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Gene therapy )انًؼبندخ اندُُُخ( 

• Gene therapy is the use of nucleic acids as therapeutic medicinal compounds for a 
diseases which have limited or no therapeutic options نلأيزاض يحذودح أو يؼذويخ ) 

( انخُبراد انؼلاخُخ . 
• The gene therapy uses different strategies:

o Gene therapy could moderate the abnormal gene expression ( رؼذَم انزؼجُز اندٍُُ)  .

o Gene medicines can also be engineered to reconstitute a diseased organ اػبدح رزيُى ) 
( انؼعى انًزَط  . 

o Regeneration  (اػبدح رىنُذ) of specific tissues through expression of embryonic 
genes to induce cell growth and development.

o using natural or genetically corrected stem cells ( خلاَب خذػُخ) to produce healthy 
tissues
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Gene therapy and their application )رطجُمبد انًؼبندخ اندُُُخ( 

• In adenosine deaminase (ADA) deficiency  
(ػٛص أٔضٌُ) , by using gene therapy involved 

the use of peripheral blood lymphocytes 
(خلاٌا ٌّفاٌٚح ِٓ اٌذَ اٌّحٍطً) treated with a 

retrovirus expressing ADA ( َؼجز ػى الأَشَى)

in ADA-deficient patients (Anonymous, 
1990).
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EX VIVO versus IN VIVO gene therapy

• In the disease treatment using gene therapy there are many aspects have to be 
considered ( ٕ٘ان اٌؼذٌذ ِٓ اٌّفاٍُ٘ ٌدة اخز٘ا تؼٍٓ الإػتثاس)  :

o The gene necessary for treatment has to be  identified and cloned ( رحذَذ و رُسُم)  . 

o The disease and the gene product have to be well understood ( دساسح اٌّشض ٚ إٌّتح

(اٌدًٍٕ تشىً خٍذ in order to insure that the therapeutic components delivered to the 
appropriate cellular compartment responsible for its processing and subsequent 
biological activity ( اٌفؼاٌٍح اٌثٌٍٛٛخٍح إٌاتدح ػٓ اٌّؼاٌدح)  .

o Developing immune response to the gene transfer system الإستداتح أٚ سد اٌفؼً إٌّاػً ) 

(ٌٕظاَ إٌمً اٌدًٍٕ could be a problem in this area of medicine
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Several stratigies can be used for gene transfer ًَكٍ اسزخذاو( 

انؼذَذ يٍ الإسززارُدُبد نُمم اندٍُ( 

• Direct injection  (انحمٍ انًجبشز) of vector/ DNA complexes into the 
bloodstream is often characterized by low levels of gene expression 
Broad distribution of the vector could be correlated with side effects. 

• Intratumoral ( حمٍ داخم انىرو)  , intraperitoneal داخم انصفبق أو انغشبء )

(انجُزَزىاٍَ , subcutaneous (رحذ اندهذ) , and intramuscular injection.

EX vivo gene transfer :

o involves isolation and culture of cellular targets ػضي ٚ صسع اٌخلاٌا ) 

( اٌٙذف .

o Gene transfer is achieved 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 ( ٌتُ فمػ ٔمً اٌخلاٌا اٌّؼثشج ػٓ اٌثشٚتٍٓ اٌؼلاخً) . 

o In the Ex- vivo gene transfer 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 target 

• There are currently 1.260 active gene therapy clinical trials world wide
Approximately 67% of these trials are for cancer.
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The first gene therapy product is approved. On October
16, 2003, China’s SFDA approved an adenovirus-
based product, Gendicine, for treatment of head and
neck cancer. The product was commercially available
in January 2004 through the company SiBiono
GeneTech



In/Ex vivo gene transfer 
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Gene therpy for cancer 

• The aim of  applying the gene therapy is to destroy tumor (رحطُى انىرو) cells and 
preserve the normal tissue. 

• Many strategies could be considered in cancer gene therapy:

o correction of genetic mutations  نهًُػ انًزافمخ اندُُُخ انطفزاد رصحُح)

(انىريٍ contributing to the malignant phenotype.

