Review Article

GENE THERAPY

Ananth N
Vasudevan DM

Gene therapy was once considered a
fantasy that would not become a
reality for generations. However, it
has moved from theoretical concepts
to human clinical trials more rapidly
than expected. A great leap in
medical science has taken place on
the 14th September 1990, when a
group of scientists tried gene therapy
for the first time. The girl suffering
from severe immunodeficiency was
treated by transferring the normal
gene for adenosine deami-nase. It
would change medicine more in the
next 20 years than it did change in
the past 2000 years! Thanks to the
advent of DNA recombination
technology, genes now can be
transferred from one person to
another, so that many of the
genetically determine diseases are
now amenable to gene therapy. It
gives the world of hope where all

defects could be corrected by gene
replacement, and a world in which
inherited diseases and cancers can be
cured or at least prevented. With the
improvement in the techniques, the
gene therapy is likely to become a
standard treatment modality in the
next few decades.

There are more than 100 ongoing
human gene transfer protocols, and
more than 700 individuals have
already participated in the human
gene transfer trials (1). Gene therapy
is a strategy in which genetic make
up of cells are modified for
therapeutic purposes. A vital gene
may be missing altogether, or may
be mutated to produce a wrong
protein, or may express efficiently.
More than
disorders exist. It is now possible to
isolate, study and identify the
defective gene, and replace it with
normal gene. Gene therapy was
initially conceptualized as a method
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to treat hereditary genetic diseases.
However, the concept of gene
therapy has now widened to include
diseases such as AIDS, cancer and
atherosclerosis.

The Procedure Gene therapy
involves isolation of the healthy gene
along with the sequence controlling
its expression; incorporation of the
gene on a carrier or vector as an
expression cassette; and finally the
delivery of the same to the target
cells. The approach for delivery may
be a) ex vivo or in vitro strategy
where the cells are taken from the
patients the
laboratory, the modified cells are
examined for their expression and

and cultured in

administered back to the patients; or
b) in vivo strategy as when the
expression cassette is delivered
directly to the patient.

The Target Cells : Gene therapy can
be practiced at two different levels:
a) Somatic gene therapy, which
the insertion of a
therapeutic gene into somatic cells.
The technique demands the use of
amenable “vectors’, whose

involves

characteristics are well defined before
use. b) Germ line therapy, which
involves the introduction of a foreign
gene into germ cells, ie., the sperm,

ovum or zygote, resulting in their
expression in both somatic and germ
cells produced This
technique is useful for treatment of

later on.

inborn genetic diseases.

The Vector : is the most important
problem. A perfect vector cell should
possess the following desired
qualities: it should be able to carry
the full size of the genes: should be
to produce in large

should be suitable for
intravenous infusion; should be able
to target specific cell types; should

amenable
quantities :

enter into both resting and dividing
cells; should persist indefinitely either
the host
chromosome or by an

by integration into
epichromosomal mechanism; should
express the gene it carriers for as
long as required; and should not be
recognised by the immunological
system of the body. The various

vector systems used for gene
delivery are :

(a) Retroviruses Recombinant
retroviruses act as vectors for
introducing new genes into a
mammalian genome. They can
accommodate up to 9 kb of

information. Retroviruses are RNA
viruses that replicate through a DNA
intermediate. In practice, Moloney
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Murine Leukemia Virus (MMLV) s
chosen for human experiments. The
gag, pol and env genes are deleted
the wild type
rendering it incapable of replication.
Then the human gene is inserted

into the virus. This infectious, but

from retrovirus,

replication  deficient virus is
introduced in a culture containing
cells having gag, pol and eve genes.
These packing cells provide the
necessary proteins necessary to pack
the virus. The packed retrovirus

