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I. Opening Remarks

At the outset I wish to state how informative and stimulating this Symposium has
been for me. It has been a decade since I served as a Research Scientist in the
Health Sciences Division of Chalk River Laboratories and I have thoroughly
enjoyed sitting here today and listening to some of the latest developments in
molecular genetics and their implications for radiation protection. Indeed the
Symposium Organizing Committee, headed by Dr. A.M. Marko (Chair, Advisory Com-
mittee on Radiological Protection, AECB), is to be heartily congratulated for
putting together such a well-balanced and timely selection of topics pertaining
to molecular biology and radiation protection. We should also applaud the
impressive slate of speakers for their lucid and galvanizing presentations.

Before opening the floor to an exchange between the invited speakers and the
audience, I would like to make a few comments, from my own perspective as a human
molecular geneticist, on the various topics discussed today. These comments are
spontaneous and are intended to be both provocative and free-wheeling as- a
prelude to the upcoming general discussion.

In my judgement a common theme of this Symposium has been the impressive advances
now taking place in molecular genetics and the immense implications these break-
throughs will have on all aspects of our lives, ranging from gut-wrenching
medical and socio-behavioural issues to critical legal and ethical choices. As
vividly explicated by our Keynote Speaker, Dr. Worton, a globally coordinated
Human Genome Project is now well underway to map and sequence the 80,000 genes
estimated to comprise mankind's hereditary script and to describe the structure
and function of the encoded proteins, with a projected completion date of
September 30, 2004. "Food for thought" along this molecular genetic line was
also evident in many other presentations, including those of: (i) Dr. Taylor on
possible genetic-environmental (e.g. radiation exposure) interactions in leukemia
causation which have been recently gleaned from new technologies for monitoring
genetic damage; (ii) Dr. Hall on the rapid advances in our understanding of the
complexity of inheritance (e.g. genomic imprinting, allelic expansion and cyto-
plasmic inheritance); and (iii) Dr. Knoppers on the urgent need to re-examine the
ethical-legal considerations regarding research in human genetics in view to this
advent of genetic markers for common multifactorial diseases such as cancer and
hypertension.
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n . Molecular Genetics of Cancer

I will now focus on several developments in molecular biology which promise to
impact greatly on the radiation protection field. First and foremost are the
dramatic advances being made in delineating the molecular basis of cancer. Once
we were engrossed in a search for the multiplicity of factors in our lives that
might cause the disease, but now we seek with equal determination a single
unifying explanation of how those causes might work. The search has led us to
our genes, implying that we contain the "seeds of our own destruction". As
touched upon by many speakers today, insight into how these "seeds are sown" and
the life-threatening consequences of their "germination" constitute a major
thrust of current inquiry into the cause and course of human cancer. In fact,
intensive investigations along several fronts are now in full swing to identify
and characterize the full inventory of cancer genes (perhaps totally no more than
500) which, to paraphrase the Nobel Laureate Dr. Michael Smith, serve as "the
keyboard on which the myriad of environmental carcinogens (including ionizing
radiation) play".

Cancer genes can be conveniently divided up into three broad classes: proto-
oncogenes, tumor suppressor genes and modulator genes. Proto-oncogenes and tumor
suppressor genes play vital roles in the control of cell proliferation, dif-
ferentiation, and proliferation cell death (apoptosis), the former as growth
stimulatory factors and the latter as growth suppressive factors. Proto-
oncogenes, when point mutated, rearranged, translocated and/or amplified, may
become activated to oncogenes so as to participate in the pathogenesis of
abnormal cell growth. Oncogenes are characterized by two properties: each is
genetically dominant in that its abnormality is expressed even though the second
copy (allele) of the same gene is normal; and (ii) the gene product is present
but is either altered in structure or elevated in amount. In contrast, tumor-
suppressor genes are genetically recessive, i.e., the presence of each one is
made known only when both alleles are absent and/or mutated such that the gene
product is entirely absent or functionally defective. Using powerful techniques
employing recombinant DNA and gene-cloning procedures and acutely transforming
retroviruses and human tumor material as sources no less than 100 proto-oncogenes
have now been identified as part of the repertoire of human genes with oncogenic
potential. In surveying this panel of genes, it is informative to inquire into
the biological function of their protein products, oncoproteins. Not sur-
prisingly, their functions, to the extent they have been clarified, are to
participate in the orderly regulation of cell division in response to exogenous
signals -- that is, to serve as growth factors (e.g., c-sis), plasma membrane-
residing receptors (e.g. c-erbBZ) , cytosolic second messengers (i.e., transducers
of exogenous signals from the plasma membrane to the nucleus} (e.g. c-Ha-ras and
bcl-2) and DNA-binding proteins (i.e., trans-acting elements regulating gene
expression) (s.g. c-myc, c-jun and c-fos).

