A Decade Later, Genetic Map Yields Few New Cures
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· 		
Ten years after President Bill Clinton announced that the first draft of the human genome was complete, medicine has yet to see any large part of the promised benefits.
The Genome at 10
For biologists, the genome has yielded one insightful surprise after another. But the primary goal of the $3 billion Human Genome Project — to ferret out the genetic roots of common diseases like cancer and Alzheimer’s and then generate treatments — remains largely elusive. Indeed, after 10 years of effort, geneticists are almost back to square one in knowing where to look for the roots of common disease.
One sign of the genome’s limited use for medicine so far was a recent test of genetic predictions for heart disease. A medical team led by Nina P. Paynter of Brigham and Women’s Hospital in Boston collected 101 genetic variants that had been statistically linked to heart disease in various genome-scanning studies. But the variants turned out to have no value in forecasting disease among 19,000 women who had been followed for 12 years.
The old-fashioned method of taking a family history was a better guide, Dr. Paynter reported this February in The Journal of the American Medical Association.
In announcing on June 26, 2000, that the first draft of the human genome had been achieved, Mr. Clinton said it would “revolutionize the diagnosis, prevention and treatment of most, if not all, human diseases.”
At a news conference, Francis Collins, then the director of the genome agency at the National Institutes of Health, said that genetic diagnosis of diseases would be accomplished in 10 years and that treatments would start to roll out perhaps five years after that.
“Over the longer term, perhaps in another 15 or 20 years,” he added, “you will see a complete transformation in therapeutic medicine.”
The pharmaceutical industry has spent billions of dollars to reap genomic secrets and is starting to bring several genome-guided drugs to market. While drug companies continue to pour huge amounts of money into genome research, it has become clear that the genetics of most diseases are more complex than anticipated and that it will take many more years before new treatments may be able to transform medicine.
“Genomics is a way to do science, not medicine,” said Harold Varmus, president of the Memorial Sloan-Kettering Cancer Center in New York, who in July will become the director of the National Cancer Institute.
The last decade has brought a flood of discoveries of disease-causing mutations in the human genome. But with most diseases, the findings have explained only a small part of the risk of getting the disease. And many of the genetic variants linked to diseases, some scientists have begun to fear, could be statistical illusions.
The Human Genome Project was started in 1989 with the goal of sequencing, or identifying, all three billion chemical units in the human genetic instruction set, finding the genetic roots of disease and then developing treatments. With the sequence in hand, the next step was to identify the genetic variants that increase the risk for common diseases like cancer and diabetes.
It was far too expensive at that time to think of sequencing patients’ whole genomes. So the National Institutes of Health embraced the idea for a clever shortcut, that of looking just at sites on the genome where many people have a variant DNA unit. But that shortcut appears to have been less than successful.
The theory behind the shortcut was that since the major diseases are common, so too would be the genetic variants that caused them. Natural selection keeps the human genome free of variants that damage health before children are grown, the theory held, but fails against variants that strike later in life, allowing them to become quite common. In 2002 the National Institutes of Health started a $138 million project called the HapMap to catalog the common variants in European, East Asian and African genomes.
With the catalog in hand, the second stage was to see if any of the variants were more common in the patients with a given disease than in healthy people. These studies required large numbers of patients and cost several million dollars apiece. Nearly 400 of them had been completed by 2009. The upshot is that hundreds of common genetic variants have now been statistically linked with various diseases.
But with most diseases, the common variants have turned out to explain just a fraction of the genetic risk. It now seems more likely that each common disease is mostly caused by large numbers of rare variants, ones too rare to have been cataloged by the HapMap.
Defenders of the HapMap and genome-wide association studies say that the approach made sense because it is only now becoming cheap enough to look for rare variants, and that many common variants do have roles in diseases.
At this point, some 850 sites on the genome, most of them near genes, have been implicated in common diseases, said Eric S. Lander, director of the Broad Institute in Cambridge, Mass., and a leader of the HapMap project. “So I feel strongly that the hypothesis has been vindicated,” he said.
But most of the sites linked with diseases are not in genes — the stretches of DNA that tell the cell to make proteins — and have no known biological function, leading some geneticists to suspect that the associations are spurious.
Many of them may “stem from factors other than a true association with disease risk,” wrote Jon McClellan and Mary-Claire King, geneticists at the University of Washington, Seattle, in the April 16 issue of the journal Cell. The new switch among geneticists to seeing rare variants as the major cause of common disease is “a major paradigm shift in human genetics,” they wrote.
The only way to find rare genetic variations is to sequence a person’s whole genome, or at least all of its gene-coding regions. That approach is now becoming feasible because the cost of sequencing has plummeted, from about $500 million for the first human genome completed in 2003 to costs of $5,000 to $10,000 that are expected next year.
