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Inserting vectors into host cells
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Transfer and Cloning of the Insulin Gene

Transfer of the Insulin gene Recombinant
_ plasmad

Eestriction

SILEHIE ?{ human cDMNA  (igleer

A S S
mma@ J"U% Q

Cloning the Insulin Gene
bactena l:hr:::mqscamr:

0O )
insulin insulin *' H misulin insuln

27 Vi
©oP2 ) J@@@& )
7

Transfection




History

* Early1970s : scientists proposed “gene surgery”

® 1983 : Lesch-Nyhan disease treatment

* Late 1980s : scientists’ increasing ability to identify the

speciﬁc geneﬁc maLﬁmcﬁons that caused inherited diseases.

.In fac’c some scientists theorize that all diseases may have a

gene’uc comwonen’c

$%9 * On September 14,1990 : first person to undergo gene
}/ therapy

® 1991 :, the US. government provided $58 million for gene
therapy research



° Cuwen‘dy, there are a host of new gene therapy agents in
clinical trials. nucleic acid based (i vivo ) treatments and

cell-based (ex vivo) treatments .

° Presenﬂy, gene therap Les for the fo”owing diseases are
loe'mg developed: cystic ﬁbrosis (us ing adenoviral
vector), HIV infection (cell-based), malignant
melanoma (cell-based), Duchenne muscular dystrophy (cell-
based), hemophi[iaB (cell-based), kidney cancer (cell-based),
Gaucher's Disease (retroviral vector), breast
cancer (retroviral vector), and [ung cancer (retroviral vector).




What is gene therapy?

- Gene therapy is the insertion of
genes into an individual's cells
and tissues to treat a disease,
and hereditary diseases in
which a defecﬁve mutant allele
S rep laced with a ﬁmcﬁonal

one.




The biological basis of gene therapy

Scientists have known how to manipulate a
gene's structure in the ia’ooraiory since the
eariy 19708 timrougn a1process called gene
spiicing. The process involves removing a
ﬁagmeni of DNA containing the speciﬁc
genetic sequence desired, then inserting it into

the DNA of another gene. The resultant
proaiuei is called recombinant DNA and the

process 1S geneiic engineering.




There are bas icaUy two types of gene ’cherapy:

erm Line Gene Therapy
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"Germ-line gene therapy\

somatic gene therapy >
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>quore the ﬁrst human cod'mg sequence had been

determined, there was ahfeady speculaﬁon about the
prospects fov gene therapy. A prescient editorial
pu’olished in Science in 1971 outlined many of the
problems that would face clinical gene ’chempy,

includ'mg construction qf safe viral gene delivery vectors

and gfﬁcient gene delivery to enough pa‘cient cells to

correct the inherited gene defec’c.

> Some 40 years later, the same issues persist but

substantial progress has been made!
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We can use it fov which diseases?

- Asa suggested Vemedy for laody s immune reaction to ," ' 4
new blood vessels in the heart to alleviate heart attacks afia
stop HIV- Vephcahon, genetic diseases, such as hemophthaA :
and B, and cystic ﬁbrosis, blood disorders, muscudar

dyshrop hy and diabetes.
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< Viral vectors :

1.

1.

Retrovirus
Adenovirus

Adeno-associated virus

V. Herpes Simp lex Virus
« Non-viral vectors :
1. Liposome

1.

1.

DNA—po[ymer conjugates
Naked DNA
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° They invade cells as part of the natural 'mfecﬁon jprocess.

* Have a spec'gcic Velationsh'qo with the host in that ’chey colonize
certain cell types and tissues in spec'gqc organs

* Vectors are chosen according to their attraction to certain cells

Vel Yew Vel

and areas of the body. e

Gene therapy using
an adenovirus vector



Table 1. Advantages and disadvantages of major viral vectors.

Major Clinical’Preclinical

Virus Advantages Disadvantages L
Studies
Generation of
. , replication-competent virus
Retrovirus Long-tetmn gene expression Potential for tumorigenesis L6]
Infects dividing cells only
Long-term gene expression Generation of
Lentivirus Infects non-dividing and replication-competent virus [7.8]
dividig cells Potential for tumorigenesis
High immunogenicity
Vaccima virus — Safety: used as a smallpox vaccine Pre-existing mmmumaty [9]
High titer production
High immunogenicity
Adenovirus Safety: used i many chimc trails Pre-existing mmmumty [10]
High titer production
Adeno—:ilssocmted Long-term gene t?xpr_ﬂsmm Lo titer production 1]
VITUS Non-pathogenic virus
Induces a umique CTL response Pre-existing immumnity
Cytomegalovirus ~ Protects agamnst SIV mfectionin ~ Risk of pathogenesis i specific [12]
an animal model mdividuals

Sendai virus High immunogenicity Pre-existing tmmumty [13]
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Nonviral vectors



1. ILiposome 2. Cationic polymers

SSSSLIET>
= =

3. Naked IDINA

4. Peptide-mediated
sene delivery

* These vectors Vely on the natural bio [ogica[ process n

which cells upz‘ake (or gaz‘/zer) macromolecules

* Another possi’o le vector under development is based
on dendrimer molecules. A class of polymers (na’twaﬂy
occurring or art:gﬁcial substances that have a high
molecular weight and formed on smaller molecules of
the same or similar substances, is "constructed" in the
lab oratory on comb[n[ng these smaller molecules.




