FISHing Cuts the Angst
in Amniocentesis

A new technique produces results in days instead of weeks;
soon, amniocentesis itself may be superseded

ONE OF THE MOST WRENCHING TIMES A
couple can face is the week—or two or
three—that they must wait for the results of
amniocentesis, which will tell them whether
the baby they are expecting will have a
serious birth defect such as Down’s syn-
drome. Now a research team at Integrated
Genetics, a biotechnology company in
Framingham, Massachusetts, has come up
with a new technique that can slash the
waiting time from 3 weeks to less than 2
days. And two other groups are working on
an alternative that may eventually make both
amniocentesis and chorionic villus sampling
(CVS), another prenatal test, obsolete.

Most of the delay in amniocentesis comes
from the time it takes to grow the fetal cells
in culture so that a sufficient number of
them will be in metaphase—the time during
the cell cycle when the chromosomes can be
distinguished from one another visually. In
the standard approach, cytogeneticists then
examine the distinctive bands on each chro-
mosome to look for the telltale signs of
chromosome breakage, duplication, or loss.

Integrated Genetics’ new approach, de-
scribed last week at the International Con-
gress of Human Genetics in Washington,
D.C., by geneticist Katherine Klinger, ana-
lyzes the nuclear DNA directly when the
cells are in another phase, interphase, and
the chromosomes look “like a big bowl of
spaghetti.” To do so, Klinger’s group devel-
oped sets of DNA probes that home in on
regions of five chromosomes—21, 18, 13,
X, and Y—which together account for 90%
to 95% of all birth defects related to chro-
mosomal abnormalities. The probes are then
tagged with fluorescent dyes that glow dif-
ferent colors when examined under ultra-
violet light. In a normal cell, for instance,
they would expect to see that two brightly
colored dots, indicating two copies of chro-
mosome 21, are present. If they see three,
the fetus has Down’s syndrome.

In a double-blind clinical trial, the Inte-
grated Genetics group analyzed 500 fetal
samples and compared their results with those
obtained from standard cytogenetic analysis.
Their method, called FISH (fluorescent iri
situ hybridization), correctly identified all 21
abnormalities in the samples, without any
false positives or negatives, reported Klinger.
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Klinger views the test as “an enhance-
ment to, not a replacement for” the stan-
dard methods of chromosome analysis. In
fact, Integrated Genetics won’t offer the
test unless the couple agrees to have the full
analysis done as well. “This gives the couple
the best of both worlds—rapid determina-
tion of the major defects, followed up by
complete karyotyping [analysis] to ensure
that the less common chromosome disor-
ders are also detected,” Klinger says.

The next step is to develop probe sets that
will reveal the rarer abnormalities, such as the
tiny chromosome deletions involved in
Prader-Willi syndrome, that are difficult to
detect with existing techniques. But the ulti-
mate power of this approach, Klinger says,
will be in its application in noninvasive alter-
natives to both amniocentesis and CVS.
Klinger is in a good position to know, as she
is collaborating with two of the groups work-
ing on such techniques, one led by Diana
Bianchi of Children’s Hospital in Boston,
and the other by Stephen Wachtel and
Sherman Elias of the University of Tennes-
see, Memphis. Both groups described their
progress in Washington.

A major problem with both amniocente-
sis and CVS—aside from the waiting time—
is the risk of miscarriage, estimated at 1% to
2% for CVS and at 0.5% for amniocentesis.
Both the Boston and Memphis groups now
have evidence that it may be possible to

Paint Kit for Cancer Diagnosis

Biophysicists Joe Gray and Dan Pinkel have spent much of the past decade perfecting a
way to “paint” entire chromosomes so that abnormalities associated with cancer stand
out. Last week, at a press conference on the opening day of the International Congress
of Human Genetics in Washington, D.C, they unveiled the fruits of their labor: a
chromosome painting kit that will be marketed for research use later this month by
Imagenetics, an Illinois-based medical diagnostics company. Imagenetics has dubbed the
technology Whole Chromosome Paints.

