
RNAi to eye
Acuity Pharmaceuticals filed
the first-ever Investigational
New Drug Application (IND)
with the FDA for an RNA
interference (RNAi) therapy
in August. A month later,
Sirna Therapeutics filed its
own RNAi IND. Both products
are potential treatments for
age-related macular degenera-
tion (AMD). 

The Acuity and Sirna candi-
dates are small interfering
RNAs, or siRNAs, that trigger
the RNAi process, a naturally
occurring mechanism within
cells for selectively silencing
and regulating genes.
Specifically, these siRNAs hin-
der the production of vascular
endothelial growth factor
(VEGF), which promotes the
overgrowth of blood vessels
that lead to vision loss in
AMD. Phase I studies began
in October for Acuity’s Cand5,
and pending review by the
FDA, Phase I studies should
begin before the end of 2004
for Sirna’s SIRNA-027.

In addition, Alnylam
Pharmaceuticals recently
announced an agreement with
Hybridon to exclusively
license Hybridon’s rights to
target VEGF for treating AMD
with RNAi. Hybridon has a
series of patents and patent
applications related to the
therapeutic use of RNAi, as
well as ones covering anti-
sense and other oligonu-
cleotides.

AMD is the leading cause
of adult blindness in the
United States and is expected
to affect more than 2 million
people by 2010. “Our aging
population heightens the
urgency of finding better

treatments for disabling condi-
tions like AMD,” says
Lawrence Yannuzzi, clinical
professor of ophthalmology at
Columbia University College
of Physicians and Surgeons,
and director of retinal services
and research at Manhattan
Eye, Ear, and Throat Hospital.

“Treatments based on har-
nessing RNAi to shut down
production of VEGF may offer
an important milestone for the
millions of individuals at risk
for vision loss from these
incurable conditions,” he adds.

The entry of RNAi thera-
peutics into the clinic signals a

new phase of development of
this much-hyped field.
Following behind the AMD
projects are at least two candi-
dates targeting hepatitis C in
development at Sirna and at
the Australian-based biotech-
nology company Benitec.

—ALLISON L.  BYRUM
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Double-binding inhibitor
When trying to keep a stable grip on an
unwieldy, flexible, and cavernous three-dimen-
sional surface, two hands are better than one.
D. K. Srivastava and colleagues at North
Dakota State University are putting this com-
monsense approach to use in designing better
small-molecule protein inhibitors.

Rather than relying only on a perfect molecu-
lar fit to an enzyme’s active site, Srivastava’s
team suggests a “two-prong” approach in which
a small molecule loops around from the binding
pocket to a surface-exposed residue 15 or so
angstroms away. By attaching at both points, the
researchers demonstrated in a recent study, the
molecular binding is less vulnerable to
rearrangements in the protein’s structure ( J.
Am. Chem. Soc. 2004, 126 (35), 10875–10883).

The scientists focused their efforts on human
carbonic anhydrase-II (hCA-II), a target of wide-
ranging drug discovery endeavors over the past
40 years. Starting with benzenesulfonamide, an
established hCA-II inhibitor, and a known crys-
tal structure of an hCA–benzenesulfonamide
analogue complex, they designed a compound
that bridges the space between the enzyme’s
active site and nearby surface histidine
residues. Cu2+, known for its preferential bind-
ing to histidine, was attached at one end of the
compound, separated from the benzenesulfon-
amide by a spacer group and a metal chelator.

The Cu2+ benzenesulfonamide compound
was stacked up against benzenesulfonamide
alone and against the bridging molecule minus
the Cu2+ in an inhibition assay measuring the
time course of the hCA-II-catalyzed hydrolysis
reaction. The Cu2+-containing compound
showed a 40-fold greater inhibitory potency
than its two competitors.

Srivastava and colleagues suggest that in

addition to increased inhibitory power, the two-
point binding approach can afford more-selec-
tive targeting. For instance, there are 14
different isozymes of hCA (e.g., hCA-II), most
with different distributions of surface histidine
residues that can be targeted by different bridg-
ing compounds. Several conventional sulfon-
amide inhibitors have been taken off the
market for serious side effects, the North
Dakota State scientists point out.

And, they add, there are many more exam-
ples of proteins targeted for conditions such as
cancers, neurological disorders, and diabetes
that have surface-exposed residues near their
active sites. The two-prong strategy might help
researchers focused on these projects get a bet-
ter grip.

—DAVID FILMORE

Better grasp. A benzenesulfonamide analogue attached to Cu2+

through a spacer molecule binds to both the zinc active site
of human carbonic anhydrase-II and a histidine residue about
15 Å away. (Adapted with permission from Banerjee, A. L.; 
et al. J. Am. Chem. Soc. 2004, 126 (35), 10875–10883.)



