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Gene Therapy
• Gene therapy is a technique for correcting defective genes responsible 

for disease development. Researchers may use one of several 
approaches for correcting faulty genes:

– A normal gene may be inserted into a nonspecific location within the 
genome to replace a nonfunctional gene. This approach is most 
common.

– An abnormal gene could be swapped for a normal gene through 
homologous recombination.

– The abnormal gene could be repaired through selective reverse 
mutation, which returns the gene to its normal function.

– The regulation (the degree to which a gene is turned on or off) of a 
particular gene could be altered.



How Gene Therapy Works?
• In most gene therapy studies, a "normal" gene is inserted into the 

genome to replace an "abnormal," disease-causing gene. A carrier 
molecule called a vector must be used to deliver the therapeutic
gene to the patient's target cells. Currently, the most common vector 
is a virus that has been genetically altered to carry normal human 
DNA. Viruses have evolved a way of encapsulating and delivering 
their genes to human cells in a pathogenic manner. Scientists have 
tried to take advantage of this capability and manipulate the virus 
genome to remove disease-causing genes and insert therapeutic 
genes.

• Target cells such as the patient's liver or lung cells are infected with 
the viral vector. The vector then unloads its genetic material 
containing the therapeutic human gene into the target cell. The 
generation of a functional protein product from the therapeutic gene 
restores the target cell to a normal state.





http://www.fda.gov/fdac/features/2000/gene.html



Gene Delivery
• Transfection- the delivery of foreign molecules 

such as DNA and RNA into eukaryotic cells
• Naked DNA is not suitable for in-vivo transport of 

genetic materials-> degradation by serum 
nucleases

• Ideal gene delivery system 
– Biocompatible 
– Non-immunogenic
– Stable in blood stream
– Protect DNA during transport
– Small enough to extravagate
– Cell and tissue specific
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Endocytosis
• Phagocytosis is the process by which cells ingest large 

objects, such as cells which have undergone apoptosis, 
bacteria, or viruses. The membrane folds around the 
object, and the object is sealed off into a large vacuole
known as a phagosome. 

• Pinocytosis is a synonym for endocytosis. This 
process is concerned with the uptake of solutes and 
single molecules such as proteins. 

• Receptor-mediated endocytosis is a more specific 
active event where the cytoplasm membrane folds 
inward to form coated pits. These inward budding 
vesicles bud to form cytoplasmic vesicles. 

http://highered.mcgraw-hill.com/olc/dl/120068/bio02.swf



Endocytosis pathways 
• Macropinocytosis is the invagination of the cell membrane to form a 

pocket which then pinches off into the cell to form a vesicle filled 
with extracellular fluid (and molecules within it). The filling of the 
pocket occurs in a non-specific manner. The vesicle then travels into 
the cytosol and fuses with other vesicles such as endosomes and 
lysosomes. 

• Clathrin-mediated endocytosis is the specific uptake of large 
extracellular molecules such as proteins, membrane localized 
receptors and ion-channels. These receptors are associated with the 
cytosolic protein clathrin which initiates the formation of a vesicle by 
forming a crystalline coat on the inner surface of the cell's 
membrane. 

• Caveolae consist of the protein caveolin-1 with a bilayer enriched in 
cholesterol and glycosphingolipids. Caveolae are flask shaped pits 
in the membrane that resemble the shape of a cave (hence the 
name caveolae). Uptake of extracellular molecules are also believed 
to be specifically mediated via receptors in caveolae. 





Clathrin-mediated endocytosis







Transient and Stable Transfection 

• Transient
– No chromosome integration
– Expression 24-96 Hr
– Super-coiled plasmid 

• Stable
– Chromosome integration
– Linear DNA
– 1 in 104

– Selection 



Challenges

• Cell targeting
• Transport through the cell membrane
• Uptake and degradation in endolysome
• Intracellular trafficking of plasmid to 

nucleus



Transfection Technology
• DEAE dextran
• Calcium phosphate
• Electroporation
• Microinjection
• Biolistic particle
• Nanoparticles

– Cationic liposome
– Cationic polyermer
– Activated dendrimer
– Gold nanoparticles
– Chitosan



DEAE-dextran
• Diethylaminoethyl (DEAE)-dextran was introduced in 

1965 (5) and is one of the oldest methods for introducing 
nucleic acids into cultured mammalian cells. The 
positively charged DEAE-dextran molecule interacts with 
the negatively charged phosphate backbone of the 
nucleic acid. The DNA–DEAEdextran complexes appear 
to adsorb onto the cell surface and be taken up by 
endocytosis. The advantages of this technique are its 
relative simplicity and reproducibility of results. 
Disadvantages include cytotoxic effects and the fact that 
the amount of serum in the culture medium must be 
temporarily reduced during the transfection procedure. In 
addition, the DEAE-dextran method is best suited for 
transient transfection only.

Dextran is a complex branched polysaccharide made of many glucose
molecules joined into chains of varying lengths. 





Calcium Phosphate
• The calcium-phosphate method was first used in 1973 to introduce 

adenovirus DNA into mammalian cells (6). The principle involves 
mixing DNA in a phosphate buffer with calcium chloride. The 
resulting calcium-phosphate–DNA complexes adhere to the cell 
membrane and enter the cytoplasm by endocytosis. Advantages of 
calcium-phosphate–based transfection are its easy handling and, 
compared with the DEAE-dextran method, its much higher suitability 
for stable transfections. However, a common disadvantage is low 
reproducibility, which is mainly caused by variation in transfection 
complex size and shape. These variations can be caused by minor 
changes in the pH of the solutions used for the transfection, as well 
as the manner in which these solutions are combined. A further 
drawback of the calcium-phosphate method is that some cell types, 
including primary cells, may resist this form of DNA transfer.





