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Cancer Gene Therapy-Fantasy or Foresight?
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Abstract

Gene therapy is an exciting new method of treatment that may havefar-reaching implications on the way we manage diseases in thefuture.
Cancer has become theprincipalfocus of this futuristic research. The breathtakingpace of gene discovery in the last two decades, coupled
with the birth of recombinant DNA technology, gave rise to the concept that genes may be manipulated and used as drugs. Genetic
modification of cells can be carried out in petri dishes (ex vivo) or within the living system (in vivo). In order for the therapeutic genesto
exert their effect, they have to be transported into the cell nucleus where transcription takes place. Liposomes and genetically-modified
viruses have been extensively used as gene vectors. The ideal vector remains elusive. It would be one that can achieve tumour-specific,
sustained, and regulatable gene expression without host toxicity. As a result of the past decade of intense gene therapy research, we have
learned that it isa rational scientific concept that works remarkably well in petri dishes and in laboratory animals. However, early clinical
gene therapy experimentations paled in comparison. This apparent disparity between dramatic preclinical successes and the very modest
clinical results of gene therapy does not in anyway nullify the concept of gene therapy. I nstead, it exposes the folly of underestimating the
technical complexity of gene manipulation in human diseases. Fortunately, technical hurdles such as those confrontinggene therapy today
are not insurmountable; they need, however, much ingenuity, resolution and time to be overcome. It isreassuring that recent advancesin
gene therapyprovide abundant evidence that thepremature infant, born of unrealisticpressure, isindeed healthy and thriving. With proper

nurturing and patience, there is no doubt that, in time, it will bear fruit.
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Introduction

Genes define life, at least in its biological sense. The
prospect of being able to manipulate human biological
processes through genetic engineering understandably
evokes a sense of excitement and omnipotence. Indeed,
the birth of recombinant DNA technology in the 1970s
immediately opened the floodgates for the successful
manipulation of plant and animal genes, principally for
research and agricultural purposes. It did not take a very
long time before investigators proposed that human
genes might similarly be engineered for therapeutic
purposes. The prospect of being able to reprogramme a
human being’s blueprint of life is so titillating that a
massive international effort to perfect the technology
was unleashed a decade ago. The epic story of human
gene therapy that followed relates a tale of what is
arguably the most audacious medical experiment in
history, the first large-scale attempt to reprogramme the
genetic code of living human beings. The following
account explains the rationale and the basic concepts of
gene therapy, especially as it relates to cancer. It also
illustrates the vast potential of gene therapy with pre-
clinical and clinical examples. Finally, it diagnoses the

ailments that have plagued first-generation gene therapy,
and speculates on the future of this exciting and novel
therapeutic. Sceptics and scoffers would immediately
discount gene therapy as a ‘star-war’ kind of futuristic
fantasy. No matter, for this was the same sentiment that
taunted the Wright Brothers when they built the first
plane in 1903.

Historical Perspectives

In their landmark paper describing nucleic acids as the
basis of hereditary, Avery et al’ began the article with a
prescient sentence: “Biologists have long attempted by
chemical means to induce in higher organisms predict-
able and specific changes which thereafter could be
transmitted in series as hereditary characters.” These
early investigators were of course thinking of plants and
poultry then. However, by 1960s, farsighted investiga-
tors such as Tatum? speculated that: “treatment (of
human cancers) could be achieved by modification and
regulation of gene activities, or by means of gene repair
or replacement. Aposhian® proclaimed that: “if one con-
siders the purpose of a drug to be to restore the normal
function of some particular processes in the body, then
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DNA would be considered to be the ultimate drug.”
What these bold visions lacked then were the appropri-
ate molecular tools to achieve this lofty goal. Following
the discovery of nucleic acid restriction enzymes (Arber
1962), genetic code (Nirenberg, Ochoa, Khorana 1966),
DNA ligase (Gellert 1967), DNA cloning (Boyer, Cohen,
Berg 1973), rapid DNA sequencing (Sanger and Barrell;
Maxam and Gilbert 1977), and polymerase chain reac-
tion (Mullis 1985), the vision of earlier investigators to
manipulate human genes for therapeutic purposes be-
came increasingly clearer.

