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Finsering
Carcinogens with
Genetic Evidence

MARGIE PATLAK

ecent studies suggest that some cancer-causing agents

leave distinctive genetic fingerprints in the tumors they

trigger. Exposure to a mold toxin, for example, causes a

highly specific pattern of mutations in liver tumors. These

studies are inspiring researchers to use the fingerprints
to pinpoint environmental causes of cancers, rule out

some suspected cancer agents, and discover causes for cancers that

were missed in traditional epidemiology studies that tried to link

exposure to certain chemicals with the risk of developing cancer'

Regulators such as EPA are eyeing this new avenue of re-

r"ut.h *ith enthusiasm because of its potential usefulness in hu-

man risk assessment. "We're customers ready to receive these kinds

of results," said Jeanette Wiltse, chair of the technical panel that

wrote EPA's new cancer risk assessment guidelines. She pointed

out that human studies aimed at linking an increase in cancer in

a specific population to exposure to certain environmental con-

taminants often have findings that can be interpreted in several

different ways. "If there's the potential for three things to cause a

positive result in a study and we have this kind of information to

tell us which one it is, then we'll do a much better job at pin-

pointing what the problem is," she said.
EPAs new cancer risk assessment guidelines speciff that its reg-

ulatory decisions be based more on findings such as genetic fin-

gerprints that suggest a carcinogen's mechanism of action and on

i broad range of evidence, including genetic data, than on whether

a compound causes tumors in animals.

The genetic code and Gancer
Adva-nces in genetic fingerprinting build on the understanding of

the genetic root of cancer that has emerged in recent decades' Bur-

ied in the nucleus of cells are strands of DNA made of bases-

adenine, thymine, guanine, and cytosine-in a particular order that

spells out the instructions for the production of thousands of pro-

teins. Each triplet ofbases, or codon, along the DNA strand codes

for an amino acid or for a signal to start or stop building amino

acid chains, which comprise proteins. If genetic damage changes

base order through additions, substitutions, or deletions, the cell

may produce either a faulty protein or the right protein in the wrong

amounts-mistakes that can result in cancer.
Cancer is thought to result from the sequential or simulta-

neous genetic damage to several genes, such as ras and p53, which

carcinogens.

Predictable

mutation

environmental

patterns in DNA

give researchers

another tool to

identify
potential

1 9O A I  VOL. 31, NO.4. 1997 /  ENVIRONMENTAL SCIENCE & TECHNOLOGY /  NEWS OO'13-936X/97/0931-1904$14 00/O @ 1997 American Chemical  Societv



govern cell $owth, death, and maturation. Known as
the guardian of a cell's genes, p53 prevents cells from
dividing if any of their DNA has been significantly
damaged. If the DNA can't be repaired, p53 triggers
cells to commit suicide. Because of this beneficial role,
p53 is known as a tumor suppressor. When p53 is
damaged, however, this Dr. Jekyll can turn into a Mr.
Hyde and foster the growth of cancers not only by
not preventing DNA-damaged cells from dividing, but
also by fostering the production of proteins that en-
courage the growth of tumors. This double-edged
sword may explain why p53 mutations are found in
more than half of all cancers (1).

Although many people inherit genes that make
them susceptible to developing cancer, mutations in
tumor-causing or tumor-suppressing genes are rarely
inherited from parents. (Some studies, in fact, have
suggested that seriously flawed genes inherited from
parents probably explain no more than 5% of all can-
cers in the United States.) Mutations usually are trig-
gered by external environmental agents, such as cig-
arefte smoke or radon. Compounds the bodyproduces
internally while breaking down food or carrying out
other vital tasks can also generate cancer-causing mu-
tations. Mutations can also arise if a cell miscopies its
own DNA and doesnt use its repair mechanisms to fix
the errors before dividing.

The pattern of some of these mutations is incrim-
inating. In 1991, Douglas Brash of Yale University and
his colleagues showed that ultraviolet radiation causes
adjacent cltosine bases in the p53 gene to be re-
placed with thymines. The researchers have found
such mutations in nearly all of one type of nonmel-
anoma skin cancers they studied and in 50% of the
other type. About the same time, Curtis Harris of the
National Cancer Institute and his colleagues found
that high levels of exposure to aflatoxin-a mold toxin
that contaminates grains in economical ly de-
pressed countries-were linked to mutations in the
third base of a specific codon of p53, called 249, in
most of the liver cancers they examined.

In 1994, Monica Hollstein and colleagues at the Ger-
man Cancer Research Center found that all the tu-
mors of a rare type of cancer, called angiosarcoma, that
were removed from plastics factory workers exposed
to high levels of vinyl chloride had numerous ad-
enines scattered throughout p53 that were replaced with
thymines. Three years ago, when JackThylor of the Na-
tional Instirute of Environmental Health Sciences ex-
amined the lung cancer pattems of uranium miners ex-
posed to high levels of radon, he found that one-third
of them had mutations in the second base of the 249
codon of p53, whereas most lung cancers isolated from
cigarette smokers not exposed to high levels of radon
usually lack this specific mutation but have other dis-
tinctive patterns of mutations (1, 2).

