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REVIEW

Gene therapy: applications in interventional

radiology

Selen Biceroglu, Ahmet Memis

ABSTRACT

Gene therapy is a new and rapidly developing area
in medicine. Although it is a new therapy method,
recent studies look promising. Since vascular wall
is a good target for this treatment, interventional
radiologists should become familiar with this new
therapy and be involved in this multidisciplinary
collaboration.
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modality. Research beginning with the advances in molecular

biology by the 1960s has begun progressing in 1990s with the
achievement of clinical gene therapy. Nowadays, more than 400 clinical
trials are being carried out with more than 4,000 patients (1, 2). Inter-
ventional radiologists play an important role in transmission of genetic
materials to the target cells and for this reason they must follow devel-
opments of terminology about gene therapy such as defining a gene,
cloning, locating in a vector and detection of its expression. In this ar-
ticle, it has been tried to review our present knowledge of gene therapy
modalities in interventional radiology.

G ene therapy is a rapidly developing and a promising therapy

Definition of gene therapy

Gene therapy is transferring recombinant genetic material (DNA or
RNA) to the host cell in order to change the gene expression in the
host cell to gain a therapeutic effect (Figure 1) (3). Even though cancers
constitute the main area of gene therapy strategies’ applications, mono-
genetic hereditary disorders, infectious diseases and vascular diseases
constitute a large group of diseases for application as well (2). Genetic
materials can be transported to target area either directly or indirectly.

In direct gene transfer, genetic material is transferred to the target cell
(e.g., endothelial cell) in vivo. In indirect gene transfer, on the other
hand, target cells are obtained from the patient, gene transfer occurs
outside the body (ex vivo) and cells are returned to body either by trans-
plantation or transfusion (Figure 2) (3).

Vectors for gene transfer

All gene therapy strategies aim the transfer of the gene or gene prod-
ucts to the target cells. Vectors are frequently used to insert the genetic
materials in the cells. Gene transfer via the viral vectors is called trans-
duction while transfer via the non-viral vectors is called transfection (4).
Viral vectors (75%) are retroviral, adenoviral, and adeno-associated viral
(AAV). Non-viral vectors (25%) are liposomes, plasmid, and synthetic
oligonucleotides.

Ideal vector must be reliable, effective and stable. All these vectors
identified have their own advantages and disadvantages, and none of
them has the ideal vector properties yet (4).

Viral vectors
Adenoviruses

They are double stranded, linear DNA viruses that do not have an
envelope. They infect proliferating and non-proliferating cells without
integrating into target cell chromosome. They can be produced in high
titers with in vitro culture systems. Mutation risk is low because they do
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Figure 1. a-d. Scheme of gene therapy application. a. DNA (genetic material). b. Integration of gene into the virus. c. The virus releasing the
gene within the target cell and gene starting the protein expression. d. Produced protein’s effect on the involved cell or its paracrine or systemic
effect when secreted. (Obtained and modified from http://mededucation.bjmu.edu.cn/PPT/gene%20therapy.ppt)

not integrate into target cell chromo-
some. Their disadvantage is that they
do transient transgene expression
and that they give rise to immune
reactions. They are not tissue specific,
therefore they affect many cell series.
Adenoviruses are the most appropri-
ate vectors for gene transfer to the
vascular endothelium.

Retroviruses

They are single stranded enveloped
RNA viruses. They enter the target
cell via receptor-mediated endocy-
tosis. Viral RNA is transformed into
DNA within the cell by the help of
the reverse transcriptase enzyme. It

shows its effect by integrating its
gene into the chromosome of the
target cell and affects the replicating
cells only. They are the most com-
monly used vectors in experimental
and clinical studies. Their disadvan-
tages are low transduction rate, unex-
pected effects due to their integration
into the target cell chromosome and
secondary diseases.

Adeno-associated viral vectors

It is a defective parvovirus con-
taining a single stranded linear DNA
molecule and needs a helper virus like
adenovirus to replicate. It affects both
proliferating and non-proliferating

Figure 2. In direct gene transfer, recombinant DNA is transferred to the target cell in vivo. In
indirect gene transfer, target cells are obtained from the patient, gene transfer takes place in

cultures and they are relocated to the body.
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Gene transfer strategies
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transferred to the
target cell in vivo
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cells. They can be produced in high
titers. They are resistant to physical
factors. They infect many cell series
but their transduction rate is low (4-
7).

Non-viral vectors are developed
as alternatives to viral vectors. They
enable the transport of DNA to the
target cells. Plasmids contain double
stranded circular DNA. Plasmid DNA is
pushed away by the negatively charged
cellular membrane, thus decreasing the
transfection rate of the naked plasmid
DNA. To avoid this, plasmid DNA is
covered with cationic liposomes (ar-
tificially produced positively charged
lipid membranes) that enable it to pass
through the membrane via receptor
mediated endocytosis and carry its
content to the intracellular area (6, 8).