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

o use of oncolytic viruses that (نهىرو حبنخ فُزوسبد) replicate in and destroy tumor
cells (virotherapy)  (فٍشٚسٍح ِؼاٌدح)

o use of enzyme pro-drug systems ( اَظًخ الأَشَى غهُؼخ انذواء) that destroy tumor cells 
by converting a non-toxic medicinal compound to cytotoxic metabolites  

(يسزمهجبد سبيخ) .
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Gene therpy for cancer 

Correction of genetic mutations )رصحُح انطفزاد اندُُُخ(:
o Approximately 12% of cancer gene therapy clinical trials involve over-

expression of tumor suppressor genes such (نهىرو انًثجطخ اندُُبد) 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.

Immuno-therapy:

o Stimulating the anti tumor immune response could (ٌٍٛسَ اٌّعادج الإستداتح)  be
achieved by Expression of pro-inflammatory cytokines (interleukin (IL)-2, and
IL-12).
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Gene therpy for cancer 

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

o Direct injection  (حمٍ يجبشز) of a vector expressing immunostimulatory molecules 
or tumor-specific antigens ( ِستعذاخ ٔٛػٍح ٌٍٛسَ)  in a tumor. As the transgene
product is released, macrophages, dendritic cells, natural killer cells and T-cells 
are activated and migrate to the tumor where they destroy cells expressing the 
transgene.

o Cells isolated from the patient or cancerous cell lines are treated with the vector 
in culture, killed by irradiation and given back to the patient. Epitopes (حٛاتُ) on 
the cells prompt the immune system to attack and remove malignant cells رحفش )
(اندهبس انًُبػٍ نزهبخى و رُشع انىرو

o T-cells or bone marrow cells from the patient are cultured with a vector and/or 
tumor antigens. Live cells that attack and remove malignant cells are given back 
to the patient.
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Gene based immuotherpay for cancer  
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Oncolytic viruses )انفُزوسبد انحبنخ نهىرو( (virotherapy)  

• 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 I
(HSV), reovirus and adenovirus,
often selected because naturally target
cancer and have easily manipulated
genome  ٚ اٌٛسٍِح ٌٍخٍٍح تتٛخٗ غثٍؼً تشىً) 

(اٌّؼاٍِح سًٙ خٍٓ تٍٍّه .

• 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 )سَبدح حسبسُخ انىرو( 

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

• Transgene expression of the p53 sensitize the tumor cells to the therapeutic effects. 

• Also to overcome MDR multi drug resistance (انًمبويخ انًزؼذدح نهلأدوَخ الأوراو) 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 chemoresistance of certain types of cancer    
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Gene directed enzyme prodrug therpay (GDEPT)

• One of the primary goals of cancer therapy (َالأ٘ذاف الأساسٍح ٌؼلاج الأٚسا ِٓ) is to deliver 
highly potent, cytotoxic compounds to tumors 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 is given and is only converted to a cytotoxic agent by the 
recombinant enzyme in the tumor.
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Gene directed enzyme prodrug therpay(GDEPT)

• Some GDEPT strategies  ٘زٖ استشاتٍدٍاخ ِٓ اٌثؼط)

(اٌطشٌمح rely on a “bystander effect,” where cytotoxic
agents produced by transfected cells spread to
surrounding cells for arrest and regression of
tumor growth.

• A standard example of the GDEPT is Over-
expression of the herpes simplex virus thymidine
kinase (HSV-tk) gene with gancyclovir.

• This system is selective because gancyclovir, a 
poor substrate for human monophosphatase
kinase, is rapidly converted to the triphosphate
form after phosphorylation in a cell expressing 
HSV-tk. 
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Gene directed enzyme prodrug therpay(GDEPT)

• The triphosphate competes ( ٌٕافس) deoxyguanosine triphosphate during DNA 
elongation ( ػًهُخ رطبول سهسخ  انذَب) and, once incorporated in a strand, blocks DNA 
polymerase and induces single strand breaks ( كسىر فٍ انذَب) .