Mutations in the gene known as p53 (depicted in purple) can lead to a variety
of cancers. By studying groups ol people to find particular patterns of anom-
alies along specific portions of this gene, scientists can sometimes deter'
mine whether an environmental contaminant triggered the mutations. (Model
was produced by Tom Darden and Bill Beard, National lnstitute of Environ-
mental Health Sciences, using data from the Erookhaven Protein Data Bankl

The mutation spectra can also indicate which
compound in a mixture suspected of being carcino-
genic is the most likely cancer-causing agent. There
are several carcinogens in cigarette smoke, for ex-
ample, including 4-aminobiphenyl and oxygen rad-
icals. The former was thought to be the cause of blad-
der cancers in people who smoke cigarettes, because
studies had shown it bound to the DNA of human
bladder cells. A 1993 study done by Peter Iones of the
University of Southern California, however, found that
the ty?es of mutations seen in the bladder tumors
of smokers are more typical of what is induced by
oxygen radicals, not 4-aminobiphenyl. These find-
ings suggest that oxygen radicals are the most likely
trigger of bladder cancer in people who smoke (3).

Researchers analyzing the mutations seen in acute
myeloid leukemia are detecting likely environmen-
tal causes of the cancer that standard epidemiol-
ogy studies have missed. These studies found an only
marginally increased risk of the disease in people with
occupational exposures to certain chemicals, includ-
ing gasoline and compounds used to manufacture
paper, furniture, textiles, or paint. But Taylor found
that in people with a specific rdr mutation, the risk
of developing the leukemia was strongly tied to expo-
sure to these chemicals. He suggested that such expo-
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Pinpointing the environmental triggers that cause bleast tis-
sue to become cancercus (cells abovel has been diflicult. Be-
cause pftlmutations in breast cancer vary geographically, sci-
entists hope these differences might identify carcinogens in
specilic regions. (Coudesy National Gancer Institutel

sures were not implicated in previous studies be-
cause myeloid leukemia consists of several subtypes,
each probably caused by a different agent. Exposure
to no specific agent, consequently, could be shown to
boost the risk of developing all types of the leukemia.
Genetic fingerprinting allowed him to pinpoint a sub-
gpe of myeloid leukemia that was linked to exposure
to chemicals used in certain occupations (4).

Soning out breast cancel sources
Investigators are using telltale mutations to help make
sense of the perplexing findings on breast cancer that
have accumulated over the past decade. A small pro-
portion of women may inherit genes that make them
particularly susceptible to breast cancer. Others have
a hormonal predisposition for developing the ma-
lignancy. But most researchers believe environmen-
tal triggers are key to the majority of cases. Several
findings support this assumption, including the find-
ing that women who migrate to new regions of the
world adopt the breast cancer risk ofthose nations
and not that of their country of origin.

But several studies aimed at discovering environ-
mental causes of breast cancer have produced in-
consistent or inconclusive findings. The inconsis-
tencies might stem from the improbability that an
environmental exposure implicated in a study done
in one region of the world would be confirmed by
similar studies done in other regions of the world
where different environmental triggers of breast can-
cers may be more common.

In support of this hypothesis, Steve Sommer and
Iohn Kovach of the City of Hope National Medical Cen-
ter in Duarte, Calif., found that the p53 mutation pat-
tems in breast cancers of women from various parts
of the world differed dramaticallv. However. this wasnt
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true for the lung cancer p53 mutation pattems, which
were the same for most smokers----even those living in
different parts of the world. Excluding breast cancer,
no other cancers have been shown to have such a wide
repertoire of p53 mutation patterns (O.

"Our findings suggest that the environmental con-
tribution to breast cancer may be more complex than
most, if not all, cancers," said Sommer. To find the
offending agents in breast cancer, he suggested us-
ing animal models to screen likely environmental car-
cinogens within a specific region to see if they cause
t}re same pattern of p53 mutations seen in the breast
cancers of women in that region. A match would of-
fer some evidence that the specific compound was
a cause ofbreast cancer in the region, although ad-
ditional epidemiology studies would have to be done
to veriff this deduction. "This approach gives you
clues as to what mutagens in the environment are
important in causing the cancer," Sommer said.

But many scientists question the validity of using
solely mutation pattems to incriminate environmen-
tal compounds as triggers of cancer. Although in a few
cases the mutational fingerprint is unique to a spe-
cific agent, in other cases the mutation pattems for dif-
ferent chemicals overlap. Both oxygen radicals and ul-
traviolet light can cause adjacent cytosine bases in the
p53 gene to be preempted by thymines, for example.
As more research is done, more overlap may be found.

"l doubt that there will ever be a unique finger-
print mutation associated with a particular carcino-
gen that can't be caused by another one," said Thylor.
He added that such overlap doesn't negate the use-
fulness of genetic fingerprints to "help us identify
which compounds are likely to be cancer-causing
agents and raise our level of suspicion that certain
exposures are truly causes of a cancer, but I don't think
anybody is willing to take a legal stand about this."

Most researchers concurred that mutation pat-
tern findings can add to the weight of evidence that
a particular compound causes a particular cancer,
but the findings can't stand on their own. "ln any one
tumor, the mutation seen is unlikely to be distinc-
tive. After all, for a given base, there are only five ways
it can go wrong: change to one ofthe other three, de-
letion, or duplication," says Brash. "Thus, it would
seem that the only conclusions that would hold up
in court would be those involving many individu-
als, as in a class action suit."

These limitations dont seem to be dampening the
enthusiasm of many researchers. "The results that are
emerging from this area of research are going to be
highly relevant to regulation," said Sommer. "We have
these powerful tools, the paradigm has been worked
out, and now it's up to labs to apply it." AddedWiltse,
"The only thing that hampers the usefulness of mu-
tation patterns research is that not enough people
are doing it yet."
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