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Editorials

Gene Therapy for Cancer
Cancer is a disorder of the genetic make-up of somatic cells resulting in a clone
with an abnormal pattern of growth control. Conventional cancer therapy aims
to destroy the tumour, while leaving as much as possible of the normal host
tissue intact. The problem with both surgery and radiotherapy is tumour invasion
and spread outside the areas directly accessible to these treatments; and the
problem with chemotherapy is its low therapeutic ratio for many tumours and
the existence or rapid development of drug resistance. Despite successes in a
variety of rare tumour types and tremendous efforts over the past twenty years,
chemotherapy has had disappointingly little impact on survival in the vast
majority of patients with solid cancers.

Biological approaches to the treatment of cancer began with the realization
that under certain circumstances there may not only be recognition of tumour
cells by the host immune response but also an effective destructive mechanism.
Despite clear-cut evidence for the immunogenicity of tumours in rats and mice,
evidence for an effective immune mechanism against most human tumours has
proved elusive. The past decade has seen the use of molecular biology to isolate
genes and then to produce, in pharmaceutical quantities, cytokines, many of
which are involved in the control of the immune system. Some of these, such as
the interferons and interleukins (IL), have been demonstrated to have' limited
efficacy against specific human tumours, I although their mechanism of action
is unclear.

Against a background of relative stagnation in terms of successful cancer
therapy, our understanding of the molecular basis of cell growth control has
improved remarkably. Oncogenes and tumour suppressor genes are part of the
normal genome; they are vital in the transduction of physiological signals from
outside the cell to its nucleus. Subversion of this apparatus can cause cancer.
The picture is confusing: for in no single type of cancer is molecular
pathogenesis precisely understood. Almost certainly a series of cooperating
events is necessary for a tumour to emerge. During the next decade it is likely
that much of the human genome will have been mapped out and sequenced,
permitting comparisons between the genetic constitution of cells exhibiting
abnormal growth patterns and their normal counterparts. Further, the
mechanisms of transcription control will be elucidated in detail to explain how
different blocks of genes are expressed in differentiation and proliferation.

We are already beginning to see prognostic predictions by the use of genetic
analysis in breast and ovarian cancer (amplification of erb-B2), neuroblastoma
(N-myc amplification) and adenocarcinoma of the lung (ras mutationsj.?
Further analysis of oncogenes and tumour suppressor genes will almost certainly
reveal targets for forms of therapy at the molecular level. Gene manipulation is
becoming easier. Homologous recombination, retroviral shuttle vectors, and
antisense technology, together with the power of analytical tools such as
the polymerase chain reaction, will revolutionize our ability to manipulate and
monitor cells in culture and perhaps whole organisms.
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There are thus potential strategies for clinical trials which include:

Insertion of drug activating genes
One of the most promising mechanisms for drug targeting is virally directed
enzyme prodrug therapy (VDEPT). Here a vector containing a gene which
produces a prodrug activating enzyme is expressed specifically either in tumour
cells or within a specific tissue from which the tumour arises. There are several
examples of tumour or tissue-expressed genes that are not essential to the survival
of the whole organism. It may be possible in this way to carry out a 'genetic
pancreatectomy' or a 'genetic mastectomy' in the near future.

As our understanding of the mechanism of gene transcription in eukaryotes
improves there are likely to be new and better VDEPT systems. There are
several such systems ready and about to enter clinical trials. Perhaps the best
worked out is the discrimination between normal liver and hepatoma cells by
the differential expression of vectors containing promoters for albumin and
~ha-foetoprotein. 3 In normal liver , a herpes simplex thymidine kinase gene is
!Xpressed when coupled to the albumin promoter but not when coupled to the
alpha-foetoprotein promoter. The converse applies in hepatoma cells.
Thymidine kinase can convert the prodrug 6-meth<1Xypurinearabinonucleoside
(Ara-M), which has minimal effects jn normal cells, to its phosphates Ara-AMP,
Ara- AD P and Ara- ATP, which are cytotoxic. Another promising viral pro-
drug system is the conversion of the antifungal drug 5-fluorocytosine to the
cytotoxic 5-fluorouracil (5-FU) by cytosine deaminase driven by a selected
promoter. One attraction of this system is that 5-fluorocytosine and 5-FU are
in routine clinical use as antifungal and cytotoxic drugs respectively and much
pharmacological information is available on both.

Vectoring of biologically active drugs
Cytokines have an effect on tumour growth, but have systemic side-effects and,
in many cases, very short half-lives. Many of the current prospects for gene
therapy involve the vectoring of genes encoding for cytokines with cells that
home specifically on tumours. Such cells include tumour infiltrating lymphocytes
and lymphokine activated killer cells which can be infected with a vector which
expresses cytokines such as HAl IL6, IL7 and tumour necrosis factor (TNF).4
Experimental systems have demonstrated effective cytotoxicity at the homing
site using vectors carrying IL4, IL7 and TNF genes. Such systems may well be
of value as adjuvants.

Preparation of new generation tumour vaccines
There is considerable evidence demonstrating an immune response to cancer
through the elusively sought tumour associated specific antigens in humans.
One of the major differences between a normal and a tumour cell in
immunological surveillance is that tumour cells do not present their antigens
efficiently as many of them downregulate their MHC Class I molecules. A
number of animal models have now shown that tumour cells can be made to
increase their MHC Class I expression and in doing so can induce a protective
immune response in mice so that they are able to reject a subsequent MHC
Class I negative metastatic tumour challenge.> This approach can also be used
to treat established metastatic diseases.

