CANCER RESEARCH

Possible Function Found for
Breast Cancer Genes

T wo of the most mysterious actors in cancer
genetics may finally be sharing their secrets.
These are the breast cancer susceptibility
genes known as BRCAI and BRCA2. Since
their discoveries in 1994 and 1995, research-
ers have confirmed that the genes are potent
agents of disease: Up to 80% of women who
inherit mutated forms of either one will de-
velop breast cancer in their lifetime, usually
at a relatively early age, and women with
BRCAI mutations have a high risk of devel-
oping ovarian cancer as well.

But researchers have been stymied in their
efforts to find out just what the proteins made
by these genes normally do—and why muta-
tions in the genes have such serious conse-
quences. One problem they have faced is that
the proteins don’t resemble anything in exist-
ing databases. “It’s been really fascinating, but
it’s been frustrating, too,” says Andrew Futreal
of Duke University School of Medicine, a co-
discoverer of both BRCA genes. Now, the
veil of mystery may have begun to lift.

In a paper that appears in the 24 April
issue of Nature, a team lead by Allan Bradley
of Baylor College of Medicine in Houston
and Paul Hasty of Lexicon Genetics Inc. in
The Woodlands, Texas, reports evidence in-
dicating that the protein made by BRCA2
plays a critical role in enabling cells to repair
their DNA when it is damaged. The group
finds, for example, that BRCA2 binds to a
known repair protein called RAD51. This
result dovetails with work, reported by David
Livingston of Harvard’s Dana-Farber Cancer
Institute and his colleagues just 3 months
ago, indicating that BRCA1 also associates
with RAD51—possibly putting both genes
in the same DNA-repair pathway. What's
more, the Texas team showed that embry-
onic mouse cells in which the murine version
of BRCAZ2 has been inactivated can’t recover
from radiation damage. “This makes the idea
that the BRCA genes are DN A-repair genes
more believable,” says cancer gene expert
Bert Vogelstein of Johns Hopkins Univer-
sity School of Medicine.

If indeed they are, the results may help
explain how BRCA mutations cause cancer.
And the proposed mechanism is different
from what most researchers expected, as
Vogelstein and his Johns Hopkins col-
league Kenneth Kinzler point out in a
News and Views article also in the 24 April
issue of Nature. The genes were originally
considered to be classical tumor suppres-
sors, which normally hold cell growth in
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check and which, if inactivated, can lead
directly to cancer. But the new work sug-
gests the mutations act indirectly, by dis-
rupting DNA repair and allowing cells to
accumulate mutations, including those that
foster cancer development.

The findings may also have therapeutic im-
plications for women with BRCA mutations,
who account for only few percent of total breast
cancers but constitute a large
number of patients, given that
there are about 180,000 new cases
of breast cancer every year in the
United States alone. “If mouse
cells depleted of BRCA2 are
more sensitive to ionizing radia-
tion than normal cells,” says
Vogelstein, “it’s a reasonable ex-
trapolation” that breast cancers
in which the gene has been in-
activated may be especially good
candidates for radiation therapy.
The DNA-repair link may not
be the full story of how BRCA
mutations lead to cancer, how-
ever, as other recent evidence—
some of it presented in a second
Nature paper this week—points
to additional functions for the
BRCA proteins in regulating
gene activity.

In the absence of structural
clues about BRCAZ2’s function,
Bradley and his team turned to a
strategy researchers often rely on
when they are trying to find out
what a newly discovered gene
does: making mouse strains in
which the murine gene has been
inactivated, or “knocked out,”
and studying the resulting defects
in the animals. When Bradley’s
group at Baylor tried this strategy
on BRCA2, however, they found
that all the embryos in which
both copies of the gene had been inactivated
died early in development. “They block
around day 6.5 of embryogenesis—about
when the gene comes on,” Bradley says. And
other work suggested that inactivating the
gene had an unexpected effect for a suspected
tumor suppressor—halting rather than in-
creasing cell division. Bradley’s team found
that when they tried to inactivate BRCAZ in
cultured mouse embryonic stem cells, the
cells simply wouldn’t proliferate.

