
RESEARCH NEWS 

Building a Better Aspirin 
New aspirin-like compounds target a single enzyme to deliver pain relief without stomach and kidney 

damage. They may also slow the development of cancer and Alzheimer's disease 

A century-old wonder drug is about to get primarily makes hormones that help keep $ 
even better. Aspirin, first introduced in 1899, the stomach lining intact and the kidneys 2 
relieves pain and soothes aching joints and functioning properly. rn 

muscles. But this comfort comes at a cost: Aspi- Efforts to find COX-2 inhibitors heated up % 
rin and all the aspirin-like products, called non- in 1996 when several teams determined the 
steroidal anti-inflammatory drugs (NSAIDs), crystal structure of COX-2, information that 5 
can eat away the stomach lining, causing bleed- has helped guide drug design (Science, 20 Sep- 2 
ing or ulcers, and damage the kidneys. tember 1996, p. 1660). So far, chemists have X 

Because these drugs constitute a $14 bil- found or created about a dozen candidate drugs 2 
lion market, pharmaceutical companies have that block COX-2 alone; another compound $ 
long sought anti-inflammatory compounds that inhibits both enzymes but acts preferen- $ 
without these side effects. The problem with tially on COX-2 is already sold in Europe. All 1 
aspirin and its cousins, such as ibuprofen and Enzyme ~~m~~ Mering its chemistry makes thosedrugs workdifferently from aspirin in that 
acetaminophen, is that they aren't suffi- the new COX-2 inhibitor (right) more selective they bind temporarily toCOX-2, thereby block- 2 
ciently specific. Their beneficial effects come than aspirin (left). ing its ability to generate prostaglandin. But 
from their ability to block an enzyme, called once the drugs fall off, the enzyme becomes 
cyclooxygenase-2 (COX-2), that promotes as the demand for anti-inflammatory drugs ap- active again. Aspirin, in contrast, transfers an 
inflammation, pain, and fevers. Unfortu- pears ready to burgeon. Over the past decade, acetyl side group to the COX, permanently 
nately, the drugs are even more effective at epidemiological data have indicated that aspi- disabling it. "It's dead forever," says Prescott. 
inhibiting COX- 1, a related enzyme essen- rin and NSAIDs can protect against certain Thus prostaglandin production can resume only 
tial for the health of the stomach and kidney. cancers and Alzheimer's disease, and recent after the body produces more of these enzymes. 
So researchers have been hard at work laboratory results suggest that COX-2 inhibi- At Vanderbilt, Mamett and his colleagues 
coming up with compounds that selectively tion is a key factor in these effects (see sidebar). set out to make COX-2 blockers that would 
inhibit COX-2, and two may be in drugstores Preventing these diseases would require taking work in the same way as aspirin. To do this, 
within the next year. But a new wave of NSAIDs long-term-and selective COX-2 in- Amit Kalgutkar in Mamett's group built a mol- 
COX-2 inhibitors that could eventually be hibitors seem tailor-made for such use because ecule that retained aspirin's original acetyl side 
even more potent is also taking shape. they appear safer than traditional NSAIDs. group but also had a sulfur-containing g r o u p  

Unlike aspirin, which permanently inac- Their only apparent drawback is that, unlike a component of earlier COX-2 inhibitors that 
tivates the COX enzymes, the drugs in the aspirin, they can't lower the risk of cardiovascu- ose compounds specific for that 
first wave of inhibitors have enzyme. Getting the sulfur a: 
only temporary effects. But . .. : .j group right proved trouble- $ 

. .. on page 1268, biochemist . ,  . ~ .': some, however. After several 
Lawrence Marnett and his dead ends, Kalgutkar added a 2 
colleagues at Vanderbilt Uni- sulfur to a ringed molecule g 
versity School of Medicine and grafted the result to the 5 
in Nashville, Tennessee, re- acetyl group. When he tested 5 
port that they have devel- this molecule against COX 
oped compounds that chemi- enzymes in a test tube, he $ 
cally disarm COX-2-and COX-2 found that it preferentially in- 5 
only COX-2-instead of just .seizures activated COX-2, although 3 
blocking its activity, as the I not as efficiently as he and 2 
existing COX-2 inhibitors -m dieeasea 