For technical and other reasons, tumor-suppressor genes have proven to be more
difficult to isolate, and only one dozen or so have been identified to date.
Many of these genes have been initially cloned as genetic determinants of various
hereditary and familial cancer-predisposition disorders and only retrospectively
found to be tumor-suppressor genes. Like oncoproteins, the products of tumor
suppressor genes reside on the plasma membrane and in the cytosol and nucleus of
the cell. For example, the DCC (deleted in cplorectal cancer) gene encodes a
cell surface adhesion molecule involved in cell-cell interactions. Several other
tumor-suppressor genes encode proteins which reside in the cytosolic fraction and
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interact with the c-Ha-ras gene product. Examples include NF1 which is faulty in
the germline of patients with neurof_ibromatosis, type JL, an inherited syndrome
predisposing to tumors of neural crest origin, and APC which is transmitted as
a germline mutation in familial adenomatous £olyposis £oli, an inherited condi-
tion predisposing to colon cancer. Still other tumor-suppressor genes code for
nuclear proteins that function in the regulation of gene transcription, DNA
replication and cell cycle progression, including WT1, RBI and p53. The first
gene, which predisposes to Wilms' (pediatric kidney) .tumor, encodes a protein
which functions as a transcription repression. The RBI gene confers susceptibil-
ity to the intraocular childhood tumor lretinoblastoma and the p53 gene underlies
inheritance of the multicancer-prone Li-Fraumeni Syndrome (LFS). Both RBI and
p53-encoded proteins act as transcriptional factors in DNA replication and cell
cycle progression. The former protein, for example, may regulate transcription
of genes needed for a cell to remain in a quiescent (Go) state, or for progres-
sion through the Gj phase of the cell cycle. Likewise, the p53 gene product is
crucial for transition of the G1/S boundary. Ionizing radiation and other DNA
damaging agents induce accumulation of p53 protein which leads to transient shut
down of DNA replication to allow time for enzymatic repair of the damage. Cells
lacking functional p53, such as mutated cells in tumors and in LFS patients,
fail to perform this protective arrest and are thus more likely to develop
malignant clones due to genetic instability. Moreover, inactivation of p53 may
block apoptosis, resulting in enhanced reproductive survival of radiation-treated
cells, and thereby contribute to cancer development via rampant mutation
induction.

The third class of cancer genes, modulator genes, is more heterogeneous. These
genes, although lacking oncogenic potential per se (i.e. when altered they are
unable on their own to transform normal cells to neoplastic ones), can neverthe-
less, depending on their functional status, predispose the host to malignant
disease. One of the most extensively studied subclasses of modulator genes are
those controlling various homeostatic processes which, aside from promoting
normal development and reproduction, afford mankind protection from the intoler-
able incidance of cancer which would otherwise surely arise from unavoidable
exposure to environmental carcinogens. Several lines of defense can be distin-
guished, including the following two: one involving the remedial action of
enzymatic repair mechanisms on the myriad of lesions inflicted on cellular DNA
by environmental carcinogens and a second facilitating the destruction of pre-
malignant cells by immune surveillance mechanisms.