Airway alliance
GenData Research Corp. and
Battelle announced a collabo-
ration in August for the dis-
covery, development, and
commercialization of biomark-
ers for diagnostic and thera-
peutic applications in chronic
obstructive pulmonary dis-
ease (COPD).

The fifth-leading cause of
death in the world and the
fourth in the United States,
COPD is characterized by air-
flow limitations that are not
fully reversible. The disease is
usually associated with an
abnormal inflammatory

response of the lungs to nox-
ious particles or gases, and
smoking tobacco is known to
be a major risk factor.

The aim of the collaborative
study is to identify biomarkers
that predict COPD progres-
sion for diagnostic proce-
dures, to locate novel
molecular targets and path-
ways for therapeutic interven-
tion, and to discover clinical
indicators for use in drug
development.

Current COPD treatments
are targeted at relieving
symptoms, not the underly-
ing disease.

“This is a great opportunity
for us to leverage 20 years of
clinical experience and
genetic research to better
understand the pathways
involved in the onset and pro-
gression of this deadly dis-
ease,” says John Hoidal,
chairman of internal medicine
at the University of Utah and
co-investigator with Mark
Lepperty, chief scientific offi-
cer of GenData.

Battelle and GenData plan
to immediately combine
Battelle’s technology base in
inhalation toxicology, bioana-
lytical methodology, and

COPD modeling with Gen-
Data’s longitudinal clinical
treatment data to yield the
best-characterized COPD pop-
ulation. That population can
later be used to study the
mechanisms, progression, and
underlying genetic factors
associated with the disease.

Protein and metabolite
markers of current patients
diagnosed with COPD will be
compared with well-character-
ized and matched controls
from GenData’s biomedical
research repository, which
includes decades of medical
and genetic information from
population-based studies and
studies on multigenerational
families.

“This collaboration with
Battelle is a unique and valu-
able opportunity for GenData
and, ultimately, patients
affected with COPD,” says
Michael S. Paul, chief operat-
ing officer of GenData. “We
look forward to combining
forces and knowledge to
accelerate the quest for

answers about the underlying
causes of COPD.”

Both Battelle and GenData
view the collaboration as a
long-term relationship.

—ALLISON L.  BYRUM
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Smallpox progress
The FDA approved an IND for VaxGen’s
LC16m8 vaccine in September. This is the first
smallpox IND approved since President Bush
signed the Project Bioshield bill in July to
encourage private-sector development of bioter-
rorism countermeasures.

The IND clears the way for a 150-volunteer
Phase I/II trial to evaluate safety and immuno-
genicity. The trial will also compare response to
Dryvax, an unattenuated vaccinia virus vaccine
licensed for use in the United States.

Although Dryvax helped eradicate naturally
occurring smallpox by the late 1970s, variola
virus, which causes the disease, is a potential
bioterrorism threat—listed by the U.S. Centers
for Disease Control and Prevention as a
“Category A” bioterrorism agent, the highest
risk level. The U.S. government has indicated
its plans to spend $1.9 billion to purchase small-
pox vaccine stockpiles over the next 10 years as
part of the Bioshield legislation.

Despite Dryvax’s effectiveness in protecting
against smallpox, it has substantial safety issues
and, currently, is administered only to those in
the military and selected first responders. It is
not recommended for use by the large segment
of the population with eczema and weakened
immune systems, or for those who live with
people having these conditions.

LC16m8 is an attenuated vaccinia virus,
which reduces its potential to cause dangerous
side effects. VaxGen is developing the product
in partnership with the Chemo-Sero-
Therapeutic Research Institute, based in Japan,

where the vaccine is approved and manufac-
tured commercially.

According to VaxGen, LC16m8 has been
tested in about 50,000 children in Japan. It also
has shown full protection against poxvirus
infection in both rabbits and mice.

“The clinical trial we plan to initiate will pro-
vide the U.S. government and other potential
customers with important data to determine the
best choice of attenuated smallpox vaccines for

their biodefense needs,” says Lance Gordon,
VaxGen CEO.

As part of Bioshield, the Government can
purchase stockpiles prior to final FDA approval.

Another attenuated vaccinia strain, modified
vaccinia Ankara, is being developed separately
by several companies, including Acambis and
Bavarian Nordic, each of which is conducting
Phase I clinical trials.

—DAVID FILMORE
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Tumor-slowing duo
A new combination of a thera-
peutic vaccine and chemother-
apy has been shown to slow
the growth of incurable brain
tumors. The pairing was
tested at Cedars-Sinai’s
Maxine Dunitz Neurosurgical
Institute on patients with
glioblastoma multiforme
(GBM)—an extremely
aggressive and incurable
brain tumor.