Armed with powerful molecular tools to sculpture the
genes, a growing number of investigators in the 1980s
successfully transferred a number of genes into living
cells in culture, as well as in laboratory animals which
harboured conditions that simulated human diseases.
Impressive treatment results were commonly seen. As
animal models improved incrementally to resemble
human diseases more closely, the impetus to cross the
barrier between bench and bedside grew increasingly
more cogent. In September 1990, the National Institute
of Health of United States (NIH, USA) launched its first
formal human gene therapy trial, using the human
adenosine deaminase gene to treat two children with
severe combined immunodeficiency disease (SCID).* In
the last 8 years since this epochal feat, there have been
more than 260 human gene therapy trials approved or
under review world-wide, with more than 2100 patients
having been treated so far.’ In the same period, more
than 7000 papers on various topics in gene therapy were
published, precipitating the birth of 3 new international
journals dedicated solely to the advancement of gene
therapy.

Fundamentals of Gene Therapy
Rationale

Gene therapy, in the broadest sense, can be defined as
the introduction of nucleic acids into cells for therapeu-
tic purposes. In essence, it is the use of genes as drugs.
One may conceive gene therapy as a form of ‘slow-
release’ preparation, expressing the therapeutic drug
over a prolonged period of time.*® Gene therapy is
predicated on the understanding that the genetic blue-
print of a cell defines its behaviour through the range of
proteins it expresses (Fig. 1). Hereditary or acquired
insults that damage the genetic content of a cell may
culminate in the expression of abnormal proteins, or the
lack of expression of normal proteins, either of which
would dictate the cell to behave aberrantly.

Using this paradigm, the original concept of gene
therapy is easy to understand-one of gene replace-
ment. By introducing specific genes which are known to
be missing or defective in the target cells, gene replace-
ment restores normal cellular functions. A good exam-
ple is the replacement of cystic fibrosis transmembrane
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Fig. /. Genetic basis of carcinogenesis. A wide array ofhereditary and acquired factors
may alter thegenetic content of normal cells, culminating in the expression of abnormal
proteins, which in turn lead to aberrant cellular functions that define the traits ojcancer
cells.

conductance regulator (CFTR) gene in subjects who
suffer from cystic fibrosis.'! It is obvious that such an
approach is useful mainly for monogenic diseases, and
that a sufficient number of the target cells will have to be
genetically modified (transduced) in order for the strat-
egy to work. The alternative approach, which is more
versatile, involves the introduction of genes into cells,
not necessarily diseased cells, so that new cellular func-
tions are created which become therapeutic to the dis-
eased host. One could, for instance, transduce normal
fibroblasts with genes to produce cytokines that inhibit
the proliferation of cancer cells somewhere in the body.'**?

It is important to distinguish gene therapy from gene
marking and genetic enhancement. Gene marking refers
to the process in which cells are genetically tagged so
that their biology can be better studied; there is no direct
therapeutic intent in such a manoeuvre. One outstand-
ing example of gene marking experiment is the elucida-
tion of the source of relapse in patients with acute
myeloid leukaemia (AML) following autologous bone
marrow transplantation. The bone marrow stem cells
harvested from AML patients in apparent clinical remis-
sion are genetically marked. Studies have definitively
shown that such harvested marrow may actually con-
tain residual tumour cells that can contribute to leukae-
mia recurrence following reinfusion.'* Genetic
enhancement refers to the process of conferring a desir-
able attribute to the host who is not diseased with respect
to this trait; the intent is cosmetic or other non-medical
reasons. Genetic enhancement in human is generally
frown upon. Finally, there should also be a distinction
between somatic gene therapy and germline gene
therapy. The latter carries with it the potential to alter the
population gene pool through successive propagation
of the genetic modifications, with resultant profound
biological and social ramifications. It is therefore not
recommended at the present time.