The connection to RAD51, which came

Getting together. The yel-
low pattern (bottom) de-
notes overlap between
BRCAT1 (green) and
RADS51 (red) in this cell
nucleus.
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from the Lexicon group, provided a clue to
what might be happening. The company’s
main interest at the time was this DNA-repair
protein. To find out more about how RAD51
acts, Lexicon’s Hasty was using a method
known as the yeast two-hybrid screen to find
proteins that interact with it in the cell. The
screen consists of yeast cells engineered to ex-
press several cloned genes, one of which makes
aprotein—RADS51 in this case—that serves as
“bait” for pulling out any of the other gene
products it might interact with. In Lexicon’s
screen, the RADS51 bait fished out BRCA2. At
that point, recalls Arthur Sands of Lexicon,
they contemplated knocking out BRCA2
themselves, but on hearing of Bradley’s work,
joined forces with him instead.

BRCAZ2’s interaction with
RAD51 suggested that it
might be involved in DNA
repair, and the Texas team
went on to gather two addi-
tional lines of evidence in
support of that idea. They
found that the two genes
have almost identical expres-
sion patterns in the tissues
of the embryonic mouse—
what you would expect, Brad-
ley says, “if the interaction is
real.” And perhaps most con-
vincing, when the research-
ers exposed 3.5-day mouse
embryos to ionizing radia-
tion, they found that the ra-
diation had little effect on
embryos with either one or
two functional copies of
BRCA2—but it totally de-
stroyed the embryonic cell
mass of those in which both
copies had been inactivated.

To BRCALI researchers,
some of the new findings
have a familiar ring. Other
researchers had previously
found that knocking out
BRCALI also leads to death
early in embryogenesis. And
work reported in the 24 Janu-
ary issue of Cell by the Liv-
ingston team points to an in-
teraction between BRCAL1
and RADS51. They found, for example, that
the two proteins are located together in the
cell nucleus in both ordinary cells and in cells
undergoing meiosis, the specialized type of
division that gives rise to the germ cells. Con-
ceivably, then, mutations in either gene could
lead to cancer by allowing cells to accumulate
potentially dangerous mutations.

A breakdown in DNA repair could also
help explain the apparent antiproliferative
effect of knocking the BRCA genes out in
embryos. To keep damaged DNA from be-
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ing transmitted to daughter cells, mecha-
nisms called checkpoints either halt cell
division so that the damage can be repaired
before division occurs, or even kill the dam-
aged cells. If the DNA is not repaired be-
cause an essential protein is missing, the
cells might never pass the checkpoint, and
so either fail to divide or simply die.

That raises the question of how cells in the
adult organism can keep proliferating—and
form breast or ovarian tumors—when BRCAI
or BRCA2 is inactivated by mutation. One
possibility, Bradley suggests, is that the check-
point controls are much tighter in the embryo
than the adult. Livingston proposes another:
that checkpoint. genes, too, have to get
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knocked out before cancer can develop.
Causing defective DNA repair may not be
the only way in which BRCA mutations lead
to cancer, however. Both proteins are very
large—BRCAI contains 1863 amino acids
and BRCA2 has 3418—and they may well
have activities other than DNA repair. In the
second Nature paper, Tony Kouzarides of the
Wellcome/CRC Institute in Cambridge, UK.,
and his colleagues present evidence that
BRCAZ can activate gene transcription. They
found that when they linked a particular region
of BRCA2 to a known DNA binding se-
quence, it activated transcription of a so-called
reporter gene in yeast. What’s more, one
BRCAZ2 mutation found in families with inher-

ited breast cancer abolished the activity—an
indication that its loss might be involved in
development of the cancers. Other researchers
have made similar observations with BRCA1.
Still, the test systems used for all this work were
artificial, and the results need to be con-
firmed—say, by identification of genes that the
BRCA proteins activate normally.

But even though the understanding of
how BRCAI and BRCA2 lead to cancer is
tentative and incomplete, researchers feel
that after years of frustration, they are finally
making headway. Says Duke’s Futreal, “Hope-
fully, we are moving toward [finding] a role for
these things. It certainly looks like a trend.”

—Jean Marx

New Test Sizes Up Randomness

Finding a random sequence of numbers is as
easy as pi—or is it? Mathematicians often
depend on irrational numbers like T, e (the
base of natural logarithms), and V2 to give
them an unpredictable stream of digits. Buta
paper in last week’s Proceedings of the National
Academy of Sciences is upsetting the conven-
tional wisdom about randomness by showing
that some of these numbers are far more pre-
dictable than expected. The finding is an
early result of a new test of randomness that
is also raising concerns in other fields where
random-looking sequences crop up, such as
cryptography. Ultimately, though, the new
test could put those fields on firmer ground.

