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With the human
genome mapped, a
new era in medicine
Is underway. Now,
fast and powerful
techniques are
transforming the
way drugs are
discovered and

Thirty years ago, all the insulin used to treat people
with diabetes was extracted from the pancreases
of cows and pigs. Unfortunately, ever-increasing
numbers of diabetics were taxing this limited sup-
ply, and some patients developed antibodies that
prevented the animal products from working prop-
erly. Then, starting in 1979, thanks to advances in
recombinant-DNA technology, scientists figured
out how to manufacture human insulin in bacteria
and yeast. Today there is essentially an unlimited
supply, making life easicr for millions of people
with diabetes.

As the revelution in biotechnology continues, an
array of new techniques is changing the way scien-

tists devise, develop and deliver
new treatments for a wide range
of diseases, from cancer to HIV.
Built on our ever-expanding
knowledge of the human ge-
nome (an essentially complete
map of its 20,000 to 25,000
genes was published in 2003),
these methods could ultimately
give rise to a golden age of drug
discovery. The day may even
come when individual patients
receive drugs that are custom-
ized specifically for them.
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'NEW SCIENCE |

Madern drug development can be un-
derstood as an elaborate series ol searches,
The first step is identifving the molecule a
drug could attach itsell to, which is called
the target. Effective drug lll-l.'l'iil.lil'n work
by Blocking or counteracting the effects of
the abermant molecules that cause disense.
Sometimes o drug works by attaching to
the aberrant molecules themselves. Other
timnes it attaches o molecules that can
contrel the aberrant molecules. In mod-
ern pharmaceutical research, an army of
sophisticated  techniques—including  hio-
informatic mimng, messenger-KNA ex-
pression profiling and climeal phenotyp-
ing—makes it possible to search the entine
genome af 4 cell culture, laboratory animal
o humaon population fiour Largets 1 i matter
of weeks or months. Scientists then use @
viriety of senetic methods to knock ont
these potential drug tarpets in oultored
cells and laborstory mmmals, and therelw
determune which of the tarpgets are im-
portant. Cwver the past 10 vears, dogens of
new drug tangets have been identificd and
validated this way.

NCE A POTENTIAL DRUG
tarpet has been chosen, the
next step is to find “hit com-
pounds” that are capable of
attaching to . Hit com-
pounds  (often called just
hits) are later refined into “lead com-
pounds” and eventually into drugs. “*Com-
hinatorial chemistry™ can now be used to
gynthesize millions of potential hits at
a time. Small chemical building  blocks
are combined in every possible variation
into larger molecules thar, together, form
i85y nthetic-chemical “library.” Libranes of
natural compounds can alsp be created
from the thousands of unigue molecules
found in |:-|.'.|:|I:.-.uu.| microorganisms, Lince
pegembled, the molecules in .‘-:n.llf||l.'1:ii
chemical libraries and namaal-product
libraries can be mmpidly screened for the
ability o atach w validated mrgets or
tov perturh the function of o validated tar-
get in a cell-culture system. These “high-
throughput screening” methods can proc-
ess thousands of potential hits in a day and
identify a promusing set of hit compounds

withan a few weeks,

e cancer drug Gleevee (imatinib)
was developed using just such an ap-
proach. The disease it targets s chronic
mvelogenons leukemaa (CML), the frst
malignancy known to be caused by o single
miutation, Dr, Brian Druker, then at the
Harvard-athiliated Dana-Farber Cancer In-
stitute, reasoned that if just one genete ab-
normality wis responsible for the malig-
nancy, then o successful drug might tarmet
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the product of that gene—an abnormal
enzyme He persuaded Dr. Nicholas Lydon
at Ciba-Geigy [now Novartis) to screen
thousands of compounds in the company’s
chemical libeary for substances with the
ability to bind the enzyme. The result was a
successful new drug for CML.

