
in the absence of significant greenhouse 
warming, a major challenge will be to an- 
ticipate future climate surprises of the type 
recorded in the paleoclimatic record of the 
last 10,000 years. This period included sig- 
nificant shifts in climate forcine. warmer 
Northern Hemisphere summer ";empera- 
tures, and perhaps our best observational 
record of significant climatic change (17). 
If the climate system turns out to be highly 
sensitive to elevated atmospheric trace gas 
concentrations, then we may be confronted 
with modes of climate variability without 
precedent. This possibility further high- 
lights the need to expand our testing of pre- 
dictive models against the varied patterns of 
significant paleoenvironmental change, just 
as we now exercise our modeling ability 
against the relatively small variability of the 

20th century. Major warm climate surprises 
of the type apparent in the Holocene inter- 
glacial paleoclimatic record may be our big- 
gest worry in the years to come. 
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Cancer Risk of Low-Level Exposure 
Marvin Goldman 

I t  is time to scientifically challenge the old 
tenet stating that cancer risk is always pro- 
portional to dose, no matter how small. 
This seemingly blasphemous statement is 
based on new approaches that allow test- 
ing of the hypothesis that cancer risk is 
linearly proportional to dose with no 
threshold, the basis of much regulatory and 
assessment documentation. We hear much 
these davs about the need for all assess- 
ments a i d  regulations for risk to be based 
on sound and solid science. This has not 
been the case for physical and chemical 
cancer risks to humans. 

For both physical and chemical exposure 
to agents that are thought to increase 
cancer risk, it has been traditional to state 
that responsible evaluations and recom- 
mendations should assume that all expo- 
sures, no matter what the amount, carry an 
associated cancer risk. This assumption al- 
lows estimation, for example, of the lifetime 
cancer risk of a single ionization or the risk 
from intake of a single molecule of a puta- 
tive carcinogen. It further leads to the con- 
cept of a collective dose, where all the ion- 
izations are added up in all the people, and 
the product [for example, person-roentgen 
equivalent man (rem) or person-sievert 
(Sv)] is related to (multiplied by) a cancer 
risk factor to give a potential population 
body count (1). Such a calculation is the 
origin of predictions, for example, that so 
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many persons will die from radon exposure, 
or so many cancers will result from treating 
apples with a chemical. 

As an extreme extrapolation, consider 
that everyone on Earth adds a 1-inch lift to 
their shoes for just 1 year. The resultant 
very small increase in cosmic ray dose (it 
doubles for everv 2000 m in altitude). mul- 

ever, it is now possible to evaluate the re- 
sults of low levels of exposure and to apply 
newly developed analytical and biological 
tools and thereby test whether this type of 
extra~olation is warranted. 

Historically, the stochastic or probabilis- 
tic radiation linearitv issue beean some " 
seven decades ago when Nobel laureate H. 
J. Miiller demonstrated that mutations in 
fruit flies increased linearly with exposure 
dose (4). (It was not actually linear; he said 
that "...the number of recessive lethals does 
not vary directly with x-ray energy ab- 
sorbed, but more nearly with the square 
root of the latter.. .we should have to con- 
clude that these mutations are not caused , , 

tiplied by the very large population of the directly by a single quanta of x-ray energy 
Earth, would yield a collective dose large absorbed at some critical spot.") The small- 
enough to kill about 1500 people with est doses, about 0.25 gray (1 gray = 100 
cancer over the next 50 years. Of course rad), were quite high by today's standards. 
no epidemiological confirmation of Linearity was later related to radia- 
this increment could ever be made, tion cancer risk during the era of at- 
and although the math is approxi- W mospheric weapons testing (5). -a- mately correct, the underlying as- This concept was expanded to ap- 
sumptions should be questioned. v ply to chemicals in the Delany 
Most of the environmental risks we Amendment of 1958, where any 
now face from present or proposed activities compound found carcinogenic in any test 
probably are of this magnitude, and many of system at any level of exposure could not be 
our mlicies sav that ~rudence reauires us to added to foods sold to the ~ublic. We have 
reduie these s k l l  vHlues even f;rther. We since learned that some Aatural products 
do not seem to have a realistic Drocess and manv normal foods (nitrosoamines and 
whereby we can uniformly both pro&ct the 
public health and avoid seemingly frivolous 
prevention schemes. 