A gene therapy vaccine programme in human melanoma using multi-
expression vectors to introduce a combination of MHC Class I adhesion
molecules and dominant melanoma differentiation antigens is currently in
progress at several institutions. It is not strictly gene therapy,' although
recombinant DNA techniques have been used to prepare the tumour vaccine.
No live virus is actually inserted into the patients, so there are no ethical
problems in the application.
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Suppression of oncogene expression
The discovery of a cascade of interacting molecules, transducing signals from
the cell's surface through to the nucleus, has led to the recognition that specific
abnormalities can and do occur during the transition from normal to malignant
growth patterns. Mutations have been identified in a variety of dominant
oncogenes, the most well studied being those of the ras family. One major
strategy has been to develop new therapies by the use of classical protein
structural chemistry and the development of selective blockers of mutant
oncoproteins. A second strategy has been to downregulate the expression of
mutant ras production using antisense technology. ras mutations are extremely
common in certain cancers (up to 80% in carcinoma of the pancreas) and thus
provide a useful target for therapeutic development.

Replacing defective tumour suppressor genes
There is now good evidence that in vitro reversion of malignant morphology
can be achieved by a variety of different sequences such as ras, raplA and
c-jun. Further, genes can selectively inhibit the metastatic potential of cells,
examples being nm23, tXractin,fibronectin receptor, connexin and E-cadherin.
The nm23 gene encodes a product that is probably involved in the control of
ras-related proteins and decreased expression or deletion of this gene is
associated with high metastatic potential in breast and colorectal cancer. Trans-
fection of the nm23 gene with highly metastatic melanoma cells reduces their
metastatic potential and abrogates their responsiveness to the cytokine TGF-tX,

Finally there are genes with recognized tumour suppressor properties such
as RB and wild type p53. The wild type p53 gene (WTp53) encodes a short half-
life nuclear phosphoprotein with many properties consistent with tumour
suppressor activity. WTp53 can promote cell differentiation and suppress the
proliferation rate of transfected tumour cells. Expression of this gene can
abolish tumorigenicity in vivo when such cells are placed in nude mice. The
expression of WTp53 inhibits proliferation of different tumour cell lines lacking
p53 expression or expressing a mutated form. These include colorectal, breast,
glioma and ovarian carcinoma cells. 6 The loss or inactivation of both RB alleles
has been observed in different types of tumours, apart from retinoblastoma-
breast cancer, small cell lung cancer, prostate, bladder, osteosarcoma and
other soft tissue tumours.

Currently the technology is not sufficiently advanced to develop such experi-
ments in vivo but the construction of in vivo targeting vectors may make this
possible in the near future. The main problem would be the lack of ability to
infect all tumour cells present in a patient. It is therefore unlikely that this
strategy will enter clinical trial over the next two years.

There have been remarkable developments in our understanding of the
molecular basis of cancer. There are many hurdles, ethical and technical, that
remain before gene therapy can be effective in metastatic disease. Such
therapies will require the cooperation of physicians, molecular biologists and
virologists to develop safe and robust systems for clinical use. Although perceived
as involving uncharted territory there is no reason why gene therapy should be
any more dangerous or toxic than the currently accepted treatments for meta-
static disease.
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Hepatitis C
The isolation of the aetiological agents of hepatitis is of crucial importance in
the development of specific methods for its prevention and management. Thus,
the discovery of the 'Australia antigen' by Blumberg et al. in 1965 led to an
explosion of knowledge about the hepatitis viruses. Hepatitis B, A and Delta
(D) viruses were isolated and specific and sensitive markers for their diagnosis
were identified. It was, however, noted that in 50% to 70% of patients the
serological diagnostic markers for these viruses were absent. This group was
labelled as having non-A, non-B (NANB) hepatitis. Epidemiological and
clinical studies indicated that there were two distinct types of NANB hepatitis:
one associated with parenteral transmission especially through blood and
blood products (parenteral NANB) and the other due to the drinking of
infected water (enteric NANB). Further research led to the identification of
the hepatitis C virus' as being the causative agent of parenteral NANB and the
E virus of the enteric NANB disease. A small proportion of patients with
parenteral NANB still remain unclassified and are said to have non-A, non-B,
non-C or Hepatitis F.

Between 1970 and 1988, research on parenteral NANB hepatitis yielded
important information.' Though a virus had not been isolated.? it was known
that:

1. The chimpanzee was a suitable experimental animal because infected sera
obtained from patients with NANB hepatitis produced hepatitis in this
animal. Sera from infected animals also transmitted the virus and produced
hepatitis in healthy chimpanzees.

2. The hepatitis was mild with an insidious onset and a prolonged course.
Clinical and epidemiological data established the association of this virus
with chronic hepatitis, cirrhosis of the liver and hepatocellular carcinoma
(HCC).

3. Exclusion of blood donors who had elevated serum aminotransferase levels
and the hepatitis B virus (HBV) core antibody reduced the incidence of
post-transfusion parenteral NANB hepatitis.

In May 1988,3the genome was identified by the combined efforts of a team
of investigators from the Centers for Disease Control, Atlanta, Georgia, USA
and the Chiron Corporation, Emerville, California, USA and a serological
diagnostic test was developed.s-' The genetic material, both RNA and DNA,
from high titre NANB infectious plasma of chimpanzees was extracted. The
RNA was reverse transcribed with random primers to complementary DNA
(cDNA). This cDNA was cut by restriction enzymes to construct a cDNA