Antisense oligonucleotides (ASO) are
chemically synthesized, short (10-30
base pairs) molecules that are designed
to complement the encoding sequence
of the target RNA. ASOs form double
stranded complexes with their com-
plementary RNA within the cell and
reduce the translation of RNA (protein
synthesis from the mRNA). ASOs can
be introduced to the cells simply by
diffusion or as complexes with lipo-
somes (3, 8).

Production of non-viral vectors is
easy; they do not cause immune reac-
tions; and they do not need an infec-
tious agent. Mutagenesis probability is
low because they do not integrate into
the target cell chromosome. However,
gene transduction and expression rate
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is low when compared with the other
vectors. They cause transient gene ex-
pression (4-7).

Transfer of the genetic material
to the cells

Although systemic intravenous route
can be applied to deliver the genetic
material to the cells, local delivery
methods are more commonly used
(surgical, percutaneous, US and CT
guided and by means of catheters).

Percutaneous injection

If paracrine effect of the gene prod-
uct is therapeutic, vector solution can
be injected percutaneously into the tis-
sue around the vessel. This simple and
locally effective technique can be ef-
ficacious for increasing the number of
capillaries within ischemic muscles (9).

Surgical method

This is the most common method
used in the vascular gene therapy in
animal models. In this procedure,
the related vascular area is isolated
by clamping from proximal and dis-
tal ends and its all side branches are
ligated. The blood inside is drained
and vector solution is injected into
this isolated segment. After a certain
time of incubation the vector solu-
tion is aspirated and the involved
segment is washed unclamped, and
ligations are removed. This technique
has high transfection efficiency and
only the isolated corresponding area
is transfected. Its disadvantage is that
it is an invasive procedure and the
vessel is exposed to the straining ef-
fects of clamping and ligation of side
branches (10, 11).

Catheter systems

New catheter systems are developed
to increase the interaction between vec-
tors and endothelial cells (4).

Pressure diffusion catheters are
hydrogel-coated balloon, balloon in
balloon, microporous balloon, double
layer channelled perfusion balloon,
and infusion sleeve catheter types.

Passive diffusion catheters are dou-
ble occlusion balloon, and spiral bal-
loon types.

Mechanical or electrically strength-
ened catheters are needle injection
catheter, iontophoretic electric cur-
rent-enhanced balloon, and stent
based systems.

With the double occlusion balloon
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catheter, a vascular segment is isolated
by two occlusion balloons and vector
solution is given into this segment
with a different port. It is a simple
system enabling gene delivery to a
local area but target vessel must have
no branches. These catheters have low
rate of transfection (4, 6, 12).

In order to make the gene transfer
more effective, it is necessary to pass
through the physical barrier made of
internal elastic lamina and vascular
endothelium. This necessity has led
to development of pressure diffusion
catheters and mechanically strength-
ened catheters (4).

Pressure diffusion catheters include
two co-axial balloons. The vector solu-
tion is administered to the vessel by the
pores on the outer balloon or the gene
containing gel solution on the balloon
surface (hydrogel coated balloon) dur-
ing angioplasty (e.g., Wolinsky balloon;
contains multiple 25 micron wide mi-
cropores on its surface; gene or vector
solution reaches vessel wall via the jet
flow through these pores). However,
the transfection rate is low and there
exists a risk of tissue damage (13, 14).

In mechanically strengthened cath-
eters, needles surrounding the dilata-
tion balloon penetrate the targeted
vessel wall by inflation of the balloon
containing the gene or vector solution.
Transfection rate is high (low rate of
clearance with the blood flow) (15).
With the iontophoretic catheters, the
movement of vectors to the vessel wall
is tried to be increased with the aid of
the electric current (16).

Gene transfer to the vascular bed has
been used to investigate the patho-
physiologies of vascular diseases and
has aimed to develop new treatment
modalities.

Gene treatment applications
in peripheral vascular disease

Stenoses following balloon angi-
oplasty or stenting (restenosis, stenosis
in the stent), venous graft diseases and
therapeutic angiogenesis are among
the aims of gene therapy.

Prevention of restenosis after balloon
angioplasty or stent placement is one
of the primary goals of gene therapy
because this problem leads to occlu-
sion within 6 months in 20% of the
patients that has undergone a balloon
angioplasty procedure. Restenosis occurs
slower in venous grafts but about 50% of
those grafts occlude within 5 years (17-

19). Many factors, such as proliferation
and migration of smooth muscle cells at
media layer, increased extracellular fluid
production, thrombosis, thrombocyte
activation and leukocyte adhesion play
a role in formation of restenosis (20).
Gene therapy strategies aim inhibition
of smooth muscle cell proliferation and
migration, inhibition of connective
tissue formation and prevention of un-
wanted growth factor effects (9).

