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Radiation Biology is one of the four branches that currently comprise the
Health Sciences Division at CRNL. Members of the branch are involved in active
collaboration with certain medical specialties but have until now had little
contact with specialists in nuclear medicine. One of the primary purposes of
this workshop is an exchange of information and I will therefore begin with a
brief overview of the activities in which we are currently involved.

The objectives of work in Radiation biology Branch are (a) to carry out
basic research on the effects of ionizing radiation and related agents on living
organisms, (b) to use this information wherever feasible to suggest improvements
in the prevention, diagnosis and treatment of cancer and of inherited human
diseases, and (c) to assess the hazards of low doses of ionizing radiation to
human beings.

Induction of cancers and of genetic changes have been identified as the two
major hazards of exposure to low levels of radiation. Both are believed to be
caused by changes in the structure of DNA, the carrier of hereditary information
in all living cells. This DNA is exposed to a large number of insults from
various sources including spontaneous degradative changes; low level radiation
contributes a minute fraction to the total. All living cells possess a number
of enzymic systems which actively repair nearly all of the initial DNA damage.
The repair systems are not infallible and occasionally misrepair damage. We
would like to know more about the biological effects of small amounts of
misrepaired DNA damage. A large portion of our effort at CRNL is thus focussed
on the molecular biology of DNA and the repair of DNA damage. In order to
bridge the gap between molecular biology and its practical application to
assessment of hazards in humans, we also have available expertise in animal
studies and in epidemiology.

The facilities available include 8 professionals and 12.4 support staff,
well-equipped laboratories for work in molecular biology, tissue culture
facilities, X- and gamma-ray sources for irradiation at different dose rates, a
fast neutron source, facilities for handling certain carcinogenic chemicals and
viruses, a small animal house for work with mice and rats, a large central
library and computer facilities which are used by all branches at CRNL, good
support from radiation and industrial safety experts, and the opportunity for
collaborative effort with scientists in other disciplines. Collaboration with
personnel in Uosimetric Research Branch has been particularly valuable. Current
research programs in radiation biology are described below.

Recombination DNA Technology projects are carried out by 2 professionals.
We are interested in understanding gene function at the molecular level and what
happens if the sequence of DNA bases is changed in various portions of the gene
(for example, in control areas, in genetic material which is translated into
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functional enzymes in the cell and in the interspersed non-functional
portions of the DNA molecule)• This is a fascinating field of international
scientific endeavour and one which has led to improved comprehension of the
control of life processes at the molecular level. Other work involves
construction of a DNA plasmid which could be used to screen human cell lines for
their ability to carry out recombinational repair of DNA damage, since there are
some indications that certain hereditary diseases in humans may be associated
with an inherent deficiency in this particular DNA repair system. We have also
had until recently a small program on oncogenes (cancer-causing genes) but this
;o currently in abeyance because of financial constraints.

The Hyperthermia Program involves 2 professionals and is carried out partly
in collaboration with two medical personnel, C. Danjoux and p. Rapphorst, at the
Ottawa Clinic of the Ontario Cancer Treatment and Research Foundation.
Hyperthermia, which has been found to inhibit temporarily the repair of
radiation damage to DNA, is being tested in combination with radiation and/or
chemotherapeutic agents in the clinic for treatment of superficial cancers. Our
role is to try to understand the problems involved and basic mechanisms.
Experiments with yeast cells, being cheap and rapid, are used to explore the
effects of inhibition of DNA repair by hyperthermia and to explore a secondary
phenomenon, the induction of thermal tolerance. Mice are being used to study
the effects of hyperthermia on initiation and promotion phases of the
development of skin papillomas and carcinomas; to date it appears that
hyperthermia may under certain circumstances stimulate the initiation phase but
inhibit the promotion phase of tumor development. These data may well be
relevant to the risk of developing secondary tumors at a later date as a result
of an initial chemotherapeutic treatment of cancer. Cultured human cells are
being used to study the interaction of hyperthermia with radiation and with
selected chemotherapeutic agents for preventing cell proliferation; distinct
differences have been observed in the interactions with different agents. And
finally a secondary project is being carried out in support of an Ottawa
dermatologist, J. Adam, to see if hyperthermia alone would be effective in the
inhibition of cell proliferation and treatment of psoriasis.