3 
Marnett would have liked. 2 

do. So far, these first irre- Double action. NSAlDs prevent both COX enzymes from turning arachidonic acid Nevertheless, "it proved 2 
versible COX-2 inhibitors from the cell membrane into prostaglandin hormones; COX-2 inhibitors are choosier. to us that it could be done," 2 
are no more effective than Marnett recalls. The re- + 
the compounds now poised to enter the mar- lar disease, because that requires inhibiting the searchers ultimately created a more potent a: 
ket. But they may be the vanguard of "the clot-promoting effects of the COX-1 enzyme. COX-2 inhibitor by adding a tail to the 
next generation" of these wonder drugs, says The search for selective COX-2 inhibitors ring, consisting of seven carbons, two of 
Stephen Prescott, a molecular biologist at began in 1991, when researchers first learned them joined with a triple bond. After build- 
the University of Utah, Salt Lake City. of the two COX enzymes. Both enzymes help ing about 70 variations on this chemical 
"Eventually all those [NSAID] molecules on produce hormones called prostaglandins, al- theme, they found that the best compounds 
the market will become dinosaurs," predicts though COX-1 is present throughout the reduce COX-2 activity by as much as exist- 
Philip Portoghese, a medicinal chemist at body, while COX-2 is made only under cer- ing, reversible COX-2 inhibitors. 
the University of Minnesota, Minneapolis. tain conditions. But researchers found that "They've done quite a good job showing it 

The market for these compounds could be only the prostaglandins made by COX-2 lead works very well inhibiting COX-2," com- 
huge, because they are making their debut just to inflammation, pain, and fever. COX-1 ments Sir John Robert Vane, a pharmacolo- 
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Does Aspirin Ward Oif'&ncer and AlzheirnerBs? 
T h e  new "superaspirinsn that are now emerging from the lab (see free radicals, suspected of having a role in Alzheimer's braii 
main text) are likely to have a warm welcome when they reach the damage.~Othen,surmk that COX-2 is part ofa signaling pathway 
market. They appear rodfer most of the old benefits of aspitin and in nerve cells that-in contrast to the protein's effect on cancer 
its relatives-combating pain, fever, and inf lammat io~i thout  cells-somehow causes apoptosis. In that case, inhibiting the 
their stomach-ravaging side effects. And now it seems that both enzyme might spare nerve cells. 
groups of aspirin-like drugs may offer some b t i c  w w  berp$im Neuroscientist Nicolas Bazan and his colleagues at the Louisi- 
slowing the progression of cancer and Alzheimer's c b h a  ana State Univeaity Medical Center in New Orleans have evi- 

The first hints of these benefits came firm epithiolopical dence fbr that scenario. He found that nerve cell injury can turn 
studies, w h i  showed a 45% derease in deaths 6w.o c~lm  an- on the COX-2 gene, increasing the level of COX-2 protein and 
cer and a much reduced incidence of A l z h e i m e r ' s h  in people accelerating apaptosis. When Bazan chemically shut down the 
regularly taking aspirin or nonsteroidaI anti-inflammatory drugs COX-2 gene, reducing the amount of COX-2 in cells, "the 
(NSAIDs) for arthritis or other conditions (Sdence, 5 July 1996, p. amount of apoptais [was] less," he says. 
50). A clue to why NSAIW seem to inhibit cancer came hm U n d n t i e s  about the exaet roles of COX-2 in Alzheimer's 
biochemist Raymond DuBois and cancer sugeon R. M e 1  and cancer have not stopped researchers from exploring the prom- 
Beauchamp of Vanderbilt University inNashville, Tamessee* in ise of both traditional NSAIDs and the new COX-2 inhibitors in 
1994. They found high levels &COX-2, an enzyme inhibited by both conditions. At the American Health Foundation in Val- 
aspirin and its relatives, in about 90% of tkcolori cancer tumors halla, New York, for example, BQndaru Reddy and his colleagues 
they examined, a finding that several other studies have con- have shown that rats given celecoxib, a COX-2 inhibitor devel- 
firmed. Momanto &rp.'s Karen Seibert, a phamumlogist, re- oped by Monsanto, developed 90% fewer tumors after receiving a 
pons that the W X - 2  gene i s  also overactive in some squamous chemical carcinogen than control rats did. The tumors that did 
celI tumors, a slcin cancer, and there are sl&t hints that it plays a develop in the treated rats were also less virulent, Reddy and his 
role in breast cancer as wen. a colleagues reported in the February issue of C a w  Resemch. 