Randomness has been hard to quantify.
Any mathematician could tell you that
01101100 is more random than 01010101, but
none could tell you just how much more ran-
dom. Then, two researchers—Steve Pincus, a
free-lance mathematician based in Guilford,
Connecticut, and Burton Singer, a mathemati-
cian and demographer at Princeton Univer-
sity—created a method for measuring a se-
quence’s “entropy,” or disorder. “[Their meth-
od] is one of those tools that makes you say,
‘Hey, that’s a good one!” and you put it in your
tool kit,” says Max Woodbury, a mathemati-
cian at Duke University.

Pincus and Singer built on the observation
that all possible digits are represented about
equally in a perfectly random stream of num-
bers. For example, the binary sequences
01101100 and 01010101—each with four 1s
and four Os—pass this test. But the researchers
also noted that when the digits are taken two at
a time, a random sequence should have an
equal number of all possible pairs: 00, 01, 10,
and 11, in this case. The sequence 01010101
fails this test miserably; there are no 00s or 11s
at all. The same reasoning can be extended to
larger groups of digits, taking them three at a
time, four at a time, and so on. By comparing
groups of digits to the expected frequency of
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those groups, Pincus and Singer come up with
the “approximate entropy” (ApEn) of the se-
quence—a measure of its randomness.

Pincus and Rudolf Kalman, a mathemati-
cian at the Swiss Federal Institute of Tech-
nology in Zurich, have now applied this tool
to calculate the ApEn of various irrational
numbers. Some, like V3 and V2, are “alge-
braic” numbers: They are the solution to a
polynomial with a finite number of terms.
Others are “transcendental,” or nonalgebraic,
numbers like wand e. Because algebraic num-

ORDER OF RANDOMNESS

n = 3.14159265358979323846 . . .

bers are in a sense simpler than transcendental
numbers, Pincus—like most other mathema-
ticians—expected that when written out in
decimal form, they would be less random
than the transcendentals. He was wrong.

“rt is the most irregular,” says Pincus. “But I
was very surprised that e was not next in line.”
In fact, V2, an algebraic number, was more
random than the transcendental number e.
Mathematicians are still scratching their heads
over this. “It’s an interesting open question if
the transcendental and algebraic numbers are
mixed together” in order of randomness, says
Kenneth Wachter, a mathematical statistician
at the University of California, Berkeley.

Pincus and Singer think other researchers
should be taking note of this new tool, which

they have incorporated into a computer algo-
rithm. Cryptographers often try to make mes-
sages look like random sequences by adding a
sequence of binary digits that is nearly ran-
dom—preserving just enough order for the
message to be retrieved. Given enough data,
ApEn could tell the difference, distinguishing
encoded messages from random noise. “Theo-
retically, you can bust them all,” says Pincus.
Experiment designers could exploit ApEn
as well, says Singer. In scientific experiments
such as drug trials, researchers randomize the
test subjects to avoid bias. But randomizing
by coin toss or luck of the draw can occasion-
ally produce an orderly pattern—
with all the women assigned to the
control group and all the men to the
study group, to take an extreme ex-
ample. ApEn, however, gives re-
searchers an objective yardstick of
randomness, so they can decide
when the draw is too orderly and redo
it. “[ApEn] allows you to increase the
power of testing,” says Woodbury.
ApEn may also provide a quick
and easy way to screen data for ran-
domness. Geriatricians and endocri-
nologists at two veterans’ hospitals in
Virginia, for example, sent Pincus
the data from a hormone-sampling experi-
ment. “We looked at the degree of disorderli-
ness of the secretion of testosterone and lutein-
izinghormone in men,” says Thomas Mulligan,
a geriatrician at the Hunter Holmes McGuire
Veterans Affairs Medical Center in Rich-
mond. Thanks to ApEn, Mulligan and his
team found—and quantified—an effect of ag-
ing. “In older men, the disorderliness is mark-
edly greater than in younger men,” he says.
Pincus expects that his randomness test
will uncover many more puzzles. “If I can
bring nothing else to the party,” he says, “I
want to ask a different set of questions.”
—Charles Seife

Charles Seife is a writer in Riverdale, New York.
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