Methods of Gene Transfer

In general, gene transfer can be accomplished through
either ex vivo or in vivo methods. In the ex vivo method,
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the target cells are first removed from the subject and
introduced into culture. They are then transduced with
the therapeutic genes in petri dishes before they are
returned to the subject. This method is assured of a high
degree of target specificity, but is cumbersome, and
suffers from the potential risk of contamination during
the ex vivo manipulation. In contrast, the in vivo method
involves simply the direct injection of the therapeutic
genes into the body, very much akin to the way drug
injections are being administered nowadays. However,
the in vivo method is confronted with the arduous task of
faithfully delivering the gene from the site of adminis-
tration, through the various host barriers, to the target
cells eventually. Targeting may therefore become a lim-
iting factor to the success of in vivo gene transfer. The
choice between ex vivo and in vivo approaches depends
on the particular application.

GeneVec tors

Whether using the ex vivo or the in vivo method of gene
transfer, an efficient transport mechanism is critical to
ensure that the therapeutic gene is successfully
translocated from cell exterior to the cell nucleus where
the transcriptional machinery resides (Fig. 2). Such a
gene transport vehicle is known as a gene vector. Gene
vectors in use today are broadly classified into viruses
and non-viral agents.”*15¢ Non-viral approaches in-
clude the injection of naked DNA, the use of gene gun to
propel DNA-coated gold particles into the tissue, and
the use of liposomes to facilitate DNA entry across the
cell membrane.'”" Non-viral approaches are relatively
simpler to use, usually not limited by the gene insert
capacity, and free of potentially toxic foreign proteins in
the preparation. However, the transduction efficiency is
often low, and the level of gene expression is also limited
by the lysosomal degradation of the internalised parti-
cles.

The use of viruses as vehicles of gene transport was
first conceived in the 1960s. Lederberg (1962) predicted
that: “it will only be a matter of time, and perhaps not a
long time, before polynucleotide sequences can be grafted
by chemical procedures onto a virus DNA.” Over the

Vector

Target. cell

Fig. 2. Gene vector. Genetically-modified viruses and non-viral agents are used to
efficiently trandocate the therapeutic genes from cell exterior to the nucleus, where the
transcriptional  machinery resides.
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millions of years, viruses have honed to perfection an
incredibly complex yet efficient system to transfer their
genetic content into the cells they infect. With a better
understanding of which viral genes are pathogenic to
humans, genetic modifications of viruses are now possi-
ble that render them non-pathogenic, but yet retain their
innate ability to efficiently transfer their genetic pay-
load.”?2! Viral vectors are now considered to be the gold
standard in in vivo gene transfer. The list of viruses that
have been manipulated to serve as gene carrier is grow-
ing steadily, including retrovirus, adenovirus, adeno-
associated virus, herpes simplex virus, poxvirus, and
lentivirus.?-?® Each of these viruses has its unique bio-
logical characteristics which we can take advantage of.
For instance, adenovirus exhibits a natural tropism for
respiratory epithelium and liver tissue; adeno-associ-
ated virus works very well in the central nervous system
and in the muscle; while herpes simplex virus has a
predilection for neural tissues. Retrovirus infects only
dividing cells, while adenovirus infects both dividing
and non-dividing cells. Retrovirus, by virtue of its ability
to integrate the therapeutic genes into host genome, is
capable of prolonged gene expression, while adenoviral-
mediated gene expression tends to be short. There is as
yet no perfect vector. What we do have is an expanding
array of gene transport specialists from which we can
choose, according to the requirement of the particular
gene transfer mission.