In 1996, DuBois and his cokgues found a b i b l e  role for Reddy's data "are incredibly s t r h g , "  says Ronald Lubet, a b i e  
COX-2 in cancer. When the d e r s  used genetically engi- chemist at the National Cancer Institute (NCI). 
neered celh that madegreater thannormal amounts of COX-2, the Last month, gastroenterologist Russell Jacoby and clinical re- 
cells bemme less mceptible to progd cell death, a apo- searcher Carolyn Cole at the University of Wisconsin, Madiin, 
ptosis, which normally removes mutated or damaged cells. "If you nportad other promising results at the annual meeting of the 
loot in wlon cancer h e ,  you find it's Mazing with (active] American h i a t i o n  for Cancer Research in New Orlearn. 
COX-2 gene and protein, and that it's lost programmed celldeath," Jacoby's group m k d  celecoxib with food given to mice bred to 
pharmacologist Philip Needleman of Monsanto points out. develop colon cancer spontaneously. After about 3 months, rhe 

Stephen Prescott of the University of Utah, Salt Lake City, mice had only me-third as many tumors as untreated mice, and 
thinks COX-2 might also cause trouble because it releases free those that did develop "were almost indiiinguishable" from nor- 
r a d i c a k u c h  as reactive oxygen ions-as ii Fedom its normal mal gut lining, he reports. 
function, generating the hormones called prostaglandins. Because Monsanto is now sponsoring human studies, including one, 
free radicals can cause mutations, they might increase the lilceli- done in conjunction with the NCI, that is assessing whether 
hood of the genetic changes that turn a cell cancerous. And celecoxib slows the development of precancerous growths called 
DuBois's team has unpublished data pointing to a third poSsib1e polyps in people genetically drsposed to getting colon cancer. "By 
rnedmism. COX-2, they found, promotes the production of next year at this time, we'll know," says Needleman. 
factors that encourage new blood vessels to grow into a tumor, The company is also planning to study whether selective 
giving it the nourtshment it needs to grow. COX-2 inhibitors can keep people with Alzheimer's from getting 

Why COX-2 inhibitors might protect people against Alz- worse, and other studies are planned to see whether the same is 
heimer's is less certain. Some researchers think that these drugs true for people who are suspected of having Alzheimer's but who 
simply protect nerve cells against inflammation associated with are not yet sick enough to be diagnosed. Again, many researchers 
amyloid plaques, the prcrtein deposits found in the brains ofpeople are opthhtic. "I'd be willing to bet the mortgage that COX-2 
with Alzheimer's. The dnrgs might also lower the production of [will be ~volved] in Alzheimer's d i , "  says Prescort. -EP. 

gist and Nobel laureate at the William 
Harvey Research Institute in London. Mar- 
nett, whose university has patented this class 
of COX-2 inhibitors, sees the compounds as 
just a "proof of concept." He hopes to team up 
with a pharmaceutical company to come up 
with an irreversible drug that binds more av- 
idly to COX-2, making it even more effective 
at knocking out the enzyme. 

Meanwhile, at least two companies, Mon- 
santo Corp. in St. Louis and Merck and Co., 
based in Whitehouse Station, New Jersey, 
are well on their way to getting their revers- 
ible COX-2 inhibitors to market. Recently, 

Monsanto finished a study comparing its 
drug, cel'ecoxib, with existing NSAIDs in 
12,000 people with arthritis. "It's fully as 
efficacious as the NSAIDs" without injuring 
the gut, says Philip Needleman, a pharma- 
cologist at Monsanto. Merck's product, vioxx, 
also did well against arthritis and pain in 
early trials, says Merck's Barry Gertz. 

But although the new COX-2 inhi- 
bitors seem safe, "the potential long-term 
adverse consequences are not known," 
warns John Breitner, an epidemiologist at 
the Johns Hopkins School of Public 
Health in Baltimore. He notes that be- 

cause the drugs seem so safe, people are 
likelv to use them at hieher doses for much ., 
longer than they would aspirin, with its 
known risks. The irreversible inhibitors 
raise an additional concern about how the 
body might react over the long haul to 
chemically modified COX-2. Nonethe- 
less, says neuroscientist Nicolas Bazan of 
the Louisiana State University Medical 
Center in New Orleans, the search for 
superaspirins "is a very exciting area of re- 
search, one that could benefit many areas 
of medicine." 

-Elizabeth Pennisi 
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