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Stem cell research raises more than one debate

By Stacey Singer
Palm Beach Post Staff Writer
Sunday, March 07, 2004

Denis Poroy/Special to The Palm Beach Post
(enlarge photo)

Graduate student Xu Wu checks mouse stem cells with 
a microscope at The Scripps Research Institute in 
LaJolla, Calif. Wu's work could have an impact on 
heart repair.

 

LA JOLLA, Calif. -- A pinkish liquid 
splashes inside a clear box as a 
graduate student named Xu Wu 
places it beneath a microscope.
 
Magnified 200 times, the fluid 
reveals its secrets: It contains gel-like 
stem cells from an unborn mouse — 
cells with the ability to become 
bones, veins, connective tissue, 
depending on the mix of growth 
factors and hormones that surround it. 
Unraveling just what makes those 
cells transform could offer hope for 
curing disease.
 
When Wu, a doctoral student at The 
Scripps Research Institute, dripped a 
new chemical he calls Cardiogenol C into a similar container last year, something 
astonishing happened. The cells began to pulse. After several days in the 
incubator, it appeared, the stem cells had converted to heart muscle. Had he found 
a new way to repair damaged hearts and avoid organ transplants?
 
"It's very amazing to see those cells beat spontaneously," Wu said, beaming. But 
he was careful. "I did not tell anyone until I repeated the experiment a few times."
 
The discovery of Cardiogenol represents the beginning of a scientific quest that 
will take years of study. Along the way, Wu's research will pass through 
increasingly controversial territory. The logical next step would be to test his 
compound on human stem cells. But with most of Scripps' budget coming from 
federal grant money, Scripps treads carefully in this area.
 

Scripps Research Institute
Access The Palm Beach Post's coverage of 
the biotech facility in Palm Beach County:
• Graphics, maps
• Aerials of proposed site
• Latest news, archive 

"We don't do a lot of stem cell 
research, and the ones we do use are 
all registered," said Doug Bingham, 
Scripps' general counsel.
 
President Bush restricted the use of 
stem cells in 2001. Since then, federal dollars can be used only on a limited 
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number of cultured cell lines, to prevent additional embryos from being destroyed 
in the name of science. Wu would like his colleagues to begin testing his 
compound on one of those lines, cultured at the University of Wisconsin-Madison. 
However, Wu's adviser at Scripps, Peter Schultz, said his laboratory shies away 
from such sensitive experiments.
 
Shift in drug discovery
 
Beyond the debate on stem cells, Wu's discovery also touches a lesser-known 
controversy. Its implications may prove equally profound.
 
It concerns a major shift in the way drugs have been discovered and made. Wu's 
way, and Scripps' way, represents a future that some scientists fear — one where 
robots quickly draw from vast libraries of man-made molecules, then test them, 
mixing and matching with the same sort of equipment that transformed the Detroit 
automotive industry.
 
Indeed, Scripps has relied on engineers from the auto industry to design its robots. 
Scripps' proprietary "high throughput" design looks like a car assembly plant with 
small, bright-yellow arms whizzing from side to side, mixing chemicals and 
dripping them into trays with up to 1,536 glass vials, where specially prepared 
cells or proteins lie in wait. The machines can then watch for signs of reaction — a 
change in fluorescence or charge, for example. Unlike scientists and their 
laboratory assistants, the robots can do thousands of experiments a day, seven days 
a week.
 
Scripps President Dr. Richard Lerner said similar equipment will be built in 
Florida, and he'll encourage Florida universities to make use of the technology. It 
was Lerner and a colleague who coined the term "combinatorial chemistry," the 
process of building the chemical libraries used by the machines, in a paper written 
for the journal Science in 1989. Their process resulted in a combinatorial 
biochemistry drug now on the market called Humira, which treats some 
autoimmune diseases such as rheumatoid arthritis.
 
"Everything that happened, our paper predicts," Lerner said.
 
