency by
preventing aggregation (Jall dled (e Guead g dpand) JIS5),

0 Injection of lipids (< ¢ds)prior of administration of recombinant DNA reduced
cytokine production by 80% in mice by changing the tissue distribuation Gk o)
(edl) g AN s,



Chemical methods for genetransfer

Advantages

Disadvantages

Naked DNA

Mo special skills needed
Easy to produce

Low transduction efficiency
Transient gene expression

Physical methods

Microinjection Up to 100% transduction efficiency (nuclear injection) Requires highly specialized skills for delivery
Limited to ex vivo delivery

Gene gun Easy to perform Poor tissue penetration

Effective immunization with low amount of DNA

Electropaoration High transduction efficiency Transient gene exprassion
Toxicity, tissue damage
Highly invasive

Sonoporation Method well tolerated for other applications Transient gene expression

Toxicity not yet established

Laser irradiation

Can achieve 100% transduction efficiency

Special skills and expensive equipment necessar

Magentofection Safety of method established in the clinic Poor efficiency with naked DNA
Chemical methods
Liposomes Easy lo produce Transient gene expression

Fusion liposomes improve transduction efficiency

Toxicity, mildly immunogenic

Cationic polymers

Easy to manipulate for targeting

Basem Battah, Pharm, Msc, PhD

Transient gene expression
Toxicity, mildly immunogenic
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Clinical used of non viral vectors sl Jal gadl (s ped) aladiu))
(A g 8

Vaccination (&) against HIV-1 and arein phase | testing.

Three plasmid DNA vaccine for Ebola (¥ sY¥! v Wl )infection has completed
phase | testing and will enter phase |l alone and in combination with a
recombinant adenovirus vector in a prime-boost dosing regimen.

human trials using non-viral vectors to treat genetic diseases such as hemophilia
A , disease illustrate the challenges of permanent correction of a hereditary
disorder with a plasmid-based system w3l e adiza ol aladiuly (Al @l jlaal)
(A

Basem Battah, Pharm, Msc, PhD
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Therole of Drug metabolism in genetherapy s)gall &) | gd)
(i) dallaal) B

In vitro, in vivo and clinical observations have documented
that infection and inflammation (<Y 5 z<all)significantly
reduces the expression and function of cytochrome P450
(CYP) enzymes.

Biocatalytic CYP-VPL

Single dose of recombinant adenovirus suppresses rat
CYP3A2 for 14 days without resolution, CYP3A2 is
homologous (Jil)to human CYP3A4, responsible for the
metabolism of approximately 50% of marketed
medications.

Understanding the effects of viral and non-viral vectorson
CYP and other drug metabolizing enzymes is important
since traditional drug regimens are also included in many
genetherapy trials.
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Production and processing of non viral vector

« Fermentation (g5 »eadll)

« Harvest (&z2W aa2).

o Lysis(LSall Ja).

- Isolation and purification (&R s Jjad).

«  Bulk preparation (sl s dmsll juaald).

Basem Battah, Pharm, Msc, PhD
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Quality control (835 aus)and acceptable levels of

impurities (<« s<d) in the final plasmid - based product

type Issue Determined by Acceptable level in final product
Identity Cross-contamination with other Restriction digest/gel N/A
products electrophoresis
Purity Residual bacterial chromosomal Real-time PCR <2 ug/mg pDNA
DMNA
Residual RNA Analytical HPLC <0.2 pg/mg pDNA

Residual bacteral protein

BCA protein assay

<3 pg/mg pDNA

Endotoxin

LAL assay

<10E.U./mg pDNA

Sterility (bacterial and fungal)

Method outlined in CFR 21
610.12

No growth

Appearance

Visual inspection

Clear solution free of particulates

oH

pH meter

Physiologic (7.0-7.4) but may be product
specific

Basem Battah, Pharm, Msc, PhD
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