• HSV-tk/ gancyclovir they only GDEPT reached Phase III clinical trials. 
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Vascular disease gene therpay )انًؼبندخ اندُُُُخ نلأيزاض انىػبئُخ(

• Over-expression (اٌتؼثٍش فشغ) of genes involved in vasodilation  ػٍ انًسؤونخ اندُُبد)

such (انىػبئٍ انزىسغ as endothelial nitric oxide synthase (eNOS) have reduced blood
pressure in animal models of hypertension (انعغػ اررفبع  ).

• This method have a long term control and overcome the patient non compliance  ػذو)

(انًزَط يطبوػخ .

• Over-expression of genes that can reduce cholesterol  خفط رسزطُغ انزٍ اندُُبد)

(انكىنُسزُزول such 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  انىراثُخ الإظطزاثبد نؼلاج اسزخذيذ) 

(انشحىو نلإسزملاة .
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Vectors for gene transfer )ٍُحىايم نُمم اند(

• Gene therapy can be classified to non viral and viral gene therapy           

(فٍشٚسٍح غٍش ٚ فٍشٚسٍح خٍٍٕح ِؼاٌدح اٌى اٌدٍٍٕح اٌّؼاٌدح تمسُ )                  .

• Both of which rely on the successful construction of gene expression
plasmid . (خٍُُ رؼجُز نجلاسًُذ َبخح رصُُح ػهً رؼزًذ) 

• The plasmid is a circular double strand DNA molecule  ِعاػف حٍمً دٔا)

which ( اٌطاق contain complementary DNA (cDNA) sequence coding for
therapeutic gene .
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Vectors for gene transfer     
• Several other genetic elements (اخزي خُُُخ ػُبصز َزعًٍ) including bacterial

elements , (خزثىيُخ ػُبصز) transcription regulatory element  (ٌلإٔتساخ ِٕظُ ػٕصش)
(TRE), multiple cloning sites (MSC), untranslated region (UTR), introns,
polyadenylation (polyA), sequences and fusion tags . (واصًبد)

• Then many methods are used to validate the construct. Like sequencing, PCR,
immunoblott.
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Vectors for gene transfer     
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Production of gene transfer vector )ٍاَزبج حبيم نُمم اندٍُ انؼلاخ( 

• (A) Transgene expression cassette . )رحعُز كبسُذ انزؼجُز اندٍُُ نهدٍُ انؼلاخٍ( 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 virus with the help of a producer/packaging cell line.

• (B) Producer/packaging cell line. (اٌّغٍف–إٌّتح اٌخٍٛي اٌخػ تحعٍش)   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 packaging
signal (y) and the transgene cassette flanked by the viral ITR/LTR sequences.

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

• Complete virus particles are released from the cell according to vector-specific
mechanisms.
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Production of gene transfer vector       
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Viral vector for gene transfer)ٍحبيم فُزوسٍ نُمم اندٍُ انؼلاخ( 

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

• Most effective vectors for gene
therapy  ٌٍّؼاٌدح فؼاٌٍح الأوثش اٌحٛاًِ ِٓ تؼتثش)
(اٌدٍٍٕح .

• Approximately 70% of all 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  انًسؤونخ اندُُبد حذف َزى) 

  (انؼلاخٍ ثبندٍُ واسزجذانهب انفُزوص فىػخ و ركبثز ػٍ
  .
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Vectors currently in clinical use           
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Suitability )نُمم اندٍُ(of adenovirus for gene transfer)يلائًخ(

• Transgene expression (انزؼجُز ػٍ اندٍُ انًُمىل) from these vectors is rapid 
(سزَغ) and robust (لٛي) and is enhanced with strong heterologous

promoters.
• physically stable ( ثبثذ فُشَبئُب) .
• Adenoviruses do not integrate into the host genome (لاَُذيح يغ خٍُ انًعُف) .