Preclinical Cancer Gene Therapy

Cancer results from uncontrolled cell proliferation,
which in turn is driven by a number of genetic switches
that have gone awry. Over the past two to three decades,
we have witnessed an explosion in our basic under-
standing of these genetic switches. Given the possession
of this powerful basic knowledge, coupled with the
relative ineffectiveness of conventional cancer thera-
peutics against many malignancies, it is no surprise that
cancer has naturally become the obvious target of gene
therapy experimentation. The process of tumourigenesis
is a cascade of molecular events, many of which repre-
sent attractive targets for genetic intervention. The ma-
jor strategies in cancer gene therapy are summarised
here (Table 1).

a. Gene replacement strategy is the easiest to under-
stand. Many tumours have deleted or mutated p53
tumour suppressor gene.? Replacement of the miss-
ing p53 function through gene transfer has been
demonstrated in a large number of animal experi-
ments. In many instances, successful gene transduc-
tion is associated with an increased apoptotic rate,
decreased angiogenesis, antitumour effect, and pro-
longation of survival.%? Retinoblastoma gene re-
placement has also been carried out successfully in
experimental tumour models.?®
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TABLE I: PRINCIPAL CANCER GENE THERAPY STRATEGIES

Strategy

Description

Gene replacement

Anti

Prodrug-activation

Multidrug resistance gene
transfer

Transfer of wild-type tumour suppressor
genes, such as p53 gene or retinoblastoma
gene, to cdls deficient in them

-oncogene Use of antisense deoxynucleotide to bind to
mRNA, thereby promoting mRNA
breakdown by ribonucleases; or use of
ribozyme to cleave oncogene or drug

resistance gene

Conversion of relatively innocuous prodrugs
to toxic metabolites within transduced cells

Transfer of multidrug resistance gene to
normal bone marrow stem cells to protect
them against myeloablative effect of
chemotherapy

Genetic immunopotentiation Use of genes to generate tumour-specific or

Pro-

Gene-mediated
antiangiogenesis

non-specific immunity

apoptotic gene transfer  Promotion of apoptosis (programmed cell

death) in tumour cells

Transfer of genes which suppress tumour-
associated angiogenesis, on the premise that
tumour growth and metastasis depend
heavily on neovascularisation

b. Conversely, oncogenes can be switched off using

antisense deoxynucleotides which are complemen-
tary to the messenger RNAs (mRNAs) that are cod-
ing for abnormal proteins. These oligonucleotides
form RNA-DNA hybrids that are preferentially de-
graded by ribonucleases, thereby destroying the
mRNA. Prime molecular targets for this approach
include the bcr/abl oncogene in chronic myeloid
leukaemia,?®* and the ras oncogene which is mu-
tated in a number of solid tumours.> A related scheme
involves the use of ribozymes, RNA molecules with
catalytic activity, to cleave transcripts of particular
oncogenes or drug resistance genes, such as Bcl-2.%
Another cancer gene therapy approach that is very
popular is the “Trojan Horse” approach, which in-
volves the use of prodrug-activating genes (‘suicide
genes’). Cancer cells which are transduced with the
suicide genes will convert relatively innocuous
prodrugs to toxic metabolites within the cells; these
metabolites in turn kill the very cells in which the
drug activation takes place. Outstanding examples
of suicide gene/prodrug combinations include: her-
pes simplex virus thymidine kinase (HSV-tk) gene/
ganciclovir (forming toxic ganciclovir triphos-
phate)*?* and Esckerickia coli cytosine deaminase
(CD) gene/5-fluorocytosine (forming toxic 5-fluor-
ouracil).®?3 Unlike the gene replacement approach
and the anti-oncogene approach which require most
cancer cells within the body to be genetically modi-
fied for the strategy to be successful, suicide gene

therapy approach has a very prominent bystander
antitumour effect. Gene transduction of as few as
10% of the cancer cells is associated with cell death in
the remaining 90% non-transduced cells as well. This
phenomenon has been attributed to the transfer of
toxic metabolites through intercellular gap junctions,
and/or the generation of tumour-specific immu-
nity.%3 The latter hypothesis may explain why sui-
cide gene transfer to a tumour nodule can lead to
regression of its distant metastases.

. The multidrug resistance gene (MDR-1) has been

transferred to normal bone marrow cells, rendering
them highly resistant to the ablative effect of conven-
tional cytotoxic drugs.® This approach is distinct
from the above-mentioned ones in that the target
cells for gene transfer are the normal cell populations,
and not the cancer cells per se.

