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I appreciate the opportunity to be invited to this important meeting and to present
information on the U.S. Low Dose Research Program. I will discuss the potential
impact of the results on health risks from low doses of radiation.

First I will tell you a little about my background. I was born in the U.S. in southern
Utah-an area about 150 Km from the atomic bomb test site. In those days there was
little fear from atomic fallout. When I was a l i t t le boy, my father would wake me up
at night and we would go up a hill, where I could watch the bright explosions of an
atomic bomb. When I was a teenager, trucks would drive around our town telling us
to go inside because of a cloud of fallout coming over our town. But usually my
friends and I were too busy playing ball to go inside. It was a part of our life.

Two large problems with determining the cancer risk of radiation are the high back-
ground radiation and cancer incidence. We all live in a sea of background radiation.
In the United States, for example, everyone gets an average of 370 mrem (3,7 mSv)
each year. 300 mrem are from natural sources. 70 mrem are from manmade sources
such as medical procedures, flying on an airplane, watching television, etc.

There is a very large variation in the background radiation for different individuals.
Some businessmen fly a lot, some people receive more x-rays than others, and some
people may watch TV constantly. To illustrate the large background of cancer it is
important to remember that over 30 % of us wi l l develop cancer regardless of radia-
tion exposure. Cancer risk is highly variable and changes with genetic background,
environmental exposures, diet and lifestyle.

This map shows the large variation in background cancer in the United States. The
red regions have the highest 10 % cancer incidence, and the dark blue ones the low-
est 10%. It is of interest to note that the areas with high radiation exposure most of-
ten have low cancer incidence. Southern Utah for example where the fallout from
the bomb testing has a very low cancer incidence. The Hanford site, where the nu-
clear waste is stored and the Plutonium for atomic bombs was generated, also has a
low cancer frequency.

This slide illustrates the difficulty in detecting increased cancer incidence in popu-
lations exposed to radiation. At Chernobyl, where 200000 liquidators were ex-

© A. Brooks, 2002

620



posed, and 6 800 000 people were exposed to fallout, the calculated predictions of
excess cancer have been from 2000 to 4,600. Even with the large number exposed,
it is very difficult to detect such an increase against the high normal background in-
cidence of cancer.

This slide illustrates the magnitude of the DOE Low-Dose Radiation Research Pro-
gram. We fund the best science from around the world to generate a scientific basis
for future radiation standards. We are very interested in any ideas and proposals that
you have from your unique exposure conditions and populations.

Why now? Standards have been set from high dose effects, but low dose effects
have not been measurable until now.New technological developments and biologi-
cal discoveries have made it possible to now study low dose effects.

Why here?The standards are set based on the atomic bomb experience in Japan,
where the exposure was for a very short time. The Chornobyl experience provides
unique low-dose rate exposure that was not previously available.

In the remainder of my presentation, I will briefly review some of the Technologi-
cal and Biological Advances that are being used in the Low Dose Program to char-
acterize the response of molecules, cells, tissues and organisms to low radiation
doses.

This illustrates a microbeam that was developed at the Gray Laboratory in England.
With such a machine, it is possible to focus radiation to expose individual cells, or
parts of cells, to known numbers of alpha particles, or doses of x-rays. This makes it
possible to identify the cell irradiated, and to measure its response, as well as the re-
sponse of its neighbors. There are currently 4 microbeams being funded by the Low
Dose Program.

This slide illustrates a study that was done at Columbia University with a
microbeam. In one case, each and every cell was exposed to one alpha particle. The
cell transformation response of these cells was compared with cells that received an
average of one alpha particle. It was thought that exposure of each cell would be
more effective in cell transformation, which is an early cancer change. However,
the study demonstrated that the exposure of cells to the average of one alpha parti-
cle was more effective in producing cell transformation. The study also illustrates
the role of cells that are not traversed by an alpha particle, (bystanders), as well as
those that receive multiple alpha traversals.

The microbeam allows us to identify the cells that are hit.These are bystander cells
that are not directly hit by the alpha particle but respond with changes in gene ex-
pression or biological damage. These radiation-induced changes can expand with
time after exposure and influence a large number of cells.
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The bystander effects make it essential to consider, not only the hit cells, but also
the neighbors, in calculation of radiation dose. Dose is dependent on the target size.
The bystander effect suggests that tissues may respond as a unit, and not as a series
of individual cells. Such a response could result in thresholds, and modify the basic
linear assumptions made in risk estimates.