But while 10 years of the genome may have produced little for medicine, the story for basic science has been quite different. Research on the genome has transformed biology, producing a steady string of surprises. First was the discovery that the number of human genes is astonishingly small compared with those of lower animals like the laboratory roundworm and fruit fly. The barely visible roundworm needs 20,000 genes that make proteins, the working parts of cells, whereas humans, apparently so much higher on the evolutionary scale, seem to have only 21,000 protein-coding genes.
The slowly emerging explanation is that humans and other animals have much the same set of protein-coding genes, but the human set is regulated in a much more complicated way, through elaborate use of DNA’s companion molecule, RNA.
Little, if any, of this research could have been done without having the human genome sequence available. Every gene and control element can now be mapped to its correct site on the genome, enabling all the working parts of the system to be related to one another.
“Having a common scaffold on which one can put all the information has dramatically accelerated progress,” Dr. Lander said.
The genome sequence has also inspired many powerful new techniques for exploring its meaning. One is chip sequencing, which gives researchers access to the mysterious and essential chromatin, the complex protein machinery that both packages the DNA of the genome and controls access to it.
The data from the HapMap has also enabled population geneticists to reconstruct human population history since the dispersal from Africa some 50,000 years ago. They can pinpoint which genes bear the fingerprints of recent natural selection, which in turn reveals the particular challenges to which the populations on different continents have had to adapt.
As more people have their entire genomes decoded, the roots of genetic disease may eventually be understood, but at this point there is no guarantee that treatments will follow. If each common disease is caused by a host of rare genetic variants, it may not be susceptible to drugs.
“The only intellectually honest answer is that there’s no way to know,” Dr. Lander said. “One can prefer to be an optimist or a pessimist, but the best approach is to be an empiricist.”
LETTERS
The Genome Project: Patience Needed for a Payoff
Published: June 25, 2010
· 		To the Editor:
Two recent news articles and an editorial have noted that the Human Genome Project — completed 10 years ago — has not yet led to the revolutionary advances in health care forecast by a few of its leaders. The public should not be disappointed or surprised by the long time frame between discovery and utility.
Scientific discoveries have always been separated from their clinical contributions, not by 10 years, but usually by 25 or more. This has been true for every major improvement in health care: vaccinations, antibiotics, open heart surgery, cancer chemotherapy, and bone marrow and organ transplantation. It is slow and challenging to translate fundamental science into clinical benefit.
Scientists, and their leaders especially, must temper their incurable, even if understandable, optimism when speaking to the public. In turn, the public must believe that its moral and financial support of science will be rewarded in the fullness of time. The genome’s secrets will accrue to the benefit of sick as well as healthy people, but not overnight.
Leon E. Rosenberg Huntington F. Willard Princeton, N.J., June 22, 2010
Dr. Rosenberg is a professor of molecular biology at Princeton University. Dr. Willard is director of the Duke University Institute for Genome Sciences and Policy.
To the Editor:
“Awaiting the Genome Payoff” (“The Genome at 10” series, Business Day, June 15) shed important light on the potential for personalized medicine based on genomic research. But it is worth noting that many lives have already been saved by this groundbreaking work and its corresponding targeted therapies, many of which treat devastating forms of cancer.
A 2007 survey by McKinsey & Company found that almost all biopharmaceutical executives reported that they are incorporating genetic and molecular diagnostics and other biomarkers into their research and development programs, and that this trend would probably continue, bringing with it the promise of even more new targeted therapies for patients.
Ken Johnson Senior Vice President Pharmaceutical Research and Manufacturers of America Washington, June 17, 2010
To the Editor:
Recent articles about the rate of progress in developing cures for disease at the 10th anniversary of the initial draft of the human genome sequence may leave the impression that two of the flagship projects in academic medicine, the “war on cancer” and the Human Genome Project, have wasted taxpayers’ dollars, and that the level of progress has been underwhelming.
This thesis is misguided, and at a time of growing concern over government spending helps stiffen opposition to continued support of biomedical research.
To the contrary, the availability of the human genome sequence has provided a breathtaking array of new information and has helped biomedical scientists develop treatment strategies for numerous previously intractable diseases by improving our ability to diagnose disease and to identify risk factors.
It is helping scientists develop treatments for the growing number of older patients in a “graying America,” many of whom are likely to suffer from multiple chronic diseases. In the fight against cancer, “personalized medicine” matches treatment options to the genetic fingerprint of a patient’s tumor — using information that would not be available without the Human Genome Project.
While the scientific community may bear some blame for the perhaps excessive optimism that accompanied completion of the Human Genome Project, the importance of the accomplishment to the future of biomedical research cannot be overstated.
Suzanne Pfeffer Stanford, Calif., June 22, 2010
The writer, a professor of biochemistry at Stanford University School of Medicine, is president-elect of the American Society for Biochemistry and Molecular Biology.

A Decade Later, Genetic Map Yields Few New
Cures

B Y T —

e e ot e o o

o S o G gt s ot i s f o oo e
B e e o
o = e

».;}'ﬂ;.; A‘ﬁﬁ"ﬁiﬂ:“»jzz. Py i Wmﬁ"mh b

il i et i sty o bt i, . P s

ot e Ggri e s et o .

e ——

R S

Dl 5o 20t el S e ot

e rmscclindse e il ol o s et o i
] it 0 e, YA oot e o o o s
e syt 5 i ik iy e Bl e et o 10

S et e ot R Ttk ko a3 b e drc o o Nt

Thelas dcudasbronghts Bodofdcoris o s cing mttons b o
it ot s e g e i cal 3t o ok of e S
e