• host response occurs in three phases )اسزدبثخ انًعُف رحذس فٍ ثلاثخ اغىار(:

o Phase occurs within an hour after systemic administration  ِٓ ساػح خلاي)
(اٌدٙاصي الإػطاء , lasts for 4 days and is characterized by thrombocytopenia

(اٌصفٍحاخ لٍح) and elevated liver enzymes (dose dependent).

o The second phase, occurring 5 to 7 days after administration, is highlighted
by removal of transduced cells (اٌدًٍٕ اٌحاًِ ٌٙا ٔمً اٌتً اٌخلاٌا) by activated
lymphocytes (اٌّفؼٍح اٌٍّفاٌٚاخ) in the target tissue and localized, self-limited
inflammation.

o Third phase, CD4 + T-cell-dependent humoral immunity  ِٕاػح)
(خٍطٍح develops and neutralizing antibodies clear the virus from the

circulation and prevent effective readministration.
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Non viral vector )حىايم غُز فُزوسُخ(

• Non-viral vectors generally 
consist of double-stranded 
recombinant DNA plasmids 
alone or encapsulated

(ِتّحفظح) in cationic polymer
(تٌٍٍّٛشاخ ِٛخثح اٌشحٕح) or lipid-

based formulations (تشاوٍة ٌثٍذٌح ) .
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Non viral vector   

• Non-viral vectors offer several important advantages ( يُشاد) over virus-based 
methods for gene transfer:

o Unlimited cloning capacity ( اسزطبػخ رُسُم ػُز يحذودح و ػبنُخ )  . 

o non-immunogenic ( غُز يىنذح نهًُبػخ) and can easily be readministered multiple 
times without induction of a prohibitive immune response ( استداتح ِٕاػٍح تثثٍطٍح) . 

o reduced capacity for insertional mutagenesis ( ٍالم لذرح ػهً رىنُذ انطفزاد انُبردخ ػ
(الإدخبل and a limited ability to produce unwanted by-products in vivo due to 

homologous recombination.

o Easy to manipulate using standard techniques. 

o Inexpensive to produce, especially on a large scale in contrast to viral vectors. 
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Non viral vector   

• Have some disadvantages ( رًهك ثؼط انسُئبد)  :

o Low transduction efficiency non-specific uptake of the vector اٌمثػ اٌغٍش ٔٛػً )

(ٌٍحاًِ and poor delivery to the therapeutic target ( تسٍٍُ تطٍئ ٌٍٙذف اٌؼلاخً)  . 

o limited capacity to override cellular gene silencing mechanisms ( تداٚص اٌٍاخ

( اٌتثثٍػ اٌدًٍٕ and, as a result, cannot achieve sustained (يسزًز) gene 
expression. 
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Delivery methods for non viral gene transfer ٍُغزق اَصبل اند(

انغُز فُزوسُخ( 

• Naked DNA is susceptible to nuclease degradation in (رحطى) the systemic circulation
and (اٌدٙاصي اٌذٚساْ فً) is taken up in an inefficient, non-specific manner in many

tissues.

• Physical methods (انفُشَبئُخ انطزق) used for gene transfer involve disruption of cell
membranes.

• Chemical methods (انكًُُبئُخ انطزق) facilitate interaction with tissue targets and
transport across cell membranes.
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Physical method for gene transfer 
• The primary techniques (الأونُخ انطزق) for

recombinant DNA delivering to the target
cells are Microinjection , (انًدهزٌ انحمٍ)
particle bombardment  (اندسًُبد رفدُز
(and electroporation.

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

o simplest and most effective  الأكثز)
(فؼبنُخ method for physical delivery of genetic

material to cells.

o transduces 100% of the recipient cells  خٍّغ)
and (اٌّستمثٍح اٌخلااٌا minimizes waste of

plasmid DNA.

o But, requires highly specialized equipment
and skills.

o harsh to the cell.

o restricted to ex vivo gene  انكبئٍ خسى خبرج)
(انحٍ transfer of cultured cells or

embryonic stem cells for production of
transgenic animals.
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Physical method for gene transfer 

