
Zeroing in on Individual Cancer Risk 
Researchers are identifying a set of specific biochemical markers that they hope will enable 
them to pick out which people are most likely to get cancer 

OVER THE YEARS THE CLASSIC METHODS OF 

epidemiology have worked well enough in 
identifying groups of people who have a 
high risk of developing cancer. The linkage 
of lung cancer t o  cigarette smoking is but 
one of many examples in which those meth- 
ods have succeeded, even causing some 
people to change their habits. But when it 
comes to predicting individual risk, classical 
epidemiology doesn't help. The problem: 
Individuals vary dramatically in their re- 
sponses t o  carcinogens. For example, only 
one in ten cigarette smokers actually comes 
down with lung cancer, which is why classi- 
cal epidemiology is help- 
less when asked the ques- 
tion every individual most 
wants answered: What's 
my risk of cancer? 

Now, aided by advances 
in understanding cancer at 
the molecular level, re- 
searchers may be on the 
verge of being able to make 
such predictions. Indeed, 
for one group-people 
with certain rare, heredi- 

cancer susceptibility genes, help detect the 
individuals at highest risk from environmen- 
tal exposures are still in the early stages. But 
as Frederica Perera of Columbia University 
School of Public Health in New York City, 
one of the pioneers in developing the new 
molecular methods, says: "The field is mov- 
ing very fast. We're not yet at the point of 
predicting individual risk, but there's cau- 
tious optimism that we may eventually be 
able to d o  that." 

Molecular screening for cancer will cause 
some thorny ethical quandaries-particu- 
larly if no treatments are available (see box 

cause each individual will respond differ- 
ently, according to his or  her own metabolic 
capabilities. 

One place that the molecular epidemiolo- 
gists are looking for carcinogen effects is in 
the large number of cancer-causing onco- 
genes and tumor suppressor genes that can- 
cer researchers have identified in the past 
several years. Indeed, earlier this year, inde- 
pendent work by the groups of Curt Harris 
at the National Cancer Institute and 
Mehmet Ozturk at Harvard's Massachu- 
setts General Hospital pinpointed a specific 
mutation that may help explain how the 

potent  environmental 
carcinogen aflatoxin con- 
tributes to liver cancer 
development. The re- 
searchers discovered the 
mutat ion in the  p 5 3  
gene-the same tumor 
suppressor gene found to 
underlie Li-Fraumeni 
syndrome -in liver can- 
cers obtained from pa- 
tients in Qidong, China, 
and southern Africa, two 
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tary cancer susceptibili- Blazing a molecular trail. The pioneers in  the new field of molecular epidem- areas where that cancer is 
ties-the~alread~can.Last iology include Curt Harris (left), Frederica Perera (center), and Steven common. 
year's discovery of the gene Tannenbaum (right). Why have the research- 
for Li-Fraumeni syndrome, 
for example, made screening possible for 
this condition, which predisposes its carriers 
to several kinds of cancer. And screening 
may soon be available for people with a 
hereditary susceptibility to colon cancer. In 
this week's issue (see pages 661, 665, and 
616), a group led by Bert Vogelstein of 
Johns Hopkins University School of Medi- 
cine and Yusuke Nakamura of the Tokyo 
Cancer Institute announce that they have 
just identified a previously unknown gene as 
the probable cause. (Ray White's group from 
the Howard Hughes Medical Institute at 
the University of Utah announces similar 
findings in the 9 August Cell.) 

But these inherited syndromes are only a 
small part of the problem. Most cancers are 
caused not by inheritance of specific suscep- 
tibility genes but by exposure to environ- 
mental carcinogens, including the person- 
ally imposed one of smoking. Attempts to 
find molecular markers that can, like the 

on page 614). But at the same time, there's 
hope that it may be possible to develop ways 
to  prevent cancer in people at risk. As 
carcinogenesis expert I. Bernard Weinstein 
of Columbia University's College of Physi- 
cians and Surgeons puts it: "What I find 
exciting is that as we put these markers into 
play we may have the opportunity to inter- 
cede." Interceding might simply mean mini- 
mizing a high-risk person's exposures to 
carcinogenic insults. But the ultimate goal 
would be "chemoprevention"-using drugs 
or  dietary changes to ward off cancer devel- 
opment, a prospect that some groups are 
already pursuing (also see opposite page). 