Gray and Pinkel, both of whom moved to the University of California at San Francisco
in July, developed their painting technique while at the Lawrence Livermore National
Laboratory. It is based on fluorescent in situ hybridization (see story), in which
fluorescently labeled probes are used to stain, or paint, entire chromosomes. The “paints™
consist of anywhere from 10,000 to 100,000 fragments of DNA for each of the 24
chromosomes. When these fragments are tagged with a fluorescent dye and hybridized
to the chromosome, the entire chromosome lights up, making any abnormalities readily
apparent to even an untrained eye. If, for example, a piece of chromosome 9 has been
exchanged with a portion of chromosome 22, as often happens in chronic myelogenous
leukemia, the abnormality would be clearly visible as, say, a stretch of green in a red
chromosome, and vice versa. To David Galas, director of health and environmental
research at the Department of Energy, which supported some of this work, the biggest
appeal of this approach is its potential for automation, which is “almost impossible™ in
conventional chromosome analysis.

In research supported by Imagenetics,
chromosome paints are now being tested
in several laboratories. At the Mayo Clinic,
for instance, Robert Jenkins is using them
to analyze cells for the presence of three
copies of chromosome 8, a common ab-
normality in leukemia. At Livermore, two
groups are using them to look for chro-
mosome damage resulting from exposure
to chemicals and radiation. And in the
future, says Gray, this technique will be
extended to scan for more subtle abnor-
malities in specific oncogenes or tumor
suppressor genes that may underlie the
development of cancer. Indeed, such work
is already getting under way. = L.R.

Paints. The new kit reveals that chromo-
some 12 (green) and chromosome 7 (red)
have exchanged pieces.
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sidestep that risk entirely by obtaining fetal
cells from the mother’s blood.

The first step was to confirm that fetal cells
are actually present in the mother’s blood—
though in exceedingly low amounts—as sev-
eral groups had suggested. The researchers
did that by using polymerase chain reaction
(PCR) techniques to detect and amplify a
specific sequence of DNA from the Y chro-
mosome, which presumably would come
only from a male fetus. They were able to
predict the sex of the child with 65% accu-
racy—“not an exciting number,” as Wachtel
concedes, but enough to convince them
that fetal cells were indeed there.

Their goal was to find a way to enrich the
concentration of those cells to get enough for
prenatal diagnosis. For that the two groups
used a flow cytometer, an instrument that
uses laser light to separate cells according to
different characteristics—in this case, on the
basis of cell size, granularity, and the presence
of two cell surface markers characteristic of
fetal cells. The researchers then performed
the same PCR analysis to see how well the
enrichment worked: This time they were able
to predict sex with 94% accuracy. Flow
cytometry clearly works, says Wachtel, en-
riching the concentration of fetal cells from
an estimated 1 in 20 million maternal cells to
about 1 in 100.

Both groups then sent off their sorted fetal
cells, fixed on glass slides, to Klinger to see
whether they could actually be used for pre-
natal diagnosis with the new FISH tech-
nique. One slide from Wachtel and Elias’
group contained cells from a woman who
they knew, from CVS, was carrying a fetus
with Klinefelter syndrome, a rare disorder in
which males have two copies of the X chro-
mosome. “When Kathy called and said we see
an XXY male, we started to get excited,”
Wachtel recalls. Integrated Genetics also ac-
curately detected a fetus with Down’s syn-
drome from both groups.

But the “big splash,” as Wachtel calls it,
came when Wachtel’s group sent a sorted
sample from a 42-year-old woman who had
not had CVS or amniocentesis. Integrated
Genetics found the fetus carried three cop-
ies of chromosome 18, a syndrome that
leads to severe mental retardation. That was
the first time a prenatal disorder was actually
diagnosed, rather than just confirmed,
through this new approach, Wachtel says.
He cautions, however, that “this is the first
shot. It is certainly not ready for routine use
yet.” Indeed, his group has analyzed samples
from just 41 women—far too few to deter-
mine either the specificity or sensitivity of
the procedure. Klinger expects clinical trials
to be under way within 2 years. “That is
clearly where all of us would like prenatal
diagnosis to go.” m LESLIE ROBERTS
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Brave New (RNA) World

Cambridge—The earliest days of life, many researchers now say, may have been played
out in an “RNA world,” in which one large molecule, RNA, carried out all the
processes of life. But as acceptance of that idea spreads, its proponents are facing a new
problem: How did the RNA world give way to the more complex biochemistry of life
as we know it? That conundrum emerged as a key theme of Biological Functions of
RNA, a symposium sponsored last week by the Whitehead Institute for Biomedical
Research that was chock full of provocative notions.