vector carrying the human gene now

comes out of the cultured cells.
These are harvested and introduced
into the patient. The virus enters the
target cell via specific receptor. In
the cytoplasm of the human cells,
the reverse transcriptase carried by
the vector converts the RNA to
proviral DNA, which is integrated
into the target cell DNA. Along with
that, the normal human gene carried
by the virus is also integrated, from
where the new normal gene can
express. (See Figure 1). This strategy

very treatment of
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hereditary and chronic disorders.
However, the wvectors
dividing cells as the targets,
allows only low titres of virus to be

requires
and

generated. Therefore, this mode is

impractical for most in vivo
strategies. Another disadvantage is
the risk of toxicity associated with
chronic overexpression or insertional
mutagenesis. The human gene
transfer was pioneered by Anderson
and Rosenberg in 1990, using

retrovirus vectors (2,3).

b} Adenoviruses : They can take
up foreign genes up to 7.5 kb
length. Adenoviruses are DNA
viruses. The E1 gene of the virus are
removed, so that they lose the ability
to replicate by themselves. The
human genomes are inserted and the
transfected into a

cell

vector is
complementary culture,
containing the E1 sequences. The
adenovirus carrying the human gene
is thus replicated in the cell culture,
and packed viruses are coming out.
These are collected and introduced
into the patient. The vector binds to
the target cell through a receptor
mechanism. The double stranded
DNA virus with expression cassette
reaches the nucleus of target cells
where it is not integrated, but

remains as epichromosomal

(episomal) state. In contrast to
retroviruses, the adenoviruses offer
high titres and easier ability to infect
large numbers of cells. But inside the
patient, the expression is usually
transient, the useful affect varying
from a few week to months.
Moreover, they evoke nonspecific
inflammatory reaction and anti-vector
cellular immunity, which limit their
use in practice. The first trial with
adenovirus vectors was carried by

Crystal (1).

¢)  Vaccinia Virus and
Bacculovirus : They are episomal in
action and provide only transient
expression. Not much knowledge is

available about the feasibility of

repeated administration of agents’

that provide transient expression.
Hence they are not widely used.

d) Plasmid Liposome Complex : It
is a promising nonviral vector
system. Liposome are artificial lipid
bilayers, which could be incorporated
with plasmids carrying the normal
human DNA. The complexes can
enter the target cells by fusing with
the plasma membrane. Most of the
genetic material entering the cell is,
However destroyed by the lysosomal

enzymes. The small number of
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plasmids that reaching the nucleus
acts as epichromosomal fashion. (See
fig. 2). The advantages with this
strategy is that the vector can carry
expression cassettes of unlimited size,
do not replicate and evoke only very
weak immune responses. The design
safety
associated with viral gene

overcomes the potential
hazards
sequences. However, the plasmid
liposome complex lack the specificity
in targeting ability. As most of the

complexes are destroyed inside the h
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host cell, the efficiency of gene
transfer is also less. The first trial
with plasmid-liposome complex was
carried out by Nable (4,5).

e} Molecular Conjugate Vectors :
These synthetic molecules exploit the
endogenous  cellular
mediated pathway to transfer genes.
They have the additional property of

targeting specifically.

receptor

f)  Physical Methods : The human
gene DNA can be introduced by



micro injection (6) as an aerosol via
liposomes; by electroporation (7) or
by directly by DNA coated
microparticles (gene gun) (8). But
poor efficiency and short term

persistence limits their use.
%

ACCOMPLISHMENTS : Although no
human disease has been conclusively

cured by gene therapy, promising

results are obtained from ongoing
clinical trials. The most dazzling
results are:

Severe Combined Immunodeficiency
(SCID) : It is caused by a deficiency
of adenosine deaminase (ADA)
enzyme. It is a fatal recessive
disorder. The genes are located in
chromosome No. 13 and 20. The
normal ADA was transferred ex vivo
with a retroviral vector into the T-
lymphocyte precursors obtained from
patients and the treated cells were
re-introduced into the patients.
Reports from two patients showed
an increase in T cell count, and
increase in DNA levels in circulating
T cells. This was done in 1990 and
the follow up studies showed the
presence of immune function in
recipients compatible with life (2,3,9).