The new molecular methods, which are 
usually categorized under the rubric "mole- 
cular epidemiology," aim to identify the 
actual biochemical effects that carcinogens 
produce in different people and then relate 
those effects to the chances of getting can- 
cer. There's a need for such methods be- 

ers fingered aflatoxin as 
the culprit? Partly because of the unusual 
specificity of the mutation. Between them, 
theHarrisandOzturkgroupsfound that 1 3  
of the 26 liver cancers they examined had 
p53 gene mutations-and 11 of the 1 3  had 
the mutation in the same codon, amino acid 
249 in the p53 protein. That's very differ- 
ent, Harris says, from what's found in other 
cancers, in which p53 mutations are usually 
spread throughout the gene. This specificity 
indicates that the p53 mutations were caused 
by a single carcinogen, and aflatoxin is the 
best candidate. Not only have animal and 
classical epidemiological studies linked it to 
liver cancer, but it is a major food contami- 
nant in the regions where the cancer pa- 
tients live. What's more, lab work has shown 
that aflatoxin induces precisely the same 
kind of mutation, the conversion of guanine 
bases in DNA to  thymines, seen in the p53 
genes from the liver cancers. 

But while studies such as those conducted 



MOLECULAR EPIDEMIOLOGY 

Efforts to Prevent Cancer Are on the Increase 

pursuit at many labs. 
Perhaps the best measure of the excitement 

that chemoprevention is generating is the num- 
ber of clinical trials that are planned or already 
under way. The National Cancer Institute is 
currently sponsoring more than 40 clinical 
chemoprevention trials, expected to include a 

ses rnelr pro11 - . - 

include the major killers-lung, breast, and 
colon cancer-as well as tumors of the skin, 

just the beginning, because, as Marjorie Perloff 
of NCI's Chemoprevention Branch says: "The 
number of trials is certainly going up." 

program at the University of Arizona in Phoenix. 

schistosomiasis that also stimulates carcinogen detoxification. 
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by the Harris and Ozturk groups can pro- 
vide valuable information about carcinogen 

says. "We see a relation between the ad- 
ducts and exposures." 

Adduct measurement is also proving to 
be an effective indicator of exposures to 
other carcinogens that require activation. 
For example, Perera, Regina Santella, who 
is also at Columbia University School of 
Public Health, and their colleagues have 
shown that adduct formation by the DNA 
of white blood cells reflects the occupa- 
tional exposures of iron foundry workers in 
Finland and coke oven workers in Poland to 
the powefil carcinogens known as the 
polycyclic aromatic hydrocarbons (PAHs). 
What's more, the researchers have also 
found significant increases in the PAH-DNA 
adducts in people living in a highly polluted 
region of Poland, the first time such a link 
has been found to environmental pollution. 

And the Tannenbaum group found that 
adduct formation between the blood pig- 
ment hemoglobin and 4-aminobiphenyl, a 
chemical in cigarette smoke that has been 
linked to bladder cancer, is highest in people 
who smoke black tobacco, next highest in 
people who smoke blond tobacco, and low- 
est in nonsmokers. That exactly parallels the 
carcinogen exposures of the three groups- 
and their risks of getting cancer. "We feel 
we've really closed the loop," Tannenbaum 

' W h d I ~ e m i t i n g  
is that as weput these 
marhem intoplay we 
may hrare the 
0 ~ ~ r t u n i E y t O  
i n t e d .  " 

-I. Bernard Weinstein 

action. the mutation thev found can't. for 
some very practical reasons, be used directly 
as a means of screening for exposure to the 
carcinogen. For one thing, the mutation is 
present only in tumor cell DNA, not in 
normal liver, so it wouldn't provide an early 
warning of cancer risk. For another, it's not 
feasibli to use carcinogen target tissue, such 
as liver or lung; for screening purposes. As 
Steven Tannenbaum, a molecular epidemi- 
ologist at the Massachusetts 1nsgtute of 
Technology points out, "You just can't go 
up to people and say, 'give me a piece of 
lung.'" 

But according to Gerald Wogan of MIT, 
John Groopman of Johns Hopkins Univer- 
sity School of Medicine, and their col- 
leagues, it is possible to screen for aflatoxin 

has to be activated by enzymes in the body 
to unleash its cancer-causing power. Only 
the activated form of aflatoxin can attack the 
DNA, which it does by forming chemically 
bound "adducts" that can lead to carcino- 
genic mutations if they are not repaired. 
The reactive aflatoxin molecules can also 
form adducts with proteins, such as blood 
albumin. In their study, Wogan and his 
colleagues have compared the aflatoxin ad- 
duct concentrations in blood and urine 
samples from people living in Guangxi Prov- 
ince in China and The Gambia, West Africa, 
with the aflatoxin concentrations in the 
people's diets. The result? "In both popula- 

I tions the study is working very well," Wogan 

exposures with much more readily obtain- 
able blood and urine samples. Instead of 
looking for the actual carcinogenic muta- 
tion itself. these researchers take a tack used 
by many other molecular epidemiologists 
and look for "surrogatesn-indicators that 
can show aflatoxin has been wreaking its 
mischief in an individual, but don't require 
sampling of target tissues. 