For patients who received
the vaccine first and then con-
tinued with chemotherapy, the
average length of survival was
extended to about 26 months.
Treatment with only the
immune vaccine or chemo-
therapy yielded average sur-
vivals of 18 and 16 months,
respectively. All study patients
had previously undergone
tumor-removal surgery and
radiation therapy.

The results suggest that
“chemotherapy synergizes
with previous therapeutic vac-
cination to generate a
uniquely effective treatment
that slows GBM progression
and significantly extends
patient survival relative to
individual therapies,” report
the Cedars-Sinai researchers
(Clin. Cancer Res. 2004, 10,
5316–5326).

Although the treatment’s
mechanism is uncertain, the
researchers believe the antitu-
mor vaccine delivers an initial
blow to tumor cells, increas-
ing their vulnerability to
tumor-killing drugs.

The antitumor vaccine used
in the study was a dendritic-
cell vaccine developed at the
institute. Tumor cells are cul-
tured with dendritic, or anti-
gen-presenting, immune cells
in the laboratory. Once the
immune cells recognize the
cancer cells as targets for
attack, they are injected into

the patient to seek out and sig-
nal the destruction of remain-
ing tumor cells.

The vaccine has been used
in the past with little effect on
patient survival rates, possibly
because cancer cells multiply
too quickly for the immune
cells to keep up, the
researchers say. However,
when used with chemother-
apy, the vaccine appears to be
quite useful.

“We know from our ongo-
ing studies that the vaccine is
able to elicit a strong antitu-
mor response, but it appears
that these extremely malig-
nant tumors are inherently
resistant to vaccine-elicited
immune destruction alone,”
says Christopher J. Wheeler,
lead author on the study.

“The fact that tumors
treated with dendritic-cell
therapy are highly sensitive to

subsequent chemotherapy
suggests that the vaccine
either ‘primes’ the cell-death
machinery or fundamentally
alters the genetic or structural
makeup of the tumor cells,”
he adds. “On the basis of
these results, it appears that
this weakness can be
exploited by the follow-up
administration of drugs that
attack the tumor’s DNA.”

—ALLISON L.  BYRUM
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Dendrimer detox
Encapsulating cytotoxic com-
pounds into well-defined
macromolecular structures
reduces drug toxicity, say
Texas A&M university scien-
tists, allowing for potentially
safer and more effective cancer
chemotherapy.

Eric Simanek and colleagues
recently synthesized a den-
drimer based on the common
synthetic-resin starting mate-
rial melamine and attached to it
either methotrexate or 6-mer-
captopurine (Mol. Pharm.
2004, 1 (5), 390–393). Both
drugs are commonly used as
leukemia chemotherapeutics
but have significant side-effect profiles that
include liver toxicity.

Mice were administered small repeated
doses of methotrexate or 6-mercaptopurine with
or without the dendrimer attachment via
intraperitoneal injection. Control groups were
given dendrimer alone or saline solution.
Because levels of the enzyme alanine transami-
nase (ALT) are a direct indication of hepato-
toxic effects, the researchers were able to
monitor the influence of the dendrimers on
liver damage.

ALT levels were clearly at their highest in the
mice given dendrimer-free drugs. Meanwhile,
the drug–dendrimer formulations led to signifi-
cantly lower ALT levels, on a par with the saline
and dendrimer-alone groups.

The authors suggest that cancer cells are
more accessible than normal cells to macromol-
ecular towing compounds. This result, they
believe, is due to a combination of enhanced

permeability of tissue vasculature—which
develops in tumors to provide needed nutrients
to rapidly dividing cells—and reduced drainage
of tumor tissues compared with normal tissue.
Thus, the drug–dendrimer combination ends
up where it is most needed rather than where it
will have adverse effects.

Although there have been a wealth of studies
on in vitro solubilization of anticancer agents
with dendrimers, according to the Texas A&M
research team, no studies have measured in
vivo reduction of chemotherapeutic toxicity.

The researchers are now searching for drug
delivery vehicles most ideal for intravenous
administration. In addition to dendrimers,
micelles, liposomes, and linear polymers offer
potential as effective macromolecular attach-
ments. The scientists’ hope is to make higher
drug dosing achievable for more effective
chemotherapy regimens.

—DAVID FILMORE

Drugs on safer wheels. Anticancer drugs showed reduced liver toxicity when
encapsulated by this melamine-based dendrimer. (Adapted with permission
from Neerman, M. F. Mol. Pharm. 2004, 1 (5), 390–393.)



Eye of the beholder
One medicinal chemist’s lead
compound is another’s reject.
Or at least, that often appears
to be the case, according to a
recently published ( J. Med.
Chem. 2004, ASAP) experi-
ment by scientists formerly at
Pharmacia (acquired by Pfizer
in 2003). By comparing the
responses of 13 chemists to a
list of molecules assessed for
purchase by Pharmacia in
2002, Michael Lajiness, now at
Eli Lilly, University of Arizona
pharmaceutical sciences pro-
fessor Gerald Maggiora, and
Pfizer researcher Veerabahu
Shanmugasundaram found
that medicinal chemists are
not very consistent in what
they reject as potential drugs.