Another technology being used in the Low Dose Program is Gene Chip Technol-
ogy. Tens of thousands of genes can be analyzed at the same time for changes in ex-
pression. Each gene normally produces specific RNA, which produces a specific
protein. This protein acts to control the normal physiology of the cell. Radiation or
other insults can change the level of production of the RNA. This changes the
amount of protein produced, and disrupts the normal function of the cell.

This slide shows how Gene Chip Technology is done following radiation exposure.
Exposed or challenged DNA and control DNA from the same cells or tissues types
are combined in a 50x50 mixture. If the amount of RNA produced in the challenged
cells, is the same as the amount of RNA in the control cells, the spots, which detect
the RNA for a specific gene, are yellow. If a challenged gene produces an excess
amount of RNA, the chip will be red. If the gene produces less RNA than normal,
the control DNA will dominate, and the chip will show green. These changes can be
quickly evaluated, and the genes effected by the radiation insult identified for fur-
ther study.

This slide illustrates an experiment done by Dr. Foraace of the US National Insti-
tute of Health using Gene Chip Technology. He exposed cells to graded levels of
radiation, (2,5; 0,2 and 0,02 Gy). He showed that the number, and types of genes,
that are up-regulated, or down-regulated, are dependent on the radiation dose. This
illustrates that the cellular response is not the same at high doses as at low doses.
This questions the linear extrapolation from high to low doses. Additional studies
are needed to define how such responses may influence radiation risk.

Changes in gene expression can modify the response of cells to radiation. One im-
portant observed modification is the adaptive response. At high doses of radiation
such as 150 cGy, there is large amounts of chromosome damage. At low doses no
observed damage can be detected. However, if a low dose is given prior to the large
dose there seems to be a protective effect and the amount of damage is greatly re-
duced.

The adaptive response was first demonstrated for the induction of chromatid aber-
rations by Dr. Sheldon Wolff. Controls and exposure to small doses (0,5 cGy) pro-
duced little detectable damage. As expected, exposure of cells to a single large
radiation dose (150 cGy) resulted in large amounts of chromosome damage. How-
ever, if he gave cells the small « priming dose» before he gave the large radiation
dose the frequency of chromosome aberrations was much lower than expected for
the large dose given alone.
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Adaptive response may reduce cancer frequency for high exposures. The studies on
adaptive response, following low dose rate exposure, have shown little effect on
chromosome aberrations and DN A damage. There remains a need for low dose-rate
studies, such as those here at Chernobyl, on the adaptive response for the induction
of cancer, especially in human populations.

The next area for discussion is on Genomic Instability. When a cell is exposed to
high doses of radiation the usual outcome is cell death. With low doses there often
appears to be no effect, suggesting repair of the radiation damage. However, it has
been shown that at long times after radiation exposure, some cells demonstrate
genomic instability. In these cells, the frequency of chromosome damage, genetic
mutations and cell death increases with time. Genomic instability provides a poten-
tial mechanism for the production of the multiple genetic changes observed in most
solid tumors.

This study, by Dr. Ullrich, demonstrated that black mice, resistant to radiation in-
duced breast cancer, show little sign of genomic instability. Radiation- sensitive
white mice show marked genomic instability, after 16 cell generations. This pro-
vides a link between genomic instability and cancer.

Chornobyl provides a unique opportunity to search for radiation-induced genomic
instability in humans.

It is well recognized that each of us have a different sensitivity to any type of insult.
As part of the Low Dose Program, we are developing techniques to identify genetic
markers of radio-sensitive individuals.

An increase in radiation-induced thyroid cancer has been demonstrated in the
Chornobyl population. This population may help scientists identify susceptibility
genes.

In summary, radiation risks from low levels of radiation exposure, cannot be pre-
dicted with epidemiological studies alone. Combining advances in technology with
those in cell and molecular biology make it possible to detect biological changes af-
ter low doses and dose-rates of radiation exposure, such as Chernobyl. Understand-
ing the role of these biological changes in cancer risk may or may not impact
radiation protection standards. However, they will help ensure that the standards
are both adequate and appropriate.
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