Sometimes scientists can bypass the
high-through put-sereening step by design-
ing new hit compounds based on the
known structure or functon of the tarpet
malecule—a process called ranonal drug
design. Norvir (ritomavir), a protease in-
hibitor for HIV, was the first successful
drug to be developed using modern nwth-
ods of analyvzing structure. The goal «
scientists was to block the protease en-
zymie, which HIV needs in order to com-
plete suvcessful replication. But their initial
drug candidate was only mildly effective. In
the old days, they would have randomly
added or subtracted groups of chemicals at
various parts of the molecule to see if they
could improve efficacy. Instead they took
1.Il'rillt'..'l! Itﬂilil'.'i"lliiﬂ' l.'liL"l.lln'& IJ1—
the protease at the site where
it binds to the drug. They tried
to analvee why the fit wasn't
perfect—and how they could
improve it [f there was a gap
at the binding site, they tried
to fill it in. If part of the drog
molecule wus getting i the
wity, they subtracted it Rather
than using the ald shotgun ap-
proach, they restructured the
malecule in an informed way.

Because testing dﬁj;{n‘ in humans is ex-
pensive, it is important to winnaw i a
series of hit compounds and find the one or
two camdidates that have the greatest effica-
oy, But side effects must be considered, too,
The blockbuster antihistamine Seldane had
to be pulled from the market because of o
rare side effeet known as long Q1 syndrome,
which leads to sudden, fmal cardi-
ac arrhythmias. The drog's manufoacturer,
Hoechst Marion Roussel, began searching
for an alternative drog and foond that Sel-
dane’s primary metabolite in the body per-
formed well as an antihistamine, but with-
out the side effect. [t markets the new drg
a8 Allegra. Many companies now sereen £x-
perimental drug compounds for the poten-
ial to cause long Q1. Virmally all com-
pounds that have this potential side effect
are simply abandoned, particularly iF the
dlisense the drug is designed to treat is not se-
rons. Thus model will hkely become morg
ROITAIEE,, WY “I'I :I'I’ILLL{'T.H ‘-K,'E'l‘.‘l.']l.lllu UL Coami-
pounds with setious side effects long hefore
the drugs ever make it to humon toads,

With some drogs, however, it may not
Ill:" '|"ll.|“i.‘|'i| |]l‘ [£8) i'[lrl'l[lll'”:"l.:- t‘llg!l'l{‘l'r ot lllf."

toxicities. [n those cuses the best approach
miry he to sereen patients who have adverse
reactions, with the poal of finding the
penctic varntions thot cause those side
effects. GlaxoSmithEline tried this for an
HIV drug called abacavir. A small group of
paticnts in trials had a severe hypersensitiv-
ity reaction to it. The company examined
the underlving genetics of patients with the
negative reactions to see if it could predict
who would have such a response, Unforto-
nately, though geneties playved some role, it
did not have a strong enough effect to pre-
dict everyone who would react poorly. The
principle, though, s solid.

The growing ticld of pharmacogenom-
ics is examining the genetic underpinnings
of disease in order to find new drogs and
tailor them to the individual patient. Last
vear scientists at DeCode Genetics in lce
land found a gene variant that nearly dou-
bles the risk of heart attack and stroke, ap-
parently by cansing overproduction: of a
molecule linked w0 inflammation  and
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|:1].'Il.1111.' FUPTLTe: Eadier, whale searching for
asthma treatments, H.‘!}'L‘I‘ bl tested a 151‘[13.:
against the same variant without success,
DeCopde licensed the compound and began
testing it in heart-attack patients with this
genetic sipnature, After four weeks on the
driag, the subjects showed 4 reduction in
certain markers associnted with  heart-
discase risk in these patients. The trial, re-
ported in May in The Journal of the Amen-
can Medical Assovianon, was too short for
the treatment to translate into a lower rate
of actual heart attacks, Nor was it possible
1o determine whether long-term toxicities
womld develap. But if further trials BHJHOrT
thie tindings, the medication could be one
of the first major drogs to emerge from o
genetic scan of a specific disease popula-
tion. Thanks to our rapidly growing knowl-
edge, that kind of mrgeted approach could
well become the new standard.

GOLAM |5 a professor of blological chemistry at
Harvard Medical School and aditer in chief of
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