. Genetic immunopotentiation is a very promising

gene therapy approach. Ample experimental and
some clinical data have shown that revving up the
host immunity may be accompanied by antitumour
effect. Specific strategies include the introduction of
cytokine genes (e.g. interleukins, interferons,
granulocyte-monocyte colony stimulating factor, tu-
mour necrosis factor) to either tumour cells or normal
stromal cells such as the fibroblasts; the transfer of
foreign class | MHC molecules or costimulatory
molecules; and the genetic modification of dendritic
cells to express tumour-specific antigens.**** The ma-
jor strengths of genetic immunotherapy are its long-
lasting antitumour effect, and its ability to treat
disseminated tumours. More recently, the direct in-
jection of naked DNA under the skin or into the
muscle, a process also known as DNA cancer vacci-
nation, has seen some very impressive antitumour
effects in experimental models.*

Inactivation of apoptotic pathways is one of the key
mechanisms responsible for tumour formation and
progression. Transfer of pro-apoptotic genes such as
P53, bel-xs and Fas ligand has been shown to suppress
tumour growth.®

g. Finally, a new and exciting gene therapy approach

has been developed in the past 2 years. It involves the
use of genes which inhibit tumour neovas-
cularisation.®#¢* Given that growth and metastasis
of practically all tumours are critically dependent on
the formation of new capillary network within the
milieu of the tumour, the vast potential of this ap-
proach is easy to appreciate. Indeed, gene-mediated
antiangiogenesis may be applicable across a broad
range of tumour types.® In addition, there is evidence
that gene-mediated tumour antiangiogenesis effects
can be made regional; one can restrict the inhibition
of angiogenesis to only the organs that bear the
tumours, thereby sparing physiological angiogen-
esis in normal organs in the body.®#
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In summary, the thousands of preclinical gene therapy
publications attest to the fact that gene therapy, as a
proof of principle, is clearly feasible. The results in
experimental systems are often very dramatic. How-
ever, it is important to realise that men are not large mice.
Besides the obvious differences in size and outer appear-
ances, there exist a host of genetic, immunological and
other biological differences between the two species. For
instance, laboratory mice are usually inbreds while hu-
mans are not. As such, when one attempts to predict the
clinical utility of gene therapy based on in vitro or animal
data, one has to be cognizant that such extrapolation
may be fraught with pitfalls and oversimplifications.
Therefore, in ascertaining the clinical usefulness of can-
cer gene therapy, there is no alternative to carrying out
well-conducted clinical trials.

Clinical Gene Therapy Trials

The initiation of the first clinical gene therapy trial in
US in 1990 paved the way for a deluge of human gene
therapy activities, most of which were phase | in design,
seeking to address the issue of whether gene therapy is
a tenable biological concept in human beings. About
60% of all human gene therapy trials approved in US
pertain to a wide array of cancers (Table II).> Some of the
popular cancer models in clinical trials include melanoma
(by virtue of its well-known immunoresponsiveness)
and primary brain tumour (by virtue of its confined
nature). HSV-tk suicide gene therapy and genetic
immunopotentiation are approaches that have been most

TABLE 1. SUMMARY OF CANCER GENE THERAPY TRIALS
WORLD-WIDE, 1998*

Cancer Number

Melanoma 32
Primary brain tumour 17
Prostate

Ovary

Lung

Breast

Leukaemia

Head and neck

Colon

Neuroblastoma

Renal

Liver (primary and secondary)
Lymphoma

Bladder

Mesothelioma .