• Particle bombardment (Gene gunٍُثُذلُخ اند):

o Gold particles (انذهت يٍ خسًُبد) are coated with
recombinant DNA and propelled (دفؼٙا ٌتُ) by an
electric spark (ِٙشتائٍح ششاسج) or helium discharge
into the target cell or tissue (Accell , helios gene
gun devices).

o Transduction efficiency and distribution of gene
expression relies upon particle size, timing of
delivery (انشيٍ) and particle acceleration  رسبرع)

. (اندسًُبد

o This method gives high levels of transgene
expression with very low doses of
DNA ( لهُهخ كًُخ) .

o But has limited depth of penetration (لًٍٍ ٔفٛر ػّك) .

o cells that directly encounter DNA-coated particles
can be severely damaged . (نهخلاَب شذَذ رخزة) 
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Physical method for gene transfer 

• Electroporation :

o exposes the cell membrane to high-
intensity pulses of electricity

(وٙشتائٍح ٔثعاخ) that transiently
destabilize the cell membrane and
make it highly permeable to
plasmid DNA.

o Had success in muscle, skin, liver 
and solid tumors. 
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Physical method for gene transfer 
• Electroporation :

o consist of a pulse generator يىنذ )
(َجعبد and an applicator with 

several specialized electrodes 
tailored for delivery to specific 
tissues and organs.

o The parameters of pulse 
duration ( يذح انُجعبد) and field 
strength  (ٍشذح انحمم انكهزثبئ) also 
DNA concentration (رزكُش انذَب)
have to be set depending on the 
cell type and the DNA molecule 
size for efficient electroporation.    
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)داخم خسى انكبئٍ انحٍ( 



Physical method for gene transfer 

• Sonoporation يؼبندخ انخلاَب ثبلأيىاج(

فىق انصىرُخ أو صىرُخ انخلاَب(  :

o Last 10 years new less invasive
method . (ثبظؼخ غُز غزَمخ)

o Enhances cell membrane permeability
by acoustic cavitations  اٌّحشظح اٌتداٌٚف)

through (اٌصٛتٍح فٛق الأِٛاج تفؼاي
ultrasound waves collapse active
bubbles, releasing energy that disrupts
adjacent cell membranes.

o Have been applied in vitro and in vivo.

o Have a good safety profile in clinic.
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Physical method for gene transfer 

• Laser irradiation )انزشؼُغ ثبلاَشر(:

• focusing a laser beam on a target cell
and modifying permeability by
thermal effects . (حزارَخ رأثُزاد)

• Laser irradiation induces minimal cell
damage because permeabilization is
transient and very fast . (سزَغ و ػبثز)

• 100% transduction efficiency without
affecting cell growth and division.

• The size and expense  اٌحدُ ٚ اٌىٍفح)

(اٌىثٍش of the laser source limited the use
of this technique.
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Physical method for gene transfer 

• Magnetofection )ٍيؼبندخ انخلاَب ثزطجُك حمم يغُبغُس(:

o Involves attachment of magnetic polymer-coated iron
oxide-nanoparticles to DNA  ِغٕاغٍسٍح ٔأٌٛح خسٍّاخ ستػ) 

(اٌذٔا اٌى اٌحذٌذ اٚوسٍذ ِٓ .

o Magnetic particles (انًغُبغُسُخ اندسًُبد) are
concentrated in target cells by an external magnetic
field (ِغٕاغٍسً حمً) that pulls the particles across plasma
membranes into the cytoplasm.

o High transduction efficiencies have been achieved
with this method in vivo in the gastrointestinal tract
and blood vessels . (انذيىَخ الأوػُخ و انًؼىٌ انًؼذٌ انطزَك) 

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

o advantage of magnetofection is that it increases
bioavailability (انًؤشت نهذَب انحُىٌ انزىافز سَبدح) of
recombinant DNA and reduces the amount needed for
effective gene transfer (اٌلاصِح اٌذٔا وٍّح ِٓ تمًٍ)
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Physical method for gene transfer 

• Hydroporation )َمم انذَب فٍ يحهىل يبئٍ و رشكُم انثمىة(:

o Involves injection of large volumes of solution into the
circulation  انً انذَب ػهً حبوٌ يحهىل يٍ كجُزح كًُخ حمٍ)
(انذوراٌ to 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.

o The dose of DNA delivered (اٌذٔا خشػح) by hydrodynamic
delivery ranges from 0.1 to 10 mg/kg.