Familial hypercholesterolemia : It is

due to the mutation at 66th amino
acid glycine being replaced by
tryptophan in low density lipoprotein
(LDL) receptor in hepatocytes,
which renders the receptor incapable
of binding LDL. This leads to
atherosclerosis and heart attacks at a
young age. The LDL receptor gene is
located in chromosome No. 19. A
retrovirus was used ex vivo to
transfer normal LDL receptor ¢cDNA
to modified cells, there was a
prompt decrease in LDL-cholesterol
level over a period of 18 months
(10).

Cystic fibrosis : It is common
disorder affecting children, with a
fatal outcome before the age of 20.
The gene responsible for the disease
is located in chromosome no. 7. This
disorder is due to mutation in the
Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR) gene,
a gene coding for the cyclic AMP
regulated chloride channel in the
apical epithelium of nasopharyngeal
tract. In 1990, direct administration of
a vector containing CFTR DNA to
the bronchial epithelium of the
patient resulted in the expression of
the protein product for at least 9
months (1).
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Duchenne Muscular Dystrophy
(DMD) : It is a degenerative disease
of muscle with an incidence of 1 in
3500 live male births. The gene in
the middle of the short arm of
X-chromosome. The DMD gene
produce a protein called dystrophin,
containing 3700 amino acids. It is
normally associated with the
sarcolemma. The protein was isolated
in 1987, and the gene was isolated
in 1990. It is one of the largest
human genes known. In 1992, the
normal gene was introduced into a
patients muscle cells kept in culture.
The treated muscle cells were
reintroduced into the patient with

beneficial results.

Hemophilia : Gene for factor VIII
was introduced into the patients
fibroblasts, which were then under
the skin, when they started to
produce the missing protein (11).

disease
marrow

Lymphoproliferative
occurring after
transplantation are associated with
Epstein-Barr virus (EBV). EBV-specific
cytotoxic T cells were infused into
individuals with a retroviral vector.

bone

The preliminary results suggest that
the technique could help to
complications during bone marrow
transplantations.
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Cancer human cancers are
attributed to either overexpression of
oncogenes or deletion of tumour
suppressor genes, both due to
somatic mutations (12). Hence cancer
can be considered as a disease with
genetic basis. The therapeutic
approach could be activating a
suppressor gene or turn off an
activated oncogene. Gene replacement
therapy with p53 (an oncosuppressor
gene) gave promising results (13).
Trials on genetic modification of
tumour cells with a suicide gene
such as the herpes simplex virus
thymidine kinase gene (HSV-TK)
with genecyclovir therapy are under
way. The strategies for gene therapy
of cancer include : (a) alteration of
cancer cells to produce cytokines to
alter host response to malignancy. (b)
Expression of antigens on cancer
cells to induce a host immune
response. Plasmid liposome complex
containing foreign antigen was
introduced directly to melanoma,
colorectal carcinoma and renal cell
carcinomas with limited success (5).
(c) Insertion of tumour suppressor
gene sequences. (d) Introduction of
drug resistance into normal cells to
enable aggressive chemotherapy.

Obstacles to Success : The following



are the major obstacles non-
encountered during the gene therapy
strategies : (a) Inconsistent results.
Although many studies resulted in
useful life to the patient, there are
many reports on failures of the
protocols. (b) There are several
examples in which predictions in
experimental animals have been
found unsafe for human systems. (c)
Regarding vector production, lack of
reproducibility, contamination with
and production of
sufficient quantity of plasmic
liposome complexes are serious
obstacles encountered. (d) Lack of
ideal vector. As the human
applications of gene transfer are
many, the ideal vector will likely be
different for each applications. (e)
The lack of targeting ability in non-
viral vectors and the associated risks

endotoxin

with viral vector are the real major
hurdles.
Ethical Considerations : The social

and ethical aspects were considered
by the U.K. Clothijer Committee,
which report that somatic gene
therapy is unlikely to cause any
harm. However, the possibility of
disruption of functional
insertional mutagenesis, activation of
oncogenes are the possibilities in

loci,

germline therapy, based on which,
this strategy is not yet approved.