Pharmaceutical companies embraced this new form of drug discovery in earnest in 
the 1990s.
 
Some scientists now fear that older, more traditional methods, such as specimen 
collection from the rain forest and the sea, will now become a quaint relic of 
another time, trampled by Wall Street's ardor for high throughput screening. In the 
past decade, they say, pharmaceutical companies have shifted their investments 
toward this synthetic form of drug discovery.
 
"We now have over 1 million drug-like compounds in our library," said Stephen 
Lederer, director of media relations for Pfizer Global Research and Development, 
who said Pfizer recently spent $600 million to upgrade its library. "But at the same 
time, we have other technologies working."
 
Critics: Humanity may lose
 
Critics complain that humanity may wind up the loser, as financial resources and 
brain power feed the machines.
 
They cite a 2002 study published in the Journal of Natural Products that found, 
two decades after "combinatorial chemistry technology" had been introduced, it 
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had not produced a single new compound that had won approval as a drug from 
the U.S. Food and Drug Administration.
 
The study was done by scientists at the National Cancer Institute. One of the 
authors, Kenneth Snader, now lives in Vero Beach.
 
"The only thing that's sad is when an industry does nothing but follow one fad," 
Snader said. "That's what has happened in many places, and it still happens."
 
So contentious is the debate that scientists cannot even agree on how to describe it: 
Those like Wu refer to their work as synthetic drug discovery. Those in the natural 
camp favor the terms rational vs. irrational, or empirical, drug research.
 
The naturalists say that billions of years of evolution have forged compounds that 
have unique abilities to act on living things. Drawing from the useful properties of 
plants, fungi, bacteria, insects, animals, sea creatures, they have purified vital 
compounds such as digitalis from the foxglove plant, aspirin from the willow tree, 
penicillin from mold cultures, steroids from animals. Such compounds might never 
develop if drug research is restricted to the synthetic libraries, Snader said.
 
"If you limit your screening to a handful — even a large handful — of enzymes 
and molecular targets, you will only get what you look for," Snader said.
 
Snader is the first to point out that it can take 10 to 15 years for the discovery of a 
new compound to lead to an approved commercial product, so the synthetic 
process is likely to produce some successes in the near future.
 
Scripps, Pfizer and many other drug manufacturers point out that they have several 
synthetically discovered drugs in the clinical-trial pipeline now.
 
Pfizer has three of them, Lederer said: torcetrapib, a cholesterol treatment; 
UK427857, an HIV compound, and CP690550, a medicine that may help prevent 
transplanted organs from being rejected.
 
"Yes, there was a period when these new technologies were introduced and did not 
produce much," Lederer said. "But we have gotten much better at using them."
 
At Scripps, professor Sheng Ding found a small molecule that causes muscle cells 
to go backward in the developmental cycle, toward stem cells. His compound, 
called reversine, might one day allow people to develop therapeutic stem cells 
from their own tissue. In another study, Sheng and Schultz found a synthetic 
compound, TWS119, that can direct stem cells to become neurons.
 
Scripps professor Steve Kay said Scripps' success with synthetic chemistry has not 
stopped the institute from working with natural compounds. The work on the 
chemotherapy drug Taxol, originally from a tree, is a good example.
 
"We really cover the whole spectrum," he said. "You need a balanced approach. 
You're not ever going to put all of your bets on one horse."
 
The key is speed
 
At the Harbor Branch Oceanographic Institution in Fort Pierce, scientists are 
betting that plants and animals from the sea will produce exciting compounds. One 
of their discoveries, Discodermolide, is in clinical trials on animals now, and 
Novartis may try to use it as an anti-cancer drug.
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That substance was found in the cells of a sponge, collected from deep within the 
waters of the Caribbean, said Shirley Pomponi, vice president and director of 
research for Harbor Branch.
 
"Nature offers much more interesting molecules than even our computers can 
come up with," Pomponi said.
 