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

o Increase in transaminase after liver injection and
creatinine kinase after muscle injection . (اٌؼعًٍ اٌحمٓ) 
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Chemical methods for gene transfer  

• Cationic liposoms انهُجىسويبد يىخجخ(
:انشحُخ(

o Liposomal gene delivery was the first
non-viral system to reach clinical trials.

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

o The positive charge ( انشحُخ الإَدبثُخ) also 
promoted interaction with the cell 
membrane and endocytosis ( الإٌتماَ) . 

o Interaction DNA-liposome , depend  on 
the PH, charge and lipid structure. 
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Chemical methods for gene transfer  

• Cationic polymer ثىنًُُزاد يىخجخ( 
:انشخُخ(

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

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

o Covalently bind to (تشاسوً تشىً تشتثػ)
compounds that interact with specific
cell surface marker.

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

(اندٍُُ انزؼجُز يٍ حسُذ و انسًُخ .
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Immune response against non viral vector الإسزدبثخ انًُبػُخ ظذ(

حبيم اندٍُ انغُز فُزوسٍ(

• There is a little effect with the low dose with (يُحفعخ خزػبد) non viral DNA
complexes.

• Higher doses , (انؼبنُخ اندزػبد) especially of cationic liposomes, induce acute
inflammation and profound tissue damage . (ثبلأَسدخ رخزة و حبد انزهبة) 

• The most severe side effects occur (انشذَذح اندبَجُخ انزأثُزاد يؼظى) after intravenous and
intrapulmonary delivery.
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Immune response against non viral vector   

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

o Removal of CpG motifs (انًزكزر انزسهسم َشع) in plasmid DNA, minimizing
interaction between (اٌتذاخً ٌمًٍ) the complex and the immune system and use of
immunosuppressants in the complex.

o Covalent attachment (اٌتشاسوً اٌشتػ) of poly(ethylene) glycol to the surface of DNA
complexes (PEGylation) has improved toxicity and promotes transduction efficiency by
preventing aggregation . (إٌمً فؼاٌٍح ِٓ تحسٓ ٚ اٌسٍّح تمًٍ)

o Injection of lipids (نجُذاد حمٍ) prior of administration of recombinant DNA reduced
cytokine production by 80% in mice by changing the tissue distribuation  غزَك ػٍ) 

(انُسُدٍ انزىسع رغُز .
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Chemical methods for gene transfer  
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Clinical used of non viral vectors الإسزخذاو انسزَزٌ نهحىايم انغُز(

فُزوسُخ( 

• Vaccination against (انزهمُح) HIV-1 and are in phase I testing.

• Three plasmid DNA vaccine for Ebola infection) (الإٌثٛلا ظذ ٌماذ has completed
phase I testing and will enter phase II 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  اٌثلاسٍّذ ػٍى ِؼتّذ ٔظاَ تاستخذاَ ٚساثً اظطشاب)

 (اٌؼلاخً
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The role of Drug metabolism in  gene therapy دور اسزملاة انذواء(

فٍ انًؼبندخ اندُُُخ(  

• In vitro, in vivo and clinical observations have documented
that infection and inflammation (الإٌتٙاب ٚ اٌخّح) significantly
reduces the expression and function of cytochrome P450
(CYP) enzymes.

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

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

• Fermentation ( انزخًز وانشرع)  .

• Harvest ( خًغ انُبرح) .

• Lysis ( حم انخلاَب) .

• Isolation and purification ( انؼشل و انزُمُخ) .

• Bulk preparation ( رحعُز انكًُخ و انحدى ) . 
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Quality control )ظجػ اندىدح(and acceptable levels of 
impurities )انشىائت( in the final plasmid - based product    
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