A large part of the problem is that all 
cancer risk assessments are derived from 
studies of cohorts exposed to very high lev- 
els of insult (1. 2). The conservative as- . ,  , 
sumption is to connect the high-level risk 
values to the zero interce~t and describe the 
slope of the resulting line as a "risk coeffi- 
cient," fatal cancers per unit of dose. The 
radiation risk issue is the most thoroughly 
studied, but a similar situation also exists for 
the case of chemical exposures (3). How- 

smoked or charred meat, peanut butter, and 
aflatoxin) contain compounds that are car- 
cinogenic at high concentrations. 

Radiation exposure is ubiquitous 
throughout the planet and is higher in some 
areas than in others (I). Interestingly, when 
cancer mortality in populations in higher 
natural background regions is compared 
with that of comparable populations living 
in low-background regions, there is no can- 
cer incidence increase in the higher back- 
ground areas (6). In fact, most of the studies 
show the opposite, giving support to a con- 
cept of hormesis, a beneficial effect of a 
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low-level exposure to an agent that is harm- 
ful at high levels (7, 8). 

For radiation risks, the keystone data are 
derived from the elegant and careful study 
of the survivors of the atomic bombings of 
Hiroshima and Nagasaki 50 years ago (I- 
6). In addition, cohorts of medically or oc- 
cupationally exposed persons and some ac- 
cidental exposures add to the database (1-6). 
Some 500 cancer fatalities more than would 
normallv be ex~ec ted  have now been re- 
ported in the japanese A-bomb-exposed 
populations (1 ). Most of these were in per- 
sons who received an acute radiation dose 
of morethan 1 Sv (100 rern); the lowest ex- 
posed dose cohort is set at 0.2 Sv (20 rern) 
(1 ) .  Much attention has been waid to deter- ~, 

mining the lowest level for study. The com- 
parison control group consists of all those 
with zero to 0.1 Sv of exposure; thus, not all 
received "no dose." There is another "not in 
city" group that also served as a parallel 
control population; the two control groups 
seem identical. The 0.2-Sv group is actually 
a cohort from 0.2 to 0.49 Sv. with a median 
of about 0.3 Sv. A discussion of whether 
this might be considered a threshold for ef- - 
fects is beyond the purpose of this discussion, 
especially because the uncertainties about 
individual radiation sensitivity, of dose, and 
of the possible effect of neutrons have not 
yet been resolved. Although a fetus is much 
more sensitive to radiation than an adult, the 
exact nature of age dependency for radia- 
tion risks is not clear, nor whether dose-rate 
amelioration factors are age independent. 

In contrast, most people receive a nor- 
mal. natural lifetime dose of backeround - 
radiation of about 0.2 Sv from cosmic rays, 
from the radiation naturally in the Earth (in- 
cluding natural radon), and from the small 
amount of radioactivitv in all tissues (1-6). , , 

We  now know that continual radiation ex- 
posure is less carcinogenic than acute expo- 
sure, all else being equal (1). Animal studies 
further show that as the dose rate is de- 
creased, the risk per unit dose not  only 
decreases, but the latent period becomes 
longer (9 ,  10). If the latent period exceeds 
the life exoectancv, we see in the intersect , , 

the equivalent of an effective threshold 
(1 I ) .  It also appears that combined expo- 
sures to both radiation and chemicals at 
"low" levels exert an additive and not a 
multiplicative effect (6) .  

It is true that fetuses and children are 
about twice as radiosensitive as adults, but 
not much more than that (1 ). It is also true 
that a minute fraction of thk population may 
carrv a genetic defect that renders them , " 

more radiosensitive than the norm; for ex- 
ample, they may lack certain genes or cellu- 
lar repair tools (6). But even this sensitivity 
is less than 10 times the norm. 

The evidence now available suggests 
that cancer induction follows more than 

one step (that is, it does not follow first-or- 
der kinetics), and thus a single ionization 
and the resultant submolecular lesion is not 
the whole story of carcinogenesis (12). The 
intracellular repair mechanisms of mamma- 
lian cells-the intrinsic quality-assurance 
systems-are designed to execute arnazillgly 
sophisticated repair and removal of such le- 
sions (8). The  few defects that remain may 
constitute the first step in the carcinogen- 
esis process (1 2). Each subsequent step, such 
as altered cell division rates and supressor 
gene efficiency (and we do not yet know them 
all), has its own influence and probability of 
success. Risk inay be the integrated sum of 
the failure probabilities of all the steps. 
Thus, the universal cancer risk curve may 
later prove to be more of an S or sigmoid 
curve. Our limited data, shortsightedly, only 
one order of magnitude wide, are seemingly 
straight-line segments of that curve. 