Cervix

Multiple myeloma

Germ cell tumour |
Trials with more than 1 cancer 31

[
S

SN, RN DN A D OOl o ©

Total 162

* Hum Gene Ther 1998; 12:1803-47
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commonly employed in clinical trials so far. In the past
8 years of human gene therapy endeavour, we have
learned that it is relatively safe to introduce foreign
therapeutic genes into human host, and that such gene
transfer very often leads to the occurrence of the ex-
pected biological effects.*>* For instance, following the
introduction of cytokine genes, the relevant cytokines
can be measured in the host tissues. No carcinogenesis or
diseases attributable to the inadvertent replication of
viruses have been reported. Further, health care work-
ers dealing with viral vectors have not been adversely
affected.”

Disappointingly, however, there is very little hard
evidence so far that these first-generation human gene
therapy trials were able to achieve any sustained and
clinically-meaningful antitumour effect. Although an-
ecdotal accounts of impressive treatment effects have
been reported, these were the exceptions rather than the
rule.®®> Therefore, one might be forgiven for asking:
what has gone wrong? How could a highly rational and
extensively-validated experimental concept flounder so
haplessly in humans? The initial enthusiasm, or more
aptly euphoria, of the early 1990s quickly dwindled in
mid-1990s; in its place instead was a sense of disillusion-
ment and pessimism. Fortunately, the field of gene
therapy is not lacking in tenacious and resilient investi-
gators. Through their efforts in the recent years, the
reasons for the initial failures soon became apparent,
and before long, the next wave of renewed efforts were
already underway.

Rationalisation of Initial Failures

Given a concept as biologically rational and therapeu-
tically exciting as gene therapy, it is easy to fall prey to
over-interpretation of the dramatic results of in vitro and
animal experiments. As a result of incessant media
exposure in the past few years, the society rapidly be-
came gene-literate, at least superficially. This led to an
unhealthy and growing expectation in the early 1990s of
what gene therapy can achieve in human within a very
short time. The experts and laymen have both underes-
timated the one-upmanship of cancer and the immense
complexities of successful gene therapy in human be-
ings. Some of these complexities include:

a. The short duration of gene expression with several
vector systems, due to host immunity against viral
vectors, and gene promoter shut-down. In the case of
adenoviral vectors, it is clear that in vivo administra-
tion leads to the generation of humoral as well as cell-
mediated host immune responses that tend to limit
the duration of gene expression, and to restrict the
efficacy of subsequent administrations.>* The use of
less immunogenic viral vectors is therefore an impor-
tant avenue of future research.

b. Inability of the gene vectors to penetrate deeply into
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the tumour bulk, resulting in only superficial (2-3 cell
layer thick) gene transduction and hence lack of
efficacy. It is sobering to remember that a 1 cm?®
tumour contains 10° tumour cells packed in a tight
sphere. With currently available technology, any at-
tempt to transduce every cell in this sphere is almost
certain to fail.

¢. Inability to tackle disseminated tumours using strat-
egies such as gene replacement and oncogene inacti-
vation, which are essentially single-cell therapies.

Besides these technical hurdles, trial design factors are
also responsible for the seemingly poor results with first-
generation human gene therapy trials. Firstly, most of
these trials were phase | studies, seeking to demonstrate
biological effects and toxicities rather than treatment
efficacy. The latter end-point is better assessed formally
in late phase Il and phase Il studies. Secondly, most of
the patients accrued in the cancer gene therapy trials had
advanced, bulky, and disseminated cancers, and had
been heavily pretreated with other conventional cancer
therapies. It would be very difficult indeed to obtain any
better result with this group of patients.

Most importantly, early enthusiasts have failed to
appreciate that the perfection of any new medical tech-
nology, especially one so complex as gene therapy, will
take time. The field needs time to get over the many
fundamental obstacles confronting it before it can make
any practical impact on the lives of our cancer patients.