m. DNA Repair

The study of DNA repair has recently experienced a remarkable renaissance. Not
only has a wealth of information accrued on the assorted components (no less than
12 in total) of the complex enzymatic machinery facilitating the versatile
excision-repair system, but defects in the human homolog of the Escherichia coli
MutS gene product, a component of the MutLSH mismatch repair system responsible
for handling incorrectly paired bases, underlies the nonpolyposis form of
inherited colorectal cancer. Moreover, it appears that several DNA repair
proteins participate independently in two other essential DNA transactions, i.e. ,
replication and transcription, while still other repair proteins associate with
regulation of cell cycle checkpoint proteins including that encoded by p53. This
flurry of unexpected revelations has catapulted DNA repair into a key position
in fundamental studies of such clinically relevant disciplines as oncology,
neurology, developmental biology and aging, prompting the prestigious journal
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Science to select DNA repair as Molecule-of-the-Year for 1994. In this regard,
I welcome the opportunity to acknowledge publicly the foresight of Dr. Marko,
who, as the distinguished Director of the Health Sciences Division of Chalk River
Laboratories in the 196O's-8O's, recognized the importance of and fully supported
research into DNA damage and its repair long before the discipline reached its
current venerable stature in molecular biology.

IV. Perspective for Improvements in Radiation Protection

Undoubtedly one of the most significant developments in cancer research in the
past decade has been the convergence of the proto-oncogene, tumor-suppressor gene
and modulating gene fields. Insight into the complex interactions between
different Members of these three classes of cancer-associated genes, such as
those cited above, are most provocative, and promise to lead to the deciphering
of the intricate network of signal transduction pathways and, in turn, the
entangled genetic mosaic that underscores cancer. To paraphrase Dr. Michael
Smith once again, the continued research for genetic lesions in malignant cells
and insight into how these lesions affect the biochemical functions of our
genetic material have become perhaps our best hope to thwart the devastating
havoc inflicted by cancer.

It is now appropriate to place these rapidly emerging data on the innermost
workings of cancer cells and their normal counterparts into the context of the
expressed objective of this Symposium, namely, "to discuss the sorts of evidence
of molecular alterations in DNA which can be used specifically to study causation
of stochastic affects of importance in radiation protection". To this end, while
eager not to appear too naive, I am taking the licence to gaze into the crystal
ball of future research directions in molecular oncogenetics and project how
these developments might contribute to improved protection of workers and the
public-at-large against the deleterious effects of ionizing radiation. In the
interest of time, three examples will suffice.

1. It is becoming increasingly evident that the coordinated expression of
whole families of cancer genes (and/or their protein products via post
transcriptional mechanisms) (e.g. fos. c-Jun and p53) can be dramatically
perturbed by as little as 5-10 cGy of X-rays. It may therefore be feasible
to monitor for the first time subtle effects of ionizing radiation on the
crucial cellular signal transduction machinery under environmentally
relevant conditions.

2. With the application of bioinformatics wherein high-throughput automated
DNA sequencing is combined with computer-aided analysis, biotechnology
companies, best exemplified by Incyte Pharmaceuticals, Inc. (Palo Alto,
CA) , are undertaking the construction of a biological encyclopedia of all
human genes and their expression by different tissues and cells - akin to
a Gray's Anatomy of the 21st Century. Future refinement of this technology
may make it readily practical to generate "transcription-image analyses"
of normal human cell types (e.g. peripheral blood lymphocytes) in the
absence and presence of radiation exposure, as well as parallel analyses
in LFS and retinoblastoma cells defective in transcription factors (p53
and RBI gene products, respectively) which control the expression of
multiple gene families. Further developments along these lines may permit,
if society so desires, the routine testing of individuals for their
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"Carcinogen-exposure-response" index, and they may wish to adjust their
personal lifestyles and workplace occupations accordingly.

3. As you are aware, it is now standard practice to breed genetically
engineered mice harbouring one normal and one mutated allele (transgenic)
as well as two defective alleles (knockout) of a given cancer gene, and
observe the phenotypical consequences of these altered genotypes.
Similarly, it will soon be possible to engineer animals which express
hyperactive enzymatic DNA repair processes, and assay for the extent of
attenuation of the harmful effects of ionizing radiation and chemical
carcinogens. This knowledge has the potential to impact greatly on the
radiation protection field.

Well, so much for my fantasies. It is now time for you, the audience, to have
the floor. Feel free to grill the invited speakers so that we may have a truly
animated discussion of today's proceedings.
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