It is time to update our thinking and 
policies so that a clear distinction is made 
between what the science says and what the 
policy means. The difference between the 
exposure levels, where almost all the data 
about effects lie, and the levels to which 
most people might conceivably be exposed 
is so great that it is time to seriously con- 
sider the utility of implementing a concept 
of an effective or practical threshold for 
risk, that is, negligible risk. This would be a 

value below that demonstrated to show 
harm, but not zero. It is time for us to step 
back and take a careful view of the way we 
use science to estimate possible risks from 
low-level exposures, especially delivered at 
very low dose rates. We  should review the 
molecular biology, the newer models, the 
available human data, and other pertinent 
scientific information and decide whether 
to develop new paradigms for risk that bet- 
ter relate low levels of exposures to scientifi- 
cally based determinations of potential harm. 

References 

1. 'Health effects of exposure to o w  levels of ioniz- 
ing radiation [BEIR V]' (National Research Coun- 
cil, Washington, DC 1990). 

2. B. L. Cohen, Health Phys. 68, 157 (1995). 
3. K. T. Kitchin and L. L. Brown Toxlcology 88 31 

(1994). 
4. H. J. Muler Science 66 84 (1927). 
5. E B. Lewis, ibid. 125, 965 (1957). 
6. 'Sources and effects of ionizing radiation' 

(United Nations Scientific Committee on Effects 
of Atomic Radiation. United Nations, New York, 
1 994). 

7. S. Kondo, Health Effects of Low-Level Radiation 
(Kinki Univ. Press, Osaka, Japan, 1993). 

8. S. Wolff, V. Afzal J. K. Weincke, G. Olivieri A. 
Michaeli, lnt J. Radiat B~ol .  53 39 (1 988). 

9. M. Goldman N. W. Hetherington, L. S. Rosen- 
blatt, L. K. Bustad Radiaf. Res. 47 305 (1971). 

10. L. S. Rosenbatt N. W. Hetherington, M. Goldman 
L. K. Bustad, Health Phys 21 869 (1971). 

11. R.  Evans, /bid. 17 497 (1974). 
12. B. N. Ames, M. K. Shigenaga, L. Swirsky-Gold, 

Environ. Health Perspect. 101 (Suppl. 5), 35 
(1993). 

Notch and Wingless Signals Collide 

Seth S. Blair 

Dur ing  development, the identities of 
many cells are determined by signals pro- 
duced by adjacent or distant tissues. Cells 
often receive several signals simultaneouslv 
and must integrate them in order to take on 
the correct fate. Although genetic experi- 
ments can provide strong evidence for in- 
teractions among signaling pathways, 
whether such interactions are direct or indi- 
rect can be difficult to determine bv genet- , - 
ics alone. In this issue, Axelrod and co- 
workers use both genetic and molecular - 
techniques used to examine the interaction 
between the Notch (N)  and wingless (Wg) 
signaling pathways in Drosophila (1). They 
show genetically that the two pathways can 
be mutually inhibitory and suggest that at 
least some of this inhibition is due to a di- 
rect physical interaction between Dishev- 
elled (Dsh), a cytoplas~nic protein required 
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for reception of the Wg signal, and the in- 
tracellular COOH-terminus of the N pro- 
tein. 

Both N- and Wg-like signaling provide 
critical patterning information in a variety of 
developmental contexts and in a number of 
species. Our understanding of the intracellular 
mechanisms responsible for transducing these 
signals is still incomplete. N (like Glp-1, 
Lin-12, Xotch, and other members of the N 
family) is a transmembrane protein bearing 
extracellular epidermal growth factor-like 
repeats and characteristic intracellular do- 
mains (2). Although N can function as a re- 
ceptor ( 3 ) ,  it contains no previously charac- 
terized signal-transduction motifs. Rather, 
when bound by its ligands Delta or Serrate, 
N likely activates the Suppressor of Hairless 
[Su(H)] protein, which then moves to the 
nucleus and acts as a transcription factor (4). 
A recent study of marnrnalian homologs of 
N and Su(H) (mNotch and RBP-J,) sug- 
gests that this activation occurs by trunca- 
tion of the intracellular portion of N and its 
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