Future Developments

Contrary to the negative impression given by the early
clinical gene therapy trials, the future of gene therapy
actually looks bright and healthy. One should not over-
look the fact that gene therapy is predicated on sound
logic, inspired by bold visions and farsightedness, backed
by numerous experimental validations, and most im-
portantly, driven by investigators who are determined
to make it work. The latter spirit is clearly seen from the
ingenious ideas and unrelenting efforts that have been
displayed in the past 2 to 3 years, in a heroic attempt to
improve the results of future gene therapy. Some of the
newer concepts and efforts are briefly summarised here.

a. Investigators are beginning to realise that cancer
gene therapy might work better in a setting of mini-
mal tumour burden (such as after surgical debulking
of tumour), and in a relatively confined space (such
as within the pleural, peritoneal or tumour cavity).
Adjuvant gene therapy trials will undoubtedly be
tested in the near future.

b. Already, preclinical experiments are suggesting that
combining different cancer gene therapy approaches,
or combining gene therapy with more conventional
cancer treatment might be synergistic.**> For in-
stance, Chen et al®® have shown that combining HSV-
tk and interleukin gene therapy was advantageous.

Fujiwara et al® showed that p53 gene therapy en-
hanced the sensitivity of the transduced cells to
cisplatin chemotherapy.

c. New genes are being discovered almost weekly. The
relentless effort of the Human Genome Project in US
to decipher all 80,000 human genes by the middle of
next decade will undoubtedly provide new vistas for
more innovative gene therapy approaches.”

d. New generations of gene vectors are being designed.
Indeed, vector improvement is felt to be the corner-
stone of future successful gene therapy.®* Some of
the innovations in this area include the use of differ-
ent viral serotypes to overcome the problem of host
immune responses against viral proteins
(‘seroswitch’);% the use of ‘stealth’ viral vectors which
has been stripped of as many non-essential genetic
elements as possible;®! the use of adenoviral vector
that produces a protein (CTLA4IgG) that inhibits
host immune responses against the virus;® and the
use of specially-tailored vectors which is capable of
selectively targeting to, replicate in, or lyse tumour
tissues, but sparing normal tissues 5>

e. Newer versions of gene expression cassette are likely
to have a molecular switch that can turn on or off the
therapeutic gene expression at will.* Such regulat-
able promoters will reduce the likelihood of deleteri-
ous over-expression of the foreign genes. Gene-related
promoter sequences that increase gene expression
following exposure to radiation have also been iden-
tified.®”

f. In view of the problem associated with the use of viral
vectors, newer generations of non-viral gene deliv-
ery systems are being developed. An example is to
use complexes that consist of DNA linked with pro-
tein or small polycationic molecules. Because these
particles enter cells by receptor-mediated endocyto-
sis, the incorporation of a protein coat can direct gene
transfer to defined cell populations. Persistent and
targeted gene expression has been noted using this
approach. %% Another interesting non-viral approach
is the use of modified filamentous bacteriophages
that are conferred mammalian cell tropism through
genetic modification.”

Conclusions

Biomedical sciences are going through a time of ep-
ochal events. Genes, which hold the secret to life, are no
longer unfathomable strings of alphabets. How genes
are organised, how they function, and indeed, how they
can be harnessed for therapeutic purposes, are under
very intense scrutiny today. Nevertheless, one must not
underrate the intricacies of Mother Nature or the com-
plexities of age-old maladies such as cancers. The his-
tory of medical progress, whether in the development of
antibiotics or in the perfecting of bone marrow trans-
plants, provides ample evidence that the pace of ad-
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vance is measured in decades, even generations, not in
mere months or years. To demand otherwise of gene
therapy is unreasonable and ultimately destructive.
Today, there is a renewed and abundant sense of opti-
mism in the field of gene therapy that, in time, the
technology of gene therapy will fulfil most of its prom-
ises. A careful and unemotional examination of the
progress of gene therapy in the last 2 to 3 years would
suggest that the field is moving incrementally towards
realising its goal of being a successful molecular therapy.
It is remarkable that the short and chequered history of
gene therapy in the past decade was filled with such
drama and controversy. Some have felt that the concept
of gene therapy is an oversold fantasy; however, a
growing opinion holds that gene therapy is the ultimate
showecase of human ingenuity and foresight. I would
argue that gene therapy has both of these seemingly
contradictory elements. This should not be surprising, if
you ponder for a moment, for most major scientific
advances in history have had a similar story.
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