A leading critic of the synthetic camp is Samuel Danishefsky, who leads the 
bioorganic chemistry laboratory at Memorial Sloan-Kettering Cancer Center.
 
During a Scripps-sponsored conference in Indian Wells, Calif., Danishefsky told 
Scripps chemists and biologists that their synthetic methods were a "fishing 
expedition" — important, but not nearly as reliable as starting from nature.
 
"Scripps is on the cutting edge of synthetic chemistry," Danishefsky said. He 
conceded that Scripps has had some notable discoveries, but said that on the 
whole, synthetic chemistry "has not been terribly successful. You make the 
compounds just because you can, and then you test them and hope to turn up 
things that quote-unquote 'work.' There's a lot of chance involved in what they're 
doing."
 
Wu says his methods involved much more than "chance." They go to the heart of 
why The Scripps Research Institute was the No. 1 recipient of grant money from 
the National Institutes of Health last year.
 
The key word is speed.
 
"In normal human development, a mysterious cocktail of hormones and growth 
factors causes cells to develop, and it is hard to mimic those processes outside the 
body," Wu said. "We are taking a shortcut. We are trying to identify synthetic 
molecules which can mimic those 'natural' processes."
 
Wu started by identifying chemicals associated with heart cells, and, with the help 
of Sheng, used high throughput screening to test 100,000 similar compounds.
 
The robot combines chemical solutions, then drips them into hundreds of test tubes 
containing reactive animal proteins or cells. If a sought-after reaction develops, the 
robot identifies the substance as a "hit."
 
Wu's screen identified 80 potentially useful molecules. Four proved to be most 
potent. Wu then tested them in gelatin-coated plates, laced with embryonic mouse 
cells. Then he waited.
 
After one week, about half the cells tested positive for proteins essential to heart 
muscle contraction.
 
Had he tested those chemicals himself, one at a time, the research would have used 
up the better part of his career.
 
"It would have taken 10 years or something without the robot," he said.
 
Instead, he spent two months developing plans for the robot, one month for the 
actual screening and another six months to reconfirm the "hits."
 
The compound Wu made started with a common building block chemical called 
pyrimidines, modified in several ways.
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Those chemicals are already found in cells in their natural form, said Snader. 
Modifying natural compounds may represent the most successful path for 
synthetic chemistry, he said.
 
"There are places for both of these fields. It just is important not to abandon 
natural products and whole animal screening," Snader said.
 
A long way to go
 
Scripps hopes to replicate successes like Wu's in Palm Beach County. Wu's 
discovery was published in January in the Journal of the American Chemical 
Society. Scripps has applied to patent his chemical, and Wu said a drug maker has 
optioned it for potential commercial development. Scripps officials declined to 
confirm that, citing proprietary reasons.
 
Wu may have discovered a technique to produce large amounts of heart cells, so 
that drug companies can easily test potential cardiac drugs for toxicity. Even more 
far-reaching, his molecule could be part of a therapy to help rescue and repair 
cardiac muscle deadened by heart attack. Heart cells do not readily regenerate, and 
stem cell treatments offer one of the few hopes for repairing damaged hearts.
 
If Cardiogenol becomes a commercial product, Scripps will receive royalties.
 
"This is only the first step, so there is a long way to go," Wu said.
 
Instead of working on human stem cells, Wu will next try to learn how and why 
Cardiogenol activates the mouse stem cells.
 
Xu suspects that the chemical acts on a protein in the stem cell's gel-like interior, 
the protoplasm. Once he finds the precise mechanism that makes Cardiogenol 
successful, he can trace the protein back to the genes that spell out instructions to 
make it, and thus learn more about the process of cell differentiation itself.
 
In about a year, Wu will finish his doctoral dissertation. Then, he will find himself 
on the job market. He can expect to have offers from many places — 
pharmaceutical companies, universities, government. But right now, he said he 
would seriously consider moving to Palm Beach County: "I want to stay in an 
institute setting. If I could come to Scripps Florida, I would like that."
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