Although computational
methods now play an impor-
tant role in honing in on drug-
like compounds, medicinal
chemists are still frequently
asked to review lists of struc-
tures to determine which ones
might form the basis of a suc-
cessful project and which
might not, the researchers say.
The variability in chemists’
preferences points to the high
potential for subjectivity to play
a significant role in early-stage
business decisions.

In the study, the chemists
each reviewed 1 to 3 lists of
about 2000 compounds. In
addition, a set of 250 com-
pounds that had been rejected
by a senior medicinal chemist
with more than 30 years of
experience was added to each
list. The chemists rejected
compounds from the set of 250
with an average similarity coef-
ficient of 0.28, meaning that
they would be expected to
reject the same compounds
28% of the time.

For 9 chemists who
reviewed more than 1 list, the
researchers looked at internal

consistency by determining
during each review those com-
pounds rejected from the con-
stant embedded set of 250. The
average similarity coefficient in
this case was 0.51—that is,
chemists will reject the same
compounds repeatedly only
about half the time.

In comparing rejections in
the total 2000-plus compound
sets, the 13 chemists showed a
similarity of 0.23.

The former Pharmacia sci-
entists noted that experience—
the 13 chemists had a range of

3 to 25-plus years of experi-
ence—was not correlated with
consistency in their study.

The researchers focused on
rejections of compounds as
opposed to acceptances
because, they indicate, the for-
mer have a more compelling
effect on a discovery program.
“Once a compound is rejected,
it is effectively eliminated from
further consideration,” they
write. “In addition, compounds
similar to a rejected compound
may also be, directly or indi-
rectly, removed from further

consideration.”
As computational methods

increase in sophistication, the
influence of subjective human
choice might be lessened. But
the team points out that compu-
tational chemists who are devel-
oping models for assessing
compunds are also vulnerable to
these concerns. Whenever pos-
sible, the researchers advise,
teams of medicinal chemists
should be involved in a com-
pound review task, as opposed
to only one or two chemists.

—DAVID FILMORE
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Stent assessment
Clinical trials investigating coronary stents that
elute the antimitotic drugs sirolimus or pacli-
taxel show no evidence of lower mortality or
myocardial infarction rates than non-drug-elut-
ing bare-metal stents, according to a meta-analy-
sis of 11 previously published studies
performed by Mohan Babapulle and colleagues
at McGill University Health Center and Jewish
General Hospital in Montreal (Lancet 2004,
364, 583–591). For patients with coronary heart
disease, the use of metal mesh tubes called
stents to expand narrowing arteries has been
the rule for more than 10 years. But the body’s
natural defense often negates the surgeon’s
careful work. In up to 60% of patients, stent
restenosis, a renarrowing of the vessel by at
least 50%, occurs within six to nine months of
placement.

Cordis’s Cypher sirolimus-eluting stent and
Boston Scientific’s Taxus paclitaxel-eluting stent
entered the market in 2003 and 2004, respec-
tively, and offered big improvements. These

polymer-coated products release immunosup-
pressive agents into the surrounding tissue to
interfere with the smooth-muscle regrowth that
causes the vessel to close. The two drug-eluting
stent (DES) products now account for sales in
excess of $2 billion.

The recent meta-analysis confirms the effi-
cacy of the DES products in avoiding restenosis,
which drops by 70–83% compared with bare-
metal stents across all of the studies, as well as a
clear overall drop in adverse cardiac events in
patients having DESs. In addition, in the short
to medium term, the safety profile of DESs
appears similar to that of bare-metal stents.

The questions that remain, however, are in
the long term. Outcomes, such as mortality, the
Canadian researchers report, were sufficiently
“underpowered” in all the clinical trials
reviewed as to make any overall analysis incon-
clusive. Furthermore, the available data for
DESs’ safety extends back only 3–4 years.

Joachim Schofer and Michael Schlüter of the
Center for Cardiology and Vascular Inter-
vention in Germany, who published an editorial
in the same issue of Lancet, stressed that the
possibility that DESs do not prevent restenosis
but simply delay its onset, or that the body may
reject the polymer-coated stents after the
immunosuppressive agents have been fully
eluted, are still very much open questions.

Both Schofer and Schlüter and the Canadian
team call for larger and longer clinical trials to
be performed, including studies concentrating
on higher-risk patients, to better define the cor-
rect role for these promising but still new med-
ical devices.

—ALLISON L.  BYRUM o

Sirolimus-eluting Cypher coronary stent
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