Another approach to the treatment
of vascular diseases characterized with
excess cellular proliferation is the expres-
sion of the thymidine kinase gene of
the Herpes simplex virus (HSVtk). HSVtk
encodes the thymidine kinase enzyme
that phosphorilates nucleoside ana-
logue gancyclovir or acyclovir and thus
converts it to a metabolite that disturbs
the DNA replication at the S phase of cell
cycle. A by-product of this reaction dif-
fuses to adjacent cells and enters into the
proliferating cells to inhibit their replica-
tion. This effect is called the “bystander
effect” which provides the inhibition of
replication at a number of cells much
more than the number of the transfected
cells (Figure 3) (3, 21). This model was
initially based on the vascular injury of
the peripheral artery of a pig, and inti-
mal hyperplasia was diminished by 50%
(22). In the following studies on rats,
rabbits and a transplant model, a 50%
decrease in cell proliferation and lesion
formation was achieved (23, 24).

Cytosine deaminase gene, p21 cy-
cline dependant kinase inhibitor, and
p53 gene were also used to inhibit
the cell proliferation by cytostatic or
cytotoxic products (25). Antisense
oligonucleotides were also used to
inhibit the gene expression necessary
for smooth muscle cell proliferation. It
was observed that the antisense oligo-
nucleotides, developed against c-myb,
c-myc, cdc-2, cdk-2, ras, bcl-x, E2F,
NFkB and transforming growth fac-
tor beta (TGF beta) decreased intimal
thickening in experimental restenoses
9, 25).

Another gene developed for inhibi-
tion of thrombosis and neointimal
proliferation is the NO (nitric oxide)
synthase gene. NO is an endogeneous
inhibitor of vascular smooth muscle
cell contraction and pre-inflamma-
tory activities. NO loss occurs with
endothelial cell injury due to vascular
damage. Prevention of the neointimal
proliferation by the transfer of NO syn-
thase gene was tried in animal models.
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Figure 3. HSVtk encodes for thymidine kinase enzyme that phosphorylate nucleoside analogue gancyclovir to a metabolite that demolishes
DNA replication at S phase of the cell cycle. A by-product of this reaction diffuses to surrounding cells and can inhibit cellular replication after
entering into the proliferating cell. This effect is called the “bystander effect” and provides inhibition of replication of a greater population of
cells than transfected cells. (Obtained and modified from website http://mededucation.bjmu.cn/PPT/gene%20therapy.ppt)

It was found that the endothelial cell
nitric oxide synthase (ec-NOS) inhibits
the neointimal formation after balloon
damage (3, 21, 25, 26).

Gene therapy with the angiogenetic
growth factors may be useful in in-
creasing the collateral artery develop-
ment in ischemia of the myocard or
the extremities. Known endothelial
cell specific growth factors and their
receptors are vascular endothelial
growth factor (VEGF) and angiopoetin
family. Another potent stimulant of
angiogenesis is fibroblast growth fac-
tor (FGF). FGF also has receptors at
other cells like fibroblasts and vascular
smooth muscle cells (25,27). The stud-
ies, performed in surgically produced
ischemic rabbit posterior extremities,
with intramuscular injection of ang-
iogenetic proteins consisting of FGF
showed that capillary densities and
blood flows increase (28, 29). Increased
collateral perfusion was also observed
following genetic transfer of VEGF by
hydrogel balloon in the rabbit model
with lower extremity ischemia (30).
Our knowledge about the processes
that angiogenetic factors use in pro-
viding blood vessel formation is not
exact. It should be kept in mind that
therapeutic angiogenesis may have
some other effects like stimulation of
tumoral angiogenesis and hemangi-
oma formation (31-33).

Gene therapy in malignancies
Developments in molecular oncol-
ogy and tumor immunology gave rise
to development of gene therapy for
treatment of cancers. Present therapy
strategies aim the stimulation of im-
mune response to tumor (tumor vac-
cines, cytokine gene therapy), reduc-

ing oncogenic expression, correcting
defects in tumour suppressor gene
functions, increasing susceptibility to
chemotherapeutics via gene transfer to
proliferating tumor cells and modula-
tion of angiogenesis (5, 7, 8, 34).

pS3 mutations are present in many
of the cancers and these mutations
trigger the complex molecular events
leading to tumor formation. For this
reason, another method in the gene
therapy of tumors is exchanging the
mutated or lost pS3 with its new copy.
Inhibition of the tumor cell devel-
opment by injecting the adenoviral
vector encoding pS53 tumor suppres-
sor gene to the lung cancer nidus by
a biopsy needle has been tried (1, 7).
Antitumoral activity can be provided
with this method but small amount
of tumor cells can be transducted by
intratumoral injection and remaining
cells proliferate rapidly therefore limit-
ing antitumoral effect (7).