Like most other carcinogens, aflatoxin 
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says. "We can say unquestionably that 
there's a set of compounds in cigarette 
smoke that causes bladder cancer." 

Other researchers are assaying for car- 
cinogen exposures by looking for the in- 
creased mutation rates they cause, although 
again the mutations are usually in surrogate 
genes. Richard Albertini and his colleagues 
at the University of Vermont in Burlington 
developed one widely used assay of this 
type. I t  involves determining what percent- 
age of T cells in the blood have undergone 
mutations that have caused them to lose an 
enzyme known as HPRT (for hypoxanthine- 
quanine phosphoribosyltransferase), an en- 
zyme the researchers chose mainly because 
there is an easy way of determining whether 
cells have it. In addition, William Bigbee, 
Ronald Jensen, and their colleagues at 
Lawrence Livermore National Laboratory 
in Livermore, California, have developed a 
similar assay that looks for mutations that 
have caused red blood cells to  lose certain 
surface proteins, called glycophorins. 

The adduct and mutational assays have 
somewhat different strengths and weak- 
nesses. The adduct assays, for example, 
aren't much use in detecting exposures that 
occurred many years in the past, because the 
adducts will be lost within days t o  weeks 

after the exposures cease. The mutations, 
however, may last a long time--even a life- 
time. Both the HPRT and glycophorin as- - .  . 

says have detected increased mutations in 
survivors of the Hiroshima and Nagasaki 
nuclear bomb blasts more than 40 years 
after the radiation exposures. 

The very shortness of the adducts' life- 
times may give them an advantage in an- 
other regard, however. They might be used 
to monitor the effectiveness of intervention 
trials aimed at preventing cancer develop- 
ment. Groopman and his colleagues are 
already planning such a trial in the areas of  
China and Africa that have high liver cancer 
incidences. Their motivation to undertake it 
was, Groopman says, heightened by the 
Harris and Ozturk groups' results linking 
aflatoxin t o  the p53 gene mutation. 

The plan is t o  treat the people with the 
schistosomiasis drug Oltipraz, which has 
been shown t o  block aflatoxin-induced liver 
cancer in rats. "There's virtually no way we 
are going to prevent these people from 
getting aflatoxin in the diet," Groopman 
says. "The economic resources aren't there." 
And since Oltipraz apparently blocks 
aflatoxin's carcinogenic effects by prevent- 
ing its metabolic activation, it should be 
possible t o  get an idea of  whether the drug 

is having an effect in humans by 
measuring their aflatoxin adduct 
concentrations. As mentioned 
previously, only the activated carcinogen 
can form the adducts. 

But while molecular epidemiologists are 
confident that the biomarkers they are 
studying provide accurate indicators of  ex- 
posures t o  environmental carcinogens, even 
they have t o  concede that they there is a key 
step still to  come: proving that the markers 
will actually predict individual cancer risks. 
"I'd like t o  tell you that we know that," 
Albertini says, "but the relationship to  health 
is dangling and this has to  be nailed down." 

Still, there is some rationale for the "cau- 
tious optimism" Perera described in discuss- 
ing these markers. "What's been really in- 
triguing," she notes, "is that we all see a 
large inter-individual variability." Even the 
control groups, who were not supposed to 
have any unusual carcinogen exposures, have 
their "outliers"-people with much higher 
biomarker concentrations than others. The 
individual variability suggests that the 
biomarkers can be used to find the people 
who are most sensitive to  carcinogen action 
and therefore most likely t o  get cancer. 

The next step is to  d o  the prospective 
studies needed t o  find out whether that is 
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of developing chemoprevention treatments that might prevent 
polyp development in those who are affected (also see page 
613) .  
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indeed the case. And just about all of the 
molecular epidemiologists are either plan- 
ning, o r  have begun, such studies. Groopman 
and his colleagues will, for example, examine 
the link between aflatoxin adduct concentra- 
tions and liver cancer, and Albertini plans t o  
use his HPRT method in a study of the 

e general idea 

is t o  preserve frozen blood or  urine samples, 
and then, as people come down with cancer 
over the years, compare their biomarker con- 
centrations with those of healthy, matched 
controls. Albertini would like t o  see a central 
repository set up for such samples, and he 
says that the appropriate hnding  agencies 
have expressed interest in the ide; 

And Perera sees another reason for opti- 
mism as well. "What's really struck me," she 
says, "is the feeling of  sharing and coopera- 
tion ir There's a lot of  collabora- 
tion." any luck, that cooperation 
may h :hers take their biomarkers 
into the next era, where they can be used t o  
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