Electroporation
The use of high-voltage pulses to introduce DNA into cultured cells was 
first established by Wong and Neumann using fibroblasts . Cells in a 
suitable cuvette are subjected to a short high-voltage pulse that causes 
the membrane potential of the cells to break down. As a result, pores 
are formed through which macromolecules such as DNA can enter. 
The main advantage of electroporation is its applicability for transient 
and stable transfection of all cell types. However, a disadvantage is 
that approximately 5-fold greater quantities of DNA and cells are 
needed than in either DEAE-dextran or calcium phosphate methods. A 
major drawback of electroporation is the high cell mortality that can 
result in the death of up to 50–70% of the cells. In addition, the optimal 
settings for voltage, capacitance, pulse length, and gap width are cell-
type dependent, and it is necessary to repeat the electroporation
experiment a number of times to optimize the electroporation
efficiency and cell viability.



Electroporator

1-99, with 1 min. time intervalMultiple 
pulsing:

15-500 µs, in increments 5 µsTime 
constant:

Exponentially diminishing, 
electronically controlledPulse form:

20-1.200 VPulse 
voltage:



Polymer Nanocontainers



Nanocontainers

• Liposomes
• Dendrimers
• Layer by Layer Deposition
• Block Copolymer
• Shell Cross-Link



Cationic Liposome
Liposomes were first introduced in 1987 by Felgner and coworkers 
(9). The liposomes currently in use typically contain a mixture of 
cationic and neutral lipids organized into lipid bilayer structures. 
Transfection-complex formation is based on the interaction of the 
positively charged liposome with the negatively charged phosphate 
groups of the nucleic acid. The uptake of the liposome–DNA 
complexes may be mediated by endocytosis. Compared to the 
DEAE-dextran and calciumphosphate methods, liposomes often 
offer higher transfection efficiency and better reproducibility.
However, one drawback of liposome-mediated transfection is that 
the presence of serum during the transfection procedure often 
lowers the transfection efficiency. For this reason, serum is often 
omitted when transfecting with liposomes. In many cases, the 
absence of serum from the medium increases the cytotoxicity of the 
liposome. Another drawback of classical liposome-mediated 
transfection is that results



Liposomes-- StabilityStability
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Dendrimers
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β-Galactosidase Enzyme Assay
The Beta-Galactosidase Enzyme Assay System offers a direct and easy 
procedure for measuring Beta-galactosidase enzyme activity in cells transfected
with the pSV-Beta-Galactosidase Control Vector. The pSV-Beta-Galactosidase
Vector is designed to be used as a positive control vector for monitoring 
transfection efficiencies into mammalian cells. Cell extracts are incubated with 
the provided buffer and substrate ONPG (o-nitrophyl-B-D-galactopyranoside). 
The optical density is measured spectrophotometrically or with an ELISA reader. 
The absorbance should be read at 420nm. 

1 Miller Unit = 1000 * (Abs420 - (1.75*Abs550))/(t * v * Abs600) 
where: 

Abs420 is the absorbance of the yellow o-nitrophenol, 
Abs550 is the scatter from cell debris, which, when multiplied by 1.75 

approximates the scatter observed at 420nm, 
t = reaction time in minutes, 

v = volume of culture assayed in milliliters, 
Abs600† reflects cell density. 





Green Fluorescent Protein (GFP)
The green fluorescent protein
(GFP) is a protein from the jellyfish
Aequorea victoria that fluoresces
green when exposed to blue light. 



GFP Rats



Gold Nanoparticles









Parameters

• Cell density
• Amount of DNA
• Transfection reagent to DNA ratio
• Incubation period with DNA complex
• Incubation time following transfection





Cell-Surface Interaction 



For a cell to move, it must adhere to a substrate and exert traction. 
Adhesion occurs at specific foci at which the actin cytoskeleton on the 

inside of the cell is linked via transmembrane receptors (integrins) to the 
extracellular matrix on the outside. These adhesion sites are composed 

of complexes of more than 50 different proteins 

Highly simplified schematic illustration 
of the organisation of a focal adhesion. 
Transmembrane integrins (alpha/beta) 
bind to matrix ligands on the outside 
of the cell, and to a complex of 
molecules inside the cell that link to 
actin filaments. At focal adhesions, 
the actin filaments are bundled by 
actin filament cross-linkers, including 
the contractile protein myosin. 
Tension in the bundle, generated by 
myosin, is required to maintain the 
clustering of integrins and the integrity 
of focal adhesions 



The formation of substrate adhesion sites in a 
migrating goldfish fibroblast. The cell was 
transfected with GFP-actin (green) and 
microinjected with rhodamine-tagged vinculin (an 
adhesion component; red). The protruding cell front 
is marked by a diffuse band of actin filaments (the 
lamellipodium), which contains radial filament 
bundles (filopodia) that project beyond the cell edge. 
Different types of adhesion foci (red) can be 
distiguished: small foci in association with 
lamellipodia and filopodia (focal complexes) and, 
behind the lamellipodium, larger foci associated with 
actin filament bundles (focal adhesions). Focal 
adhesions are also observed at the periphery of 
retracting cell edges (bottom region of figure). Focal 
complexes and focal adhesions in the advancing 
front remain stationary, relative to the substrate, 
whereas, focal adhesions at the retracting edges 
can slide. 















































Electrically Driven Conformational 
Switching



Temperature Responsive Surface
