In order to overcome this problem,
methods of by-stander effect, mean-
ing a method aiming to destroy the
tumor cells at distant locations or in
the neighborhood of but not in direct
contact with the gene therapy vector,
are being developed. Most common
example of this method is using the
HSVtk in combination with gancyclo-
vir. HSVtk/gancyclovir combination is
still tested on some malignancies like
malignant mesothelioma, brain and
liver tumours by a mechanism similar
to the mechanism used in vascular dis-
eases (5, 7, 34-36).

In pathologic conditions character-
ized by angiogenesis, proliferating
endothelial cells can be targeted by a
retrovirus. This strategy was tested in
malignant glioma models, in which
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tumour endothelium was transfected
with genes susceptible to the drug.
This transfection was shown to cause
extensive hemorrhagic necrosis in
glioma (37).

Gene therapy in central nervous
system (CNS) diseases

CNS is an organ system with rare or
no cell turnover, thus gene therapy is
a controversial method in CNS system
(38). Application areas of gene therapy
in CNS consist of monogenetic en-
zyme deficiencies, metabolic disorders,
neuro-oncology and cerebral vascular
diseases (8).

Huntington’s disease, Parkinson's dis-
ease, Tay-Sachs disease, adrenoleukod-
ystrophy, neurofibromatosis and some
metabolic disorders are among the
goals of gene therapy. Genetic targets
are defective gene itself, genes encoding
in production, or genes playing role in
product metabolism. For example, Par-
kinson’s disease is characterized with
local dopamine deficiency in corpus
striatum. Cells arranged to increase this
neurotransmitter and secrete dopamine
can be applied to striatum (39).

There are investigations suggesting
that the prevention of vasospasm fol-
lowing subarachnoid hemorrhage can
be possible by two ways: 1) with vector
aided administration of the gene which
is encoding the “vasospasm preventing
vasoactive protein”; or 2) via the ad-
ministration of the gene which is inhib-
iting the effects of the “spasm inducing
substance (e.g., endothelin 1)” (40).

Gene therapy in cerebral ischemia
aims induction of angiogenesis in cer-
ebral vessels, as in peripheral vascula-
ture, by transferring cDNA via vectors
that encodes the substances like FGF,
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VEGEF that stimulate vascular prolifera-
tion in ischemic conditions (40).

Therapeutic agents may also be in-
troduced to CNS by mechanical devices
(stents containing genetically modified
endothelial cells, coils, etc.). Coating
the surface of platinum GDC (Gugliel-
mi detachable coils) with bioactive sub-
stances increases the endothelization as
well as organization of the clot and this
effect is experimentally used in treat-
ment of aneurysms (41, 42).

Gene therapy in hepatic diseases

Among the diseases that are can-
didates for gene therapy are some
metabolic disorders (Crigler-Najjar
type I, alpha-1 antitrypsin deficiency,
hemophilia, hereditary thyrosinemia,
ornitine transcarbamylase deficiency),
hepatocellular cancer and familial hy-
percholesterolemia (35).

Familial hypercholesterolemia (FH)
is an autosomal dominant disease that
occurs due to a defect in function or
expression of LDL (low density lipo-
protein) receptor. As a result of this,
cholesterol levels and accompanying
coronary artery disease risk increase in
the patients. In various animal models
with hypercholesterolemia, hepato-
cytes which express LDL receptor were
delivered to the liver and this had pro-
vided improvement (43, 44).

In another clinical research consist-
ing of five FH patients, hepatocyte
cultures were produced from the re-
sected left lateral segment of the liver
and LDL receptor genes were placed in
these hepatocytes with recombinant
retrovirus. This genetically modified
material was administered to the pa-
tients via a portal venous catheter; in
three of the five patients LDL choles-
terol levels significantly decreased in
the long-term (45).

Gene therapy in lung diseases

Cystic fibrosis is the main lung dis-
ease considered for gene therapy. It is
thought that cystic fibrosis is an ideal
candidate for gene therapy since the
disease is due to a single gene muta-
tion (CFTR-cystic fibrosis transmem-
brane conductance regulatory gene),
and the main target is the respiratory
epithelium (46).

Other lung diseases among the targets
of gene therapy are alpha-1 antitrypsin
deficiency which is due to a single gene
mutation, pulmonary hypertension, lung
cancer, and lung transplantation (46).
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Monogenetic hereditary disorders
and cancers are the primary goals in
treatment of diseases with gene ther-
apy. Clinical trials in cardiovascular
diseases have shown progress in prolif-
erative diseases and angiogenesis.

In conclusion, gene therapy is a
promising technique that still has
important difficulties to overcome and
multi-disciplinary (medical doctors,
biologists, genetic engineers, physics
engineers) approach is mandatory for
improvements. Interventional radiolo-
gists play a role in the safe and selective
delivery of the therapeutic material to
the target area.
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