Cancer-Prone Families were studied for several years at CRNL with partial
support from the U.S. National Cancer Institute. This program is being
continued by one professional, partly in collaboration with a pediatrician,
Darryl Thomkins, from McMaster University. There are two classical examples of
hereditary deficiencies in the normal DNA repair systems in humans. Xeroderma
pigmentosum patients suffer from inherited defects in repair of DNA damage
caused by ultraviolet light and develop a very high incidence of tumors on areas
of their skin that are exposed to the ultraviolet component of sunlight. Ataxia
telangiectasia patients are hypersensitive to the effects of ionizing radiation
but not to those of sunlight, exhibit inherited deficiencies in repair of DNA
damage caused by ionizing radiation and suffer from many severe clinical
problems including early onset of cancer. Studies on cultured skin fibroblasts
from a variety of other individuals have shown considerable variation in their
susceptibility to different chemical carcinogens and chemotherapeutic agents,
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with smaller variations in sensitivity to ionizing radiation in most of the
cases studied to date. One of our goals is to develop a relatively cheap
screening assay which would be much more rapid than current assays using skin
fibroblasts. This assay might be of some value for screening radiation workers
and could be useful in development of tailor-made individual treatment protocols
in cancer therapy. In the latter case, the purpose would be to determine
whether or not the cells of the cancer patient in question are likely to be
abnormally sensitive or resistant to one particular chemotherapeutic agent but
not to another.

Animal Studies are carried out by one professional in cooperation with
others in the Health Sciences Division. The major portion of this effort has
been devoted to (a) long-term experiments on the relative biological
effectiveness of beta-, X- and gamma-radiations for tumor induction, as well as
to (b) support of the hyperthermia studies. Smaller amounts of effort are
devoted to (c) biological effects of recombinational exchange of genetic
material between chromosomes in fetal cells after in utero exposure to radiation
or a chemical carcinogen, and to (d) support of Dosimetric Research Branch
programs on the internal metabolism of various radionuclides. This last item
may be of most direct interest to specialists in nuclear medicine and will be
dealt with in the next talk at this workshop.

Assessment of Radiation Hazards involves two professionals directly, others
indirectly, and covers a range of topics. A major concern is defining the shape
of dose-response curves: What is likely to be the genetic and carcinogenic
effect of radiation doses which are so low that no effects can be detected
against the normal background of genetic diseases and of cancers in human
populations? Some of our effort is devoted to basic research on this topic. We
also have a considerable interest in various epidemiological studies, for
example: (a) In order to assess the effect of an increase in mutation rates on
human health, one of the first things we need to know is the normal incidence of
genetic diseases in human populations ana what fraction of these diseases is due
to new mutations in each generation. A major study to obtain this information
was carried out in B.C. ten years ago; a collaborative reanalysis of accumulated
data since that time is currently in progress at the University of British
Columbia with AECB support. These data, like those of the previous study, will
presumably be used by responsible international and national agencies to assess
genetic hazards of radiation, (b) On the basis of epidemiological studies of
thyroid cancers resulting from medical X-ray exposures, primarily those of
children of Jewish descent, it is normally assumed that the thyroid gland is one
of the most sensitive tissues for radiation-induced cancers. A recent Swedish
study on patients exposed to diagnostic doses of 1-131 failed, on the other
hand, to detect any excess of thyroid cancers. We wanted to see if the Swedish
study could be repeated in Canada, which was one of the first countries to use
1-131 for diagnostic purposes. Following preliminary work by Dr. K. Gulenchyn
of Ottawa and Dr. A. Driedger of London, Ontario, a detailed study of past
records was carried out by Dr. T. Anderson of Vancouver with AECB support. It
appeared unfortunately that the desired epideraiological study could not be
carried out in Canada because a large proportion of the relevant paper records
had been destroyed. Computerised records in nuclear medicine are expected to
provide a better basis for such epidemiological studies in future, (c) An
in-house study on the mortality of past CRNL employees is continuing. To date
there is no indication of detectable long-term health effects resulting from
past occupational radiation exposures at CRNL.
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Another activity in which we have been involved in collaboration with
Radiation Dosimetry branch is review of the scientific data relating to relative
carcinogenic hazards of radioiodines, tritium, radon daughters, uranium ore
dusts, etc. This list could presumably be expanded to include other
radionuclides of special interest in nuclear medicine if required.

Divisional Activities involving all of the branches in the Health Sciences
Division might be noted under a separate heading. In addition to a variety of
ad hoc activities such as the present workshop, our Divisional Director
organizes an Annual Radiation Protection course lasting one week. Dr. A.
Driedger from London, Ontario, has generously given a talk on nuclear medicine
at this course for a number of years in succession, so that participants in the
course have also been introduced to some of the basic concepts in nuclear
medicine. Various members of the Health Sciences Division participate in
scientific meetings of the AECB Advisory Committee on Radiological Protection,
the International Commission on Radiological Protection, the United Nations
Scientific Committee on the Effects of Atomic Radiation, the International
Atomic Energy Agency and other related organizations. The Health Sciences
Division as currently constituted includes some of the best expertise in Canada
on estimation of the radiation doses that people are likely to receive from
various sources, the probable effects on humans and on other living organisms,
and practical measures for radiation protection. It is anticipated that this
expertise will be maintained following the reorganization of the AECL Research
Company which is anticipated over the next few months.

We trust that this overview has given you some idea of our expertise and
activities, and are looking forward to learning more during the next two days of
this workshop about the future requirements in nuclear medicine.