Future Prospects : The anti-sense
oligonucleotide offers powerful
strategy in future. The “sense”
information from the gene s
interrupted by the anti-sense nucleic
acid strands, produced artificially
based on Sequence  specific
hybridization. This can interfere at
the DNA and mRNA levels of the
gene expression, with high level of
specificity (14). The human genome
project, undertaken by the Nobel
laureate Crick will generate around
100,000 human genes in the near
future, that could be available to
make expression cassettes for human
gene transfer. The potential of the
gene  therapy technology s
enormous. It is now theoretically
possible to cure all the genetic
diseases. However it may take
several years to get these Hi-tech
therapeutic modalities available for
common use. Can man pay the price
of associated risks and buy the
innovative therapy ?

REFERENCES

1. Crystal RG. Transfer of genes to
humans early lessons and
obstacles to success. Science, 270
: 404-410, 1995,

153



_U‘l

154

Anderson WF. Human gene
therapy. Science, 256 : 808-813,
1992.

Rosenberg SA. Gene therapy for
cancer. | Amer Med Assoc. 268 :
2416-2419, 1992.

Lyon ] and Gorner K. Altered
fates : gene therapy and the

retooling of human life. Norton,
New York, 1995.

Nable GJ, Nagle EG and Yang
ZY. Direct gene transfer with
DNA liposome complexes in
melanoma; expression, biologic
activity and lack of toxicity in
humans. Proc Natl Acad Sci
USA. 90 : 1307-1311, 1993.

Hammer RE, Pursel VG, Rexroad
CE, Wall RJ, Bolt DJ and Ebert
KM. Production of transgeneic
rabbits, sheep and pigs by micro
injection. Nature, 315 : 680-683,
1985.

Bergan R, Connelly R, Fahmy B
and Neckers L. Electroporation
enhances c¢-myc antisense
oligodeoxy nucleotide efficacy.
Nucleic Acid Research. 21 : 3567-
3573, 1993.

Klein TM, Arentzen R, Lewix
PA and Fitzpatrick Mc Elligott S.
Transformation of microbes,
plants and animals by particular

10.

11.

12.

15

14.

bombardment. Biotechnology, 10
: 286-291, 1992.

Blaese RM. Development of gene
therapy for immunodeficiency.
Paediatrics, 33 : 549-555, 1993.

Grossman M, Raper SE,
Koczarsky K, Stein EA,
Engelhardt JE, Muller D, Lupien
PJ and Wilson JM. Successful ex
vivo gene therapy directed to
liver in a patient with familial
hypercholesteremia. Nature
Genetics, 6 : 335-341, 1994.

Kay MA, Rothenberg S, Landen
CN, Bellinger DA, Leland F and
Toman C. In vivo gene therapy
of hemophilia B. Science, 262 :
117-119, 199.

Bishop JM. Molecular themes in
oncogenesis. Cell 64 : 235-248,
1991.

Bookstein R, Demers W, Gregory
R, Maneval D, Park ], Wills K.
p53 gene therapy in vivo of
hepatocellular and liver
metastatic colorectal cancer.
Seminars in Oncology, 23 : 66-
77, 1996.

Tari AM and Lopez Berestein
GL. Antisense oligonucleotides
and carriers for gene therapy.
Cancer Bulletin, 45 : 164-170,
1993.



	133, Ananth, J Clin Genetics, 1, 146-154, 1996
	133, Ananth, p 147
	133, Ananth, p 148
	133, Ananth, p 149
	133, Ananth, p 150
	133, Ananth, p 151
	133, Ananth, p 152
	133, Ananth, p 153
	133, Ananth, p 154