The starting point for these notions—the theory of an RNA world—grew out of
researchers’ frustration at the seemingly neat division of labor in the realm of biomolecules.
Protein enzymes do the heavy lifting, catalyzing the chemical reactions needed to sustain
and reproduce life. DNA and RNA have it easier, serving mainly as a medium for the
genetic information that guides all that heavy lifting. Life requires both functions, which
seemed to imply that molecules filling both roles must somehow—defying all probabil-
ity—have appeared at the same time in early evolution. But how?

That puzzle seemed on the way to being solved several years ago, when researchers
found that RNA can play both roles: Besides storing genetic information, it can act as
an enzyme. With that discovery, RNA began looking like a good candidate for being
the primordial living molecule. But how would a swarm of specialized RNA enzymes
have given way to a breed of proteins subsuming RNA’s biochemical functions? At the
Whitehead symposium, researchers presented startling evidence that RNA enzymes
might well have fostered the transition by filling key niches in the world of proteins.

Molecular geneticist Alan Lambowitz of Ohio State University argued, for example,
that one particular molecule that is a linchpin in the process of making new proteins
may have evolved from an RNA enzyme. The evidence comes from a comparison
between a present-day RNA enzyme found in the yeast Neurospora crassa and transfer
RNA (tRNA), the linchpin molecule in question. tRNA is a shuttle that carries amino
acids—the building blocks of proteins—to protein factories called ribosomes. By
chance, Lambowitz and his colleagues found that a protein that binds to present-day
tRNA molecules and attaches amino acids to them can also bind to part of the
Neurospora RNA.

Lambowitz’ interpretation of the result: Both RNA molecules must have the same
*hree-dimensional shape, even though their sequences are very different. And that
suggests to Lambowitz that some precursor of the RNA enzyme evolved into tRNA, and
was thus recruited for protein synthesis.

Thomas Cech of the University of Colorado, a codiscoverer of catalytic RNA, raised
the possibility of an even more active role for RNA enzymes in the primordial protein
world: in the very synthesis of proteins. Doing so would require RNA to catalyze the
formation of the specific bonds, called peptide bonds, that join amino acids in a
protein. That, in turn, would imply that RNA could interact chemically with the
carbon atoms in amino acids. But so far RNA’s ability to make and break bonds has
seemed to be confined to the bonds joining phosphorus and oxygen in RNA itself.

Now work by Joe Piccirrilli in Cech’s laboratory has shown that an RNA enzyme can
break a bond between an amino acid and a nucleic acid, which requires an interaction
between the RNA enzyme and the carbon in the amino acid. And if RNA can break such
bonds, says Cech, maybe it can make them as well, which would open the possibility of
RNA-catalyzed protein synthesis at some point in evolution.

Indeed, RNA-driven protein synthesis may be going on even now, in some present-
day ribosomes, according to biochemist Harry Noller of the University of California,
Santa Cruz. Within the complex of proteins and RNA that makes up a ribosome, it has
been generally assumed that the protein enzymes actually do the catalytic work of
forming bonds between amino acids, while the RNA serves as a structural rack for those
proteins. But Noller’s results suggest the ribosomal RNA may turn out to have the
glamour role after all. Remarkably, Noller found that even when he teased away almost
all of the protein from the ribosome of a bacterium, the ribosome was still highly
effective at assembling amino acids. Noller stresses that he won’t know for sure that
RNA, and not protein, is actually catalyzing protein synthesis until he can demonstrate
that ribosomal RNA completely denuded of proteins is still capable of catalyzing the
reaction. But if he succeeds, Noller may have shown that, in one important respect, we
are living in an RNA world even today. ® MICHELLE HOFFMAN
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