METHODS FOR GENE THERAPY OF CANCER

1.  Viruses
1. Naked DNA (vector-free)

Nl. Liposomes

V. Protein-DNA complexes

V. Gene gun
e VI Calcium phosphate precipitation
f VII. Electroporation

. Intracellular microinjection




GOING VIRAL AGAINST CANCER

The virus-tased cancer therapy T-VEC infects tumour cells and destroys

ther by stimulating the immune system to direct an attack against
malignant cells inthe bod

Heatthy cell Cancer cell Antigen Tedl

0 ‘
)

Y TECying GA-CSF Dendrtic cell
TVEC eters but cannot T-VEC destroys malignant cells directy, releasing the protein - GNRCSF attracts dendritic cells, which present tumaur
replicate in norml calls GNHCSF and antigens that enable the immune system to antigens to the immune systems T-cel, programming

target cancerols cells nearty and throughout the bocy. fhem to destroy cancer calls throughout the bocy.




ene thempy fov Plants




We consider two aspects:

. Using plan’c viruses and plan’cs as a tool fov
treatments

1. Using gene therapy against plan’c diseases
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Plant virus expression vectors have been engineeved to

ﬁmc‘cion as rapid, inexpensive and robust pla’gformsfor

vaccine producﬁon.

they are able to ﬁmcﬂon in a much broader Vange_of

plants, and thus pvovide more choices qf the producﬂon

system to be used.

The a/oili’cy to express several proteins n tandem and at
compavab le levels ﬁ'om a single construct could provide

added value over other virus vectors




DNA Virus Vectors for Vaccine Production in Plants:
Spotlight on Geminiviruses

* Plants represent a segce, eﬁicacious and nexpensive production
pla@form by which to provide vaccines and other therapeutic

pro’ce Ins.

e Plant virus expression vector techno [ogy has rap 'Ld[y become one

of the most pOpular methods to express pharmaceu‘cical

pvote Ins in p[ants.
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benthaminia seeds

Our Manufacturing Process

Plants grow,
generating blomass

From seedling to high-value
biopharmaceutical in eight weeks

Infiltrate plants

with agrobacterium a agroopacterium
containing genetic
sequence for

target drug

Extract
drug

Plants grow, producing drug in each cell

. Package
" product
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Recent advances in plant virus molecular bio logy have yielded

an alternative means of trans ien‘cly expressing proteins through
the use of virus expression vectors which are eng'meeved to be

delivery vehicles.

These include gveatev expression levels over a S/ZO#pen'oo/ gf

time, the a’oili’cy to generate proteins which may impede p[an‘c

gvowth, as well as reduced biocontainment issues and related

public perception concerns related to geneﬁca“y modiﬁed Ccrops
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Plant virus expression vectors which have been engineered to
generate vaccines and other pharmaceuﬂcal proteins have
predominanﬂy been the positive-sense RNA viruses such as
Tobacco mosaic virus, Potato virus X, Cucumber mosaic virus and
Cowpea mosaic virus. Geminiviruses were among the ﬁrs’c viruses

to be considered as po’cen‘cia[ gene vectors but their use was
limited because of the limitations on the size of insert tolerated







Gene Therapy for Plants: Using Carbon Nanofibres

* The researchers discovered that the microRNA mechanism that
controls whether a parﬁcular cell deshfoys or stimp ly represses
the mRNA molecules in plan‘cs relies on fs*w[z‘c/zer’genes

g ° Because the basic microRNA system is present in both plants
y and animals, similar switchers are [ikely to exist in humans.




» Regulaﬁng the switcher mechanism should allow them to
boost the capacity for environmental adaptaﬁon without

in‘cevfering with development This has clear applicaﬁonsfor
plan’cs %ﬁec‘ced on climate changg.

9 The Vesearchers WOV’({GO[ colla’ooraﬁve [}/fOY t’mree years

analysing the plant model Arab idopsis to reveal the
underlying mechanism.




* The new developments n gene therapy n plants have to be compared
with similar appvoaches in animal systems.

. Delivery of CQOs, their a[ignment to chromosomal sequences, mismatch
Vecogniﬁon, and mismatch elimination should be considered.

- Packaging COs in various coats may secure express delivery and nuclease
resistance; and prov iding an extra supp [y of mismatch repalr proteins for

ad the target cells at the time of de[ivery may increase ¢ ﬁciency and
X& precision of repair.




The future of gene therapy




I There are many obstacles and some distinct questions

concerning the V'Laloiﬁty of gene therapy

I Viral vectors must be carqfu“y controlled lest ’chey infec’c the
patient with a viral disease

JOne of the most pressing issues, however, is gene regu.[ation

u Leaming how to make the gene go into action on[y when

needed




Jin the area of gene t’aevapy, it is clear that many exciting
innovations are emerging. While many of these new gene-

’cherapy and biotech products might yet have unknown
risks, they also have the potenﬁa[ for tremendous patient

Ioeneﬁt
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